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Abstract—The mapping process of high performance embedded applications to today’s reconﬁgurable multiprocessor
System-on-Chip devices suffers from a complex toolchain and
programming process. Thus, the efﬁcient programming of such
architectures in terms of achievable performance and power
consumption is limited to experts only. Enabling them to nonexperts requires a simpliﬁed programming process that hides the
complexity of the underlying hardware – introduced by software
parallelism of multiple cores and the ﬂexibility of reconﬁgurable
architectures – to the end user. The Architecture oriented paraLlelization for high performance embedded Multi-core systems
using scilAb (ALMA) European project aims to bridge these
hurdles through the introduction and exploitation of a Scilab- and
architecture-description-language-based toolchain which enables
the efﬁcient mapping of applications on multiprocessor platforms
from high level of abstraction. This holistic solution of the
toolchain allows the complexity of both the application and the
architecture to be hidden, which leads to a better acceptance,
reduced development costs, and shorter time-to-market.

I. I NTRODUCTION
Chips are needed that are efﬁcient, high-performance, and programmable. Many performance-critical applications (e.g. digital
video processing, telecommunications, and security applications)
that need to process huge amounts of data in a short time would
beneﬁt from these attributes. Research projects such as MORPHEUS [1] and CRISP [2] have demonstrated the feasibility of
such an approach and presented the beneﬁt of reconﬁgurable and
parallel processing on real hardware prototypes. Providing a set
of architecture-speciﬁc programming tools for respective cores is
however not enough. A company must be able to take such a chip
and have non-experts program it using high-level languages. The
complexity of the underlying hardware – introduced by software
parallelism of multiple cores and the ﬂexibility of reconﬁgurable
architectures – must be hidden to the end-user. Only then, when
combining the advantages of an Application-Speciﬁc Integrated
Circuit (ASIC) in terms of processing density, with the ﬂexibility

of an Field-Programmable Gate Array (FPGA), in addition to it
being affordable since it could be manufactured in larger numbers
(like general purpose processors or FPGAs), it will proﬁt from
beneﬁts of programmability and system-level programming.
However, hiding the architecture parallelism and reconﬁgurability from the end-user necessitates a complex software toolchain
featuring an automatic mapping process of high-performance
embedded applications to today’s reconﬁgurable multiprocessor
System-on-Chip (SoC) devices. The realization of such a toolchain
involves two challenges: (1) hiding the parallelism requires an
automatic coarse- and ﬁne-grained parallelism extraction. The
problem of conventional approaches is the expression of application with a pure imperative programming language which is
commonly C. Thereby, the natural usage of pointers and the
lack of parallelism directives limits the mapping, partitioning and
the generation of optimized parallel code, and consequently the
achievable performance and power consumption of applications
from different domains. (2) supporting architecture reconﬁgurability. Traditional approaches are typically tailored to static, nonreconﬁgurable processor architectures. In contrast, reconﬁgurable
architectures require the selection of conﬁgurations e.g. by a
conﬁguration-space exploitation. Thus, a ﬂexible software framework is required that is independent of any conﬁgurable parameter
during the parallelism extraction, mapping, and code generation.
The Architecture oriented paraLlelization for high performance embedded Multicore systems using scilAb (ALMA) FP7
project aims to bridge these hurdles through the introduction and
exploitation of a Scilab- and Architecture Description Language
(ADL)-based toolchain which enables the efﬁcient mapping of
embedded applications to reconﬁgurable multiprocessor platforms
from high level of abstraction. The source input language for
the applications is an extension of Scilab [3], a high-level,
pointer-free, numerically-oriented programming language similar
to the MATLAB language [4]. Scilab, together with ALMAspeciﬁc extensions, enables a simpliﬁed parallelism extraction.

Processor Control Unit

ﬁnes a 2D mesh Network-on-Chip (NoC) interconnecting a number of tiles with I/O blocks and a bus-based General-Purpose
R
Processors (GPP) subsystem. The main tiles are Xentium
and
R
Montium
DSP cores and memory blocks but can also be
DMA controllers, accelerators, etc. The GPP is typically an
R
embedded microprocessor such as an ARM
or LEON. The
R
Xentium
processor [11] is a 32/40-bit ﬁxed-point DSP core
designed for high-performance embedded signal processing. The
VLIW [12] architecture of the Xentium features 10 parallel
execution slots and includes support for Single Instruction MulR
tiple Data (SIMD) and zero-overhead loops. The Montium
is
a coarse-grained reconﬁgurable 16-bit ﬁxed-point DSP processor [13], [14] designed for low-power, compute-intensive signal
processing. With its ﬁve execution units and 10 parallel memory
banks, the Montium resembles a VLIW architecture. However,
in contrast to conventional VLIW cores, the Montium does not
have a ﬁxed instruction set. Instead of fetching instructions, the
execution units are thus explicitly (re)conﬁgured to perform the
required functionality. Once conﬁgured the Montium resembles
more ASIC than a DSP processor. Moreover, this coarse-grained
reconﬁgurability of execution units is fast and done at run time.
The Montium therefore provides an efﬁcient balance between
energy, performance, and reuse for embedded platforms for various streaming application with sustained high workloads. The
R
R
Xentium
and Montium
DSP cores are cornerstones in Recore
Systems’ fully integrated platform ICs for embedded multi-media
applications [15]. Instances of the tiled multicore SoC architecture
have been demonstrated in Integrated Circuit (IC) [2], [16] and
Field-Programmable Gate Array (FPGA) [17].
When programming this kind of novel heterogeneous reconﬁgurable multi-core platforms, some additional complexities are
introduced. Each core type has its own optimized toolchain.
To achieve efﬁcient code generation, these point tools must be
applied to generate the target code for each speciﬁc core. Even
though DSP and GPP cores can often be programmed using the C
programming language, the code generation support tends to vary
substantially; providing different C runtime libraries, different
levels of C language support (C89, C99, language extensions,
etc.), different built-in or intrinsic functions, and different levels
of Operating System (OS) support. Devicing a single multi-target
toolchain that natively supports all (combinations of) target cores
and that can compete with vendor speciﬁc point tools does not
seem viable. Instead, a toolchain is needed that can be built on-top
of existing toolchains. The ALMA toolchain aims to achieve this
by leveraging target-speciﬁc information about the target cores
and toolchains using an abstract ADL.
The ADL enables the ALMA toolchain to directly support a
wide class of processing architectures. Moreover, future multicores will beneﬁt from this ﬂexibility by providing several
ADL architecture descriptions of (subsets of) the same hardware
platform to improve application composability, adaptive Qualityof-Service (QoS) levels, and graceful degradation in case of
permanent hardware faults. The CRISP NoC-based reconﬁgurable
multi-core platform [2] can conﬁgure processing and communication resources such that independently programmed applications
can be assigned resources and run in parallel with predictable
behavior. The partitioning of the resources can be described
by decomposing the ADL description of the full platform into
several ADL descriptions of the part systems. Moreover, the same
application can be compiled for systems using different types
of cores, either to provide greater ﬂexibility when mapping the
application on the platform or to provide different levels of QoS.

In [18], a run-time resource manager is used to program a
R
multi-core platform with 45 Xentium DSP cores and one ARM
core. Depending on the currently available resources, the mapping
of applications to platform resources is computed and deployed
at run time. The resource manager relies on an annotated task
graph when mapping an application. The task graph annotations
speciﬁes processing and communication requirements for the
application. The construction of annotated task graphs and the
compilation of application code for the processing tasks are done
before deployment. Code compilation is done using single-core
toolchains for the processing tiles such as the Xentium toolchain
for the C programming language. The task graph construction
is typically mostly manually. The construction includes splitting,
merging, and parallelizing tasks as well as task dependency analysis and calculation of processing and communication resource
bounds. A (quasi) automatic toolset for this construction would
extend futher the applicability of the approach.
III. ALMA T OOLSET
The ALMA toolset purpose is an end-to-end solution for the
production of parallel code for embedded MPSoC from Scilab
source code. The target embedded platform is presented as a
selection for the user, but is actually an additional input for the
toolset, which is open to MPSoC platforms that are described
using ADL. An ALMA speciﬁc Scilab dialect is deﬁned, which
is a subset of the Scilab language, enhanced with comment-type
annotations, similar to OpenMP [19]. An overview of the toolset
is presented in Figure 3. During the Scilab Parser phase, the user
code is converted to the ALMA Intermediate Representation (IR)
which is an extension to the GeCoS compiler framework [20] IR,
while initial performance estimations are produced by the Sourcelevel proﬁler. Following that initial step, during the ﬁne and coarse
grain parallelism extraction phases, platform quasi-agnostic parallelization approaches are implemented. Then, platform-speciﬁc
code generation occurs to perform platform speciﬁc optimizations
and ﬁnal code generation. The above phases are assisted by the
ADL parser and relevant APIs, to provide platform information,
and the platform simulators through ALMA speciﬁc APIs, to
provide cycle accurate code simulations.
The ALMA parallelization approach alternates between localized loop-oriented optimization techniques and global, graphoriented optimization for the input source program. Although it
is natural for a parallelization approach to focus on the loop
structures, local optimal solutions produced during this myopic
approach could disable the possibility for other optimization
opportunities. The local and global operations occur during the
ﬁne grain parallelism extraction and the coarse grain parallelism
extraction phases respectively. These phases iteratively improve
the program performance and communicate through the ALMA
IR, which is a Control and Data Flow Graph (CDFG). Following
the parallelism extraction phases, the parallel code generation
produces parallel sources for the target architecture.
A. Scilab Frontend
The ALMA frontend tools that will be integrated in the ALMA
toolset consist of the following components:
1) SAFE environment: Scilab Front-End (SAFE) accepts
Scilab 5 input, exposes a textual tree-like High-Level Intermediate
Representation (HLIR) and produces C code. Rather than working
as an interpreter, the SAFE is a compiler to facilitate compiletime optimizations and analyses. To bridge the gap between the
untyped Scilab to the strict typing of C, SAFE accepts data type
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The HLO supports Generic Restructuring Transformations
(GRTs) and Loop-Speciﬁc Optimizations (LSOs). GRTs include
code canonicalization for removing programming idioms, arithmetic optimizations, and combining independent scalar statements. Loop-speciﬁc optimizations include enabling transformations such as loop extension, reduction, and fusion for assisting
strip mining, partial/full loop unrolling.
4) Scilab Code Section: The code section accepts Scilab code
complaint with the grammar in Scilab 5.3.x release. To assist the
subsequent parallelization and hardware synthesis tasks a new
language will be devised that will convey additional information
concerning speciﬁc parts of the Scilab code (i.e for loops). This
language will be transparent to SAFE, with its expressions enclosed to Scilab comments, and the information will be seamlessly
attached to a speciﬁc Scilab segment of a particular interested for
the subsequent synthesis and parallelization stages.

ALMA Toolset Overview

annotations in a separate declarative section which uses ANSI/ISO
C notation.
2) aprof (ALMA proﬁler): The ALMA Scilab frontend includes an HLIR proﬁler, named aprof (ALMA proﬁler). Its
purpose is to compute low and high performance bounds to assist
end-users in identifying application hot-spots. It uses an internal
IR called N-Address Code (NAC) [21] that is not exposed further
in the ALMA ﬂow.
The HLIR-to-NAC generator produces code for NAC, which
speciﬁes operations as ordered n → m mappings. Then, static and
dynamic analyses are ready to proceed: static analyzers are used
for evaluating the static instruction mix and data type coverage
for the application. aprof extracts Operation Dependence Graphs
(ODGs) in Static Single Assignment (SSA) [22] for each function
of the application for estimating performance. The schedulers
account for generic architectural parameters to model: a) a
sequential machine, b) maximum intra-block parallelism (ASAP
scheduling), c) ideal block, and d) ideal thread processor. The later
two options investigate inter-block parallelism, by identifying
mutually independent basic blocks or functions in a given Control
Flow Graph (CFG) or call graph, respectively.
Dynamic performance analysis uses a compiled simulator
accepting back-translated C as its input that ensures fast host
execution for collecting basic block execution frequencies and
extracting the dynamic instruction mix. Then, these results are
combined with the ILP proﬁle produced by the scheduler to obtain
an estimate on abstract machine cycles.
3) High-Level Optimizer (ALMA HLO): The ALMA HighLevel Optimizer (HLO) is a collection of autonomous C-to-C
code transformation passes for applying machine-independent
optimizations, implemented in TXL [23].

The aim of this module is to take advantage of SIMD or SubWord Parallelism (SWP) execution units to exploit data-level parallelism. SWP capabilities are available in most high-performance
embedded and DSP processors [24] including Recore and
Kahrisma platforms. These instruction sets are designed to take
advantage of sub-word parallelism available in many embedded
applications (multimedia, wireless communications, image processing). The principle behind these extensions is the fact that
an operator of word-length W having SWP capabilities can be
decomposed into P operations in parallel on sub-words of W/P
length (e.g. a 64-bit SWP adder can execute 2 32-bit, 4 16-bit or
8 8-bit additions in parallel).
When moving from the initial ﬂoating-point Scilab implementation, the designer has the opportunity to choose shorter
ﬁxed-point data encoding to be able to beneﬁt from SIMD
extensions (provided that the software code exhibits enough ﬁnegrain parallelism). This comes at the cost of a loss of numerical
accuracy in the computation due to quantization noise [25] and
results in a complex performance/accuracy trade-off optimization
problem that ALMA’s toolﬂow will automatize [26].
In our ﬂow, the extraction of ﬁne-grain parallelism comprises
three stages: data type binding, data parallelization, and instruction selection. In the ALMA project, the parallelization will
only be applied to the subset of programs that is amenable to
polyhedral analysis, this subset being known as Static Control
Part (SCoP). This module then regenerates an expanded ALMA
intermediate representation where all Scilab vector- or matrixbased operations are expanded into scalar-level operations in
nested loop constructs, in which the target processor SIMD
instructions are speciﬁed using intrinsics.
1) Data Type Selection and Accuracy Estimation: The aim
of this stage is to select the data types that will enable the use
of highly parallel vector operations, while enforcing the accuracy
constraints provided by the user in the Scilab source code through
annotations. This problem can be formulated as a constrained
optimization problem in which performance/accuracy trade-offs
are explored. The goal of this step is therefore to minimize the
implementation cost C under a given accuracy constraint Pbmax .
The ﬁxed-point accuracy is evaluated through the quantization
noise power Pb . Let wl be the word-length of all operations in
the program. The optimization problem can then be modeled as
min (C(wl))

subject to

Pb (wl) < Pbmax .

(1)

Our proposed methodology selects the set of SIMD instructions
that enforces the global accuracy constraint Pbmax and minimizes
an implementation cost function.
An important aspect of the problem is that the number of data
types remains very limited as they must match target processor
supported types (byte, word, double word). This signiﬁcantly
reduces the solution of possible encodings, and allows to consider accuracy as a one constraint criterion in a more complex
performance optimization problem.
2) Loop and layout transformations: Our approach consists
in restructuring the program control ﬂow through complex loop
transformations (loop interchange, fusion, and tiling) that will
jointly address parallelization and vectorization to improve spatial
and/or temporal memory access locality [27]. In addition to the
control ﬂow, we also propose to explore complex array layout
transformations to reduce the program memory footprint and also
to limit as much as possible the need for unaligned memory access
and vector packing/unpacking instructions [28].
3) Toward Efﬁcient and Retargetable Vectorization: The goal
of the ALMA ﬂow is to provide a retargetable vectorization ﬂow
that will leverage both the accuracy and program transformation
stages described above. The goal is to regenerate a vectorized C
code in which the target SIMD machine instructions are exposed
to the back-end compiler through intrinsic function calls. In doing
so, a ﬂexible framework is provided that can easily be retargeted
to different SIMD instruction sets, e.g. Recore Xentium and
Kahrisma.
Deriving an retargetable vectorization framework is a difﬁcult
task, as such a tool needs a very accurate description of the
target architecture to be efﬁcient. To address this issue, we will
rely on the ADL described in section IV. This ADL will be
used to specify the SIMD instruction set available on the target
architecture.
For each instruction, the ADL deﬁnes its operational semantics,
its operands (registers, memory, immediate) along with their
constraints on memory alignment and/or arithmetic behavior
(overﬂow, saturation, etc). In addition, the ADL will also provide
detailed information on the temporal behavior of the instruction
(latency, throughput, possible resource conﬂicts in the pipeline,
etc. . . ).
The ALMA toolset will then use this information to build a
performance model that is as realistic as possible, in which the
penalties caused by unaligned memory accesses, cache misses
likelihood, and packing/unpacking instructions will be considered.
This model will then be used as an objective function of a
complex optimization problem that we propose to address using
two approaches: one based on a greedy algorithm and another
one leveraging constraint-based programming.
C. Coarse-Grain Parallelism Extraction
Coarse-grain parallelism extraction attempts to provide parallel
implementations for the input source code, with a global view of
the source code, while ignoring speciﬁc code blocks to reduce
search space. The ignored code blocks have been optimized by the
ﬁne-grain parallelism extraction step. The coarse-grain parallelism
extraction is an iterative process of a sequence of internal steps,
presented in Figure 4, which might be combined during the ﬁnal
implementation. The initial step is to cluster basic blocks into
composite blocks that make sense to run on a single core. Next
step, on the now clustered graph, is to generate graph partitions
with minimal dependencies. These graph partitions are mapped to
available cores to create graphs per core. Finally, the sequence of
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Coarse-Grain Iteration Steps

events are scheduled within the core processes in order to produce
an optimal core schedule.
As the various graph transformations are evaluated, the optimization goal is the minimization of the execution time. In
order for coarse-grain parallelism extraction to make an informed
decision, accurate performance estimations are needed for various
scenarios. The clustering step is performed solely based on
information provided by the basic block performance estimator.
While basic block performance estimation is very useful as a
model, these estimations often are inaccurate even in one or
two orders of magnitude due to cache and memory delays, chip
network operations, branch prediction misses, etc. The hardware
is designed to minimize the occurrence of such situations for most
programs, but several code conﬁgurations can systematically reproduce these problems. The best alternatives produced by graph
partitioning and mapping processes are packaged in benchmarktype programs. The alternatives are produced as sequences of
benchmark procedures rather than sole programs, since a platform toolchain cycle through code building and simulation is
a time-expensive process. These programs are executed in the
simulator and the actual results are compared to the performance
estimations. As the process continues, the coarse-grain parallelism
extraction avoids the offending code conﬁgurations while trying
to evaluate alternative implementations.
D. Parallel Platform Code Generation
The parallel platform code generation will be part of the
ALMA extensions for the GeCoS framework and compiles the
ALMA IR into target-speciﬁc C source code. The tasks of the
CDFG are directly translated into C statements and functions
including dedicated communication primitives for transferring
data between tasks mapped to different cores. The layout of the
available memories is calculated and the variables are placed
into the available memory locations. For each core, an individual
task schedule is available and control code for implementing the
scheduling is generated. The generated C code is passed to the
target-speciﬁc code generation tools that compile the C source
code for each processor individually.
The C code generation for Scilab variables and operations is
dependent on the variable type. For scalar variables, only the
arithmetic and logical C operators (e.g. +, ∗) are generated.
Whereas for 1- or 2-dimensional array variables, operator functions are called. The operator functions are available as a library
and perform the vector or matrix operations using for loops.
The C compiler later inlines this functions and can unroll the
for loops for small arrays with a ﬁxed number of elements. The
SIMD instructions introduced by ﬁne-grain parallelism extraction
are converted into target-speciﬁc intrinsic function calls. These
functions are replaced by single assembler instructions during C
compilation. Therefore, the ADL description contains a list of
SIMD instructions including their intrinsic function name.
The communication on multiprocessor systems can present a
huge impact on the whole system performance. In a ﬁrst step, the
communication primitives use an architecture-independent API.

As API we rely on a subset of the Message Passing Interface
(MPI) [29] that can be efﬁciently supported by both target architectures. Using a standard API also enables the evaluation of the
generated parallel code on general-purpose processors. However,
using the MPI API is coming along with an overhead resulting
from the function calls and packing of Scilab variables into MPI
messages. Thereby, the start-up cost of communication for MPI is
typically greater than the per-byte transmission cost. Both target
architectures support a streaming-oriented data communication
allowing direct transfer of registers between two processor cores.
In a second step, we optimize the communication code and reduce
the start-up costs by using target-speciﬁc APIs to transfer Scilab
variables between processors. The target-speciﬁc API must than
be speciﬁed within the ADL.
E. Target-Speciﬁc Compilation
The target-speciﬁc code generation compiles the C source code
from parallel platform code generation into an executable binary
for the target architectures. The binary could then be either
simulated by the multi-core architecture simulator or executed
on the target architecture. Both ALMA target architectures are
coming along with a software toolchain including a C compiler,
an assembler, and linker [8]. Depending on the speciﬁed target
architecture within the ADL description, the appropriate software
toolchain is selected and the C source code is compiled into
executable binaries. The compiler translates C source code into
assembly language source code. The assembler accepts assembly
language source code and generates machine language object
ﬁles. The linker combines a list of object ﬁles into a single
executable binary. The linker accepts object ﬁles and object ﬁle
libraries.
Both C compilers of the target architecture are based on
the LLVM compiler infrastructure [30]. The back-end of the
LLVM compiler generates the target-speciﬁc assembler code.
Thereby, amongst other things, the instruction selection performs
a pattern matching to transform target-independent instructions
used by the compiler to target-dependent instructions available
within the architecture. Thereby, the intrinsic SIMD functions
inserted by ﬁne-grain parallel extraction are converted into target
instructions. For RISC processors, the scheduling assigns an order
to the instructions and places each instruction into one time slot.
Within the ALMA project both architectures use a VLIW ISA.
Scheduling for VLIW processors must additionally perform a
ﬁne-grain parallelism extraction and utilize the available Instruction Level Parallelism (ILP) in order to decide which instructions
are executed in parallel.
F. Multi-Core Architecture Simulator
The ALMA multi-core simulator plays an important role for
realizing a exploration of the available conﬁguration space for
a reconﬁguration architecture. Only if a conﬁguration could be
evaluated to the resulting performance for an application, an
efﬁcient conﬁguration could be selected. In contrast to a common
architecture simulation, the ALMA simulator must be ﬂexible in
the way to simulate all ALMA target architectures that could be
expressed within the ADL.
The multi-core architecture simulator enables the simulation of
all ALMA architectures and conﬁgurations. It uses the application
binary generated by the parallel code generation as input. As
output it will generate proﬁling information that is used by
coarse- and ﬁne-grain parallelism extraction for proﬁle-based
optimizations.

Additionally, the multi-core architecture simulator will use an
ADL ﬁle as input to specify the simulated target architecture
and its conﬁguration. The ADL ﬁle will contain a structural
speciﬁcation of the components of the target multi-core hardware
architecture/conﬁguration. Based on the structural architecture
description (i.e. ADL), the multi-core simulation environment
is established by instantiating modular simulation components.
The ALMA multi-core architecture simulator relies on the SystemC/TLM [31] simulation language. SystemC is a set of C++
classes and macros that enables event-driven simulations within
C++.
For initialization of the simulation environment, the simulator
ﬁrst parses the ADL description into internal data structures.
Therefore, the ADL Parser is embedded as a library into the
simulator. Afterwards, the initialization uses the structural information from the internal data structure to instantiate and connect
existent SystemC modules according to the target architecture/conﬁguration described within the ADL ﬁle. After initialization
of the SystemC modules, the application binary is loaded into
the available memory. The simulation is started by calling the
SystemC simulation kernel.
Within the simulator a library of SystemC modules will be
available. The ADL description references the SystemC modules
of the library, e.g. network, memory/cache, processor cores, etc.
The processor cores of the library could be either realized by
Instruction Set Simulators (ISSs) or Cycle-Accurate Simulators
(CASs) of the processor cores of Recore’s and KIT’s Kahrisma
architecture. Hence, distinct single-processor simulators will be
wrapped with a SystemC/TLM interface and integrated in the
ALMA multi-core simulation environment.
During simulation the simulator will allow collecting statistics,
proﬁling, and tracing information of the individual processor
cores, network, and memory components. The information will be
made available to the coarse and ﬁne grain parallelism extraction
modules to enable proﬁle-guided optimizations. Furthermore, the
information could be used by the end user for application or
architecture optimizations.
IV. ALMA A RCHITECTURE D ESCRIPTION L ANGUAGE
The ALMA Architecture Description Language (ADL) is a
central component of the toolset that is used by all other components as a central database to gather information about the current
target architecture. It is used as an input for the ALMA approach
and provides the following goals:
1) ADL deﬁnes an abstract hardware description of the multicore hardware target. This abstract information is used to
build a multi-core simulation environment for the multi-core
hardware target.
2) Additional characteristics about the multi-core hardware are
deﬁned which will be used during the optimization steps of
the ALMA tools.
3) The ADL is a key component of the ALMA approach to
guarantee its target independence. Within the project, the
architecture independence is gained by targeting two different
architectures. Beyond that, the ADL-based approach enables
the ALMA toolset to support other target architectures.
4) It enables support for reconﬁgurable architectures since it
allows to ﬂexible target all conﬁgurations of one architecture.
A. ADL Format
While there exists a couple of ADLs, none is suitable to fulﬁll
the special needs of the ALMA toolset. Therefore, we develop

a novel ADL that is tailored for the special requirements of
the ALMA project and the ALMA tools described within the
following sections.
The ADL is based on a special markup language for coding
hierarchical structured data in a text document. It is comparable to
XML [32] and JSON [33] but offers the ﬂexibility to use variables
as well as constant mathematical expressions. Additionally, it
allows to use for and if constructs. This enables the ﬂexibility
to describe regular MPSoC structure very abstract. E.g. central
parameters could deﬁne the width and height of a MPSoC
processor array and the processor array could be constructed by
for loops dependent on the parameters. After variable propagation, mathematical expression calculation, and for/if statement
interpretation, the format can be converted to an XML or JSON
representation and is thus further reusable.
Based on the markup language, the structure of the ADL
description is speciﬁed. The ADL is structured in various top
sections that allow specifying the ALMA target architectures from
a structural perspective including high-level information. Thereby,
we rely on the concept of modules, instances, and connections
as widely used by high-level description languages like VHDL
and SystemVerilog but without describing the individual modules
and connections on bit-level granularity. Instead, the modules and
connections are only speciﬁed in an abstract fashion in order to
enable the analyzability that would be nearly impossible for a
lower level of abstraction.
In detail, the ADL comprises the following top sections:
Modules contains all available modules within the system. Each
module has a list of ports, a set of parameters (e.g. the delay of an
network component), high-level information (e.g. the module is a
processor core, cache, network component, etc.), and simulation
information (e.g. the SystemC class that simulates the module).
The TopLevel top section contains all module instances and
connections. It contains a list of module instances, each instance
referring to a previously speciﬁed module. Each port of a module
instance is connected to another port.
The modules could be extended by high-level information. A
type speciﬁes the kind of high-level information, e.g. memory,
cache, processor core. Dependent on the module type, the additional information varies. E.g. for processor cores the SIMD
instruction set is speciﬁed including throughput and delay information while for caches the size, line width, hit/miss delay, and
associativity could be given.
B. ADL Parser
The ADL Parser is an utility of the ALMA toolchain that aims
to parse and analyze the architecture description of the various
architecture descriptions. Thereby, it prepares the structural ADL
and extracts relevant information required by ﬁne- and coarsegrain parallelism extraction as well as parallel code generation.
Additionally, it is used as part of the ALMA architecture simulator.
In Figure 3 the usage of the ADL Parser is shown. After extraction of high-level information from the structural architecture
representation, the ADL Parser output the information in JSON
format. The JSON ﬁles are used by the GeCoS framework of
ALMA to control the parallelism extraction and code generation
phases. Thereby, the language barrier between Java and C++ and
the code reuseability motivates the approach to generate JSON
ﬁles and not directly parse the ADL within the GeCoS framework.
Within the GeCoS framework, the information of the ADL are
brought by a well-deﬁned API to the individual phases:

getCoreCount Returns the maximum number of parallel processing cores.
getCommunicationInformation(Core1, Core2)
Returns the communication information for transferring data
between Core1 and Core2. This includes the delay in clock
cycles, the bandwidth in bytes per cycle, and the start-up costs
in cycles.
getCoreMemoryInformation(Core) Returns a list of
memories for one core. Each memory contains the mapping
into the address space, the delay, bandwidth, size, and information about the involved caches.
getDataTypes(Core) Returns a list of supported data types
by the target architecture. Thereby, it is differed between basic
and SIMD data types. The Kahrisma architecture e.g. natively
supports 32-bit integer data type as well as 4 x 8-bit and 2 x
16-bit SIMD data types.
getInstructions(Core) Returns a list of supported assembly instructions by the target architecture. Each instruction
is speciﬁed by its semantic, operands (including the operands
data type), intrinsic function or C operator name, and resource
consumption within the processor pipeline (e.g. the functional
unit that can execute the instruction including its execution time
in cycles on the unit). The semantic is speciﬁed by a pattern
tree of target-independent instructions with special support for
vector and saturation operations.
getCoreArchitecture(Core) Returns high-level information about the architecture of one core. In particular, an
abstract description of the pipeline including e.g. the issue
slots of a VLIW processor as well as the compiler toolchain
that should be used for compilation together with some special
compilation parameters.
The ﬁrst three functions (getCoreCount, getCommunicationInformation, and getCoreMemoryInformation) are used within
coarse-grain parallelism extraction by the basic block performance estimator. The basic block performance is estimated by
the basic block execution time on the target core as well as the
transfer delay of dependent Scilab variables from distinct cores.
The execution time can be determined by a static analysis of the
compiled assembler code of one block. The transfer delay can be
estimated by start-up costs, delay, and bandwidth as well as the
variable size. In Scilab, the size of array variables are not ﬁxed
at compile time and therefore proﬁling information including
variable size are required from the ALMA proﬁler.
For ﬁne-grain parallelism extraction, the getDataTypes and
getInstructions functions are used to enable a retargetable vectorization ﬂow. These functions return a list of available SIMD data
types and SIMD instruction. Therefore, an as realistic as possible
performance model is used that further requires a abstract pipeline
description from getCoreArchitecture and memory delay/cache
miss information from getCoreMemoryInformation.
SIMD instructions are not natively available within the C
language. Therefore, the SIMD instructions within the ALMA
IR are converted during parallel code generation with help of
getInstructions into target-speciﬁc intrinsic functions that are
supported and translated back by the compiler back-end to target
instructions. For C code compilation, the appropriate compilation
toolchain is than selected using the getCoreArchitecture function.
V. C ONCLUSION
In this paper, we presented the ALMA toolset that aims to
deliver an end-to-end solution for semi-automatic parallelization

of embedded applications to reconﬁgurable multi-core architectures. The solution tries to hide the software parallelism caused
by multiple cores as well as the ﬂexibility of reconﬁgurable
architectures to the end user. The source input language for
the applications is an extension of Scilab, a high-level, pointerfree, numerically-oriented programming language similar to the
MATLAB language. Scilab, together with ALMA-speciﬁc extensions, enables a simpliﬁed parallelism extraction compared
to conventional approaches that are based on the imperative C
language. Besides Scilab, the ALMA software framework uses an
Architecture Description Language (ADL) ﬁle as input containing
an abstract architecture description of the target architecture. In
that way, the ALMA toolchain is not tailored to one or more
hardcoded architectures. Instead, it supports code generation for
the ALMA architecture space, i.e. all architectures that can be
expressed in the ADL and targeted by the toolchain. Furthermore,
the ADL could be used to express conﬁgurations of reconﬁgurable architectures and thus the overall ALMA toolset enables
conﬁguration-space exploration of reconﬁgurable architectures.
The ALMA compilation ﬂow is separated into the frontend,
ﬁne-grain parallelism extraction, coarse-grain parallelism extraction, and parallel code generation. The frontend generates the
ALMA IR out of the annotated Scilab input language. Fine-grain
parallelism extraction exploits the available data-level parallelism
and selects appropriate data types. Coarse-grain parallelism extraction partitions, maps, and schedules the tasks to the target
processors. The parallel platform code generation compiles the
ALMA IR to executable machine code. Besides the compilation
ﬂow, the ALMA toolset comprises a fully functional SystemC
simulation framework for multi-core architectures, which will be
deﬁned through generic SystemC interfaces/protocols to connect
existent simulation modules targeting multiple architectures. The
overall toolset is kept ﬂexible towards the target architecture by
using the ADL description as input. Thus, the software frameworks enables exploration of the conﬁguration space covered e.g.
by the introduced Kahrisma and Recore architectures.
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