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1. About This Compiler
New Features This release has the following new feature:

■ Support for Stratix® IV devices

Release 
Information

Table 1–1 provides information about this release of the Viterbi Compiler.

f For more information about this release, refer to the MegaCore IP Library 
Release Notes and Errata.

Altera verifies that the current version of the Quartus® II software 
compiles the previous version of each MegaCore® function. The MegaCore 
IP Library Release Notes and Errata report any exceptions to this 
verification. Altera does not verify compilation with MegaCore function 
versions older than one release."

Device Family 
Support

MegaCore® functions provide either full or preliminary support for target 
Altera® device families, as described below:

■ Full support means the MegaCore function meets all functional and 
timing requirements for the device family and may be used in 
production designs

■ Preliminary support means the MegaCore function meets all 
functional requirements, but may still be undergoing timing analysis 
for the device family; it may be used in production designs with 
caution.

Table 1–1. Viterbi Compiler Release Information

Item Description

Version 8.0

Release Date May 2008

Ordering Code IP-VITERBI/HS (parallel architecture)
IP-VITERBI/SS (hybrid architecture)

Product IDs 0037 (parallel architecture)
0038 (hybrid architecture)

Vendor ID 6AF7 
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Features
Table 1–2 shows the level of support offered by the Viterbi MegaCore 
functions to each of the Altera device families.

Features ■ High-performance, area-optimized, soft-decision Viterbi decoders 
for error correction

■ High-speed parallel architecture with:
● Performance of over 250 megabits per second (Mbps)
● Fully parallel operation
● Optimized  block decoding and continuous decoding

■ Low to medium-speed, hybrid architecture 
● Configurable number of add compare and select (ACS) units
● Memory-based architecture
● Wide range of performance; wide range of logic area

■ Fully parameterized Viterbi decoder, including:
● Number of coded bits
● Constraint length
● Number of soft bits
● Traceback length
● Polynomial for each coded bit

■ Avalon® Streaming (Avalon-ST) interfaces
■ Variable constraint length
■ Trellis coded modulation (TCM) option
■ Easy-to-use IP Toolbench interface
■ DSP Builder ready
■ VHDL testbenches to verify the decoder

Table 1–2. Device Family Support

Device Family Support

Arria™ GX Full

Cyclone® Full

Cyclone II Full

Cyclone III Full

HardCopy® II Full

Stratix® Full

Stratix II Full

Stratix II GX Full

Stratix III Preliminary

Stratix IV Preliminary

Stratix GX Full

Other device families No support
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About This Compiler
■ IP functional simulation models for use in Altera-supported VHDL 
and Verilog HDL simulators

■ Flexible licensing—use only the features you require
■ Support for OpenCore Plus evaluation

General 
Description

The Altera Viterbi Compiler comprises high-performance, soft-decision 
Viterbi MegaCore functions that implement a wide range of standard 
Viterbi decoders.

Viterbi decoding (also known as maximum likelihood decoding or 
forward dynamic programming) is the most common way of decoding 
convolutional codes by using an asymptotically optimum decoding 
technique. In its basic form, Viterbi decoding is an efficient, recursive 
algorithm that performs an optimal exhaustive search.

A convolutional encoder and Viterbi decoder can be used together to 
provide error correction over a noisy channel, e.g., a communications 
channel. A convolutional encoder adds redundancy (i.e., extra bits) to a 
data stream before transmission. 

The rate and the generating polynomials describe the convolutional code, 
hence they describe the convolutional encoder. The rate is the number of 
transmitted bits per input bit, e.g., a rate 1/2 encodes 1 bit and produces 
2 bits for transmission. Similarly, a rate 2/3 encodes 2 bits and produces 
3 bits for transmission. A code can be punctured to increase its rate, by 
deleting some of the encoded bits according to a deterministic pattern. 

The generating polynomials denote the convolutional encoder state bits, 
which are mathematically combined to produce an encoded bit. There is 
one generating polynomial per encoded bit. The length in bits of the 
generating polynomial is called the constraint length; systems with 
higher constraint lengths are generally more robust. However, the 
complexity of the Viterbi decoder increases exponentially with the 
constraint length, so it is unusual to find constraint lengths greater than 
nine.

A noisy transmission channel causes bit errors at the receiver. The Viterbi 
algorithm finds the most likely sequence of bits that is closest to the actual 
received sequence. The Viterbi decoder uses the redundancy, which the 
convolutional encoder imparted, to decode the bit stream and remove the 
errors.

The receiver can deliver either hard or soft symbols to the Viterbi decoder. 
A hard symbol is equivalent to a binary ±1. A soft symbol is multi-leveled 
to represent the confidence in the bit being positive or negative. For 
instance, if the channel is non-fading and Gaussian, the output of a 
Altera Corporation Compiler Version 8.0 1–3
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General Description
matched filter quantized to a given number of bits is a suitable soft input. 
Punctured symbols are indicated with the eras_sym input.The Viterbi 
algorithm has better performance with soft input symbols.

The Viterbi decoder works on blocks of data, or continuous streams. It 
takes in N symbols at a time for processing, where N is the number of 
encoded symbols. The traceback length is the number of trellis states 
processed before the decoder makes a decision on a bit. 

OpenCore Plus Evaluation

With Altera’s free OpenCore Plus evaluation feature, you can perform the 
following actions:

■ Simulate the behavior of a megafunction (Altera MegaCore function 
or AMPPSM megafunction) within your system

■ Verify the functionality of your design, as well as evaluate its size 
and speed quickly and easily

■ Generate time-limited device programming files for designs that 
include MegaCore functions

■ Program a device and verify your design in hardware

You only need to purchase a license for the MegaCore function when you 
are completely satisfied with its functionality and performance, and want 
to take your design to production.

f For more information on OpenCore Plus hardware evaluation using the 
Viterbi Compiler, see “OpenCore Plus Time-Out Behavior” on page 3–10 
and AN 320: OpenCore Plus Hardware Evaluation of Megafunctions.

DSP Builder Support

Altera’s DSP Builder shortens DSP design cycles by helping you create 
the hardware representation of a DSP design in an algorithm-friendly 
development environment. 

You can combine existing MATLAB/Simulink blocks with Altera DSP 
Builder/MegaCore blocks to verify system level specificationsand 
perform simulation. After installing this MegaCore function, a Simulink 
symbol of this MegaCore function appears in the Simulink library 
browser in the MegaCore library from the Altera DSP Builder blockset. To 
use this MegaCore function with DSP Builder, you require DSP Builder 
v8.0 or higher and the Quartus II software version 8.0 or higher.
1–4 Compiler Version 8.0 Altera Corporation
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About This Compiler
1 When using the Viterbi MegaCore function in Simulink with 
DSP Builder, the IO ports of the Viterbi DSP Builder block are 
represented as unsigned integer data type. Therefore when you 
want to connect a signal with a non unsigned integer data type 
to the Viterbi DSP Builder block IO port, a DSP Builder casting 
block such as the “Bus Conversion Block” must be inserted to 
convert the signal to unsigned integer

f For more information on DSP Builder, refer to the DSP Builder User Guide 
and the DSP Builder Reference Manual.

Product Options There are two Viterbi decoder MegaCore functions within the Viterbi 
Compiler—the hybrid and parallel architecture. For both MegaCore 
functions, you can specify the following options: 

■ BER estimator
■ Node synchronization
■ Multiple code sets (including the variable constraint lengths)

Performance 
and Resource 
Utilization

This section shows typical expected performance for different 
architectures and constraint length, L, combinations, and ACS units, A, 
using the Quartus II software, version 8.0 for the following devices:

■ Cyclone III (EP3C10F256C6)
■ Stratix III (EP3SE50F780C2) 

1 Performance largely depends on constraint length, L. 
Altera Corporation Compiler Version 8.0 1–5
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Performance and Resource Utilization
Hybrid Architecture

Tables 1–3 and 1–4 show the performance for the hybrid architecture 
using the BER option and the following parameters: 

v = 6 × L
softbits = 3
N = 2 

where: 

v is the traceback length
L is the constraint length
N is the number of coded bits
A is the number of ACS units

Table 1–3. Performance & Area Utilization for Hybrid Architectures—
Cyclone III Devices

Parameters Combinational 
LUTs

Logic 
Registers

Memory 
Blocks 
(M9K)

fMAX

(MHz)
Throughput 

(Mbps)A L

1 5 605 387 5 182 18

1 7 825 502 6 184 6

2 7 977 619 6 169 11

4 7 1259 833 6 167 17

1 9 1,577 922 12 178 1

2 9 1,730 1,047 12 163 3

4 9 2044 1277 12 160 5

8 9 2653 1723 14 153 10

16 9 3,807 2,585 18 127 13

Table 1–4. Performance & Area Utilization for Hybrid Architectures—Stratix 
III Devices (Part 1 of 2)

Parameters Combinational 
ALUTs

Logic 
Registers

Memory 
Blocks 
(M9K)

fMAX

(MHz)
Throughput 

(Mbps)A L

1 5 543 387 5 299 30

1 7 730 504 6 293 9
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About This Compiler
Parallel Architecture

Tables 1–5 and 1–6 show the performance for the parallel architecture 
with no BER option and the following parameters:

v = 6 × L
N = 2

where: 

v is the traceback length
L is the constraint length
N is the number of coded bits

2 7 889 619 6 290 18

4 7 1,127 833 6 246 25

16 9 3,483 2,586 18 232 23

1 9 1,419 923 12 287 2

2 9 1,582 1,047 12 268 4

4 9 1,900 1,278 12 273 9

8 9 2,468 1,724 14 245 15

Table 1–4. Performance & Area Utilization for Hybrid Architectures—Stratix 
III Devices (Part 2 of 2)

Parameters Combinational 
ALUTs

Logic 
Registers

Memory 
Blocks 
(M9K)

fMAX

(MHz)
Throughput 

(Mbps)A L

Table 1–5. Performance & Area Utilization for Parallel Architecture—Cyclone III Devices (Part 1 of 2)

Parameters
Combinational 

LUTs
Logic 

Registers

Memory 
Blocks
(M9K)

fMAX

(MHz)
Throughput 

(Mbps)softbits L Optimization Best State 
Finder

7 3 Block Off 2,218 847 5 161 161

7 2 Continuous Off 2,048 814 5 160 160

3 3 None Off 722 436 5 198 198

5 3 None Off 1,114 574 5 188 188

7 1 None Off 2,215 964 7 172 172

7 3 None Off 2,621 1108 7 153 153

7 4 None Off 2,822 1180 7 155 155

3 3 None On 753 464 5 187 187
Altera Corporation Compiler Version 8.0 1–7
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Performance and Resource Utilization
5 3 None On 1,273 720 5 178 178

7 3 None On 3,304 1732 7 150 150

Table 1–5. Performance & Area Utilization for Parallel Architecture—Cyclone III Devices (Part 2 of 2)

Parameters
Combinational 

LUTs
Logic 

Registers

Memory 
Blocks
(M9K)

fMAX

(MHz)
Throughput 

(Mbps)softbits L Optimization Best State 
Finder

Table 1–6. Performance & Area Utilization for Parallel Architecture—Stratix III Devices

Parameters
Combinational 

ALUTs
Logic 

Registers

Memory 
Blocks 
(M9K)

fMAX

(MHz)
Throughput 

(Mbps)softbits L Optimization Best State 
Finder

7 3 Block Off 2,059 847 5 253 253

7 2 Continuous Off 2,014 815 9 263 263

3 3 None Off 534 436 5 301 301

5 3 None Off 929 574 5 288 288

7 1 None Off 2,004 964 7 248 248

7 3 None Off 2,398 1,108 7 257 257

7 4 None Off 2,594 1,180 7 242 242

3 3 None On 564 464 5 313 313

5 3 None On 1,075 721 5 289 289

7 3 None On 3,090 1,732 7 248 248
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2. Getting Started
Design Flow To evaluate the Viterbi Compiler using the OpenCore Plus feature, 
include these steps in your design flow:

1. Obtain and install the Viterbi Compiler. 

The Viterbi Compiler is part of the MegaCore® IP Library, which is 
distributed with the Quartus® II software and downloadable from the 
Altera® website, www.altera.com.

f For system requirements and installation instructions, refer to Quartus II 
Installation & Licensing for Windows or Quartus II Installation & Licensing 
for UNIX & Linux Workstations.

Figure 2–1 shows the directory structure after you install the Viterbi 
Compiler, where <path> is the installation directory. The default 
installation directory on Windows is c:\altera\80 ; on UNIX and Solaris it 
is /opt/altera/80 .

Figure 2–1. Directory Structure

2. Create a custom variation of a Viterbi decoder MegaCore function 
using IP Toolbench.

1 IP Toolbench is a toolbar from which you quickly and easily 
view documentation, specify parameters, and generate all 
of the files necessary for integrating the parameterized 
MegaCore function into your design. 

ip
Contains the MegaCore IP Library.

common
Contains the common MegaCore function files.

viterbi
Contains the Viterbi Compiler files and documentation.

doc
Contains all the documentation for the Viterbi Compiler.

lib
Contains encrypted lower-level design files and other support files.

<path>
Installation directory.
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