
      
Chapter 3  
Hardware Multiply/Accumulate (MAC) 
Unit
This chapter describes the MCF5307 multiply/accumulate (MAC) unit, which executes
integer multiply, multiply-accumulate, and miscellaneous register instructions. The MAC
is integrated into the operand execution pipeline (OEP). 

3.1  Overview
The MAC unit provides hardware support for a limited set of digital signal processing
(DSP) operations used in embedded code, while supporting the integer multiply
instructions in the ColdFire microprocessor family.

The MAC unit provides signal processing capabilities for the MCF5307 in a variety of
applications including digital audio and servo control. Integrated as an execution unit in the
processor’s OEP, the MAC unit implements a three-stage arithmetic pipeline optimized for
16 x 16 multiplies. Both 16- and 32-bit input operands are supported by this design in
addition to a full set of extensions for signed and unsigned integers plus signed, fixed-point
fractional input operands. 

The MAC unit provides functionality in three related areas:

• Signed and unsigned integer multiplies

• Multiply-accumulate operations supporting signed, unsigned, and signed fractional 
operands

• Miscellaneous register operations

Each of the three areas of support is addressed in detail in the succeeding sections. Logic
that supports this functionality is contained in a MAC module, as shown in Figure 3-1. 

The MAC unit is tightly coupled to the OEP and features a three-stage execution pipeline.
To minimize silicon costs, the ColdFire MAC is optimized for 16 x 16 multiply
instructions. The OEP can issue a 16 x 16 multiply with a 32-bit accumulation and fetch a
32-bit operand in the same cycle. A 32 x 32 multiply with a 32-bit accumulation takes three
cycles before the next instruction can be issued. Figure 3-1 shows the basic functionality of
the ColdFire MAC. A full set of instructions is provided for signed and unsigned integers
plus signed, fixed-point, fractional input operands.
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Figure 3-1. ColdFire MAC Multiplication and Accumulation

The MAC unit is an extension of the basic multiplier found on most microprocessors. It can
perform operations native to signal processing algorithms in an acceptable number of
cycles, given the application constraints. For example, small digital filters can tolerate some
variance in the execution time of the algorithm; larger, more complicated algorithms such
as orthogonal transforms may have more demanding speed requirements exceeding the
scope of any processor architecture and requiring a fully developed DSP implementation.

The M68000 architecture was not designed for high-speed signal processing, and a large
DSP engine would be excessive in an embedded environment. In striking a middle ground
between speed, size, and functionality, the ColdFire MAC unit is optimized for a small set
of operations that involve multiplication and cumulative additions. Specifically, the
multiplier array is optimized for single-cycle, 16 x 16 multiplies producing a 32-bit result,
with a possible accumulation cycle following. This is common in a large portion of signal
processing applications. In addition, the ColdFire core architecture has been modified to
allow for an operand fetch in parallel with a multiply, increasing overall performance for
certain DSP operations.

3.1.1  MAC Programming Model

Figure 3-2 shows the registers in the MAC portion of the user programming model. 

Figure 3-2. MAC Programming Model

31            0

MACSR MAC status register
ACC MAC accumulator
MASK MAC mask register

X

+/-

Operand Y Operand X

Shift 0,1,-1

Accumulator
3-2 MCF5307 User’s Manual

 



   

Overview

   
These registers are described as follows:

• Accumulator (ACC)—This 32-bit, read/write, general-purpose register is used to 
accumulate the results of MAC operations.

• Mask register (MASK)—This 16-bit general-purpose register provides an optional 
address mask for MAC instructions that fetch operands from memory. It is useful in 
the implementation of circular queues in operand memory.

• MAC status register (MACSR)—This 8-bit register defines configuration of the 
MAC unit and contains indicator flags affected by MAC instructions. Unless noted 
otherwise, the setting of MACSR indicator flags is based on the final result, that is, 
the result of the final operation involving the product and accumulator.

3.1.2  General Operation

The MAC unit supports the ColdFire integer multiply instructions (MULS and MULU) and
provides additional functionality for multiply-accumulate operations. The added MAC
instructions to the ColdFire ISA provide for the multiplication of two numbers, followed
by the addition or subtraction of this number to or from the value contained in the
accumulator. The product may be optionally shifted left or right one bit before the addition
or subtraction takes place. Hardware support for saturation arithmetic may be enabled to
minimize software overhead when dealing with potential overflow conditions using signed
or unsigned operands.

These MAC operations treat the operands as one of the following formats:

• Signed integers
• Unsigned integers
• Signed, fixed-point, fractional numbers

To maintain compactness, the MAC module is optimized for 16-bit multiplications. Two
16-bit operands produce a 32-bit product. Longword operations are performed by reusing
the 16-bit multiplier array at the expense of a small amount of extra control logic. Again,
the product of two 32-bit operands is a 32-bit result. For longword integer operations, only
the least significant 32 bits of the product are calculated. For fractional operations, the
entire 63-bit product is calculated and then either truncated or rounded to a 32-bit result
using the round-to-nearest (even) method.

Because the multiplier array is implemented in a 3-stage pipeline, MAC instructions can
have an effective issue rate of one clock for word operations, three for longword integer
operations, and four for 32-bit fractional operations. Arithmetic operations use
register-based input operands, and summed values are stored internally in the accumulator.
Thus, an additional MOVE instruction is necessary to store data in a general-purpose
register. MAC instructions can choose the upper or lower word of a register as the input,
which helps filtering operations in which one data register is loaded with input data and
another is loaded with coefficient data. Two 16-bit MAC operations can be performed
without fetching additional operands between instructions by alternating the word choice
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during the calculations.

The need to move large amounts of data quickly can limit throughput in DSP engines.
However, data can be moved efficiently by using the MOVEM instruction, which
automatically generates line-sized burst references and is ideal for filling registers quickly
with input data, filter coefficients, and output data. Loading an operand from memory into
a register during a MAC operation makes some DSP operations, especially filtering and
convolution, more manageable. 

The MACSR has a 4-bit operational mode field and three condition flags. The operational
mode bits control the overflow/saturation mode, whether operands are signed or unsigned,
whether operands are treated as integers or fractions, and how rounding is performed.
Negative, zero and overflow flags are also provided.

The three program-visible MAC registers, a 32-bit accumulator (ACC), the MAC mask
register (MASK), and MACSR, are described in Section 3.1.1, “MAC Programming
Model.”

3.1.3  MAC Instruction Set Summary

The MAC unit supports the integer multiply operations defined by the baseline ColdFire
architecture, as well as the new multiply-accumulate instructions. Table 3-1 summarizes
the MAC unit instruction set. 

3.1.4  Data Representation

The MAC unit supports three basic operand types:

Table 3-1. MAC Instruction Summary

Instruction Mnemonic Description

Multiply Signed MULS <ea>y,Dx Multiplies two signed operands yielding a signed result

Multiply Unsigned MULU <ea>y,Dx Multiplies two unsigned operands yielding an unsigned result

Multiply Accumulate MAC Ry,RxSF
MSAC Ry,RxSF

Multiplies two operands, then adds or subtracts the product 
to/from the accumulator

Multiply Accumulate 
with Load

MAC Ry,RxSF,Rw
MSAC Ry,RxSF,Rw

Multiplies two operands, then adds or subtracts the product 
to/from the accumulator while loading a register with the 
memory operand

Load Accumulator MOV.L {Ry,#imm},ACC Loads the accumulator with a 32-bit operand

Store Accumulator MOV.L ACC,Rx Writes the contents of the accumulator to a register

Load MACSR MOV.L {Ry,#imm},MACSR Writes a value to the MACSR

Store MACSR MOV.L MACSR,Rx Write the contents of MACSR to a register

Store MACSR to CCR MOV.L MACSR,CCR Write the contents of MACSR to the processor’s CCR register

Load MASK MOV.L {Ry,#imm},MASK Writes a value to MASK

Store MASK MOV.L MASK,Rx Writes the contents of MASK to a register
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• Two’s complement signed integer: In this format, an N-bit operand represents a 

number within the range -2(N-1) < operand < 2(N-1) - 1. The binary point is to the right 
of the least significant bit.

• Two’s complement unsigned integer: In this format, an N-bit operand represents a 

number within the range 0 < operand < 2N - 1. The binary point is to the right of the 
least significant bit.

• Two’s complement, signed fractional: In an N-bit number, the first bit is the sign bit. 
The remaining bits signify the first N-1 bits after the binary point. Given an N-bit 
number, aN-1aN-2aN-3... a2a1a0, its value is given by the following formula:

This format can represent numbers in the range -1 < operand < 1 - 2(N-1).

For words and longwords, the greatest negative number that can be represented is -1, 
whose internal representation is 0x8000 and 0x0x8000_0000, respectively. The 

most positive word is 0x7FFF or (1 - 2-15); the most positive longword is 

0x7FFF_FFFF or (1 - 2-31).

3.2  MAC Instruction Execution Timings

Table 3-2 shows standard timings for two-operand MAC instructions. 

Table 3-2. Two-Operand MAC Instruction Execution Times  

Opcode <ea>
Effective Address

Rn (An) (An)+ -(An) (d16,An) (d8,An,Xi*SF) (xxx).wl #<xxx>

mac.w Ry,Rx 1(0/0) — — — — — — —

mac.l Ry,Rx 3(0/0) — — — — — — —

msac.w Ry,Rx 1(0/0) — — — — — — —

msac.l Ry,Rx 3(0/0) — — — — — — —

mac.w Ry,Rx,ea,Rw — 1(1/0) 1(1/0) 1(1/0) 1(1/0) — — —

mac.l Ry,Rx,ea,Rw — 3(1/0) 3(1/0) 3(1/0) 3(1/0) — — —

msac.w Ry,Rx,ea,Rw — 1(1/0) 1(1/0) 1(1/0) 1(1/0) — — —

msac.l Ry,Rx,ea,Rw — 3(1/0) 3(1/0) 3(1/0) 3(1/0) — — —

muls.w <ea>,Dx 3(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 3(0/0)

mulu.w <ea>,Dx 3(0/0) 3(1/0) 3(1/0) 3(1/0) 3(1/0) 4(1/0) 3(1/0) 3(0/0)

muls.l <ea>,Dx 5(0/0) 5(1/0) 5(1/0) 5(1/0) 5(1/0) — — —

mulu.l <ea>,Dx 5(0/0) 5(1/0) 5(1/0) 5(1/0) 5(1/0) — — —

2
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Table 3-3 shows standard timings for MAC move instructions. 

Table 3-3. MAC Move Instruction Execution Times  

Opcode <ea>
Effective Address

Rn (An) (An)+ -(An) (d16,An) (d8,An,Xi*SF) (xxx).wl #<xxx>

move.l <ea>,ACC 1(0/0) — — — — — — 1(0/0)

move.l <ea>,MACSR 6(0/0) — — — — — — 6(0/0)

move.l <ea>,MASK 5(0/0) — — — — — — 5(0/0)

move.l ACC,Rx 1(0/0) — — — — — — —

move.l MACSR,CCR 1(0/0) — — — — — — —

move.l MACSR,Rx 1(0/0) — — — — — — —

move.l MASK,Rx 1(0/0) — — — — — — —
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