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Abstract— Very long instruction word processors are
increasingly employed in a large range of embedded signal
processing which is provide high performances with reduced
clock rate and power consumption. Software-based self-test
(SBST) methods are consolidated and effective solution to
detect faults in the processors both at the end of the
production phase or operational life. In this report we present
a new method for automatic generation of efficient test
programs specifically oriented to VLIW processors. The
proposed method based on generic SBST algorithms
automatically generates effective test programs. It is able to
reach the detect fault, while minimizing the test duration and
test code size. The method consists of four types of methods
and can deal with different VLIW processor models. The
main goal of the project is to show that in the case of VLIW
processors, it is automatically generate an effective test
program able to detect fault with minimal test time and
required resources.
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I. INTRODUCTION

Mainly due to the semiconductor manufacturing process and
to the increasingly high operation frequency of IC, processor
chips face growing testing fields for the problems.
Moreover, since the production processes are highly
stressed, phenomena like aging of the circuit may increase
the occurrence of permanent faults in the systems, even
during the circuit operational. For these reasons, new test
solutions are being investigated in order to provide criticize
for adequate coverage with acceptable costs (e.g., in terms
of test time, silicon area overhead, and required test
infrastructure). A promising approach for processors and
processor-based systems (e.g., systems on a chip, or SoCs)
corresponds to called software-based self-test (SBST) [1]:
the basic idea is to generate test programs to be executed by
the processor and able to absolutely exercise the processor
itself or other components in the system, and to detect
possible faults by looking at the produced results.

One of the main advantages of SBST lies in the
fact that it does not require any extra hardware; therefore,
the test cost is reduced and any performance or area penalty
is avoided.

Moreover, the SBST approach allows at-speed
testing, and can be easily used even for on-line testing. For
these reasons, SBST is increasingly applied for processors
and SoC testing, often in combination with other
approaches.

Among the various microprocessor architectures,
very long instruction word (VLIW) processors were
demonstrated to be a viable solution especially for
applications demanding high performance while exposing a
considerable amount of parallelism, such as several digital

signal processing algorithms used in multimedia and
communication applications.

VLIW processors are currently adopted in several
products, in particular for embedded applications, and the
problem of testing them is increasingly relevant VLIW
processors are characterized by a pipelined architecture with
multiple functional units (FUs). Unlike superscalar
processors, VLIW processors do not include any significant
control logic, since instruction scheduling is completely
performed by the compiler. This implies that the hardware
complexity is far lower for superscalar processors, while the
compilation steps become more complicated. Consequently,
the control hardware of the processor is much more easily
testable than in other processors (e.g., the superscalar ones).
Another key feature of VLIW processors is the instruction
format. In fact, VLIW processors are characterized by
grouping several instructions (hamed microinstructions) into
one large macro-instruction (also called bundle), where each
micro-instruction within the bundle is executed in parallel
distinct computational units, referred to as computational
domains (CDs). In VLIW architectures, the scheduling of
the operations is fully performed at compile time; the
compiler is responsible for allocating the execution of each
instruction to a specific FU.

In principle, the scheduling technique we propose
is based on the same approach typically used by the VLIW
compilers for optimization purposes. However, the use of a
compiler is not feasible for optimizing a test program; in
fact, in our case, the optimization should maintain
unchanged the fault coverage of the original test program,
while a compiler typically optimizes the code by analyzing
the function performed by the code (which in the case of a
test program is meaningless) and selecting the most suitable
resources to be used at each time step. For example, a
typical VLIW compiler tries to optimize the parallelism of
the instructions exploiting the VLIW resources without any
external constraints; in our case, we are considering test
programs and thus the instructions composing each piece of
code have to be executed in a specific CD and cannot be
moved from one to another without modifying the
corresponding fault coverage. More in general, the test of a
specific unit in a VLIW processor requires performing a
well-defined sequence of instructions in a well-defined CD.
If we encode the test program in a high-level language and
then launch the compiler, we do not have any way for
forcing it to generate a code, which executes the given
sequence of instructions on the FUs of a given CD.
Consequently, it is not possible to use a VLIW compiler to
generate the machine code for testing the processor, nor to
use it to optimize the test code.
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Il. VLIW BACKGROUND

A VLIW processor is characterized by the fact that all the
operations are executed by parallel CDs, each characterized
by its own FUs; the scheduling is completely static, being
fully defined at the compile time, as described in Fig. 1.As
illustrated in Fig. 2, the assembly code for a VLIW
processor is rather different from the point of view of the
machine code from that for a superscalar processor: several
instructions are classified grouped together in a single
macro-instruction (also called Bundle) and each instruction
is assigned for execution to a specific CD. Consequently, in
a VLIW processor, there is not any hardware instruction
scheduler, and the detail typically performed by this
component is done by the compiler. In this way, the power
consumption is reduced and the silicon area occupied is far
less that the area occupied by a traditional superscalar
processor, while the design complexityis dramatically
reduced.
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Fig. 1: Example of vliw code
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Fig. 2: VLIW Architecture
Finally, given their high regularity, VLIW
architectures can be easily customized to efficiently perform
any given application. In fact, a general VLIW processor
parametric architecture may have a variable number of CDs
and FUs, so that different options, such as the number and
type of FUs, the number of multiported registers the width
of the memory buses, and the type of different accessible
FUs, can be modified to best fit the application
requirements. All the features of a VLIW processor are
grouped together and listed in the so-called VLIW manifest.
The manifest specifies the number of CDs, the number and
set of FUs embedded into each CD, the size and the access
mode of the register file, and many features that must be
taken into account when develop the code, such as the
memory size and the memory access mode. Moreover, this
file also contains the description of the instruction set
architecture (ISA) of the considered VLIW processor, which
is clearly crucial in order to write the corresponding
assembly code.
From the software point of view, the machine code
is very different with respect to the code of traditional
superscalar processors: the VLIW code is composed of a

sequence of bundles, each of which contains a number of
instructions equal to the number of CDs composing the
VLIW processor; each instruction is assigned to a CD,
which is responsible for its execution. In Fig. 1, an example
of VLIW code is reported, based on the assembly code of a
VLIW processor having four distinct CDs [7]. We assume
that for each bundle there are four instructions. Considering
these features, the VLIW code is more complex than a
traditional assembly code, and the size of the code is
typically larger. The mapping of instructions to CDs is
entirely performed at compile time. It is also up to the
compiler to identify the most suitable instructions to be
included in each bundle, while guaranteeing that they can be
executed in parallel by the different CDs taking into account
any possible dependency; if for some reasons there are not
enough independent instructions to be assembled into a
bundle, the remaining slots are filled with NOP instructions.
Considering the particular architecture of the VLIW
processor, several solutions were proposed in order to
produce the assembly code suitable for this kind of
processors. When generating code for a VLIW processor,
the programmer or the compiler is faced with the issue of
extracting parallelism from a sequential code and scheduling
independent operations, concurrently, to the embedded FUs.
For this reason, the scheduling algorithms are critical to the
performance of aVLIW processor. Many compilers for the
first-generation ofVLIW processors used a three method to
generate code: first of all they generate a sequential
program, then they analyze each basic block (a basic block
is a sequence of instructions with a one entry point and a
single exit point) in the sequential program looking for
independent operations, and finally they schedule
independent operations within the same block in parallel.
The main problem of this approach is that in many cases the
instructions in a basic block are dependent on each other;
hence, insufficient ILP may be available within a single
basic block, especially considering the large number of
parallel resources of a typical VLIW processor. The trace
scheduling [8], [9] is the most important scheduling
algorithm, if VLIW processors are considered; it is a profile
driven method where a set of commonly executed sequence
of basic blocks embedded in the control flow is gathered
together into a trace and the whole trace is scheduled
together. In this way, the probability of assigning an
operation to each FU increases since in a trace the
possibility to find instructions that can be executed together
at the same clock cycle is greater than when considering a
single basic block.

I1l. PROPOSED SYSTEM

If a fault occurs in a functional unit while testing it, than it is
not necessary to generate the test codes for that particular
functional unit. To do this we use a technique known as
“Tiling technique”. This technique is used so the unwanted
generation of test code for a faulty unit can be avoided so
that the energy and time required to generate the test codes
could be saved.

Fig.3 shows the architecture of the fault-tolerant
system proposed here, whose two main blocks are: the
Enhanced Lockstep scheme and the fault-tolerant
Configuration Engine. It relies on using two Xilinx Virtex
hardware primitives: the reconfiguration port ICAP and the
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Fig. 3: Block scheme of the fault-tolerant architecture.

A. Fault Mitigation Strategy

Fig.4 illustrates the fault mitigation strategy applied to deal
with errors occurring in the Enhanced Lockstep scheme.
During normal operation, the COMP_MUX continuously
supervises the dual-core lockstep module, while the FT
Configuration Engine scans all the reconfigurable blocks in
the background. If the COMP_MUX triggers a mismatch
signal, its cause can be a fault either in one of two softcore
processors or in the COMP_MUX itself. The COMP_MUX
sends a mismatch signal to the FT Configuration Engine to
request for scanning of the Enhanced Lockstep scheme.

Persistent

Module-based
reconfiguration

No error?
E Permanent
fault?
Task Interrupt

Fig. 4: Fault mitigation strategy for the enhanced lockstep
scheme.

The FT Configuration Engine starts to scan the
COMP_MUX immediately and, if a fault is in the
COMP_MUX, the FT Configuration Engine will
reconfigure it. If the COMP_MUX is fault-free, the error
must be due to a fault in one of the two cores, so the FT
Configuration Engine only needs to scan one core to identify
the source of error. The scan itself does not affect the core’s
task, although during this special scan, the Enhanced
Lockstep scheme needs to be paused to prevent any
catastrophic results.

If the error persists in a frame despite that
configuration upsets have been recently corrected in it, a
permanent configuration fault is declared. Depending on the
fault duration, different reconfiguration techniques are
selected: normal partial reconfiguration for a temporary fault
or tiling technique for a permanent fault.

B

Prohibited
Zone

PRR
Fig. 5: Tiling technique using PROHIBIT constraint

The principle of tiling avoids usage of the faulty
zone of the FPGA by precompiling the same design with
various implementations, each of which has the following
two properties. First, it has a prohibited zone, so that a
permanent fault can be masked by charging the appropriate
configuration of the implementation in which the prohibited
zone overlaps the faulty area. Second, it has its own
bitstream, so that the fault masking process is done by
downloading the appropriate bitstream through ICAP by
executing the partial reconfiguration procedure. In our
system, the bitstream generation for various implementation
is done using a basic placement constraint PROHIBIT
which is assigned through the user placement constraint file
provided to the synthesis tool. The prohibited rectangle zone
is defined by the coordinates X and Y of two points (top-
right and down-left). By varying these coordinates, the
prohibited zone can be displaced inside the PRR.

IVV. SYSTEM DESIGN

The execution flow is based on four main steps:
Fragmentation,

Customization,

Selection, and

Scheduling.

The flow has three initial inputs, which include two
global requirements (the VLIW manifest and the library of
generic SBST programs), and a specific input (the SBST
program for testing the VLIW register file).

The VLIW manifest contains all the features of the
processor under test, while the SBST library contains a set
of programmable to test the different modules within the
processor itself.
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Fig. 6: Flow diagram for testing
These two requirements are defined as global since
they are configurable depending on the characteristics of the
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addressed VLIW processor. In particular, the library is a
collection of generic SBST programs based on literature test
algorithms, it contains the functional test code able to test
the most relevant FUs of a generic VLIW processor. The
test codes stored into the library are purely functional (i.e.,
do not require any DfT feature) and are completely
independent on any physical implementation of the FU they
refer to.

These codes may be based on the techniques used
to test the same Fus when used in conventional processors.

Their description exploits a pseudo-code based on
C-language. On the other side, when the register file is
considered, the algorithm can be successfully used, since the
structure of a register file of a superscalar processor is very
different with respect to the register file of a VLIW
processor, especially considering the access mode to the
registers. In a typical VLIW processor, the register file is
composed of a variable number of read and write ports,
depending on the number of CDs embedded into the
processor; consequently a special algorithm must be used in
order to reach high fault coverage.

A. Fragmentation

The grounds of the fragmentation phase are to minimize the
number of test operations in order to create efficient and
optimized test programs. The fragmentation phase,
illustrated Step A, performs two main tasks. The first is the
selection from the library of the test programs needed to test
the VLIW processor under test, ignoring those which refer
to Fus that are part of the processor itself. The second task
performed by this step is to fragment each selected test
program into a set of small pieces of code, called fragments,
containing few test operations and the other instructions
needed to perform an independent test.

The result of the fragmentation phase is a set of
unique test fragments, where each fragment is normally built
around a single test instruction and includes some
preliminary instructions, required to correctly perform it,
and some additional instructions to forward the produced
results into observable locations; a fragment is described
through architecture-independent code. A test program is
typically composed of a set of test operations enclosed in a
loop; the fragmentation phase simply separates them in a
series of short test programs using the loop unrolling
technique.

B. Customization

The customization step, illustrated in Step B, is responsible
for the translation of the generic architecture independent
test programs into the VLIW code, exploiting The ISA of
the considered processor. In particular, starting from the
fragments library and from the VLIW manifest, the method
translates each generic fragment in a custom fragment that
can be executed by the processor under test. A custom
fragment is defined as a set of instructions belonging to the
ISA of the processor under test, which perform several
operations in order to test the addressed FU. An example of
the customization process, where the code of a Fragment
before and after the customization phase is reported.

C. Selection of the Custom Fragments

The selection of the custom fragments, illustrated in Step C,
consists in the choice of the test fragments that optimize a

set of rules dependent on the requirements desired for the
final SBST program. The optimization is performed by the
execution of the algorithm described; the algorithm is able
to implement two alternative rules. The former aims at
selecting the minimum number of custom fragments that
allow to reach the maximum fault coverage with respect to
all the resources of the processor under test. During this
phase, all the fragments are filtered depending on their fault
coverage on the full VLIW processor.

The filtering Of the fragments is performed by the
execution of multiple algorithm iterations. At each
iteration, the algorithm adds to the selected fragment list the
fragments that maximize the fault coverage with respect to
all the resources of the processor under test. In this way, at
the end of the execution, several custom fragments are not
selected, since the faults covered by these fragments are
already covered by the fragments chosen by the algorithm.If
a fault occurs in a functional unit while testing it, than it is
not necessary to generate the test codes for that particular
functional unit. To do this we use a technique known as
“Tiling technique”. This technique is used so the unwanted
generation of test code for a faulty unit can be avoided so
that the energy and time required to generate the test codes
could be saved.

V. EXPERIMENTAL RESULTS
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Fig. 7: Fault Detection
The figure 4 shows that simulation result of this project. It
detect the fault from the VLIW processor based on the
equalization of output y and golden output g. The CLK=1,
RESET=0, CNT=1 are given as input to the SBST testing.
Positive clock edge and reset are OR function, so the
register q=01100110, t=01100101. Output y=0000 and the
golden output g=0100 the y not equal to g so the result=0
therefore fault detect in the VLIW processor.

Tiling technique is used so the unwanted
generation of test code for a faulty unit can be avoided so
that the energy and time required to generate the test codes
could be saved.

Fig. 8: Tilling Technique output
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VI. CONCLUSION

The method has been experimentally validated resorting to a
representative VLIW processor and generating test
programs using a prototypical tool. The obtained results
clearly demonstrate to test programs generated by applying
generic SBST methods to the particular case of the VLIW
processors. More in particular, the method shows that it is
possible to develop test programs duration and size grows
less than linearly with the VLIW parallelism. Then
theTilling technique is used so the unwanted generation of
test code for a faulty unit can be avoided so that the energy
and time required to generate the test codes could be saved.
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