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totyping techniques for automatic synthesis of hardware circuits from 
high-level specifications are essential in early stages of development [11]. 

In recent years, high-level synthesis techniques using FDT have been 
stressed. [1, 13] have proposed hardware implementation techniques 
using SDL and Estelle, respectively, and [8, 10, 14] have proposed tech
niques based on LOTOS [5]. However, those existing techniques do not 
handle timing constraints for event execution nor guarantee real-time 
processing of tasks in the generated circuits. [2] has proposed a tech
nique for guaranteeing such real-time processing. This technique sup
poses that multiple concurrent processes are given as the corresponding 
task graphs and calculates an optimal scheduling where the total cost 
of processors is minimized under the condition that the deadlines of all 
tasks are met. Unfortunately, it may be difficult to apply this technique 
to development of real-time communication systems because it does nei
ther handle communication among concurrent processes nor consider 
execution timings of I/O events. 

This paper proposes a model called concurrent periodic EFSMs and a 
technique to synthesize hardware circuits from real-time system specifi
cations described in this model. In the proposed model, like LOTOS the 
data exchange by synchronous execution of the same events in multiple 
EFSMs (called multi-way synchronization) can be specified, and like E
LOTOS [6] a timing constraint represented as a logical conjunction of 
linear inequality expressions of the execution time of preceding events, 
constants and integer variables (where some values are input from exter
nal environments) can be specified to decide an executable time range 
of each event. In the proposed model, we assume that each branch of 
event sequences starting from the initial state must return to the initial 
state after executing some events in the specified time interval. Since 
most of real-time and multimedia systems consist of periodic behavior, 
this assumption seems reasonable for development of such systems. 

The following criteria should be considered when we synthesize cir
cuits from specifications in the proposed model: (1) guarantees for 
deadlock-free execution of event sequences, (2) fairness in selection of 
all executable branches, (3) assignment of a possibly wide time range to 
each I/O event execution. Therefore, the proposed synthesis technique 
generates circuits where all executable branches in the given specifica
tion can be selected, and only schedulable event sequences are dynami
cally executed depending on the execution time of the preceding events. 
For such guarantees, the proposed technique derives an appropriate ex
ecutable time range of each event with a technique for solving integer 
linear programming problems (ILP). Here, we maximize the total sum 
of executable time ranges of I/O events. 
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Based on the techniques we previously proposed in [7, 14], a given 
specification in the proposed model is implemented as a hardware cir
cuit where it consists of sequential circuits corresponding to EFSMs and 
a combinational logic circuit for the controller of multi-way synchroniza
tion among EFSMs. For timing guarantees, we construct a scheduling 
circuit indicating schedulable event sequences at each time. 

To evaluate the proposed technique, we have implemented tools to 
generate the corresponding RTL-level VHDL descriptions. Through 
some experiments, we have confirmed that the performance and size 
of the generated circuits are reasonable for practical use. 

2. CONCURRENT PERIODIC EFSMS 
EFSM is defined as 5-tuple < S, I, V, dock, 0, init >. Here, S is a 

finite set of states, I is a finite set of events (Le., transitions), V is a 
finite set of variables, dock is a counter holding the waiting time since 
the EFSM has moved to a new state, 0 is a finite set of transition rules, 
and init represents the initial state and initial values of all variables. 

It is assumed that the execution of each event is completed in a mo
ment. The event which exchanges data between the system and its 
external environment is called an I/O event, and the event which is ex
ecuted in synchronization with the same one of other EFSMs is called a 
synchronous event. Like the notation of LOTOS, the input and output 
events are represented as a?x and b!E, respectively. Here, a and b denote 
gate names for input and output, respectively. In addition, in one event, 
multiple inputs/outputs such as "a?x!lO" can be specified. Moreover, 
like E-LOTOS, a@?t denotes that the value of dock at the execution 
time of event a (called delay time) is substituted to time variable t. The 
value of dock is treated as an integer. 
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Each transition rule is defined as 4-tuple < scur, snext, a, guard > 
(SCUTl snext E S, a E I). Here, guard is called a transition condition, 
and it is specified by a logical expression consisting of the input/time 
variables used in the EFSM. In each EFSM, arbitrary types of variables 
such as integer, bool and string can be specified. However, the types 
of all variables used in the transition conditions must be integer. If the 
value of the transition condition guard is true at state Scur and event a 
is executed, then the EFSM moves to state Snext. By using time vari
ables in transition conditions, we can give a restriction for the executable 
time of each event. For example, a?x@?t[(2 t)and(O x )and(x 10)] 
denotes that input event a?x must be executed after waiting at least 2 
units of time in the current state, and that an integer satisfying the con
dition (0 x)and(x 10) is input from gate a and it is substituted into 
input variable x. As a transition condition, only a logical conjunction 
of integer linear inequality expressions consisting of time variables rep
resenting the delay time of the preceding events and/or input variables 
can be specified. If multiple events are executable at the current state, 
only one event is selected and executed non-deterministically. 

If a given EFSM satisfies the following restrictions, then the EFSM is 
called a periodic EFSM . 

• All paths (event sequences) from the initial state return to the initial 
state . 
• The transition conditions are specified so that even if any path from 
the initial state is selected, it can return to the initial state in a certain 
fixed time interval T. 

The graph of the left-hand side in Fig. 1 shows an example periodic 
EFSM. In this EFSM, at first, a value is input from gate a and substi
tuted to variable xl at time tl. Then, until xl units of time has passed, 
event d can be executed. After xl units of time has passed, event b can 
be executed. If event b is executed, then the delay time of event b is sub
stituted into time variable t2, and event c!xl@?t3 becomes executable. 
In order to make the EFSM return to the initial states in the specified 
time interval T, we assume that every path (event sequence) from the 
initial state has the special dummy transition 'lj; as the last event of the 
path where the transition condition of the dummy transition 'lj; gives 
the timing constraint to make the path return to the initial state in the 
specified time interval T. In Fig. 1, such dummy transitions 'lj;l and'lj;2 
are shown as dotted edges. For the sake of simplicity, hereafter, we will 
omit such dummy transitions in the graphs and depict the graphs in the 
form of the right-hand side in Fig. 1. 

The synchronization relation among EFSMs is specified as follows 
using the parallel operators in LOTOS. 
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Here, EF8M is a name of EFSM, and gateJist is a gate list of the 
events to be synchronized between its operator's both sides of EFSMs. 

For example, in Mll[a,b]I(M2I[blIM3) of Fig. 4, event a must be 
executed simultaneously either between Ml and M2 or between Ml 
and M3. When synchronous events a of Ml and M2 are executed 
simultaneously, the output value xl - 2 of event "a!xl - 2@?t3" of Ml 
is substituted to variable x3 of event "a?x3@?t10" of M2. 

The details about the transition conditions for synchronous events are 
omitted here, since they are the same as those of LOTOS [5]. 

3. BASIC POLICY OF CIRCUIT 
DERIVATION 

Static Scheduling Policy 
In order to derive a hardware circuit from a given specification, it is 

important to decide when we should execute each event so that it can 
satisfy the timing constraints described in the specification. 

For example, consider the following event sequence. 

s1 s2 s3 

Since the timing constraint ta 2 of event a means that event a can 
always be executed after the delay time at state sl becomes 2, event a 
can be executed, for example, at delay time 10. However, it does not 
satisfy the constraint ta + tb 5 of the following event b in this case. 

On the other hand, when event a is executed at delay time 2, event 
b can be at any delay time between 0 and 3. If all events in a 
given event sequence can be executed at the time satisfying given tim
ing constraints, then we will say that the event sequence is schedulable. 
In order to make each event sequence schedulable, we must decide the 
execution time of each event so that the succeeding events can satisfy 
their timing constraints. 

Then, the proposed technique derives the range of the execution time 
of each event which makes the whole event sequence schedulable. Note 
that generally such a range may become narrow compared with that of 
the given specification. Moreover, there exists a case where the range 
of the execution time of the succeeding event is dynamically changed 
depending on the execution time of its preceding events. In the above 
example, if event a is executed at delay time h (2 h 5), then event b 
is executable at any delay time between 0 to (5-h). Since such a dynamic 
scheduling is not easy to implement as a hardware circuit, we will adopt a 
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static scheduling policy in this paper. Therefore, the proposed technique 
derives the constant time range for each event where the derived time 
range guarantees that if each event is executed at any time in the range, 
the succeeding events can also be executed at any time in the derived 
time ranges of those events. For example, for the above example, if we 
give a schedule so that 2 ::; ta ::; 3 and 0 ::; tb ::; 2 hold, this event 
sequence is always executable. Using such a static scheduling policy, it 
becomes possible to judge the executability of each event by using only 
one global timer representing the current time and some simple logic 
circuits. Also, we do not need to keep the actual execution time of all 
events unlike a dynamic scheduling policy. 
Requirements for Derived Circuits 

Our synthesis technique derives circuits which satisfy the following 
requirements . 

• In order to make given concurrent EFSMs periodic, only schedulable 
sets of paths (event sequences) in a given specification must be selected 
and executed . 
• It is desirable to derive a possibly wide range of the execution time of 
each event. 

Since each EFSM has some branches as its event sequences where 
some of them may include synchronous events, the following problems 
should be considered to satisfy the above requirements. 

Like the example in Fig. 2, if there are conditional branches after an 
I/O event a is executed, the range of executable time of event a may 
differ depending on which conditional branch is selected. Note that, as 
pointed out in Fig. 2, as time passes, some of conditional branches may 
become un-executable {un-schedulable}. Moreover, like the example in 
Fig. 3, synchronous event b of EFSMl becomes executable after a is 
executed, and it can synchronize with either of two synchronous events 
bin EFSM2. Depending on which branch a or {3 is selected, the range 
of executable time of the preceding event a may differ. Then, in the 
proposed technique, we find all possible sets of paths (event sequences) 
of concurrent EFSMs, and derive the range of the execution time of 
each event depending on which set of paths is selected. In the derived 
circuits, at each unit of time, the controller checks which path becomes 
un-schedulable and it makes only schedulable paths executable. 

4. DERIVATION OF EXECUTABLE TIME 
RANGE OF EACH EVENT 

In this section, in order to derive the executable time range of each 
event, we construct linear inequality expressions from the information 
about tuples of synchronous events {which are executed simultaneously 
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among EFSMs), temporal ordering of events in each EFSM, and the 
timing constraint of each event. Since some input variables may influence 
the execution of event sequences (e.g" the cases that the variables are 
used in guard expressions or in timing constraints of events), we also 
derive allowable value ranges for those variables, 

4.1. DERIVATION OF TUPLES OF 
SYNCHRONOUS EVENTS 

By tracing executable events in the tuple of all EFSMs sequentially 
from the initial global state, we can derive the information about in 
what combination of EFSMs and in what tuple, events must be exe
cuted in synchronization with each other. Several techniques for such 
reachability analysis have been proposed for models including event syn
chronization among concurrent processes, for example, in [12], We can 
use the techniques to derive such information about synchronization of 
events, However, since reachability analysis generally needs to explore 
nm global states in the worst case (here, nand m represent the number 
of states in each EFSM and the number of synchronizing EFSMs, respec
tively), computation time grows exponentially as the number of parallel 
processes increases, Also, in EFSMs, it may take much time to check 
execution conditions (i.e., boolean expressions) for synchronizations. 

In our concurrent periodic EFSMs model, since each EFSM executes 
one of its event sequences in a specified time interval and all EFSMs 
have the same time interval, due to restrictions explained in Sect, 2, we 
can easily derive synchronous event tuples by simply checking whether 
the synchronous events appear in the same order for each combination 
of event sequences (due to space limitation, the detailed procedure is 
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omitted). So, in our model, computation time for deriving synchronous 
event tuples is bound to N· Bm where N is the maximum number 
of events in each event sequence, and B is the maximum number of 
branches in each EFSM. In general, N . B m «nm holds. 

4.2. CONSTRUCTION OF ILP PROBLEMS 
We use the execution time of each event as a parameter of the ILP 

problem. We also use the allowable value for each input variable as a 
parameter. From the set of event sequences EBi of each EFBMi and 
the set of tuples of synchronous events denoted by BY N, we construct 
the following logical conjunction of linear inequalities as the ILP prob
lem. Hereafter, we denote the execution time of event a by Ta , and the 
allowable value of variable x by Vx ' We assume that each time variable 
is counted as the time elapsed from the beginning of the current time 
interval. We use concurrent periodic EFSMs in Fig. 4 as an example. 
(1) constraints for temporal ordering of events in each EFSM 

Execution time of an event must be less than execution time of the 
succeeding events. Therefore, for example, for event sequence P12 of 
Ml in Fig. 4, the following constraint is derived. 

Tc<Te<n 

(2) constraints for tuples of synchronous events 
All events of each tuple of synchronous events in BY N must be ex

ecuted at the same time. So, for example, the following constraint is 
derived for event b executed synchronously among event sequences {P12, 
P21, P33} in Fig. 4. 

TbMl = TbM2 = TbM3 

(3) timing constraints attached to each event 
Timing constraints attached to each event are included as it is in the 

ILP program. However, since each original time variable represents the 
delay time in the current state, it must be replaced by the corresponding 
variable representing the time elapsed from the beginning of the current 
time interval. 

For example, the timing constraint of event b in the following event 
sequence (corresponding to P12 in Fig. 4) 

c?xl@?t1[ ... ]j e@?t4[ ... ]j b@?t5[t5 < t1 + t4] 

is represented as 

(Tb - Te) < Tc + (Te - Tc) 
=> Tb - 2Te < 0 
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by replacing tl, t4 and t5 by Te, Te - Te and Tb - Te, respectively. 
(4) constraints for the allowable value of each integer variable 

Each input variable used in some timing constraints of events should 
have a certain value which satisfies those constraints. 

In Pll of Fig. 4, event c?xl@ ... inputs some value to the variable xl, 
and xl is used in the timing constraint of the next event d@?t2[t2 > xl]. 
Thus, in this case, the following constraint for x is derived. 

Td - Te > Vx1 

In addition, event a!(xi - 2) of Pll is specified to synchronize with 
either a?x3 ... [(x3 > x2)and ... ] of P22 or a?x4 ... [tl5 < x4 + 5] of P32. 
So, the following constraint for the variable x 1 is derived for the case 
that synchronization of a is executed between PII and P22. 

Vx1 - 2 = Vx3 

As we explained in Sect. 3, the executable time range of each event 
may differ depending on what branch is selected and executed. So, in 
the proposed technique, we construct the above constraint expression for 
each branch (i.e., each event sequence from the initial state), and solve 
the corresponding ILP problem to obtain the executable time of each 
event in the sequence. Similarly, when an event sequence includes a syn
chronous event, its executable time range may also differ depending on 
what combination of synchronous events is executed. For example, event 
a!(xl- 2) in sequence Pll in Fig. 4 can be executed in synchronization 
with either a?x3 ... in P22 or a?x4 ... in P32, where the executable time 
range of a in Pll differs depending on which a is synchronized. Thus, 
we derive each case of the executable time range by constructing the 
constraint expression for each combination. 

4.3. DERIVATION OF AN EXECUTABLE 
TIME RANGE OF EACH EVENT 

In the constraint expression constructed in Sect. 4.2, we used variables 
representing the "execution time" of events. To obtain the "executable 
time range", we modify the expression as follows. 

As we explained in Sect. 3, we derive the upper and lower bounds 
of executable time of each I/O event as constants. For the purpose, in 
the constraint expression defined in Sect. 4.2, we replace variable Ta 
(representing the execution time of event a) by T amin and Tama., which 
represent the lower and upper bounds of execution time, respectively. 
Also, for each variable which influences the executable time ranges of 
some events or the selection of event sequences, we similarly derive the 
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lower and upper bounds for its allowable value range. Hereafter, we 
denote the execution time of ak by Tk in event sequence alj a2j ... j an, 
and the lower and upper bounds of Tk by Tkmin and Tkmaz ' respectively 
(for each variable, we use Vkmin and Vkma",). 

First, we add the following constraint so that the executable time 
ranges of a series of events in each event sequence does not have common 
ranges. 

Next, the constraint for synchronous event aj which synchronizes with 
in another sequence, is replaced by the following constraint so 

that the executable time range of the event is equal in the both event 
sequences. 

T· . = T' 1\ T· = T' Jm.n kmin Jma", kma", (2) 

Finally, timing constraints attached to each event is modified as fol
lows. 

For example, the timing constraints of events e@?t4 and b@?t5 of the 
following event sequence P12 in Fig. 4 

c?x1@?t1[ ... ]; e@?t4[t4 :::; xl]; b@?t5[t5 < t1 + t4] (3) 

are represented by the following expressions (4) and (5), respectively, 
with time variables Tc, Te and n and integer variable Vxl. 

Te -Tc:::; Vxl 
Te:::; Vxl +Tc 

n - Te < Tc + (Te - Tc) 
< 2Te 

(4) 

(5) 

If we assume that the values of Tc and Vx1 vary between [TCmin' Tcmo",] 
and [Vxlmin' Vxlmo",] , respectively, the minimum value of the right-hand 
side of (4) is VXlmin + TCmin . Expression (4) shows that the upper bound 
of Te must be equal to or smaller than the value. Similarly, expression 
(1) shows that the lower bound of Te must be equal to or greater than 
Tcrn ... ,· 

According to the above discussion and expression (4), the following 
constraint expression for event e is finally derived. 

(6) 
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Similarly, for event b, the following constraint expression is derived 
from expressions (1) and (5). 

(7) 

By solving a logical conjunction of the above constraint expressions 
for the following objective function (here, wti, WVj represent weighted 
coefficients) , 

we can obtain the executable time range of each event as well as the 
allowable value range of each integer variable. By setting appropriate 
values as weighted coefficients of the above objective function, we can de
rive larger executable time ranges for specified I/O events and/or larger 
allowable value ranges for some variables. 

Here, we applied the proposed technique to the example specification 
in Fig. 4. We used 30 units of time as the time interval of all EFSMs 
and used the following objective function for the ILP problem. 

For three combinations Gl, C2 and C3 of synchronous event sequences 
among Ml, M2 and M3, the derived executable time ranges of all events 
are shown in Fig. 5. 
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5. HARDWARE CIRCUIT CONSTRUCTION 
5.1. ARCHITECTURE 

As shown in Fig. 6, we compose the final circuit of the following three 
sub-modules: (1) sequential circuits corresponding to EFSMs working 
with the same clock, (2) a multi-way synchronization controller, and (3) 
a scheduler to indicate only schedulable event sequences to EFSMs at 
each time. 

The sequential circuit implementing each EFSM has a state register 
for keeping the current state and a time register for keeping the time 
elapsed from the beginning of the current time interval {reset to zero in 
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the initial state). The EFSM executes one of events outgoing from the 
current state at each clock cycle if it is executable. Otherwise, it stays 
in the same state. 

The multi-way synchronization controller is constructed as (i) the ex
ecutability checking part for checking whether each tuple of synchronous 
events is executable or not in each clock cycle, and (ii) the conflict avoid
ance part for selecting one of tuples which become executable but cannot 
be executed simultaneously. The above part (i) is constructed for each 
synchronous event tuple. Since each tuple becomes executable when all 
events in the tuple becomes executable, it is implemented as an AND 
circuit with n inputs where each input connects to the signal from each 
EFSM in the tuple (n is the number of events in the tuple). For (ii), 
although there are several ways for selecting one of conflicting tuples, 
one of the simplest way is to put priority order among those tuples so 
that the tuple with the highest priority is selected. In that case, this 
part can be implemented as a priority encoder. 

[7, 14J describe the details of the multi-way synchronization controller. 

5.2. SCHEDULER 
As we explained in Sect. 4, the executable time range of each event 

is derived for each event sequence or each combination of synchronous 
event sequences. So, the time range of an event included in several event 
sequences or in several combinations of synchronous event sequences is 
represented as a union of the derived time ranges. The executable time 
range of each event may change only when the following events are exe
cuted: (1) events on a branching state, and (2) synchronous events where 
each of them can be executed in different combinations of synchronous 
tuples. Thus, we can know the executable time range of each event by 
keeping the information about which branch is selected in each EFSM 
and on what tuple of synchronous event sequences is selected. 

In the proposed technique, with the information about branches in 
each EFSM and the synchronous event tuples derived in Sect. 4.1, we 
construct the scheduling tree as shown in Fig. 7 where each node rep
resents the current schedulable tuples of synchronous event sequences, 
and each edge represents an event execution which may reduce the num
ber of schedulable tuples. The executable time range of each event and 
the allowable value range of each variable for each tuple of schedula
ble event sequences is derived as constant ranges (the lower and upper 
bounds) using techniques in SectA. So, using the ranges and the above 
scheduling tree, we construct the scheduler module as two parts: (1) 
a sequential circuit corresponding to a table which outputs the ranges 
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of the executable time of each event and of the allowable value of each 
variable, depending on the current state in the scheduling tree (such a 
table can be easily implemented as ROM), (2) and a simple hardware 
component to check whether the current timer value and the input value 
are within those ranges. 

6. APPLICATION 
We have implemented a tool to derive the ranges for execution time 

of events and variables from a given specification described in E-LOTOS 
syntax. The tool uses the free-ware called lp...solve [9] to make a solu
tion from the given ILP problems. We have also developed another tool 
to generate the RTL-Ievel VHDL specification from the original specifi
cation and information derived with the first tool. With the tools and 
usual VHDL synthesis tools on the market, automated synthesis of hard
ware circuits from high-level specifications in the proposed concurrent 
periodic EFSMs model becomes possible. 

As an example for evaluation, we have described a specification of a 
video play-back chip for video-conferences which can treat at most two 
video play-backs in a user terminal, and generated the corresponding 
hardware circuit with our tools. 

In the example, we assume that (I) video streams from other two 
participants are transmitted to each chip (at each user) by packets (cor
responding to video frames) where one packet is sent every 50 time units 
(each received packet is stored to the buffer in the chip), that (2) time 
interval between any two succeeding packets changes due to jitter on the 
network. Each received packet is decoded with an external module such 
as DSP and the decoded data is output to the display device, that (3) 
each user can dynamically join and leave the current session of the video
conference, and when a user leave the session, his/her video stream need 
not be processed in the chip, that (4) the external module can decode 
a video frame in 35 units of time, and that (5) the time period of all 
EFSMs is set to 100 units of time. 

We modeled the system behavior as six concurrent periodic EFSMs 
consisting of (I) two displaying parts for drawing video frames in appro
priate quality; (2) two admission parts for admitting the joining/leaving 
requests from two participants; (3) a decoding part for decoding a com
pressed video frame and outputting the decoded picture data (this op
eration is actually done by the external module like DSP); and (4) a 
control part for keeping the current number of participants. 

In each EFSM for the displaying part, we have specified three branches 
where the first branch processes two video frames every time period 



Hardware Implementation of Concurrent Periodic EFSMs 299 

(high-quality), the second one processes one frame in the same period 
(low-quality), and the final one does nothing in the case of user's leaving 
the session. One of the branches is dynamically selected depending on 
the number of users in the current session. When each EFSM obtains 
the compressed video frame data from the buffer, it transfers the data 
to the EFSM of the corresponding decoding part. Since there is only 
one EFSM for the decoding part and the decoding process takes 35 
time units of time, when two displaying parts request decoding at the 
same time, one of them should be selected alternately (another one is 
delayed until the decoding of the first one is completed). In that case, the 
schedulable branch (with lower quality) should be dynamically selected 
in each EFSM using the proposed technique. 

We have generated the corresponding RTL-Ievel VHDL descriptions 
from the specification of the above example. The total time for the 
generation was about two seconds where most of the time is consumed 
by solving the ILP problem to obtain executable time ranges of events. 
We also synthesized the corresponding hardware circuit using Design 
Compiler of SYNOPSYS Corp. as the VHDL based synthesis tool on 
the market where we used the technology of CMOS 0.5 I'm. As a result, 
the size of the synthesized circuit was about 3500 logic gates and its 
minimum clock period (representing the performance) was 150 nsec. 

7. CONCLUSION 
In this paper, we have proposed a concurrent periodic EFSMs model 

suitable to handle parallel and real-time processing, and a hardware im
plementation technique for the model. In the generated circuits, it is 
guaranteed that all of branches are schedulable in the initial state, and 
in any state at least one of the following branches is executable satis
fying its timing constraints as long as the preceding I/O events were 
executed in the time rages calculated in advance. We have also devel
oped tools to generate the corresponding RTL-Ievel VHDL descriptions 
from given specifications described in E-LOTOS syntax. The generated 
VHDL specifications can be treated in usual VHDL synthesis tools on the 
market to synthesize the hardware circuits. Through our experiment for 
a video playback chip generation, we have confirmed that the proposed 
model has sufficient expressiveness to describe typical real-time/multi
media systems and that the performance and size of the generated circuit 
is reasonable for practical use. In [7], we have shown network switches for 
ATM can be efficiently implemented as hardware circuits with the rea
sonable size and performance using our concurrent EFSM model where 
multi-way synchronization can be specified but timing constraints are 
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not treated. The proposed method can also be used to synthesize such 
network switches requiring some timing guarantees. 

Our future work includes integration of cost functions in the ILP 
problem to efficiently share limited resources among EFSMs. 
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