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VHDL-based behavioral synthesis : 
can it pay off for telecom ASICs ? 
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Abstract 
VHDL-based behavioral synthesis is appearing on the market but it still has to prove that 
it can have a significant impact. In the past, most applications for behavioral synthesis 
came from the DSP area and from the academic world. In contrast, this paper describes 
the results of an investigation we carried out on recent designs of Alcatel-Bell, leading 
to a more detailed study of 5 industrial telecom non-DSP circuits, that were suitable for 
behavioral synthesis. 

Our conclusion is that there is distinctly a market potential. However, we experienced 
that efficient use for telecom non-DSP circuits requires functionality that goes beyond 
simply generating an RTL-synthesizable description. This functionality is also discussed. 
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1 INTRODUCTION 

Behavioral synthesis has been an active field of research for about one decade (McFarland, 
1988), leading in particular to a number of academic demonstrators (see e.g. Owall, 1993 
and Vanhoof, 1994). 

Currently, commercial behavioral synthesis tools are appearing (Schultz, 1994), but 
they still have to prove that they can have a significant impact, i.e. that they reduce the 
design time for a significant portion of an average design. 

In the past, confrontation with industrial practice has often led to unexpected appli
cations for CAD technologies. We believe the same holds for behavioral synthesis. The 
purpose of this paper is therefore to describe the lessons we learned during initial experi
ments with behavioral synthesis for our telecom applications, which are mostly non-DSP. 
These applications don't process signals, but consist of actions like bitmanipulations, 
counting, detecting specific word-values, storing/retrieving datawords etc. 

More specifically we will discuss the following questions : 

• For which telecom applications can behavioral synthesis be used, with the current 
state-of-the-art? What additional functionality is needed to handle "real-life" ? 
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• What functionality does the user need to control and understand the results of the 
synthesis? 

Our conclusions follow from an investigation of 5 designs that were in the past im
plemented at the RTL-Ievel and that are candidates for implementation with behavioral 
compilation. Typical complexity is 10-20k gates of logic (excluding RAM). 

2 THE USE OF BEHAVIORAL SYNTHESIS FOR TELECOM 

2.1 Type of applications 

In telecom, the digital circuitry can be roughly subdivided into 3 classes : 

• logic that implements the interface with the on-board controller or that stores the state 
of the ASIC (e.g. the number of errors of a certain type). 

• logic that is basically doing the same job each cycle, e.g. a scrambler/ descrambler. 
• logic that starts processing once every X clock cycles. This processing takes a certain 

number of clock cycles. Note that telecom data is typically structured into cells or 
frames, e.g. the ATM cell of 53 bytes, and the SDH STM1-frame of 2430 bytes. Per 
cell or frame, a number of tasks must typically be performed. 

We believe that it is this last class that is suited for implementation with behavioral syn
thesis. It is considered in the sequel. Inside this class, datapath-dominated DSP-systems 
have been the main focus of research (see e.g. Vanhoof, 1994). However, as mentioned 
above, our applications are mostly non-DSP and we investigated the applicability for 
behavioral synthesis outside the DSP area. 

2.2 Traditional implementation 

Due to the high data-throughput requirements, the following hardware architecture is 
typically used to implement the third class of circuits of Section 2.1 : 

• an application-specific computation unit. It consists of tuned datapaths, registers and 
busses or multiplexers to implement the connectivity. The variety of such computation 
units is typically much larger than for the computation units in the highly-multiplexed 
architectures that are currently being considered in the research area of retargetable 
codegeneration (Marwedel, 1995). 

• a controller for the computation unit. Traditionally it is a simple sequencer, that de
scribes the actions during each counter-step. These actions are executed conditionally. 

These architectures typically use very long instruction words (VLIW), and have only a 
limited number of control steps (e.g. 10-100). 
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2.3 Problems with the traditional implementation 

To implement a design as described in Section 2.2, the designer typically writes two kinds 
of VHDL: 

For the computation unit, the VHDL code typically describes the structure, consisting 
of datapaths, registers and busses or multiplexes, augmented with a behavioral description 
per datapath (e.g. an adder). 

To develop the code for the computation unit, an analysis is needed of the operations 
that must be performed (e.g. finding the first zero in a bitvector). The resulting code 
contains a limited number of VHDL-lines, is structured, and easy to become reacquainted 
with during redesign. 

For the sequencer, the VHDL code typically has the following structure : 

case Counter is 
when 10 => 

when 11 

if mode = do_command1 then 
connect_regA_ramAddressPin <= '1' 

To develop the code for the sequencer, the elementary actions (e.g. write-to-memory) 
must be scheduled by trial and error, and, for each control-step, the micro-actions (e.g. 
set a register load signal to true) must be written explicitly. 

The resulting code contains a lot of VHDL-lines that describe the design at a low level 
of detail. They are hard to debug and error-prone, and don't allow reusability. Redesign 
of such code is particularly difficult : the code is hard to understand, and rework. 

As a consequence, we believe that the main potential for behavioral synthesis lies in 
avoiding the manual description of the controller. In addition, synthesis can help during 
the design of the computation unit, by requiring from the user only the definition of the 
key features of the computation unit architecture (e.g. the application-specific datapaths) 
and by optimizing the resource usage. 

3 FUNCTIONALITY NEEDED FOR A TYPICAL EXAMPLE 

3.1 Example: mid....manager 

This section describes a typical telecom non-DSP application that is suitable for imple
mentation with behavioral synthesis. 

The midJTianager block (Therasse, 1993) keeps track of the message identifiers (MIDs) 
that are allocated by a user of the considered telecom system. Each user can allocate up 
to 1024 MIDs. The status of each MID is represented by one bit in a bit-map arranged as 
a matrix of 32 rows by 32 columns. Each row is stored in one word of an external memory 
array. When a MID is requested, one must scan the bit-map to find a free MID. 

To reduce the number of memory accesses, the bit-map is augmented by a summary 
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word. Each bit in this word gives the status of the corresponding row, i.e. if all MIDs 
in this row are allocated or if at least one MID is still free. When a MID is requested, 
the summary word is read and one searches for a bit equal to zero. The column number 
of this bit gives the row number of a row containing a free MID. This row is read and 
one searches a bit equal to zero. This algorithm can find a free MID using two reads and 
two searches. After the allocation, the row is updated, and, if needed, the summary is 
updated. 

Each user has two bit-maps. A bitmap can be active or inactive. When a bit-map is 
active, it is used to allocate and deallocate the MIDs. The two bit-maps can be both 
active. In this case, a MID can be allocated if and only if it is marked as being free in 
the two bit-maps. This can be implemented easily by taking the bit-wise OR of the two 
summary words and of the two selected bit-map rows. 

This example highlights what we believe to be a typical characteristic of non-DSP 
telecom applications for behavioral synthesis : the most critical resource is the RAM. The 
RAM-accesses are typically the limiting factor when scheduling such an application. 

3.2 Basic functionality 

To provide a basis for the discussion, the basic functionality of VHDL-based behavioral 
synthesis is summarized : 

in Behavioral VHDL description 
- min/max delay between particular operations ("compilation script") 
- library of operators (with mappings to hardware blocks) 

out : - RTL VHDL description 

In this investigation, we considered VHDL-based behavioral synthesis. We like the use 
of VHDL as design-entry language, because VHDL has most constructs required for a 
behavioral description and the use of VHDL fits nicely into the existing design methodol
ogy : it allows to use the installed base of VHDL-simulators, and the know-how built up 
in the past by the designers. As a consequence, the threshold for introducing behavioral 
synthesis is reduced. 

To be suitable for design-entry, VHDL should offer support for structured programming. 
This seems to be the case. When writing a C-like description, we only encountered the 
limitation that in a procedure call, the signal actual must be a static signal : for example, 
tab(i) can not be passed on as argument, one must use a static signal like tab{O). 

In addition, the synthesis tool can impose limitations on the VHDL ( cf. logic synthesis 
tools), e.g. by for biding the use of multi-dimensional variables as arguments of procedures, 
which will lead to a less structured design description. 

3.3 Additional functionality needed for efficient use 

Basically, it is sufficient for the behavioral synthesis tool to generate a description that 
can be read into a logic synthesis tool. 

However, for real-life use the following additional characteristics are needed : 
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• The generated solution must be easy to understand : clear RTL-VHDL and complete 
reporting. 

• The user must be able to have impact on the solution : specifying constraints and 
providing key elements of the computation unit. 

The first requirement has an impact on the type of VHDL that must be generated by the 
behavioral synthesis tool. We experienced that it is important that this VHDL provides a 
clear and concise description of the design : separate entities for the computation unit and 
for the controller, and the architecture for the computation unit should show its structure 
in terms of hardware resources ( datapaths, registers, busses, ... ). 

In addition, our impression is that in some cases debugging at the level of the RTL
code will still be necessary, e.g. to identify the cause of an error that is encountered after 
fabrication of the ASIC. This provides an additional argument for clear RTL-VHDL. With 
respect to this point, one can draw a parallel with the VHDL generation by graphical 
FSM-design tools (Vanoostende, 1994). 

Apart from the RTL-VHDL, the tool should provide complete reporting. For a VHDL
description containing loops, two cyclecount reports should be provided : a 'control-step' 
report, where each control-step corresponds to one step of the controller, and an 'overall 
cyclecount' report that indicates the number of cycles needed to execute the complete 
VHDL-algorithm (considering e.g. that a particular loopbody is executed 3 times). 

In the second requirement (cf. above), we indicated the need for the user to partially 
describe the architecture. This is related to the fact that in principle the behavioral 
VHDL contains a mix of low-level RTL-statements (to describe the detailed behavior of 
the operations used, e.g. finding the position of the first zero in a bitvector) and high-level 
constructs (e.g. perform, under certain conditions. a complex operation on certain data). 

For the synthesis tool it is difficult to identify automatically to which type a certain piece 
of VHDL code belongs. Therefore, the user can help by indicating that a certain VHDL 
procedure describes a basic operation and that it must be implemented as a separate 
datapath that becomes part of the computation unit. 

In the synthesis tool that we evaluated this was essential to obtain a result within a 
reasonable CPU time. 

4 COMPLICATIONS 

The previous section described what we consider to be the prerequisite functionality for 
efficient use of behavioral synthesis for a significant number of non-DSP telecom applica
tions. 

However, during our investigation we also encountered more complex issues that inter
vene: 

• loop folding (see e.g. McFarland, 1988) 
• the use of a resource external to the VHDL-entity that IS being considered by the 

behavioral synthesis tool. 
• complex resources. 

The latter two issues are discussed below. 
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4.1 Resource external to the considered entity 

During our investigation, it appeared that often a single RAM is shared by a number of 
weakly interacting VHDL-processes. There are a number of reasons why in some cases 
one wants a resource to be external to the VHDL-entity that is being considered by the 
behavioral synthesis tool : 

• The size of the entity that is analysed at once by the behavioral compiler is e.g. lim
ited by the fact that the RTL-level description of the complete entity (or at least the 
complete computation unit or controller) must still be synthesized at once by the logic 
synthesis tool. Commercial logic synthesis tools tend to be limited to handling lOk to 
30k gates at once. 

• The storage of a number of independent processes is grouped into a single RAM. This 
is mainly done when an off-chip RAM is used : the motivation is to limit the number 
of ASIC I/0 pins. In that case, the natural hierarchy is to have a single RAM and a 
number of entities each containing a VHDL-process. 

To handle e.g. the case where 2 processes share 1 RAM, we propose the following 
scheme: 

• Initially schedule both processes as if 2 RAMs are available. This produces 2 schedules 
that have conflicting RAM-accesses. 

• Based on the schedule for process 2, set constraints for the scheduling of process 1 of the 
type "block resource RAM between cycle i and cycle j". If the tool does not allow such 
constraints, a similar behavior can be obtained by constraining the minimum cycles 
between the start of the process and a certain RAM-access. 

e Based on the modified schedule obtained for process 1, set constraints for the scheduling 
of process 2, and reschedule process 2. This mechanism continues until a non-conflicting 
schedule is found. 

Behavorial simulation of a system with multiple entities that share a single RAM also 
introduces complications in the synthesis tool we evaluated, because at the behavioral 
level the RAM is represented by a array that is local to a process. Therefore, addition of 
VHDL code that is not synthesized is necessary for simulation, e.g. to allow a process to 
read data that another process wrote in the RAM. 

A related problem is the handling of multiple processes in which sequencing constraints 
occur between operations : e.g. process! and process2 can both be modifying a certain 
field of information (e.g. the bandwidth used by a certain user). In that case, process! 
must have completed its update, before process2 reads this data. This problem can also 
be handled as described above. 

We are aware that the proposed solution is a work-around : the clean handling of an 
external resource or interacting processing remains a challenge for commercial behavioral 
synthesis. 
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4.2 Complex resources 

Simple resources consist of combinational logic, or have a limited number of pipeline 
stages. However, from our investigation it appeared that complex resources are used in 
our applications. 

For example, a division resource is used to implement both an 8-bit division and a 
12-bit division. The 8-bit division takes 8 cycles, the 12-bit division takes 12 cycles, and 
during one execution of the scheduled process both an 8-bit and a 12-bit division are 

executed on the resource. Therefore, the behavioral synthesis environment should allow 
mapping multiple operators on the same resource, where the cyclecounts and bitwidths 
of the operators can differ. 

5 CONCLUSIONS 

This paper has described our experiences with VHDL-based behavioral synthesis for none 
DSP telecom. The conclusion is that in this area there is distinctly a market potential. 

However, we indicated that it is not sufficient for the behavioral synthesis tool to simply 
generate an RTL-synthesizable solution : this solution should be easy to understand (clear 
RTL-VHDL and complete reporting) and the user must be able to have impact on the 
solution (specifying constraints and providing key elements of the computation unit). 

In addition, we have described a number of real-life complications that such a tool must 
be able to handle if it wants to be applicable to a broad class of applications and if it 

wants to obtain results close to the efficiency of manual designs. 

The authors would like to acknowledge the interesting discussions with our collegues at 
Alcatei-Bell, and with K. Croes and J. Vanhoof of IMEC (Leuven, Belgium). 
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