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Abstract
This article describes an industrial application of the
Genevieve test generation methodology. The Genevieve ap-
proach [1] uses formal techniques to generate test suites
for specific design behaviour. The example, which is a part
of the ST100 DSP, was chosen in order to highlight real life
problems such as big data structures, complex control log-
ic, and complex environments where it is difficult to deter-
mine how to drive the complete system to ensure a given
behaviour in the unit under test.

1. Genevieve Methodology
Semi-formal test generation has developed from the

use of “model-checking” ( [2]) to generate test suites for
specific behaviours of the design under test. An “interest-
ing” behaviour is claimed to be unreachable while supply-
ing a property to a model-checker. If a path from initial
state to the state of interest does exist a counter-example is
generated by a model-checker. The sequence of states
specifies a test to achieve the required behaviour.

An “interesting” design state is often a corner case,
which is a composition of border behaviours for different
design parts or blocks. In this documents we use “corner
cases” to specify a particular design state we want to test.

To cope with the state explosion problem, we describe
the design under test (DUT) in a simplified manner. This
process, called abstraction, is shown in Figure 1. While
there exist different kinds of abstract mechanism (see [3]),
in this work we are concerned with three of them:

1. functional abstraction to reveal the main functionality
of the design and to hide cumbersome details; the pur-
pose of the testing becomes clear;

2. data abstraction is related to functional abstraction;
data is grouped into classes or not considered at all;

3. temporal abstraction is interested in the order of
events, rather than in precise timing.
Ideally, the abstract description is the same as a (for-

mal) specification of the current circuit implementation.
Advantages and limitations of abstraction mechanisms are
discussed in more detail while describing the tested SDU
block.

We use the M ALT (Modelling micro-Architecture
Language for Traversal) language for abstract descriptions
of the design under test (see [4]). M ALT is a VHDL
based language with the usual VHDL facilities. In addition,
it is possible to define test coverage models and constraints
for test generation. The coverage model is basically deter-

mined by adding special attributes to “interesting” signals
or variables which are referenced as coverage variables.
The combinations of all possible values of coverage vari-
ables constitute the first rough set of interesting corner cas-
es or coverage model. Each combination corresponds to a
state when the abstract description is translated to an FSM
model. Later in this document we use the term “state” to re-
fer to a combination of variable values and we say that a
coverage model consists of coverage states.

The coverage model can be further refined by means of
special functions to only test specific values of some vari-
ables or signals.

The test constraints restrict the way targeted coverage
states are reached. Initial and final state of the test sequence
can be defined and some states or transitions can be forbid-
den to appear in the test sequence. It is also possible to re-
quire some state between another two states in a test suit.

Finally, M ALT allows non-deterministic expres-
sions. This is especially useful for input assignments: the
designer can assign a set of values to a signal or variable.
One of the values will be randomly chosen during test gen-
eration. Some other facilities, like the possibility to define
the test length or the number of tests required for each cov-
erage task, are also supported in M ALT.

When the abstract description is ready it is translated to
a state machine representation usable by the GOTCHA test
generation tool (Figure 1). The intended coverage model is
also extracted during this translation from supplementary
M ALT constructions. GOTCHA (Generator of Test Cas-
es for Hardware Architecture) is a prototype coverage driv-
en test generator, written expressly for the Genevieve
project (see  [5]).

The GOTCHA compiler builds a C++ file containing
both the test generation algorithm and the embodiment of
the finite state machine. The state machine is explored via
a depth first search or a breadth first search from each of the
start states. Progress reports on this initial state space ex-
ploration can be customized in a limited way.

On completion of the enumeration of the entire reach-
able state space, a random coverage task is chosen from
amongst those that have not yet been covered or proved to
be uncoverable. A test is generated by constructing an exe-
cution path to the coverage task (state in our case) then con-
tinuing on to a final state. If the test length recommendation
has been exceeded at this point, then the test is output, oth-
erwise an extension path to a further final state is sought,
and appended to the test. This process continues until either
the test length recommendation is exceeded or final state
reached has no path to a further final state. If the randomly
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chosen coverage task cannot reach a final state then no test
is generated.

Thus, the GOTCHA tool results in a set of abstract
tests, each abstract test containing a sequence of states.
Figure 1 roughly shows this process. A state is determined
by concrete values of all state variables (coverage or not).
In the Figure 1 the state variables are Input_AU0,
Input_AU1, DRQ, A-SDQX, A-SDQY, D-SDQX, and D-
SDQY. Design variables contain both state variables in a
proper sense (it means variables or signals that represent
real design’s registers) as well as input variables. Thus, in
Figure 1 the variables DRQ, A-SDQX, A-SDQY, D-
SDQX, and D-SDQY represent proper states of the design
under test, whereas the variables Input_AU0 and
Input_AU1 represent the design’s inputs.

Abstract tests give sequence of states to reach a cover-
age task. They can not be directly applied to the real
design. In order to obtain real or concretes tests, we have

to make concretization of abstract tests. The concretiza-
tion consists of two major transformations. Firstly, the
design variables not corresponding to the design inputs are
removed from each state of the abstract test. After this
operation an abstract test sequence only contains abstract
inputs. Then these input variables are replaced with func-
tions that provide the intended values to real design inputs.
Normally, every value of each abstract input variable
demands a separate concrete counterpart.

The level and structure of concrete test inputs depend
on test objectives. It may be just supplying values to the de-
sign inputs via simulator commands or microcontroller in-
structions if the design is tested at a functional level. In
addition, a preamble and epilogue are almost always re-
quired in order to reset the real design before the test and
compare the results after the test. Normally the concretiza-
tion is done by a straightforward translation. At the end of
the concretization process real concrete test suites are ready

Figure 1. Genevieve test generation methodology
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After simulation/emulation of the real design the real

test results have to be compared with expected abstract val-
ues. The comparison can be seen as the reverse of concret-
ization: abstract test results are represented by the design
state variables. It means that input variables (Input_AU0
and Input_AU1) have to be removed from abstract tests
and then remaining variables compared to real test results.
As abstract and real design description can differ consider-
ably, the relation between abstract and real state variables
must be established. In the example of Figure 1, we have to
find and display signals/variables of the real design that
correspond to the abstract variables DRQ, A-SDQX, A-
SDQY, D-SDQX, and D-SDQY.

The comparison itself is done for each state of the ab-
stract test. In general, the comparison is successful if every
abstract state variable has the same value as corresponding
signals/variables of the real design. It is however possible
that not all abstract state variables need to be compared or
else a matching function is required for comparison.

If temporal abstraction was not used during abstract de-
sign description, then successive states of abstract test must
correspond to successive states of the real design (cycle by
cycle matching). Otherwise, supplementary states (clock
cycles) may exist between real design states that match ab-
stract design states. We say in this case that abstract and
real design descriptions have different time scale.

If the results of abstract and concrete tests match, then
the design implementation is correct and satisfies intended
behaviour expressed by the abstract description. If not, then
three scenarios are possible. First, the implementation is
not correct and has to be modified. Second, the abstraction
is wrong: the design’s functionality is misunderstood or too
much details are omitted. Third, the concretization does not
supply intended abstract inputs to the real design. In each
case a feedback to the problem source is necessary and the
whole process has to be repeated.

2. The verified SDU block
This section is devoted to a description of the SDU

block that was chosen as the first application example of

the Genvieve project. The SDU is a part of the ST100, a
new high performance digital signal processor (DSP) de-
veloped by STMicroelectronics. The verified unit is a
block of the Data Memory Controller (DMC) which is re-
sponsible for storing data to memory.

The SDU unit was specifically selected to highlight key
issues that the Genevieve project must address:

1.  big data structures that can not be directly modelled
without state explosion,

2.   complex control logic that would require an excessiv
number of tests to exercise exhaustively,

3.   a design where it is difficult to determine how to driv
the complete system to ensure a given behaviour in t
unit under test.
The SDU block is shown in Figure 2. It inputs data from

the ST100 address (AU) and data (DU) execution units
which provide respectively address and corresponding da-
ta. To achieve a high performance, both the AU and DU
blocks are split into two identical sub-units (AU0, AU1,
and DU0, DU1 respectively) capable of providing two ad-
dresses and two data values per machine cycle. While the
AU execution unit basically supplies the address for mem-
ory stores, it can occasionally supply the data itself. The
data can come from the AU unit when, for example, an ad-
dress pointer register of the AU unit needs to be stored in
the memory.

The data from AU and/or DU execution units is routed
to Store Data Queues (SDQs) of the SDU and then further
to the memory. As the memory is organized into two banks
X and Y, the data is held in four separate queues according
to both the source and destination (A-SDQx, A-SDQy, D-
SDQx, D-SDQy).

This organization requires a routing mechanism to al-
low stored data to go to the correct bank. When an address
is output from the AU-pipe it specifies where the data
should be directed (bank X or Y):

•   When the data comes from the AU it is directly routed
to the correct A-SDQ[xy].

• When the data comes from DU the routing information
is stored in a DU Routing Queue (DRQ). The DRQ is
FIFO which records 4 bits of data on each cycle whe
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Figure 2. Store Data Unit (SDU) Input



the AU provides an address for a store from the DU.
The information is coded by an X and Y enable bit for
each slot. As soon as the corresponding data is availa-
ble at the output of the DU it is routed to the correct D-
SDQ[xy] according to the DRQ directives. If only one
slot provides the DMC with an address the 2 bits of the
other slot are set to “no store”. This makes it possible to
preserve the ordering of slot0 versus slot1 when read-
ing DU data. This is necessary because the DU slots
can be granted independently.
The SDU unit outputs the data to the X bank memory

either from A-SDQx or D-SDQx queues according to the
arrival order. The same principle is applied to the data stor-
ing  in the Y-bank memory.

Figure 2 shows the routing mechanism from the first
slots of each execution unit (AU0 and DU0) to the X mem-
ory bank only. In the same manner the data are routed from
the AU0 and DU0 slots to the Y memory bank and from the
AU1 and DU1 slots to the X and Y memory banks. The
depth of A-SDQx, A-SDQy, D-SDQx, and D-SDQy
queues is nine and the depth of DRQ queue is thirteen.

3. Genevieve test generation
The interesting corner cases for this block are those re-

flecting “border” filling of five principle SDU queues.
Each queue is considered to be empty, partially filled (we
say valid) or full. For the D-SDQ queues, it is also impor-
tant to consider when a queue is “almost full” (we say quas-
ifull), meaning that one place is left empty in the queue. We
refer to the empty, valid, quasifull and full status of a queue
as abstract queue state.

All possible combinations of abstract queue states con-
stitute the corner cases to test. The corner cases number is
then equal to 3*3*3*4*4=432. The test generation objec-
tive is to cover as many as possible of these corner cases,
taking into account that not all of them are in principle
reachable.

3.1  Abstract Model
The abstract model has to capture the essential behav-

iour of the SDU block, thus concentrating on modeling the
five principal queues of the unit. Each abstract queue is rep-
resented in the model by a signal that can take “empty”,
“valid”, “quasifull” or “full” abstract value. Unfortunately,
the use of abstract queues alone is not sufficient for real test
suites generation. That’s why each abstract queue signal is
doubled by a “real” queue signal calculating concrete num-
ber of elements in the queue each clock cycle. This is sche-
matically shown in Figure 3.

The number of elements in each real queue is deter-
mined based on the present number of elements, coming in-
puts and whether an element is output to the memory. For
example, if the A-SDQx queue contains five elements, two
data arrive from the AU unit both going to the X-bank
memory, and one element is output from the queue into the
memory, then the number of elements during next clock
cycle is equal to six (6 = 5+2-1). When the real elements
number is calculated, a special function maps this real
number to an abstract queue state. Thus, for A-SDQ queues
zero corresponds to the “empty” abstract state, any number
from one to eight corresponds to the “valid” abstract state,
and nine corresponds to the “full” abstract state. The output
to each memory bank (X/Y) is regulated by a special pro-
cess that keeps the order of data arrival (from AU or DU
execution unit).

As the data can arrive only from one execution unit
(AU or DU) at a time, the abstraction is done for the inputs
of the SDU block. The four inputs to the SDU block are
grouped into two classes: input from slot 0 (Input_AU0)
and input from slot 1 (Input_AU1). Each class can be one
of the following values designating both the data source
and memory destination: “saq_x”, “saq_y”, “drq_x”,
“drq_y”, and “no_au”.

Temporal abstraction is not done for the verified unit.
In order to trace generated test suites and to check the ex-
pected performance, the numbers of queue elements must
have cycle-by-cycle matching in the real design and ab-
stract model. As the sequence of events we are interested in
(number of elements in the queues) is cycle accurate, the
abstract model has to follow the behaviour of the real de-
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sign, and not “skip” real design states.

3.2  Abstract Test Generation with GOTCHA
The SDU abstract model was supplied to the GOTCHA

tool for abstract test generation. The coverage model is de-
fined by the five signals corresponding to abstract queues
(the signals ABS-DRQ, ABS-A-SDQX, ABS-A-SDQY,
ABS-D-SDQX, and ABS-D-SDQY have the special
CVAR_SCALAR attribute), thus giving 432 possible cov-
erage states (see page 4). No refinements of coverage mod-
els, like reducing the set of coverage states by means of
special functions or defining transitions to cover, were
used. No final test states were defined so no final test state
is sought once a coverage task is achieved by some test.

The input signals participate in the global state space
definition and are assigned inside the abstract model. The
easiest way to determine the model’s inputs is to use non-
deterministic assignments: the tool randomly chooses one
of the assigned values and then explores all reachable states
in order to find a coverage one. If a coverage state is found,
an abstract test (sequence of states to the coverage state) is
generated.

Unfortunately, the state space of the abstract model is
still huge due to non-negligible depth of “real” SDU
queues. If the input assignments are completely random,
most of the coverage states will never be found because of
the state explosion problem. To solve this problem the tool
is directed towards interesting corner cases by using guide-
post. This is done by splitting input assignments into sever-
al modes. An objective of an assignment mode is to fill or
empty certain queues. Thus, we may gradually fill the D-
SAQx queue in the first mode and the D-SDQx queue in the
second. Then, during test generation the coverage states
with full D-SAQx or D-SDQx queues are likely to be
found.

Normally, the inputs are guided to cover certain cover-
age states. Due to the complexity of the design it is not pos-
sible to cover all desired coverage states within one model
even with guided inputs. The solution we found is to use
several versions of the same abstract model, each version
guiding inputs to cover a different coverage subset.

Thus, during test generation with GOTCHA we wrote
24 versions of the same abstract model, each differing in in-

put assignments. This then generated test suites that cov-
ered some subsets of coverage states. To define the overall
coverage with all generated test suites, a simple analysis
program was written. This program analyses newly gener-
ated tests and adds newly covered states to previously cov-
ered state set. It also expands the final test suites with new
tests.

Using GOTCHA tool we were able to cover 293 of 432
coverage states. We estimate that a significant part of the
uncovered states are not reachable.

3.3  Concretization of Abstract Tests
The target of the test generation process is to obtain

tests at a functional level, it means sequences of ST100 in-
structions. For that, each abstract test generated with
GOTCHA has to be translated into corresponding instruc-
tion pattern. The principle of concretization is described on
page 2. The concretization process for the SDU unit is
shown in Figure 4.

Let’s consider Figure 4 in more detail. The transforma-
tion is done in two steps. The first step is translation of an
abstract test into a test specification for Genesys (see [6]),
a model-based test generator. In every abstract test each as-
signment of the SDU input variables (AU0 or AU1) is re-
placed with a Genesys macro supplying desired value to
the real SDU inputs. For example, the assignment to the
SAQ_X value means that data arrives from the Address
Unit (AU) block and goes to the X bank memory. For this
particular value a special macro is manually created that
basically
• uses SAW (Store Address Word) command; the data

thus flows from the AU unit because one of its regis-
ters needs to be stored;

• defines the store address to be in the X memory bank.
For the DRQ_X/Y values, the SDW (Store Data Word)

command is used, meaning that data comes from the Data
Unit (DU) block and that routing information is stored in
the DRQ queue first.

The sequence of macros corresponding to the inputs
from one abstract test constitutes the core for one Genesys
test specification. Some reset commands are also added at
the beginning of each test specification.

The second step is final test generation using Genesys.
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Each test specification is transformed into an instruction
sequence ready for simulation. The macros of instruction
sequence are translated by Genesys into concrete ST100
commands. The concrete commands corresponding to one
particular macro can slightly vary from one translation to
another. For example, instructions corresponding to the
SAQ_X macro can use different registers of the AU block
and different store addresses remaining nevertheless in the
X-bank memory space.

3.4  Comparison of abstract and concrete tests
When concrete tests are generated they are used for

RTL-level simulation of ST100. In order to compare the
expected abstract results with concrete ones the SDU func-
tionality has to be extracted during simulation. Special sim-
ulator commands are used to record the values of
interesting microarchitectural signals.

First of all we need to check whether intended abstract
values are indeed supplied to the SDU inputs. Therefore we
display some request/grant signals and the actual SDU in-
put values. Further, to verify the functionality of the SDU
block, we record the signals representing the number of el-
ements in each queue and queues status (empty, valid,
quasifull or full). The time information (clock cycle num-
ber) is also displayed to distinguish states of the real de-
sign: each state corresponds to a separate clock cycle.

The comparison itself is done by a special purpose pro-
gram: for each state of an abstract test the signal values are
checked against corresponding signal values of simulation
results. Although the coverage model is defined in terms of
abstract queues we compare both the abstract queue status
and actual number of elements in each queue. This is done
to facilitate the analysis of testing results.

As mentioned before temporal abstraction is not used
for SDU abstract model. It means that sequential states of
abstract test must correspond to sequential states (clock cy-
cles) of the real design.

4. Conclusion
This work resulted in an efficient test generation meth-

odology demonstrated on a complex design. We estab-
lished the different steps of the test generation process and
finally obtained concrete tests suitable for real design sim-
ulations. We also created associated design verification en-
vironment consisting of several translation and comparison
programs.

The SDU unit chosen for this experiment has sophisti-
cated behaviour and complex interfaces with other system
blocks. The extremely simplified abstract model of the
SDU device has 60480000 states
(10*10*10*10*14=140000 real queue states multiplied by
432 abstract queue states). We could only generate tests by
defining much smaller coverage models and by guiding in-
puts in order to reach coverage states.

The possibility to define coverage models is a very im-
portant feature of the test generation process. It allows to
clearly identify the purpose of testing and to measure the
quality of generated tests. Before Genevieve the designers
and verification team mostly used metrics based on the
coverage of the hardware description. In practice it appears
that these code-based metrics are very weak and do not
cover “border” circuit behaviour.

Based on coverage models we measured the quality of
the generated tests. Using the Genevieve methodology we
managed to obtain tests for 293 of 432 possible corner cas-
es of interest. During the comparison step we discovered
that not all abstract tests matched simulation results: the
implementation did not use the whole capacity of the
queues as these were never filled if only one place was
available in a queue. So Genevieve tests discovered some
subtle performance bugs that would otherwise be very dif-
ficult to find.

Due to the mismatching between implementation and
specification the number of corner cases covered by con-
crete Genevieve tests are less than the number of corner
cases covered by corresponding abstract tests. But even so
the tests generated by Genevieve tools still show better re-
sults than the tests generated manually by a verification en-
gineer where less corner cases are covered by a bigger
number of manual tests. These results are summarized in
the table below.
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Table 1. Genevieve and Manual Tests

Abstract
tests

Concrete
tests

Manual
tests

Number of tests 293 293 365

Covered cases 293 73 53
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