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Abstract— Architecture Description Languages (ADLs) are
widely used to perform design space exploration for Application
Specific Instruction Set Processors (ASIPs). While the design
space exploration is well supported by numerous tools provid-
ing high flexibility and quality, the methodology of automated
implementation is limited to simple transformations. Assuming
fixed architectural templates, information given in the ADL is
directly mapped to a hardware description on Register Transfer
Level (RTL). Gate-Level synthesis tools are not able to perform
potential optimizations, as the computational complexity grows
exponential with the size of the architecture. Information such
as exclusiveness, parallelism or boolean relations are spread
over multiple modules and therefore hard to determine. In this
paper, we present an ASIP synthesis approach from architecture
description languages, based on an Intermediate Representation
(IR). The IR is the key technology to provide new language-
independent high-level optimizations and to realize different
hardware description language backends. The feasibility of our
approach is proven in a case-study.

I. I NTRODUCTION

Application Specific Instruction Set Processors (ASIPs) are
increasingly used in complex System On Chip (SoC) designs
[1][2]. ASIPs are tailored to particular applications, thereby
combining performance and power efficiency of a dedicated
hardware solution with the flexibility of a programmable solu-
tion [3]. To identify the optimal architecture for a given appli-
cation, design environments based on Architecture Description
Languages (ADLs) are commonly used [4][5][6][7][8]. They
enable a fast development of the initial architecture model
and a quick incorporation of specification changes. Software
tools, such as compiler, assembler, linker and simulator can
be generated automatically from ADLs. The tools enable the
evaluation of several solutions within the design space in a
reasonable amount of time by obtaining valuable figures on
the performance of the architecture (HW) and the application
(SW). However, since the estimations are measured on a high
abstraction level, questions about physical parameters, such as
clock speed, area or power consumption cannot be answered
accurately.
The commonly accepted entry level for hardware implementa-
tion is the Register Transfer Level (RTL). Gate-Level synthesis
tools are used to proceed to gate-level and to obtain figures
on physical parameters. On RTL, the target architecture is
modelled in a Hardware Description Language (HDL). In
ASIP design, the HDL code is mostly developed by hand
according to the specifications. This increases time-to-market
and may lead to consistency problems in case of late speci-
fication changes. However, latest approaches try to overcome
these drawbacks by automatically mapping the architecture
described in an ADL directly to a hardware model in a HDL.
Contrary to matureexplorationtools available in academia and

industry, the results achieved by an automatedimplementation
of the target architecture, compared to manual implementa-
tions by experienced designers, is rather poor. The reason for
worse physical parameters is caused by the nature of ADLs.
ADLs describe the architecture concerning its functionality
and focus onwhat features are included, without specify-
ing how they are realized. Moreover, different architectural
aspects, such as instruction set, timing, behavior, storage
elements, are specified almost independent. Therefore model
changes can be realized fast. Mapping independent aspects
to a hardware model results in a highly modular description.
Each module supports maximum functionality, as the subset of
required functionality is not yet known. Actual, the required
optimizations are usually performed by state-of-the-art gate-
level synthesis tools. Nevertheless the gain achieved is rather
small compared to the results expected. The existing module
boundaries and the overall size of the architecture prevent
possible optimizations concerning the physical parameters.
The computational complexity of, for example, exclusiveness-
and parallelism-detection is exponentially growing with the
size of the architecture. However, the information required
is directly available from the ADL model. Therefore, we
are proposing an Intermediate Representation (IR), dedicated
to unify information given in the ADL and the underlying
hardware description to realize new optimization techniques,
heading for a dramatic decrease in area consumption. The
technology presented in this paper is implemented using the
ADL LISA[4][5] and the HDLs VHDL, Verilog and RTL-
SystemC.
The paper is organized as follows: Section II discusses related
work. The whole synthesis flow is described in section III.
The IR definition and its construction are presented in section
IV, while sample optimizations can be found in section VI.
A short description of the backends is given in section VII.
The paper is concluded with a case study (section VIII) and
summary in section IX.

II. RELATED WORK

The concept of an Intermediate Representation (IR) is
applied numerous times, during the transformation between
two levels of abstraction in EDA. For mapping logic-level
representation to IC layout, the Milkyway Database [9] is
often used. For performing logic-level optimizations, efficient
representations like, Binary Decision Diagrams [10] were
introduced. Currently, there is no IR for processor synthesis
from ADL to RTL hardware description.
There are several ADLs supporting hardware generation. The
different ADLs can be organized into those focusing on the
architecture, on the instruction-set or a combination of both.



MIMOLA [11] is one example of the languages strongly
oriented towards the architecture. As RTL description can be
directly plugged into that, usage of an IR is not needed there.
Some of the languages strongly oriented towards the
instruction-set are ISDL [7] and nML [6]. The synthesis tool
HGEN [12] is used to generate synthesizable Verilog code
from an ISDL description. The HDL generator GO from Target
Compilers Technologies [13], which is an industrial product,
is based on the architecture description language nML. The
synthesis results are not publicly available. The project Sim-
HS [8] is also based on the nML description language and
generates synthesizable Verilog models from Sim-nML mod-
els. None of the above-mentioned projects approached the
introduction of a suitable IR.
Approaches based on an instruction set/architecture combina-
tion are as follows. FlexWare [14] is more related to RTL
than to the level of ADLs. The PEAS-III [15] and the derived
ASIP-Meister [16] work with a set of predefined components.
Automatic HDL generation from the ADL EXPRESSION [17]
uses functional abstraction of hardware components. Actual
instantiation of components is captured by the parameters
of the function. This approach is not suitable for multi-
layer optimization. There is no information available about
supporting several HDL backends.
The novel RTL processor synthesis framework and the IR are
based on our previous work in this area, which is published
in [18] and [19].

III. RTL PROCESSORSYNTHESIS FRAMEWORK USING AN
INTERMEDIATE REPRESENTATION

The proposed synthesis framework is depicted in figure 1.
It bases on an IR and separates the flow into three different
phases: The first phase covers theconstruction of the IR
from an ADL, performed by the frontends. The second phase
performsoptimizationsusing the IR. Optimization algorithms
are implemented once, being independent from both the ADLs
as well as the HDLs. Finally, during the third phase ofRTL
generationthe IR supports several different HDL back-ends.
A functional abstractionof the underlying hardware on RTL
is achieved by utilizing processes and signals. Whereas, the
structural abstractionutilizes entities to describe the archi-
tecture structure. In both abstractions, the semantics given
in the ADL are not covered by the HDLs available. For
example, the instruction set, including opcodes, condition-
fields or operand-fields are hardly extractable from RTL.
However, this information is absolutely necessary to apply new
optimization techniques, as we will show in section VI. The
IR is conceived with respect to two major needs:

1) The IR should be a hardware description located at a
higher abstraction level compared with HDLs.

2) The semantical meaning about the underlying hardware,
extracted from the ADL, has to be preserved in the IR.

By satisfying the first requirement, we preserve the aspects of
a hardware description enabling the path to implementation,
while the second one integrates the advantages provided by
ADLs.

IV. D EFINITION OF THE INTERMEDIATE REPRESENTATION

As mentioned in section III, the definition of the IR is
steered by combining benefits of ADLs and HDLs. The
first objective is to define the basic elements used. The
second objective is to annotate semantical information to
each element. The basic IR elements are depicted in figure 2.
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Fig. 1. Synthesis flow based on an IR

In this paper we are using the following notation: A set
X is defined asX = {X1, X2, ..., XNX

}, where NX

denotes the number of elements in the set.i, j, k, l, r εN and
1 ≤ i, j, k, l, r ≤ NX denote indices.
The hardware behavior is described on RTL by a set of
combinational and sequentialprocessesin VHDL or always-
blocks in Verilog. This leads to the definition:

Definition PROCESS: Each process encapsulates hardware
behavior, which is represented by a Control Data
Flow Graph (CDFG). A denotes the set of processes
A = {A1, A2, ..., ANA}, which is used to model the whole
target architecture on RTL.

Information between the processes is exchanged via signals:

Definition SIGNAL : A signal is a connection between
processes and dedicated for communication.S denotes the
set of signals required to model the target architecture on
RTL, with S = {S1, S2, ..., SNS

}.

The processes and signals provide a functional abstraction of
the architecture on RTL. However, the similarity of process
functionality can be used to group them into even more
abstract functional blocks, such as decoders, fetch unit or
pipeline-controller.
This additional abstraction layer is represented by units:

Definition UNIT : A unit Ui is defined as set
of processes Ui ⊂ A with

⋃NU

i=1 Ui = A and
∀Ui, Uj εU andUi 6= Uj is Ui ∩ Uj = ∅. U denotes
the set of all units.

Analogously, information about the purpose of signals
can be used to group them as well. Signals required for a
particular information exchange are grouped in an IR-path:

Definition IR-PATH : An IR-path Pi is defined as
set of signals Pi ⊂ S with

⋃NP

i=1 Pi = S and
∀Pi, Pj εP andPi 6= Pj is Pi ∩ Pj = ∅. P denotes
the set of all paths.

For example, a simple assignment to a register array in
LISA such asR[address]=data; , is represented in an
HDL by three different signals. Those comprise data, address
and enable flag indicating the validity of the data and address
values. A path groups those signals modelling a particular



transaction.
A functional abstractionof the architecture is defined by a
multigraph:

Definition GIR: GIR is a directed multigraphGIR = (U ,P).
Here, the vertex set isU and the edge set isP.

On RTL a hierarchical model structure is provided by
nested entities in VHDL )modulesin Verilog, sc module in
RTL-SystemC). Following this principle our IR uses entities
to encapsulate the functionality provided by units:

Definition ENTITY : An entity Ei is defined as set of
units with

⋃NE

i=1 Ei = U .

Finally, a hierarchical abstraction of the architecture is
defined by a tree:

Definition TIR: TIR is defined by a directed tree
TIR = (E , I). Here, the vertex set isE = E1, E2, ..., ENE

. I
denotes the set of edges. A directed edge〈Ei, Ek〉 represents
the relation betweenEi and Ek where Ek contains a
partial function of Ei. This corresponds to the component
instantiation in in VHDL.

Finally, we define the IR as follows:

Definition IR : The IR is defined by a functional abstraction
GIR and hierarchical abstractionTIR. The edges of the
multigraphGIR are related to the edges of the treeTIR as an
edgePr = 〈Ui, Uk〉 is always bound to a path inTIR, here
Il,m = 〈El, El+1, ..., Em〉 with UiεEl and UkεEm. This
defines a mapping:Pr 7→ Il,m. The hierarchy represented in
TIR leads toEi =

⋃
E is child of Ei

E.

An example of the IR is depicted in figure 2 including
entities, edgesI (dotted arrows), units, paths (solid lines) and
the processes included in a unit.
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Fig. 2. Example IR of an ASIP

Until now, only the first requirement regarding a higher

abstraction level is satisfied. It remains to preserve the
semantical information given by the ADL. Thus, we derive
specific types from the IR elements entity, unit and path. In
other words, a semantical information is annotated to every
element.
Table I contains an exhaustive list of currently existing
types of IR elements. The types of entities, units and paths
have been chosen by implementing and evaluating several
architectures existent from our previous work. For example
the patternmatcherunit is dedicated to recognize particular
instruction bit pattern and to set thecodingpath accordingly.
The information provided by the coding path as well as
run-time conditions are evaluated by thedecoderunit to set
the correct control signals via theactivation path. Those
signals are, for example, utilized by thedata path units. The
types of our IR are not fixed and will be extended in future
work as needed.

TABLE I

EXHAUSTIVE LIST OF ENTITIES, UNITS AND PATHS

List of IR Elements
Entities Units Paths

testbench datapath resource
architecture register mem
registers memory memr
memories simulationmemory memr w
pipeline signal memw
pipe stage resource clock
pipe register pin reset
funct.-block decoder activation

patternmatcher pipectrl
multiplexer coding
pipe controller ft pipe reg
pipe register piperegctrl
ctrl stall flush pipe reg ctrl flush
clock pipe reg ctrl stall
reset
pipe reg
pipe reg coding
pipe reg activation

V. IR CONSTRUCTION

The ADL-specific frontend constructs the IR from the infor-
mation given in the ADL. Information directly extracted from
the ADL model is calledexplicit information. As mentioned
before, ADLs do not cover all the hardware details, as a fast
architecture exploration is the primary goal. Thus, missing
information must be derived from common knowledge about
processor design and adopted to the given architecture descrip-
tion. The information introduced is calledimplicit information.
The proposed IR supports the usage of explicit and implicit
information in the hierarchical domainTIR as well as in
the functional domainGIR. For example, the LISA frontend
uses a hierarchy template which instantiates theregisters
and memories entities in thearchitecture entity (see
figure 2). This fact allows various optimizations, as different
templates may coexist, each for a particular optimization.
Structuring: In the first step, called structuring, the directed
treeTIR is instantiated. The different entity types used in this
example are listed in table I, first column. The entity structure



is equivalent to the structure of the final hardware model on
RTL generated by the backends.
Mapping: In the second step, the information given in the
ADL is mapped onto the functional representation of the
hardwareGIR. For example, information about resources is
used to map the resource-units while information about the
instruction set is mapped onto the decoder-units. However,
during this phase only a path subsetPMapping ⊂ P is created.
The remaining pathsP\PMapping are built up in the next
phase. The different units and paths currently available are
shown in table I, second and third column.
CDFG Creation: Finally, every process must be implemented
by a CDFG. If no information about the realization is given
in the ADL, a CDFG template must be tailored to the
abstract information provided. For example, LISA specifies
the instruction set including the binary encoding but does not
cover the technique to decode this. Here, CDFG templates
must be tailored to the specified instruction set. In general,
they have to be compliant to the model description at the ADL
level.
If available, the information given in the ADL model is used
to realize the process. For example, LISA allows the designer
to specify the state update functions of the architecture using
the programming language ANSI-C. This behavior description
is transformed into a CDFG hardware description.
Additional paths required due to the CDFG instantiation may
be created at this point of time. As illustrated in figure 2 (lower
left corner), the starting and ending points of an IR-path are
hooked into the CDFG.

VI. OPTIMIZATIONS USING THE IR

In general, optimizations can be applied to any element
in the IR: Entities, Units, Paths or even CDFGs. We cate-
gorize optimizations into two groups:constraint-independent
andconstraint-dependentoptimizations. In general, constraints
describe user defined ranges of variables of the applied cost-
function. In the context of gate-level synthesis, constraints are
typically set to area, clock speed, power-consumption and/or
more. Moving to higher abstraction levels in architecture
modelling compels the cost-function to be a function of more
abstract and also often conflicting variables. Here, constraints
can be set to the number of registers instantiated, organization
of decoders (single decoder or distributed decoder) and/or
placement of the units. We defineconstraint-independent
optimizationsto improve one or more variables of the cost-
function without making any other variable worse. We define
constraint-dependent optimizationsto improve one or more
variables of the cost-function by worsening another variable.
In the following we describe two different optimizations.

A. Analysis of Resource Scope

It is natural to model complex data-paths in ASIP design.
Those data-paths are not only described by combinational
processes, but also by sequential ones. The resulting registers
with global scope are exclusively used by this data-path. Here,
it is beneficial to move those registers from the position
with global scope to a local scope, such as the entities
covering the data-path. By this, the implementation of the
functional unit becomes more compact. Due to the locality of
implementation, gate-level synthesis tools are able to perform
stronger optimizations (see section VIII).
Considering the traditional ASIP implementation flow starting
at RTL, flattening mechanisms during gate-level synthesis can

be used to eliminate the boundaries of the model structure.
The goal is to detect exclusiveness and dependencies in
general. However, for most designs, flattening results in little
optimization due to the increased computational effort.
Our approach, based on the IR, enables optimizations across
entity boundaries, without the requirement to eliminate these.
The analysis of exclusiveness can either be performed using
the information provided in the ADL or using the IR elements
path and unit. Either way the search space is reduced com-
pared to gate-level synthesis which enables new optimization
techniques with higher computational effort. This optimization
is constraint-independent.
The scope ofall resources such as signals, registers, memories
can be analyzed. In order to move them as close as possible
to the accessing unit the following rule must be applied.
A resource is represented by a particular unitUResεEi. The
resource is accessed by a set of other unitsUAccess =
{Ui, Ui+1, ..., Ui+k}. The resource unitURes can be moved
to a particular entityE if ∀UεUAccess : UAccess ⊆ E.
If the resource represents a signal andNUAccess

= 1 then it is
even possible to replace the signal by a local communication
mechanism within the unitUAccess (e.g. variables). By this,
the unitURes gets deleted as it is not required anymore. This
optimization is strongly used in our case study.
The IR enables automatic movement of functionality repre-
sented by units within the target architecture. Semantical in-
formation is utilized to consider the correct units, to which this
optimization can be applied. The encapsulation of processes
and signals is also used, as implementation details do not need
to be considered during movement. This feature is currently
only applied to resource units but may be extended to others
in future.

B. Path Sharing
A processis defined in section IV and covers a CDFG.

Within the scope of a process, a resource is accessed via an
IR-path. An optimum number of resource accesses can be
determined by using the concept of sharing paths. Two paths
can be shared, if they exist in mutually exclusive nodes of
the CDFG and if they perform the read/write access to the
same resource. The constraint-independent optimization and
its algorithm is shown below.
The function Create SetOfCongruentPaths() is
called recursively starting from the root node of the CDFG.
It builds up a list of sets. Each set contains all the paths,
which can be shared. After the sets are built up for mutually
exclusive nodes, the sharing is explored between them. Thus,
a set can be shared within another set - essentially merging
the two sets. Sharing between two sets is investigated using
the representative path of that set, which is the first member
of the set.
The function SharePaths() is called only once for the
root node. It takes one set once and shares all the paths of
the set with the representative path.
This algorithm improves the overall area of the architecture
by reducing the number of interconnects and multiplexers to
the resource. Due to multi-level granularity of the proposed
IR, this algorithm can be extended to consider the mutual
exclusion ofprocesses, units or evenentities.

01 // A setMi contains paths, which can be shared(∼=):
02 // Mi = {Pi, Pi+1, ..., Pk},
03 // with Pl

∼= Pl+1, with i, l, kεN and i ≤ l < k.
04 // L andLnodei denote the list of sets
05 // Lnodei = {M1, M2, ..., MNnodei

}.
06 // Lnodei is assigned to anodei.
07 // We choose an element of the set, called
08 // Psharing to replace shared paths.
09



10 void CreateSetOfCongruentPaths(L) {
11
12 // recursion termination
13 if nodethis is a resourceaccess{
14 Mcurrent = CreateSingleMemberSet();
15 L.appendSet(Mcurrent);
16 return;
17 }
18 // calling recursively formutually exclusive child-nodes
19 for each mutually exclusive child-nodenodei

20 nodei.CreateSetOfCongruentPaths(Lnodei )
21
22 // take the list of the first child-node, to start sharing.
23 LLoop = Lnode1 ;
24
25 for eachMiε LLoop {
26 for eachLnodel starting fromLnode2 {
27 for eachMkε Lnodel {
28 if (Psharingε Mi

∼= Pksharing ε Mk) {
29 Mi.appendSet(Mk);
30 Lnodel .removeFromList(Mk);
31 }
32 }
33 LLoop.appendNonSharedSetsOfList(Lnodel );
34 }
35 }
36 L.appendList(LLoop);
37
38 //include sets ofmutually inclusive child-nodes toL
39 for each mutually inclusive child-nodenodei

40 nodei.CreateSetOfCongruentPaths(L);
41 }
42
43 void SharePaths(L) {
44 for eachMiεL {
45 for each (Piε Miand(Pi 6= Psharing)){
46 Psharing.shares(Pinode );
47 }
48 }
49 }
The above algorithm is explained using the the example in
figure 3. In this example, there are four read operations
performed for the resourceR, depicted in figure 3 using four
assignment nodes. Out of these four nodes, nodesn3 andn4

are mutually exclusive to each other.

=

R[0]a

=

R[1]b

=

R[2]c

=

R[3]d

b=1

False

True

n1

n12

n2

n22

n3

n4

n32

n42

// Read Access of Register R
{

a = R[0];

b = R[1];

if (b != 1) then
c = R[2];

else
d = R[3];

}

Fig. 3. Path sharing example

The functionCreate SetOfCongruentPaths is called
recursively through each mutually exclusive node. When the
function reaches the resource access nodes i.e. noden32 or
n42, then a single-member set is created with the path to
resourceR and the recursion terminates (line 13). The set is

appended to a global list.
After the sets from mutually exclusive nodes are built up,
the creation of congruent sets begin (line 23). Two sets of
paths are called congruent, if the first member path of each
set is congruent to each other. In this example, two sets are
created from mutually exclusive nodesn3 and n4. Both of
them have one member path reading the same resource, thus
being congruent. This results in the two sets getting merged
(line 29).
Finally, the functionCreate SetOfCongruentPaths is
again called for mutually inclusive child nodesn1 andn2 (line
39). For those, the sharing is not possible in this scope.
The function SharePaths takes the list of sets. In this
example, there are three lists, two from the two mutually
inclusive nodes and one from the merged mutually exclusive
nodes. The function starts from the first member path of each
set, sharing it with all the other members of the set (line
46). Thus, by applying this algorithm we obtain an optimum
number of three paths to the resourceR, although four accesses
are performed.

VII. HDL GENERATION FROM THEIR

As shown in section IV, the processes and signals required
in a HDL are embedded within the basic elements of the IR.
To extract the hardware description of the target architecture,
the cover of units and IR-paths must be dropped to expose
processes and signals. This is the first time in the RTL
processor synthesis flow, that the semantical information is
omitted.
An Entity Ei is mapped to anentity in VHDL, a module
in Verilog or sc module in RTL-SystemC. The processes,
previously covered by a UnitUi, are mapped toprocesses
in VHDL, always blocksin Verilog or sc methodsin RTL-
SystemC. The signals, grouped in an IR-pathPi, generates
signals and ports in VHDL, wires and regs in Verilog or
sc signalsandsc ports in RTL-SystemC.
When generating a specific HDL, the language-specific re-
quirements of various HDLs need to be considered. One of the
prime constraints is the type-propagation. The HDLs Verilog
and RTL-SystemC are loosely typed, whereas in VHDL, the
data type is imposed strongly. To cope with this constraint, a
specific type-propagation function is inserted before generat-
ing a particular HDL.
In addition to the RTL description in various languages, the
scripts for driving the RTL simulation and gate-level synthesis
are generated automatically for VHDL, Verilog and SystemC.
Due to the proper definition of the IR and the backend
interfaces, supporting the automatic generation of additional
HDLs is seamless.

VIII. C ASE STUDY

The example architecture is derived from the Motorola
M68HC11 architecture [20]. Our goal was to reuse legacy
application code for a bluetooth application, while increasing
the performance of the solution. Thus, we developed an archi-
tecture compatible on assembly level. The existent application
and compiler were reused, whereas the assembler, linker and
the new hardware were generated automatically from the LISA
model.

While developing the architecture, state-of-the-art architectural
features and modern design aspects have been incorporated
into the ASIP. The implementation is completely different



TABLE II

M68HC11 RTLMODEL SIZE AND GATE-LEVEL SYNTHESIS RESULTS

WITHOUT OPTIMIZATIONS

HDL RTL model gate-level
line count timing gate-count

LISA 7177 - -

VHDL 47755 5.59 ns 24870
Verilog 55098 5.42 ns 25364
RTL-SystemC 45098 5.21 ns 25830

from the original M68HC11 architecture. The architecture is
pipelined with three pipeline stagesfetch, decodeandexecute.
The instruction set contains 16/32 bit instructions and is
compatible to the original instruction set on assembly level. We
reorganized the coding of the architecture to achieve a higher
instruction throughput compared to the original architecture.
Also, the bus bit-width was increased from 8 bit to 16 bit. The
fetch unit is responsible for reorganizing the 16 bit bundles to
32 bit instructions decoded in the second stage. The speedup
achieved by this implementation was around 62%.
The M68HC11 compatible architecture (LISA model line
count: 7177 lines) was generated completely in VHDL, Verilog
and RTL-SystemC without performing any manual optimiza-
tions. The RTL model size and the gate-level results achieved
are shown in table II. As the results are equal within the
precision of the Synopsys DesignCompiler[21], we focus on
VHDL in the following paragraphs.

TABLE III

VHDL M68HC11 RTL MODEL SIZE AND GATE-LEVEL SYNTHESIS

RESULTS

optimizations RTL model gate-level
line count timing gate-count

none 47755 5.59 ns 24870 0.0%
+ scope anal-
ysis

36384 5.69 ns 24344 -2.1%

+ path shar-
ing

33645 5.74 ns 22343 -10.2%

Two different optimizations have been applied. First we en-
abled the scope analysis, which reduced the amount of area
by 2.11%. Second, we shared the paths to resources wherever
possible. This resulted in a further decrease by 2437 gates.
The results are shown in table III. Although we only applied
basic optimizations, we already automatically decreased the
area by 11.9%, without any changes to the LISA model.
Realizing the target architecture in three different HDLs and
including optimizations, would not be realizable without a
proper IR and synthesis framework. In order to find the best
solution for our application we iterated over six models within
two weeks including RTL processor synthesis and gate-level
synthesis in every iteration. This design efficiency, the better
synthesis results and the possibility for further optimizations
are the basis for a paradigm shift in ASIP implementation.

IX. SUMMARY AND FUTURE WORK

The RTL processor synthesis framework based on an IR was
developed to apply various optimizations to ADL based ASIP

design. In this paper we present a novel framework, IR and
case-study proving the outstanding flexibility of our approach.
Modern processor design incorporates a lot of architectural
features driven by market requirements. For example, a JTAG
interface and debug mechanism are mandatory for new designs
to cope with the increasing complexity. The proposed IR
may not only be used for optimizations, but also to integrate
such features into the automated implementation process. We
already realized the automatic generation of a JTAG interface
and debug mechanism into our approach, which is beyond
the scope of this paper. The new IR based ASIP synthesis
framework is embedded into the LISATek product family of
CoWare Inc.[22] .
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