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Implementing a Single-coefficient Multiplier

Features
• Theory of Developing a Single-coefficient Multiplier
• Implementation using an AT40K Series FPGA for an 8-bit Single-coefficient Multiplier
• Coefficient Look-Up Table is Easily Re-Configurable
• View Logic Workview Office Reference Designs for 8-bit and 16-bit Implementations

Introduction
Atmel’s AT40K Series of Field Programmable Gate Arrays (FPGA) are specifically
designed for computation intensive Digital Signal Processor (DSP) applications. The
FPGA architecture provides an octagonal shaped core cell that possesses orthogonal
and diagonal cell-to-cell connections, allowing each core cell to communicate directly
with its eight nearest neighbors without using the slower bussing network. This archi-
tecture is optimized for many applications, including array multiplication and
multiplication-oriented applications, including image processing, real-time video, tele-
communications and control systems.

The implementation of the Single-coefficient Multiplier presented in this application
note uses an algorithm of simple additions and single bit multiplications and series of
Look-Up Tables (LUTs) or Read-only Memory (ROM) Macros, which are followed by a
stage of addition; multiple stages of addition may be required depending upon the bit
width of the product vector. The reference design has been completed in schematic
form using Viewlogic® Workview Office®, however a successful re-target to either
VHDL® or Verilog® would not be a difficult task.

The Algorithm
Performing decimal multiplication by hand is a fairly tedious process, especially if we
do not know our multiplication tables. In order to simplify the process, one typically
breaks the problem down into simpler to perform steps. For example, when performing
decimal multiplication one actually performs single-digit multiplications with carries to
the next column, one then adds all the intermediate products to obtain the final prod-
uct. Consider the following example:

170 x 3 = 0 + 210 + 300 = 510

170 x 63 = 510(1) + 10,200(2) = 10,710

Notes: 1. 510 = 3 x 170
2. 10,200 = 6 x 170 x 10
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Alternatively, we could simplify and speed up this process by committing a larger num-
ber of multiplication tables to memory, however that is not a very viable option.

With the devices available today especially those which are re-configurable, this alterna-
tive is a very viable solution. In order to implement a Single-coefficient Multiplier in
hardware, one would first need to construct a series of hexadecimal multiplication
tables, from $00 to $0F times the multiplicand value. As with longhand multiplication,
one would add the intermediate products and obtain the final product. Consider the fol-
lowing example:

AA x 3F = 9F6 + 1FE = 29D6
Notes: 1. 9F6 = F x AA

2. 1FE = 3 x AA x 10

Furthermore, it is possible to implement optimizations that significantly reduce the addi-
tion logic required. As you can see from performing a multiplication, the four least
significant bits remain unchanged through the addition phase of the application, see
Figure 1.

Figure 1. 8-bit Single-coefficient Multiplier with Optimization
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Implementing a Single-coefficient Multiplier

Implementation An 8-bit implementation of the Single-coefficient Multiplier requires two arrays of twelve

unique LUTs, which provide the results ranging from zero to fifteen times the multipli-
cand. Atmel’s 4-input core cell in the AT40K Series of FPGAs can be configured as a
16 x 1 ROM, implementing each LUT easily and efficiently. The contents of the
16 x 1 ROM are bit-sliced according the coefficient multiplication table, see Table 1. For
consistency, this application note will continue to use the data from the previous
example.

The optimized 8-bit implementation of a Single-coefficient Multiplier requires a total of
twenty-four 16 x 1 ROM LUTs and a 20-bit Ripple-carry Adder. An optimized 16-bit
Single-coefficient Multiplier would require a total of eighty 16 x 1 ROM LUTs, two 20-bit
Ripple-carry Adders, and a 24-bit Ripple-carry Adder. A comparison between a Single-
coefficient Multiplier and a standard multiplier is shown in Table 2 for both 8-bit and
16-bit implementations.

Table 1. 16 x 1 ROM Look-Up Table Data for $AA

R11 R10 R9 R8 R7 R6 R5 R4 R3 R2 R1 R0

0 x AA = 000 --> 0 0 0 0 0 0 0 0 0 0 0 0

1 x AA = 0AA --> 0 0 0 0 1 0 1 0 1 0 1 0

2 x AA = 154 --> 0 0 0 1 0 1 0 1 0 1 0 0

3 x AA = 1FE --> 0 0 0 1 1 1 1 1 1 1 1 0

4 x AA = 2A8 --> 0 0 1 0 1 0 1 0 1 0 0 0

5 x AA = 352 --> 0 0 1 1 0 1 0 1 0 0 1 0

6 x AA = 3FC --> 0 0 1 1 1 1 1 1 1 1 0 0

7 x AA = 4A6 --> 0 1 0 0 1 0 1 0 0 1 1 0

8 x AA = 550 --> 0 1 0 1 0 1 0 1 0 0 0 0

9 x AA = 5FA --> 0 1 0 1 1 1 1 1 1 0 1 0

A x AA = 6A4 --> 0 1 1 0 1 0 1 0 0 1 0 0

B x AA = 74E --> 0 1 1 1 0 1 0 0 1 1 1 0

C x AA = 7F8 --> 0 1 1 1 1 1 1 1 1 0 0 0

D x AA = 8A2 --> 1 0 0 0 1 0 1 0 0 0 1 0

E x AA = 94C --> 1 0 0 1 0 1 0 0 1 1 0 0

F x AA = 9F6 --> 1 0 0 1 1 1 1 1 0 1 1 0

Table 2. Implementation of Various Multipliers on AT40KAL Series FPGA

Multiplier Speed (MHz) Core Cell Count

8-bit Single-coefficient Multiplier 56 37

8 x 8 Unsigned Multiplier 44 64

16-bit Single-coefficient Multiplier 22 145

16 x 16 Unsigned Multiplier 23 256
3
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Changing the
Constant Coefficient
Dynamically

Atmel’s AT40K Series of FPGAs are capable of being dynamically re-configured. The
AT40K Series of FPGAs supports CacheLogic® re-configuration, which allows for the
contents of the 16 x 1 ROM LUTs to be updated with new data dynamically without dis-
rupting the entire system. Further information on CacheLogic Mode 4 re-configuration is
available from the Atmel Programmable SLi Group under a Non-Disclosure Agreement
(NDA), as this protects our customers from the reverse engineering of their designs.

For this example, lets assume that an 8-bit Single-coefficient Multiplier has been imple-
mented in the embedded AT40KAL FPGA within the AT94K FPSLIC™ device. We will
then use the built-in CacheLogic interface to dynamically re-configure one of the
16 x 1 ROM LUTs in twelve instructions. The following code snippet re-configures one of
the R7 LUTs for a Single-coefficient Multiplier to contain $DB6C for a coefficient of $55
from the embedded megaAVR® microcontroller.

ldi rTemp, (1 - 1) ;Load X-Coordinate of R7 LUT

out FPGAX, rTemp

ldi rTemp, (12 - 1) ;Load Y-Coordinate of R7 LUT

out FPGAY, rTemp

ldi rTemp, 0b00000110 ;Details of FPGAZ only under NDA

out FPGAZ, rTemp

ldi rTemp, 0b01101011 ;Load New LUT Data Contents

out FPGAD, rTemp

ldi rTemp, 0b00000111 ;Details of FPGAZ only under NDA

out FPGAZ, rTemp

ldi rTemp, 0b01100111 ;Load New LUT Data Contents

out FPGAD, rTemp

The previous example demonstrated the necessary instructions to re-configure a
16 x 1 ROM Look-Up Table, lets now consider the overall time required re-configured a
Single-coefficient Multiplier. The calculations will assume worst case timing, where we
will issue commands to load the FPGAX, FPGAY and FPGAZ registers for every ROM
Look-Up Table. Both the ldi and out instructions are single-cycle instructions in the
megaAVR architecture. The maximum time to re-configure the entire Single-coefficient
Multiplier is dependent on the frequency of the microcontroller system clock (fCLK), the
number of ROM Look-Up Tables needing re-configuration (nROM), and the number
microcontroller clock cycles needed to re-configure one ROM Look-Up Table (nCycles).
The equation for computing the maximum time for re-configuration is:

The calculations for TMAX have been performed for both 8-bit and 16-bit Single-coeffi-
cient Multipliers, assuming operation at 25 MHz, see Table 3.

Optimization The Single-coefficient Multiplier has been optimized so it is as efficient as possible,
when considering maximum speed and core cell usage. Speed enhancements may be
achieved by pipelining the device with single or multiple stages. The pipelining process
will drastically increase the amount of FPGA core cells, however the performance boost
may provide justification in the target system.

Table 3. TMAX Calculations for Single-coefficient Multipliers at 25 MHz

Multiplier TMAX µs

8-bit Single-coefficient Multiplier 11.52

16-bit Single-coefficient Multiplier 38.40

nCyclesnROM
f

T
CLK

MAX ××= 1
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