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Abstract 
Asynchronous controllers specification used in 
heterogeneous (synchronous+asynchronous) 
systems rely on two types of signals: level 
sensitive signals (LSS) that are used as 
conditionals and transition sensitive signals 
(TSS). However several applications may contain 
signals that change from one type to the other 
during the controller’s operation. We call such 
signals as “4 phase signals”. Two previous 
publications showed how to handle these signals. 
One captures the signals using a generalized 
signal transition graph and then transforms it into 
a state graph. They target the I/O mode of 
operation. It is known that the use of state graphs 
limits the use of this method to small examples. 
That is not the case when non-monotonic LSS 
signals are present. A more recent work proposed 
to capture such 4PS signals as an extension of the 
extended burst-mode (XBM). The authors showed 
that the XBM2PLA tool was able to describe and 
synthesize a small application containing a 4PS 
signal. In this work we show that there are three 
different cases to be considered when a 4PS 
signal is present in a burst-mode specification. 
They depend on the dynamic behavior of the 
signal during the controller operation. The results 
obtained when using the flexible Miriã synthesis 
tool starting from a flexible multi-burst graph 
specification for all three cases were superior to 
all previously reported studies. 
 
Keywords: asynchronous logic, flexible XBM, 
hazard, critical races, gRS architecture and 
synthesis. 
 

1. Introduction 
There has been a growing interest in 

asynchronous circuits in recent years due to the 
increase in performance and complexity of digital 
systems [1]. Asynchronous circuits present several 
potential advantages over their synchronous 
counterparts: they tend to be faster, dissipate less 
power, do not present problems of clock skew and 
clock distributed network, are more robust in 
respect to temperature variations and 
electromagnetic interactions [2]. However it is not 
easy to design asynchronous circuits free of 
hazards and critical races [3]. 

Asynchronous circuits design 
methodologies may be classified in three styles 
[1,2]: translation methods, graph-based methods 
and asynchronous finite state machines (AFSM).  

The AFSM style was originally proposed 
by Huffman [4]. Later, Nowick [6,10,17] 
introduced the burst-mode (BM) machines 
synthesized from a burst-mode specification. 
Several interfaces implemented as BM machines 
presented very good performance like DRAM [7], 
SCSI [8], HP Post Office [5] and Cache [9]. In 
order to describe heterogeneous (synchronous 
/asynchronous) systems behavior, Yun [11,12,13] 
proposed the extended burst-mode (XBM) 
machines [16]. The XBM specification added two 
signal types to the BM specification: directed 
don’t-care (DDC) and conditionals. The latter are 
level sensitive signals (LSS), i.e., they are active 
during their “0”or ‘1” phase as opposed to all 
others that are transition sensitive signals (TSS), 
i.e., they are active during the “0→1 or 1→0” 
transition. LSS signals may present non-
monotonic behavior. A signal is either LSS or 



TSS (it may NOT change from one type to the 
other). Very good results were presented for XBM 
controllers like SCSI [14], differential equation 
solver [15]. Oliveira et al. [20] further extended 
the XBM specification adding two operators: 
concurrency (CO) between a pair of sequential 
transitions and OR between a pair of input signals. 
The multi-burst graph (MBG) specification was 
adopted as the input specification of the Miriã 
synthesis tool. Again good results were obtained 
for controllers implemented as gRS architectures1 
(figure 1) [21]. 
 

Set

2a

2k

3a

3n

4

5

LSS

LSS

1

Reset

Output
SvarInput Burst

Input Burst

 
Figure 1 - The gRS architecture.

 
There exist applications whose behavior 

contain “four phase signals” (4PS). Such signals 
may change from TSS to LSS behavior during the 
controller’s operation [4]. Hence, the signal is 
active either during its value transition (0→1, 
1→0) or during its stable value (=1, =0). In 
[22,25] Vanbekbergen et all proposed the use of 
4PS signals targeting their generalized STG 
(signal transition graph) based synthesis tools. 
[23,24] One limitation of their approach is the fact 
that the STG description is later transformed into 
a SG (state graph) that grows exponentially for 
large problems (which is the case when non-
monotonic LSS signals are present). Recently 
Kraus [18,19] proposed the XBM2PLA tool for 
XBM machines, starting from a more flexible 
XBM specification (F-XBM) that accepts 4PS 
signals. He showed that the use of a 4PS signal 
reduces the size of the circuit’s description 
producing the same result.  

In this paper we present the flexible multi-
burst graph specification (F-MBG) that also 
accepts 4PS signals. We show that three different 
cases may occur according to the dynamic 
behavior of such signals. For each case our 

                                                           
1 The Miriã tool also targets the gC architecture. 

method leads to some optimization. Let us call StL 
the state where the signal sH changes from TSS to 
LSS behavior and StT the previous state.  

1. The controller specification may be 
reduced in respect to any other 
specification if during the StT→StL 
transition, the 4PS signal sH either 
assumes a known value (sH

+
 , sH

-) or 
remains constant. In other words the 4PS 
signal has a defined value during all state 
transitions. We call such a signal as 
DV_4PS (defined-value 4PS signal). 

2. The resulting controller may require less 
state variables (less area) than any other 
solution if during the StT→StL transition, 
the 4PS signal sH assumes a directed 
don’t care value (sH

*)2. In other words the 
4PS signal has an undefined value just 
before becoming an LSS signal but it is 
always accompanied by at least one 
compulsory TSS signal during all other 
state transitions. We call such a signal as 
UV_4PS (undefined-value 4PS signal). 

3. The controller’s specification would need 
an extra input signal in any other input 
specification if during the StT→StL 
transition, the 4PS signal sH assumes a 
directed don’t care value (sH

*)1 and sH is 
the only signal present in any other state 
transition. In other words the 4PS signal 
has an undefined value just before 
becoming an LSS signal but it is the only 
active signal during any other state 
transition. We call such a signal as 
SUV_4PS (single-undefined-value 4PS 
signal). 

  
All three cases are handled by the F_Miriã 
synthesis tool3.  
 

In sections 2, 3 and 4 we detail each case 
illustrating with small examples. Section 5 
presents our conclusions and future work 
 
2. Defined-Value 4-Phase Signal 

Figure 2 shows part of the timing 
diagram of the mutual exclusion benchmark [18]. 
Signals R1 and R2 are 4PS signals. Figures 3 and 

                                                           
2 The optimization is also true if the signal sH 
behavior is non monotonic during the StT→StL 
transition. In this case it is denoted by sH

#. 
 
3 F_Miriã is the extended version of the Miriã tool 
[20]. 



4 show the same behavior specified as a multi-
burst graph. Signals R1 and R2 were captured as 
TSS signals in figure 3 and as 4PS signals in 
figure 4. Figure 5 shows the table of signal 
transition cubes that results from the specification 
in figure 4. The state minimization step (that 
follows from the table of STCs) produced the 
same number of state variables for both 
specifications. Figure 6 shows the resulting gRS 
architecture produced by Miriã and F_Miriã for 
both specifications (same circuit). This example 
shows the improvement that may be achieved 
when capturing and dealing directly the 4PS 
signals instead of transforming them into pure 
TSS signals. 

R2

R1

a2

a1

 
 
Figure 2 – Timing diagram with the 
4PS signal R2. 
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Figure 3 – MBG specification of figure 
2 (R2 has been captured as a TSS 
signal). 
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Figure 4 – F-MBG specification of 
figure 2 (R2 has been captured as a 4PS 
signal). 
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Figure 5  - Table of STCs for the F-
MBG specification (figure 4). 
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Figure 6 – Resulting gRS architecture 
for both specifications. 
 



3. Undefined-Value 4-Phase Signal 
Figure 7 shows a state diagram that 

contains the 4PS signal a. We assume that a may 
present non-monotic behavior before it becomes 
level sensitive. Figures 8 and 9 show the same 
behavior specified as a multi-burst graph. Signals 
a was captured as a TSS signal in figure 8 and as a 
4PS signal in figure 9. The state minimization step 
(using Miriã) produced 3 state variables for the 
first specification and 2 for the second (using 
F_Miriã). 
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Figure 7 – Timing diagram with the 4-
phase signal a. 
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Figure 8 – MBG specification of figure 
7 (a has been captured as a TSS signal). 
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Figure 9 – F- MBG specification of 
figure 7 (a has been captured as a 4-
phase signal). 
 
Figure 10 shows the HP-Sbuf-send-pkt2 
benchmark timing diagram contains the 4PS 
signal Done whose behavior is non-monotonic 
[7]. The same number of state variables was 
required for both cases (Miriã and F_Miriã) for 
this benchmark.  
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Figure 10 – Timing Diagram of the HP-
Sbuf-send-pkt2 (4PS signal Done). 
 
 
 
 



4. Single-Undefined-Value 4-Phase 
Signal 

Figures 11a,b,c,d show part of the timing 
diagram of the I2C benchmark illustrating the 
behavior of the 4PS signal SDA [22]. Figure 12 
shows the F-MBG specification of the same 
behavior. Notice that SDA is the only signal 
active during the 7 10 and 1 2 state transitions. 
The authors don’t know any synthesis tool that 
could handle this case. In order to capture this 
behavior using the MBG specification4, a dummy 
TSS signal aux would have to be added as shown 
in Figure 13. 
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Figure 11 – Timing diagram of the I2C 
benchmark (4PS signal SDA). 
 

                                                           
4 The same is true for the XBM specification. 
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Figure 12 – F-MBG specification of 
figure 11 (SDA is a 4-phase signal). 
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Figure 13 – MBG specification of 
figure 11 adding a dummy TSS signal 
(aux). 
 
5. Conclusions and future Work 
We presented extended versions of the multi-burst 
graph representation (called F_MBG) and the 
Miriã synthesis tool (called F-Miriã) able to 
capture and handle asynchronous controllers 
whose behavior contains 4-phase signals (4PS). 
Such signals may change from signal transition 
sensitive (TSS) to signal level sensitive (LSS) 
behavior during the controller’s operation. Such 
signals are considered by other synthesis tools. 
We showed that three different situations may 
occur according to the dynamic behavior of the 



4PS signals. If its value is always defined, we 
obtain a smaller description than any other 
specification. For all the examples we tested there 
was neither area nor performance penalty for our 
results compared to the Miriã and 3D tools. If its 
value is undefined (and non-monotonic) during 
one or more state transitions, but the 4PS signal is 
always accompanied by at least one TSS signal 
during all other state transitions we obtained a 
more efficient description and less state variables 
(hence less area) than any other tool. Finally, if its 
value is undefined and it is the only signal active 
during at least one state transition, as far as we 
know our F_Miriã tool is the only capable of 
finding a solution for such a case. All three cases 
were illustrated with known and homemade 
benchmarks. We intend to include this kind of 
signal into the SI-Miriã tool [20,21]. We also 
expect to test our tool for larger examples. 
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