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Abstract 
To be efficient, a design methodology has to take into account the following user 
requirements: fast prototyping in order to satisfy the time to market constrain , the 
production of efficient architecture, the comparison of the complexity of different DSP 
algorithmic solutions. These requirements may be associated to user constraints such as real 
time processing, cost or power consumption, the re-use of previous developments. 
Such a design methodology has been developed and integrated into the tool GAUT. From the 
VHDL behavioural specification of a DSP algorithm, a time constraints and a technologic 
library (FPGA, standard cells), the dedicated pipeline architecture is synthesized. This VHDL 
description is then computed by a logic synthesis tool. This design flow, which produce 
quickly efficient dedicated architectures, is validated on some digital signal processing 
applications like acoustic echo cancellation and ADPCM. 
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1 INTRODUCTION 

The implementation cycle of an application has to consider three main point&: the 
architecture, the algorithm, and the characteristics of the application itselve. 

For one algorithm, you have to select which architecture you need. If the architecture 
already exists, you have to decide which part of the algorithm you have to implement on 
which part of the architecture. If the architecture doesn't exist, you have to design it in respect 
with the algorithm you have selected for the application. This one is very often: time, 
consumption, or cost constrained. So you have to verify that these constraints are verified all 
along the design flow. The constraints can be used together with classical critera, !'S the 
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efficiency, the quality, in order to select an algorithm, or a class of algorithm, f<•r the 
application. 

Our approach looks to define a methodology which allows to take into account these three 
main points. It has three main characteristics. On the first hand, it is dedicated to signal 
processing application with real time and cost constraints. On the other hand, the method is 
based on the interaction between architectural and logical synthesis tools. Finally, in order to 
fit with the application field and reduce the complexity of the approach, the architectural 
model has been restricted to DSP. The paper will be organized around four main points: an 
overview of the tool, the link with the logical synthesis tool, results, and work currently in 
progress. 

2 AN OVERVIEW OF GAUT 

The VHDL compiler is integrated as a front end of the framework GAUT (Martin 1993 ). 
With regard to the implementation of procedures, the designer has two options: a hardware 
component or a software description. A hardware solution has the advantage of a good area
time trade-off. However, a logical solution leads to the selection of standard operators that can 
be re-used for other operations. This finally achieves a smaller global area of the architecture. 
In this case the procedures will be inlined during the synthesis. The best method depends on 
the use rate of the macro-function. 

After dependence analysis, the front end translates the entry point into a signal flow graph 
representation. During this step, several transformations are realized such as procedure 
inlining, fixed-bound loops unrolling, variable propagation, .... This provides a unique 
assignment representation. Other transformations are realized on the signal flow 
representation, such as the transformation of conditional constructs in order to ob1 a in a 
deterministic flow graph. From this internal representation, the operators are selecte-l. the 
parallelism is reduced, the operations are assigned to operators, and some optimizatiom are 
carried out. Next, the description of the dedicated architecture and its controler wtll be 
produced. The architecture satisfies the real time constraint that was specified at the beginning 
of the synthesis. 

3 HIGH LEVEL SYNTHESIS AND ITS CONNECTION WITH A 
LOGICAL SYNTHESIS TOOL 

The design flow is represented in Figure 1. The component library contains various operators 
(multidelay, multifunctional, pipeline). The generic aspect of the components is computed by 
using the logical synthesis tool. Generic parameters give information such as area, delay, bit 
size, functions available (e.g. "+","-","shift", .. for an ALU), pipe stages, etc .. 

Architectural synthesis enables the re-use of operators. So, after the creation of a data tlow 
graph from the VHDL specification, after transformations, the allocation-selection stage 
included in GAUT selects from the library the type and the number of operators in order to 
respect a real time constraint with a minimal cost area. It enables the use of an efficient and 
exhaustive research in relatively complex libraries. With a branch and bound method, the 
optimal solution is reached with a very short computation time. This task is realized before 
the time-scheduling and the assigment that minimize the cost of registers and interconnections. 
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After the selection of the optimal operators and the scheduling of the flow graph, GAUT 
produces a VHDL architecture. This description includes the behavioural description of the 
memory unit and the structural description of the the processing unit . The control tnit is 
described as a flattened finite state machine with the help of behavioural VHDL. Its up now, 
to the logical synthesis to optimize and map out a gate level hardware structure. 
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Figure 1 Design flow 

The test vectors used in the simulations of the design t1ow depend on the applic-ation. The 
processing unit is organized around cells (see figure 2): a cell may integrate many registers or 
share a register with other cells through the use of multiplexer/demultiplexer and tristate 
modules. 

Figure 2 Generic architecture of a dedicated processor 

parallel 
mullibus 

The control model of the architectures synthesized by GAUT integrates two features : the 
use of the pipeline for registers and operators, and the use of a multi-phase clock to control 
the events in order to optimize the efficiency of each cell . It is implemented with a fast clock 
representing the minimal phase of the architecture (GCD of the time of the set of ope ·ators 
and of the memory access time). This minimal phase can be controled by the user. The 
regularity of the program is used in order to reduce the time of the logical synthesis ano the 
complexity of the routing. 
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Digital Signal Processing applications all have the distinctive feature of producing FSM 
descriptions with a lot of states but with some regularities in the control of the datapath . 
Reducing the number of states can be done by eliminating the No OPerations of the 
description or by searching the repetitive sequence of the FSM graph in order to transfom1 
them into cycles. We introduce a counter in our generic model to implement these 
optimizations. Let us consider the following example in which the processing time of the 
operator 1 is four times greater than the processing time of the operator 2. 
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Figure 3-a Result of the synthesis: Sequencing Figure 3-b Result of the synthesis: 3 states 
of the operations on the data path (5 states by using a counter after optimization 
before optimization). 

In figure 2 we see that the control of one cell need several signals : multiplexer, demultiplexer 
and tristate control, synchronous load of registers, control of pipeline and multifur.ction 
operators. Therefore, the routing area between the control unit and the processing uni; may 
increase significantly with the complexity of the data path. Almost of DSP applicatiom need 
in fact a very few set of commands. This instruction will be routed on the circuit in order to 
be decoded by the cell itselve to decrease the layout synthesis task and to optimize the area 
cost of the chip . 
The control unit is organized around the generic model of the figure 4. The Moore finitt: state 
machine, the decoders and the counter are described in VHDL in order to be synthesized by 
logic synthesis tool (Compass, Altera, .. . ). The user can easily control the floorplanning of the 

all circuit. 
1- Moo,.,j:""SM-

1 

L-----'Load 

Figure 4 Generic model of the control unit. 

4 RESULTS 

We first describe some results based on an echo cancellation application (Gilloire 1987), a 
1~-Liibrary from VLSI and the use of GAUT and COMPASS. Figure 5 gives the layou c of a 
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LMS (1024 weights, fmax=l6kHz) obtained from the cooperation ofGAUT and COMPASS. 
The generic aspects of some library components were computed by using the Compass 
datapath synthesis tool (e.g. the multiplier), or the Compass VHDL synthesis tool (e.g. the 
adder/substracter). This architecture has been automatically produced from a behavioural 
description and component library (fig. 6). 

Figure 5 LMS 1024 weights, sampling frequency : 16kHz, with improved routing 

BEHAVIORAL DESCRIPTION 
ENTITY bns IS 
GENERIC (la!ency _time : time :• 62SOO); 
PORT (xt,yt:IN integer; yct:OUT integer); 
ENDims; 

ARCHITECTURE behavioural OF lms IS 
CONSTANT N: integer := 1000; 
lYPE vee is array (0 TO N) OF integer; 

SIGNAL x, H : vee; 
BEGIN 

PROCESS 
VARIABLE adap~mu, y: INTEGER; 
VARIABLE i: CONTROL; 

BEGIN 
y := xt' H(O); 
FORi IN I TO N-1 LOOP •• fihering 

y:= y + x(i)' H(N-i-1); 
END LOOP 
yet <= y; 
adapt := (yt- xt) • mu; 
FOR i IN 0 TO N-1 LOOP-- adaptation 

H(i) <= H(i) +adapt • x(N-i-1); 
END LOOP; 
FOR i IN Ito N-2 LOOP·· signal variation 

x(N-i) <= x(N-i-1); 
END LOOP; 
x(l) <= xt; 

WAIT FOR latency_time 
END PROCESS; 

END behavioural; 

LffiRARY DESCRIPTION 
PACKAGE VLSI GAUT IS 

CONSTANT nb_bit: integer:= 16; 
COMPONENT registerl6 

GENERIC (area : integer:= 139; 
real_func: one_function:= (reg); 
time_func: proc_time :== (6); 
nb _input : integer:= 2; 

nb _pipe: integer:= I);); 
END COMPONENT; 
COMPONENT Adder Substracterl6 

GENERIC ( area : integer:= 252; 
real_fwtc: two_function :"" (add.sub); 
time_func : proc_time := (15,15); 
nb_input : integer:::: 2; 
nb_J)i~: integer:= I)~ 

END COMPONENT; 
COMPONENT multiplierl6 

GENERIC (area : integer:= 2032; 
real_func: one_fwtction := (mul); 
time_func: proc_time := 60; 
nb_input : integer:= 2; 
nb _pipe : integer:= I); 

END COMPONENT; 

END VLSI_GAUT ; 

F1gure 6 Implementatton of aIMS component: behavtoural specificatiOn and ltbrary. 
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To control the data path, among one thousand states, only twelve different commands are 
necessary. This is a result of the program's regularity. In order to reduce the routing between 
the control and processing units, a coding/decoding mechanism has been automat,l:ally 
introduced by GAUT. The number of states is reduced through the use of a counter. After 
these optimizations, the time for logic synthesis and routing has been reduced almost by balf. 

Others applications or technologies can be used. The figure 7 gives some results of a 
ADPCM algorithm used in speech coding (CCITT 1988). The results are given for two 
technologies and two specifications (one using multiplication operators, the other booth 
functions ). 

ALTERA 8 bits LibriD COMPASS Librarv tum 
ADPCMl I multiplier, I add_sub, I multiplier, I adder, I substractor 

I comparator, 26 registers, I shifter, I comparator, 43 registers 
5 mux, 24 demux, I step pipeline 14 mux, 43 demux, I step pipeline 

area : 82!1 cells area: 14,3 mm2 
ADPCM2: 1 add_ sub, 2 comparators, I add_sub, 2 comparator, I shifter, 
with booth functiOIIS 49 registers, 1 shifter, 15 mux, I alu (+; - ; and), 39 registers, 

49 demux, I step pipeline 14 mux , 3 9 demux, I step pipeline 
area: 1441 cells area: 11,2 mm2 

Figure 7 ADPCM algonthm synthests; two algonthmtc spectficatwns and two hbranes 

5 CONCLUSION AND FUTUR PROSPECTS 

The methodology which has been presented is oriented towards fast prototyping. It allows 
the re-use of the results of previous developments and the specification of user constraints 
such as real time processing. It has been tested on real applications. 

The work on ADPCM (Diguet 94) underlines the importance of the style of algorithmic 
specification. Different studies are currently in progress on the adequacy between the 
algorithm and the architecture to modelize the links between algorithmic style and hanlware 
complexity. From an analysis of an architectural synthesis result, the purpose is to intmduce 
transformations at different levels. The transformations have to be done to imprm. c the 
adequacy algorithm-architecture in respecting a real time constraint. These transformations of 
the specifications can occur at several levels: 

AIKorithmjc leyel· A DSP application can be realized by using various algorithmic 
equivalent processes, for instance, the choice between a lattice or a block version of an 
adaptive filter. 

Structural leyel· The techniques which we are using are for the most part known. They are 
based on the properties of associativity, distributivity and commutativity. In addition we are 
using the fusion of equivalent nodes, the elimination of redundancy and loop transformations. 
We are working on transformations to improve the regularity of a flow graph. 

Functjonalleyel· A given operation can be mapped on different kinds of operators or sets 
of operators. For example, a multiplication can be executed by a hardware multiplier or by 
the association of a shifter, an adder and a software function. Another example: it C·m be 
profitable for a convolution to replace a multiplier and an adder by a multiplier-adder ("ntad"). 
The interest of such modifications depends on the regularity and the rate of use of the 
transformed nodes among the operations of the algorithm. 
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Another purpose is to extend the approach in terms of constraints and classes of architecture. 
This is currently being done by taking into account the consumption aspect, and a model of 
architecture based on programmable DSP and ASICs. 
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