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Abstract—Most asynchronous processor Instruction Set
Architectures (ISA) are based on a single type of underlying
asynchronous circuit design style. Asynchronous processor
ISAs are entirely dependent on the type of asynchronous
design style chosen and can support a limited set of simple
applications only. Design reuse is typically difficult to realize
in such cases. In this paper, we show a behavioral model of a
predictor circuit system that configures an application
profile-driven asynchronous processor ISA comprising two
asynchronous design styles. The predictor circuit system is
used to translate application profile and multi-radio code to
the processor datapath through a compiler back-end. The
target is an asynchronous processor that does not run an
operating system and is used both as a complement and
alternate to software-defined radios with high degrees of
design reuse.

Index Terms—asynchronous processor, ISA, predictor
circuit, multi-radio, compiler back-end, design reuse

1. INTRODUCTION

Common asynchronous processors’ underlying design
styles include QDI (Quasi-Delay Insensitive) [1], STAPL
(Single Track Handshake Asynchronous Pulse Logic) [2],
and STFB (Single Track Full Buffer) [3] self-timed
circuit families. The asynchronous processor Instruction
Set Architecture (ISA) is entirely dependent on the
asynchronous design style type and performance metrics
like datapath performance and branch prediction for
multi-level instructions remain difficult to be streamlined
for multiple sets of application profile tasks.

This paper targets asynchronous processors based on a
hybrid of asynchronous design styles (QDI and STAPL),
where reconfiguration in the circuit components of
underlying asynchronous design styles can take place
based on the application profile.

This paper further describes the behavioral model of a
predictor circuit system that can translate application
profile and radio protocol code to the asynchronous
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processor datapath directly through a compiler back-end.
This design methodology serves two purposes: 1. helps
manage complex code mapping onto processor datapaths
in the absence of an operating system, 2. improves upon
asynchronous design compiler back-ends in generating
hybrid asynchronous design style handshaking circuits by
incorporating application profile and radio protocol
module (finite state machine executions) codes in a single
framework.

This paper is arranged as follows. Section II discusses
the design approach of a hybrid asynchronous processor
that supports multi-radios in the absence of an operating
system; Section III discusses the arithmetic of event
sequences in asynchronous datapath models, Section IV
shows the system behavioral modeling math of the
predictor circuit, Section V shows the evaluation of the
predictor circuit system, Section VI shows the evaluation
of the compiler back-end design and Section VII brings
about the conclusion.

II. DESIGN APPROACH OF A HYBRID ASYNCHRONOUS
PROCESSOR SUPPORTING MULTI-RADIOS WITHOUT AN OS

Handsets and portable consumer electronic devices
typically need to support diverse applications and usually
provide multiple radio choices for communications. The
multi-radio choices are usually managed by the operating
system through driver switching among the individual
protocol Network Interface Cards (NIC). In the absence
of an operating system and software management of
protocol modules, the processor must be able to support
these radio protocol modules when invoked by the
application. Till now, the only radios that are supported
on operating system-less asynchronous processor cores
are small-sized radios like TR1000 [4,5]. It is very
difficult to map large complex radio stacks optimally
onto the asynchronous core, radio protocol description
language translation being a major bottleneck. The
asynchronous core and datapath is derived out of a single
type of asynchronous design style and realizing
programmability in reconfigurable style select based on
radio-based application profiling is very difficult.



In the absence of an operating system, the major
challenge becomes to design efficient micro-architectures
that respond to external interrupts generated by high-level
description languages. Application codes and radio
descriptions are first profiled to identify common
functional modules in a micro-architecture aware manner,
so that the processor datapath can be configured in
exactly the manner as it would be if a software interrupt
was invoked by an operating system. A predictor circuit
system forms a key component of this micro-architecture
aware translation of protocol and high level description
languages to the asynchronous processor datapath.

Most of the current embodiments of asynchronous
processors using reshuffled communication processes in
pipelined asynchronous circuits are based on QDI circuit
models [1]. A difficulty with QDI design in supporting
arbitrary frequent changes in the application profile is the
difficulty in satisfying the requirement of correct working
of the design in presence of unbounded operator delay
variances. Ensuring the property that the asynchronous
processing entity (the processor instruction set) does not
get locked to a particular radio protocol, it is important to
ensure that there is a mechanism to switch over the radio
mode after a self-inferred time interval. For QDI, if this is
to be achieved, checker circuits to detect occurrence of
transitions (as in radio protocol stacks that are handled if
an operating system is present) are needed even though
they would happen anyway. This can be overcome by
STAPL circuits that eliminate the acknowledgement and
data reset phases of the four-phase handshaking protocol
used in QDI circuits.

In this paper, a hybrid QDI-STAPL design style
processor datapath has been considered. The predictor
circuit system is also comprised of this hybrid design
style, and behavioral modeling has been carried out to
conform to the arithmetic of event sequences in
asynchronous datapath models.

III. ARITHMETIC OF EVENT SEQUENCES IN
ASYNCHRONOUS DATAPATH MODELS

LAD (Length Adaptive Data) [4, 5] is commonly-used
arithmetic in modeling event sequences in asynchronous
processor datapaths and instruction set architectures. This
is a particularly useful arithmetic logic where bit-serial
instruction set architectures is tuned in line with the
length adaptive data words. This proposition is extremely
useful for implementing design reuse in asynchronous
processor based platforms.

Currently, LAD arithmetic axioms support only one
task at a time, and do not allow data interleaving or
delimiter re-assignment. A few extensions of the LAD
arithmetic axiomatic foundations to include simultaneous
concurrent multi-tasks by collaboratively re-assigning
delimiter LAD digits (A delimiter bit is a bit upon whose
occurrence, all the leftmost bit positions are taken to be of
the value of the delimiter bit) has been shown in [6, 7].

Earlier finds [6] have suggested enhancing LAD
arithmetic in the context of nondeterministic data-flow
computation for collaboratively assigning delimiter LAD
digits. This is a system design challenge because it
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involves non-deterministic dataflow computation (based
on the fact that data arriving should be processed
immediately) and computations with arbitration (for
quality-of-service priorities), which makes the usual LAD
architecture embodiments in related asynchronous
processor designs difficult for parallel re-conversion and
optimized LAD arithmetic management. Delimiters can
occur anywhere within a data word. An example of this
situation is that an adder may encounter 0111 + 1111,
where 1 is a delimiter bit. The result should be a single 1,
and not 1111, which is wastage of energy for processor
datapath compression. This problem is even more
pronounced for nondeterministic data-flow computation
maps that are an inevitability of multi-radio support in
asynchronous processors, primarily due to arbitrary radio
invocations and data interleaving. This work is currently
being further studied and we present some of our initial
finds on addressing this issue through a system behavior
model of a predictor circuit that maps application tasks to
the processor datapath through multiple radio class
linkage associations.

IV. SYSTEM BEHAVIORAL MODELING MATH OF THE
PREDICTOR CIRCUIT

The system behavioral model of the predictor circuit is
based on the following assumptions:

1. Application tasks are randomly distributed and
can occur at any time (any type of application
can request a service at any time).

2. A radio is invoked by an application (the
application that wants service will need to be
communicated).

3. A radio can be invoked by multiple applications
at the same time (the same radio may be used in
communicating multiple applications with a
requested quality of service simultaneously).

4. Multiple radios are necessarily invoked by
multiple applications at the same time (multiple
radio interfaces are present in the
communicating device).

5. The association of application task job processes
to radio class linkage sets is instantaneous.
(Radio invocation is done instantaneously in the
device as soon as an application arrives for
communications. This is done locally based on
guarantee of quality of service and to support the
processing and communication capabilities of
that application).

6. Application task job processes can shift across
radio class linkage sets. (This means that the
tasks can be partitioned and locally assigned to a
computing group ad-hoc based on the nature of
computation similarity).

7. Priority of the task job processes generated by
multiple applications may change during the
processing stage. (This is to accommodate
applications that may need more time-critical
resource-based processing. Following point 6,
this also means that there is provision to locally



JOURNAL OF COMPUTERS, VOL. 3, NO. 1, JANUARY 2008

change the task job process priority associated
with a particular radio class linkage set. To
guarantee quality of service, if an application is
advertised using a radio type for which the
channel is degraded, the application may start to
be advertised using a different radio on the same
physical channel but different performance
characteristics)

8. Tasks separated into sets invoked under different
radio linkage sets may be shifted internally
within the set groups. (This is to ensure that
even if the control channel condition changes,
data are still communicated with the quality of
service requested across different radio media
available. This is a local policy and internal to
the predictor circuit for helping choose the radio
select for communicating)

9. An application has to be immediately processed
and cannot be buffered (Without an operating
system and without significant interrupt
handling support, the tasks would need to be
executed as soon as they arrive to prevent radio
lock-in and degradation of quality of service).

A. Mathematical assumptions

1. The m radio linkage class sets that services
application task job processes is considered to form a 7
dimensional vector space.

2. The mathematical representative values of the
predictor circuit system resources are constrained to the
range of (0, 1). This means that the predictor circuit
system handling a particular type of application invoking
only one radio class linkage set is represented by
(0,0,0...) (no load constraint) and the condition that it
maps multiple applications invoking all the radio class
linkage sets is represented by (1,1,1,....), signifying a
fully loaded constraint.

3. The optimal cost function for task admittance across
different radio class linkage sets spans over this 7
dimensional vector space.

4. The n dimensional vector can be used to describe
the current state of the predictor system, and the norm of
this vector forms the basis of the ranking of the predictor
circuit load in term of radio class linkage set associations.

5. For trying to make the problem of multi-application
task job process allocation across all radio class linkage
sets and sub-partitions of the vector space NP hard, jobs
are described and ranked using the same computation
resource requirement dimensions. Jobs can be added and
subtracted from the predictor system state vector.

6. The system behavior of the predictor circuit is
modeled in terms of the unit function that is a dual
variable of radio class linkage sets and resource demand
from an application task job process.

B. Techniques for application’s service request task job
fit across the radio class linkage sets

First Fit: Partition the vector of radio class linkage sets
equally among all the application tasks that requests
service
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Best Fit: Partition the vector of radio class linkage sets
optimally and shift task job processes to that radio class
linkage set which most closely fulfils the application’s
service request with the least number of jobs involved.

Worst Fit: Partition the vector of radio class linkage
sets and shift task job processes to that radio class linkage
set which most closely fulfils the application’s service
request with the maximum number of jobs involved.

C. Predictor circuit system load estimation (in terms of
application jobs processed through radio class linkage
set associations) and process job shift

The load distribution mechanism in the predictor
circuit system receives global state updates (in terms of
applications processed and radios invoked) arbitrarily in
time. This presents a closure problem of the prediction of
the degree of associating a task to radio class linkage sets
as no immediate feedback to a job placement is provided.
Therefore the prediction subsequent to the first in each
time frame are made with data that is known to be out of
date, and problems similar to those encountered by the
least loaded initial fit model may arise.

One advantage of using predicted resource
requirements in terms of processed application job tasks
for different radio linkage class sets is that the same trial
fitting technique that is used to select the datapath map
can be used to provide an estimate of the system load
after job shift and placement. Thus the result of the fitting
computation is used to directly update the load value
stored for the datapath map.

Characteristics of the partitioned vector class model in
the system behavior description of the predictor circuit
can be modeled under this assumption.

A key issue of the predictor circuit system load
estimation is the actual job shift of application task
processes in order of the radio linkage class set
association priority involving change in ongoing task job
execution priority status. The other issue is the resolution
of priority conflicts for time-critical and non-time critical
tasks where the level of priority is subject to change.
Mathematically, this means that the vector space
partitioning will change and dimensional representation
might not remain the same.

D. Mathematical modeling of the predictor system
(target machine compilation unit)

Let
p;= The application task corresponding to radio

linkage class set i ; process corresponding to class i .

E = Set of eligible processes, i.e. the number of tasks
that can be shifted among radio linkage class sets

7 = Expected process lifetime, i.e. the time till a
process finishes executing

C = Cost of shifting the process among radio linkage
class sets

k = Normalization constant.

e:|E|



Then
Vp,,p, € E,iff ,p,t>k*p,.t....(1)

Let
¢;= Condition of predictor system at time (f = ¢,) , in
terms of the radio class linkage occupancy vectors.
J; = Job in the predictor system at time (f = ¢,) , for

shifting the task process among radio linkage classes.

Fundamentally, the optimization problem for
computing resource allocation in the predictor system for
mapping onto the processor datapath would be:

min(|c, + j)Vi ... @

, 1.e. minimize the norm across all the transition process
vectors.

The general selection policy for job shifting across the
radio linkage classes is thus given by:

max(”pl.” * %)Vi €e...... (3)

There exists a lesser than the least feasible solution in
terms of general discrete (GD) cost functions to a class
partitioning problem if the optimal cost threshold value is

at 1eastz C o / n During the shift of application tasks

instantaneously over the 7 radio linkage classes, there
remains to be shown and proven that there exist a feasible
cost that is always attained which is lesser than a least
threshold value. This means that the cost of transferring
application tasks of a particular radio linkage class
internally during radio protocol language mapping to the
processor datapath does not overall reduce the penalty for
buffering it without processing immediately.

In order that the predictor system modeling for
individual radio linkage classes on a one-to-one basis
holds, we shall show that the cost of transferring
application tasks across different radio linkage classes
subjects the behavioral modeling to be the same as when
the tasks are processed individually by the predictor on a
per-radio linkage basis.

Let X € p,be an optimal partition across £ for some

vector space”c,. + L” . The physical interpretation of this

is that the radio linkage classes form a convex function
set and has an optimal partition across the set of vector
spaces spanned by the radio linkage classes. The
difference is that these classes are set statically. The issue
of NP-hardness comes into consideration if the space

”ci + ]l” spanned by c;and j,behaves quasi-statically

at every time when there is a transition among the p, ’s.

The questions to be answered in this problem
formulation are thus:
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1. Does there exist an “optimal” partition of a quasi-

static vector space V1 for an element transition D;
defined from a convex function set F| to another convex
Sunction set F, defined in another quasi-static vector

space, V, ?
2. Is this problem NP-hard?

Let us first focus on the definition of the convex
functions across quasi-static vector spaces.

A function cis called strongly convex if for three

points X, , X, and X, the following result holds:

(g —x1)*e(x)) +(x3 —x3) *e(x3)
)C3—)C]

C(XZ) < Vxl <Xy < X3

. (4)

From (1), Let us construct a set P = {p,}Vp, over
some 7 , the expected process lifetime.

For a bounded7 =7,,,,, P will be a bounded set

with some least upper bound Pupp ...(9

For the sets £ and P, , thus we can choose the triplets
(x",x2,x)") and (xlp'f , xf" , xfj )such that equation
(4) holds for each of these triads on their respective
domain sets..... (6)

A function F(P,) can thus be defined to be convex for
the triplets (x,, x5, x1') across P, .Similarly, a function
F(P,)can be defined to be convex for the triplets
(xl’ﬂ ,x;f ,xfj )across P, ... (7)

From the definition of ¢,in equation (2), the vector
space V'(c,)spanning across the set ¢, can be defined as
the basis span of (x;", X, Xx1), essentially noting the
fact that the condition of the predictor system c;at time
(t=t)where (f,<7,,,)is a permutation of the
elements of P.. From (5), because of the boundedness
of P, there exists a function F'(P)which can be
permuted exactly to a convex function % such that
FO =) ) xland [V (e = [P (F)| = e

L)

Similarly from (8), HV(CJ' )H

)

= o

From the definition of vector spaces,
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HV(C} + cj)“ < ||V(c,. )|| +”V(cj)H :>“ci + ch < ||c,|| +“ch

From the definition of j,in equation (2), a space
V'(j,) spanning across the set j; can be thus defined on
the basis span of (xlp" , x;’ , x3P'" ) , essentially noting that

job of shifting a process in the set £ across the space
V(c,) for defined c;is a function F'(P;) that maps the

{J.}’s to some elements {c,}’s for ¢ =[t,,t,]defined
in 7 and bounded by 7,,,, . .... (11)
As {c,} are permutation elements of c,’s, the result
from (11) and (8) is that F(P]) maps to F....(12)
V(j,) is then a subspace of V' (c;).....(13)

From equation (10) it thus follows that
HJ} +jo£ Hci +ch....(14)

and from (10) again,

min(”ci + Jilbllc; + jo) < ||cl.||+chH e (14)

2

This shows that an “optimal” partition of the quasi-
static vector spaces spanned by the radio linkage
classes does exist.... (15) Q.E.D.

We now show that indeed this is a NP-hard problem.
Let us define J as the optimal partition of the quasi-

static vector spaces spanned by the radio linkage classes,
based on equations (1) through (15). From (11) and (13),

it is easy to see that O = mm(HclH) ... (16)

Let us define a Vector Space V now spanning
over (Cl. + ]l) , drawn from the elements ¢;in V(Ci)and

Jiin V()
From (13), we can say that
¢, = [, where [isascalar.... (18)

We define Qas{q,}, whereq, =1, if c,maps

exactly to j,, which means, there’s perfect in-order
processing of individual application tasks with all the
different radio linkage classes. g, = 0, otherwise.... (19)

We can thus solve a subset problem of setQ', derived

from} , over the elements {g,}and a boundQ, , such
that Q) = » ¢, — 0 ....(20)

From the cost function definition (1) and the policy of
job shifting across different radio linkage classes

© 2008 ACADEMY PUBLISHER

(equation (3)), we can say from Equations (16), (17), (18)
and (19) as the fact that Qb exist iff i = n for which

Zqi =0...2)

The physical interpretation of this statement is that the
selection policy chooses the application tasks in that
particular radio linkage class to shift for which there’s a
maximum in the cost function for shifting, i.e. the match
between the number of tasks to shift matches precisely
the number of tasks associated in that radio linkage class
which are being mapped onto the datapath by the
predictor system at that instant of time.

This proves that the problem for quasi-static vector
spaces spanned by the multi-radio linkage classes is
NP-complete. (Q.E.D)

Subsequent to this, we shall now prove a more
powerful relation in respect to determining the optimal
radio linkage association cost function when mapping
multiple application tasks to the asynchronous processor
datapath through individual radio linkage associations.

Suppose the set Q'has n elements in all. Let us also

assume that the total set of all possible radio linkage
classes is K . This is to generalize the problem more, the
practical consequence of which is that more radios can be
supported in the same platform through firmware
upgrades, patches and entirely new software suites for
newer radio standards that may come in the future. Let

the cost function, as defined from Equation (3), on Q'be
Cp.... (22)

Then, the cost per
Cp=Cy/K ...(23)

each radio linkage class

In the usual case, the cost function for application task
admittance to a particular radio linkage class (determines
which radio is invoked for which application) is denoted

by C,.
At any point of timef < 7, , there exists some {g, }

for which equation (21) is satisfied. This banks on the
assumption that the processor is not idle as the tasks are
mapped onto the datapath through individual radio
linkage classes. Mathematically, this is equivalent to the
fact that there is an optimal kernel map among quasi-
static vector spaces.

For K , thus there exists a minimal threshold for each
partitioned radio linkage sub-class, the value of which is
given by Equation (14).

We will prove now that Cé > (1-¢)C,, which

signifies that task admittance cost function for a set of
multiple applications invoked across different types of
radio linkage class associations converges towards the
task admittance cost function where a particular radio
linkage class is associated with a particular application.



There is thus the provision of handling application task
processes even if the precedence level changes in the
order of radio class linkage set elements currently being
executed, as well as any new application tasks that are
generated which invokes a different radio, creating a new
association to a radio linkage class.

From the properties of any set, we have
C, —nQ, <nk ....(23)
Thus,

Cp 2n(0,—K)= C, 2 KQ, —nK ....(24)

From equation (20), obviously, KQb > KC_, as for

any vector subspace,

n n
Z e te; <
J

i

n
Zel.
i

+ Zn:ef
7

Partitioning into subspaces always increases the
overall norm of the subspace [8].

Thus from equation (24), we have Cé > Qb -n,

which reduces to C'Q >C,—&C,, where &is a scalar

expressing the cost function of task admission to all the
radio class linkage sets. Thus, we have,

Cp2(1-¢)C,....... (25)

co

Now, again, we can write from Equation (23)

Cé <nQ, +nk ,
which reduces to Cé <(n/K)Q, +n....(Q26)

Since KQ, > KC,,
1/KQ, <1/KC, =>n/KQ, <n/KC, ....(27)

Hence from (26), we have

C, <n(1+1/KC,) = C, <(1+¢)C, ...... (28)

From Equations (25) and (28) it is now easy to see that
C Q has a positive convergence towards C, .

From Equations (25), (26) and (28), the convergence is
of the order oflog £, by expanding binomially equations

(25) and (28). This shows an important result. While the
dynamic shifting of application task processes across the
partitioned radio linkage classes helps in reducing the
task admittance cost function, this is independent of the
overall predictor system behavior, and can be processed
instantly without buffering, saving on costly hardware
and pattern matching circuits. The mathematical analysis
also shows that the predictor system circuit can work well
under conditions where multiple applications invoke
multiple radios, the physical interpretation of which is -
multiple applications can be supported on the
asynchronous processor platforms increasing the utility of
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such devices while extending battery life (reducing
dynamic power consumption by doing away with the OS)
The mathematical analysis forms the basis of designing
the predictor circuit system and is the key strategy behind
the handshaking circuit design in terms of time and
concurrency. The system is behaviorally modeled
considering independent radio behavior and linkage class
generation based on per-application task set type,
whereas the operation of the circuit involves internal task
process transitions across radio linkage classes. This
behavior is then modeled to eliminate computations with
arbitration and change in precedence levels of the
executed jobs. The problem of detecting “when” a
particular event occurs (an application task is partitioned
and linked to a particular radio linkage class) is reduced
to a trivial case of accommodating it in any particular
class set as and when it comes along. There is no need for
special detector circuits for doing this costly operation.

V. EVALUATION OF THE PREDICTOR CIRCUIT SYSTEM

Based on the extended LAD mathematics [6, 7], an
intermediate protocol description and asynchronous
behavioral model language is being investigated currently
in conjunction with the predictor circuit system design.
We decided to use the Balsa [14] asynchronous synthesis
language and compiler interface because it is open-source
and easily customizable. Balsa generates QDI handshake
circuit models for synthesis, and we first looked at how to
extend the compiler back-end to generate handshaking
models other than QDI based on our extended LAD
arithmetic.

A. Modeling using the Balsa toolset

Based on the behavioral modeling of the predictor
system, it becomes possible to extend a concept of
programmable state level encoding in delay-insensitive
pipelines where priority of the jobs being executed can
change at random. This can help in keeping data and
delimiter information independent of one another, and
help in stricter optimal maps of radio-linked application
profiles to the processor datapath.

The predictor system also needs to be modeled with
the trace results obtained during the code generation and
optimization phase associated with application profiling
and compiler back-end construction. Investigations
related to this phase of work are currently being carried
out. This design methodology can help to overcome a
difficulty in asynchronous processor based platform
design that relates to knowing when a specific
computation is done for non-deterministic event
generation. The profile-derived code has to be integrated
with the modified Balsa compiler framework for this
purpose. The behavioral model of the predictor system is
described in the Balsa language in the modified compiler
framework. The behavioral model can be synthesized by
usual Balsa API integration with standard EDA synthesis
tools like Icarus Verilog [10]. Balsa has dedicated APIs
for integration with this tool.

The simulation was run to completion for our designed
predictor system model and the time of simulation noted
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till the entire handshaking circuit graph was traversed.
The left side of the window pane shows the values held in
the buffer ports, buffer lines and communicating rails.
The red line corresponds to the handshaking circuit
generated in the first target machine generation. We
present the buffer simulation traces for a 2-QDI circuit
model for handshaking times of 50 ps and 500 ps.

Fig. 1. Handshaking simulation traces of the predictor system in terms
of QDI and STAPL circuit models — 2 QDI buffer, handshaking time 50
microseconds. Red surge in buffer 2 shows the radio task allocation set

almost exclusively occupied for one type of application task.

Fig. 2. Handshaking simulation traces of the predictor system in terms
of QDI and STAPL circuit models — 2 QDI buffer, handshaking time
500 microseconds. Dual red surges in buffer 2 and the main module
shows the radio task allocation sets being swapped for a given
application profile, meaning that application task jobs are shifted
internally within the sets.

VI. EVALUATION OF THE COMPILER BACK-END DESIGN

Balsa also provides a set of wrappers that can be
used to map the target machines generated directly onto
conventional EDA synthesis tools. This is leveraged upon
to generate the target machines after the radio protocol
description optimization and modified LAD arithmetic
implementation in the Balsa compiler framework is
integrated and built into one.

A number of simulations were carried out using the
modified LAD arithmetic based compiler back-end using
Balsa. The experiment was carried out by setting different
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values of handshaking times for two dual-rail
configurations with 8 QDI buffers connected in a parallel
topology with STAPL rails. The tests were designed to
keep in mind non-deterministic interrupt generations. As
radios and application profiles can change pretty
arbitrarily in the real-world for portable devices, a
particular circuit that is already processing information
will need to be interrupted and configured again for
processing a different set of information. As there is no
operating system to channel these frequent sets of
interrupts, the asynchronous datapath must wholly
channel this to the processor core.

With respect to that new interrupt, a handshaking
circuit configuration must now be generated as the target
of computation. The handshaking circuit configuration
that is currently present needs to be acted upon based on
the interrupt priority. Potential deadlocks may arise
owing to arbitration contention. With respect to this time
of new target generation, handshaking times are negative
for the targets already generated in the process. This also
helps in verification of the predictor circuit system to
channel the information profiles to the datapath removing
arbitration issues. Fig.3 shows the FSM transition of the
handshaking task graph for 8 dual-rail QDI buffers with
parallel decompositions for a handshaking time of 100 ns.

. Fat Tma{i0000 -

i o
i i

Fadd | [l (= =T R =T S——— | [oeriad

Fig.3. FSM transition of the handshaking task graph for 8 QDI buffer
with STAPL rails with handshaking time = 100 ns (This means that the
excitation to the second target machine generation configuration was
done 100 ns after the first target machine was generated)

VII. CONCLUSION

High-level description language compilation on target
machines involving hybrid asynchronous processor ISA
is one of the recent hotbeds of focus in handset vendors
owing to superior battery life prospects. This paper shows
a design methodology whereby high-level description
languages encompassing circuit and system-level
behavior as well as radio finite state machine (FSM)
executions can be fed in to generate hybrid asynchronous
design style handshaking circuits. This paper discusses
preliminary finds obtained during the first prototyping of
hybrid asynchronous processor-based platforms targeted
at handset IPs.

There is an open issue about the target machines
changing during compilation (the configuration of QDI



and STAPL circuits changing based on the type and
number of applications handled by the platform).
Translation of such events like hardware interrupts in
such cases would need to be translated to the
asynchronous processor ISA in a pre-predicted manner.
Dynamic target changing in the context of a single run-
time program partitioning for asynchronous targets is one
aspect that needs to be enhanced in the functional
extensibility of the compiler back-end framework.

The other open issue is the contention in datapath
timing closures due to handshaking when a large number
of application tasks are involved. This may be difficult to
implement using the current QDI circuit model theory
that Balsa uses. Further investigations are being currently
carried out in this area.
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