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Preface

About This Manual

The TMS320C66x is the next-generation fixed and floating-point DSP. The new DSP
enhances the TMS320C674x, which merged the TMS320C67x+ floating point and the
TMS320C64x+ fixed point instruction set architectures.This document describes the

CPU architecture, pipeline, instruction set, and interrupts of the C66x DSP.

Notational Conventions
This document uses the following conventions:
« Commands and keywords are in boldface font.
« Arguments for which you supply values are in italic font.
o Terminal sessions and information the system displays are in screen font.
« Information you must enter is in boldface screen font.
o Elements in square brackets ([ ]) are optional.

Notes use the following conventions:

Note—Means reader take note. Notes contain helpful suggestions or references
to material not covered in the publication.

The information in a caution or a warning is provided for your protection. Please read
each caution and warning carefully.

CAUTION—Indicates the possibility of service interruption if precautions are
not taken.

WARNING—Indicates the possibility of damage to equipment if precautions are
not taken.
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Introduction

The TMS320C66x is the next-generation fixed and floating-point DSP. The new DSP
enhances the TMS320C674x, which merged the TMS320C67x+ floating point and the
TMS320C64x+"fixed point instruction set architectures.

This document describes the CPU architecture, pipeline, instruction set, and interrupts
of the C66x DSP. The C66x CorePac is the name used to designate the CPU together
with the hardware providing memory, bandwidth management, interrupt, memory
protection, and power-down support. The C66x CorePac is not described in this
document because it is fully covered in the C66x CorePac User Guide (SPRUGWO).

1.1 "DSP Features and Options" on page 1-2
1.2 "DSP Architecture” on page 1-5
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1.1 DSP Features and Options

1-2

The TMS320C66x Instruction Set Architecture is the latest for the C6000 family. As
with its predecessors, the C66x is an advanced VLIW architecture with 8 functional
units (two multipliers unit and six arithmetic units) that operate in parallel. The C66x
CPU consists of 64 general-purpose 32-bit registers and eight functional units. These
eight functional units contain:

o Two multipliers
o Six ALUs

The C6000 generation has a complete set of optimized development tools, including an
efficient C compiler, an assembly optimizer for simplified assembly-language
programming and scheduling, and a Windows® operating system-based debugger
interface for visibility into source code execution characteristics. A hardware emulation
board, compatible with the TT XDS510™ and XDS560™ emulator interface, is also
available. This tool complies with IEEE Standard 1149.1-1990, IEEE Standard Test
Access Port and Boundary-Scan Architecture. Features of the C6000 devices include:

o Advanced VLIW CPU with eight functional units, including two multipliers and
six arithmetic units

- Executes up to eight instructions per cycle

- Allows designers to develop highly effective RISC-like code for fast
development time

« Instruction packing

- Gives code size equivalence for eight instructions executed serially or in
parallel

- Reduces code size, program fetches, and power consumption
« Conditional execution of most instructions

- Reduces costly branching

- Increases parallelism for higher sustained performance
+ Efficient code execution on independent functional units

- Industry's most efficient C compiler on DSP benchmark suite

- Industry's first assembly optimizer for fast development and improved
parallelization

» 8-/16-/32-bit/64-bit data support, providing efficient memory support for a
variety of applications

o  40-bit arithmetic options add extra precision for vocoders and other
computationally intensive applications

 Saturation and normalization provide support for key arithmetic operations

« Field manipulation and instruction extract, set, clear, and bit counting support
common operation found in control and data manipulation applications.

The C64x, C64x+, C674x, and C66x devices include these additional features:

« Each multiplier can perform two 16 x 16-bit or four 8 x 8 bit multiplies every
clock cycle.

« Quad 8-bit and dual 16-bit instruction set extensions with data flow support

«  Support for non-aligned 32-bit (word) and 64-bit (double word) memory
accesses

o  Special communication-specific instructions have been added to address
common operations in error-correcting codes.

+ Bit count and rotate hardware extends support for bit-level algorithms.
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The C64x+, C674x, and C66x devices include these additional features:

o Compact instructions: Common instructions (AND, ADD, LD, MPY) have
16-bit versions to reduce code size.

« Protected mode operation: A two-level system of privileged program execution
to support higher-capability operating systems and system features such as
memory protection.

» Exceptions support for error detection and program redirection to provide
robust code execution

o Hardware support for modulo loop operation to reduce code size and allow
interrupts during fully-pipelined code

« Each multiplier can perform 32 x 32 bit multiplies

« Additional instructions to support complex multiplies allowing up to eight 16-bit
multiply/add/subtracts per clock cycle

The C66x has the following key improvements to the ISA:
o 4x Multiply Accumulate improvement for both fixed and floating point
« Improvement of the floating point arithmetic
« Enhancement of the vector processing capability for fixed and floating point

« Addition of domain-specific instructions for complex arithmetic and matrix
operations.

The new C66x Core ISA significantly improves the maximum number multiply
operations that can be executed per cycle. The core can now execute up to 32
(16x16-bit) multiplies per cycle or up to 8 single-precision floating-point multiplies per
cycle.

1.1.2 Floating point support

The C66x ISA implements native support for IEEE 754 single-precision and
double-precision instructions. Floating point improvements relative to the C674x
include:

« Fast implementation of all basic floating point operations,

« SIMD support for floating point operations,

« Single-Precision Complex multiply

« Additional resource flexibility (e.g. the conversion from/to integer to/from
single-precision floating operations can now be executed on .L and .S units).

The improved performance of the floating point processing capability and the ability to
execute both fixed-point and floating-point math adds a new dimension to the
capabilities available to DSP algorithm programmers. By selectively using advanced
fixed-point instructions and floating-point instructions within a single instruction set,
the programmer can achieve significantly higher performance for their algorithm (in
term of data precision and cycle count) than ever before.

1.1.3 Vector Processing

SPRUGH7—November 2010
Submit Documentation Feedback

On the C66x ISA, the vector processing capability is improved by extending the width
of the SIMD instructions. The C674x DSP supports 2-way SIMD operations for 16-bit
data and 4-way SIMD operations for 8-bit data. C66x enhances this capabilities with
the addition of SIMD instructions for 32-bit data allowing operation on 128-bit vectors.
For example the QMPY32 instruction is able to perform the element to element
multiplication between two vectors of four 32-bit data each.
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Figure 1-1 QMPY32 - Example of vector instruction

| A® | A@ | A@®) | A0 |

| B3 | B@| | B | BO| |

, . . ,

Lx [ x | x [ x |

T T T T
| c@ | c@ | cow | co |
-« 4 x32-bhit—»

1.1.4 Complex arithmetic and matrix operations

Communication signal processing requires an extensive use of complex arithmetic
functions and linear algebra (matrix computation). C66x ISA includes a set of specitic
instructions to handle complex arithmetic and matrix operations.

For example, the C66x can now perform up to two multiplications of a [1x2] complex
vector by a [2x2] complex matrix per cycle and provides a set of instructions that
operates either on scalar or vector numbers to perform complex multiplications,
conjugate of a complex number, multiplication by the conjugate, rotations of complex
numbers, ....

Table 1-1 provides a comparison of the raw performance between the C674x and the

Co66x ISA.
Table 1-1 Raw Performance Comparison Between the C674x and the C66x
C674x C66x
Fixed point 16x16 MACs per cycle 8 32
Fixed point 32x32 MACs per cycle 2 8
Floating point single precision 2 8
MACs per cycle
Arithmetic floating point 6! 162
operations per cycle
Arithmetic floating point 63 164
operations per cycle
Load/store width 2 x 64-bit 2 x 64-bit
Vector size 32-bit 128-bit
(SIMD capability) (2x 16-bit, 4x-8bits) (4 x 32-bit, 4 x 16-bit,
4x-8bits)
1. One operation per L, .S, .M units for each side (A and B)
2. 2-way SIMD on .L and .S units (e.g. 8 SP operations for A and B) and 4 SP multiply on one .M unit
(e.g 8 SP operations for A and B)
3. One operation per L, .S, .M units for each side (A and B)
4. 2-way SIMD on .L and .S units (e.g. 8 SP operations for A and B) and 4 SP multiply on one .M unit
(e.g 8 SP operations for A and B)
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Figure 1-2 is the block diagram for the C66x CorePac DSP. All C66x devices include L1
program and data memories, each of which can be configured as cache and/or SRAM.
The devices also have varying sizes of local and shared L2 cache/SRAM as well as
external memory interface(s). The number of instances, memory sizes and locations, as
well as a full list of peripherals and chip-level connectivity are fully documented in the
device data sheet.

Figure 1-2

TMS320C66x CorePac DSP Block Diagram
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The C66x CPU, in Figure 1-2, contains:
o Program fetch unit
« 16-/32-bit instruction dispatch unit, advanced instruction packing
o Instruction decode unit
« Two data paths, each with four functional units
o 64 32-bit registers
« Control registers
« Control logic
o  Test, emulation, and interrupt logic
o Internal DMA (IDMA) for transfers between internal memories

The program fetch, instruction dispatch, and instruction decode units can deliver up to
fifteen 16- and/or 32-bit instructions to the functional units every CPU clock cycle. The
processing of instructions occurs in each of the two data paths (A and B), each of which
contains four functional units (.L, .S, .M, and .D) and 32 32-bit general-purpose
registers. The data paths are described in more detail in Chapter 2 “CPU Data Paths
and Control” on page 2-1. A control register file provides the means to configure and
control various processor operations. To understand how instructions are fetched,
dispatched, decoded, and executed in the data path, see Chapter 5 “Pipeline” on

page 5-1.

1.2.2 Internal Memory

The DSP has a 32-bit, byte-addressable address space. L1 memory for each DSP CPU
memory is organized in separate data and program spaces, with unified memory for L2
and higher.

The DSP has a 256-bit read-only port to access internal program memory and two
256-bit ports (read and write) to access internal data memory.

1.2.3 Memory and Peripheral Options

For an overview of the peripherals available on the C66x DSPs Applications Processors,
refer to the device-specific data manual and user guides.
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Chapter 2

CPU Data Paths and Control

This chapter focuses on the CPU, providing information about the data paths and
control registers. The two register files and the data cross paths are described.

2.1 "Introduction" on page 2-2
2.2 "General-Purpose Register Files" on page 2-3
2.3 "Functional Units" on page 2-5
2.4 "Register File Cross Paths" on page 2-6
2.5 "Memory, Load, and Store Paths" on page 2-6
2.6 "Data Address Paths" on page 2-7
2.7 "Galois Field" on page 2-7
2.8 "Control Register File" on page 2-10
2.9 "Control Register File Extensions" on page 2-24
2.10 "Control Register File Extensions for Floating-Point Operations" on page 2-34
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The components of the data path for the CPU are shown in Figure 2-1 on page 2-3.
These components consist of:

Two general-purpose register files (A and B)

Eight functional units (.L1, .L2, .81, .S2, .M1, .M2, .D1, and .D2)
Two load-from-memory data paths (LD1 and LD2)

Two store-to-memory data paths (ST1 and ST2)

Two data address paths (DA1 and DA2)

Two register file data cross paths (1X and 2X)
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Figure 2-1 CPU Data Paths

Note: ~ orcl <+
Default bus width ]

is 64 bits
(i.e. a register pair) L1 ore2 |« E Dl Register
< File A

dstf——n——»| (A0, AL A2,
..A31)

ST1 <

srcl| ¢——PM—mj
.S1 src2

dstf———P—>

Data PathA < e D
srcl_hi| €—————

src2
M1 E +—
src2_hi |«
dsef——P—>»
dstlf——PM—»

srcl | ¢—2——

DA1%Q« D1 dst [ I
32 :

src2

2X

1 1x

Register

src2 2] A
32 <+ File B
DA2 = <+ D2

32
dst A —> »| (B0, B1, B2,
—>
—»

srcl 4# B31)

LD2 «

dstl
dst2
src2_hi| ¢———

M2 <«
src2

srcl_hi
srcl| 4——

Data Path B <

dst
S2 src2

PR
<«
srcl| ¢——

N—e
|
ST2 4 ]
]

dst

P E—
L2 src2 L/

srcl 1

32 Control
Register

C66140 —~ - »

2.2 General-Purpose Register Files

As on the TMS320C64x+ and TMS320C674x, the C66x CPU contains two general
purpose register files (A and B). Each of these files contains thirty-two 32-bit registers
(A0-A31 for file A and B0-B31 for file B).

The DSP general purpose register files support data ranging in size from packed 8-bit
through 128-bit fixed point data.
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Values larger than 32 bits (such as 40-bit values and 64-bit quantities) are stored in
register pairs. Values larger than 64-bits (such as 128-bit quantities) are stored in a pair
of register pair (a quadruplet of registers).

Packed data types store either four 8-bit values or two 16-bit values in a single 32-bit
register, eight 8-bit values or four 16-bit values or two 32-bit value in a single 64-bit
register pair, and eight 16-bit values or four 32-bit values or two 64-bit values in a single

128-bit register quadruplet.

Table 2-1 64-bit Register Pairs
Register File
A B
AT:A0 B1:BO
A3:A2 B3:B2
A5:A4 B5:B4
A7:A6 B7:B6
A9:A8 B9:B8
A11:A10 B11:B10
A13:A12 B13:B12
A15:A14 B15:B14
A17:A16 B17:B16
A19:A18 B19:B18
A21:A20 B21:B20
A23:A22 B23:B22
A25:A24 B25:B24
A27:A26 B27:B26
A29:A28 B29:B28
A31:A30 B31:B30
Table 2-2 128-bit Register Quadruplets
Register File
A B
A3:A2:AT:A0 B3:B2:B1:B0
A7:A6:A5:A4 B7:B6:B5:B4
A11:A10:A9:A8 B11:B10:B9:B8
A15:A14:A13:A12 B15:B14:B13:B12
A19:A18:A17:A16 B19:B18:B17:B16
A23:A22:A21:A20 B23:B22:B21:B20
A27:A26:A25:A24 B27:B26:B25:B24
A31:A30:A29:A28 B31:B30:B29:B28
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Except for the .D unit which remains unchanged vs. the C64x+ and C674x, most data
lines for the .L/.S/.M in the CPU are increased.

The .L/.S units now support up to 64-bit operands. The srcl and dst ports are now
64-bit wide; src2 is also 64-bit and can directly transport long 40-bit data (the long src
expansion port has been removed).

The .M units now support up to 128-bit source operands. Each source operands can use
up to two 64-bit read ports (srcl and srcl_hi for the first operand, src2 and src2_hi for
the second operand). The src2 input of the .M unit is selectable between the cross path
and the same-side register file.

Since the .M unit can return up to 128-bit results, it includes two 64-bit write ports
(dstl and dst2) to the register file. The dst1 and dst2 ports can be used in combination
to transport a 128-bit results generated by one 4-cycle instruction or to transport two
independent results (one result of 64 bits or less from a 2-cycle instruction and another
result of 64 bits or less from a 4-cycle instruction).
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2.4 Register File Cross Paths

As on previous architecture C674x and C64x+, each functional unit reads directly from
and writes directly to the register file within its own data path.

On the C66x, the 1x and 2x cross paths allow functional units from one data path to
access a 64-bit operand from the opposite side register file. On C64x+ and C674x, the
cross paths are limited to 32-bit operand.

Therefore the C66x enables new combinations of operands for existing C64x+/C674x
instructions. The list of C64x+/C674x instructions that can now use the crosspath for
long 40-bit data is:

ABS .Lx xlong, slong

ADD .Lx scstb5, xlong, slong
CMPEQ .Lx scsts5, xlong, uint
CMPGT .Lx scst5, xlong, uint
CMPGTU .Lx ucsts, xulong, uint
CMPLT .Lx scsts5, xlong, uint
CMPLTU .Lx ucsts, xlong, uint
NORM .Lx xlong, uint

SADD .Lx scst5, xlong, slong
SAT .Lx xlong, slong

SHL .Sx xlong, (uint or ucsts), slong
SHR .Sx xlong, (uint or ucsts), slong
SHRU .Sx xulong, (uint or ucsts), ulong
SSUB .Lx scst5, xlong, slong
SUB .Lx scst5, xlong, slong

2.5 Memory, Load, and Store Paths

2-6

The DSP supports doubleword loads and stores. There are four 32-bit paths for loading
data from memory to the register file. For side A, LD1a is the load path for the 32 LSBs
and LD1b is the load path for the 32 MSBs. For side B, LD2a is the load path for the 32
LSBs and LD2b is the load path for the 32 MSBs. There are also four 32-bit paths for
storing register values to memory from each register file. For side A, ST1a is the write
path for the 32 LSBs and ST1b is the write path for the 32 MSBs. For side B, ST2a is the
write path for the 32 LSBs and ST2b is the write path for the 32 MSBs.

On the C6000 architecture, some of the ports for long and doubleword operands are
shared between functional units. This places a constraint on which long or doubleword
operations can be scheduled on a data path in the same execute packet. See Section
3.8.7 on page 3-18.
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2.6 Data Address Paths
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The data address paths (DA1 and DA2) are each connected to the .D units in both data
paths. This allows data addresses generated by any one path to access data to or from
any register.

The DA1 and DA2 resources and their associated data paths are specified as T1 and T2,
respectively. T1 consists of the DA1 address path and the LD1 and ST1 data paths. For
the DSP, LD1 is comprised of LD1a and LD1b to support 64-bitloads; ST1 is comprised
of ST1a and ST1b to support 64-bit stores. Similarly, T2 consists of the DA2 address
path and the LD2 and ST2 data paths. For the DSP, LD2 is comprised of LD2a and
LD2b to support 64-bit loads; ST2 is comprised of ST2a and ST2b to support 64-bit
stores.

The T1 and T2 designations appear in the functional unit fields for load and store
instructions. For example, the following load instruction uses the .D1 unit to generate
the address but is using the LD2 path resource from DA2 to place the data in the B
register file. The use of the DA2 resource is indicated with the T2 designation.

LDW .D1T2 *A0[3],B1

Modern digital communication systems typically make use of error correction coding
schemes to improve system performance under imperfect channel conditions. The
scheme most commonly used is the Reed-Solomon code, due to its robustness against
burst errors and its relative ease of implementation.

The DSP contains Galois field multiply hardware that is used for Reed-Solomon encode
and decode functions. To understand the relevance of the Galois field multiply
hardware, it is necessary to first define some mathematical terms.

Two kinds of number systems that are common in algorithm development are integers
and real numbers. For integers, addition, subtraction, and multiplication operations
can be performed. Division can also be performed, if a nonzero remainder is allowed.
For real numbers, all four of these operations can be performed, even if there is a
nonzero remainder for division operations.

Real numbers can belong to a mathematical structure called a field. A field consists of
a set of data elements along with addition, subtraction, multiplication, and division. A
field of integers can also be created if modulo arithmetic is performed.

An example is doing arithmetic using integers modulo 2. Perform the operations using
normal integer arithmetic and then take the result modulo 2. Table 2-3 illustrates
addition, subtraction, and multiplication modulo 2.

Table 2-3 Modulo 2 Arithmetic
Addition Subtraction Multiplication
+ 0 1 - 0 1 X 0 1
0 1 0 0 1 0 0 0
1 1 0 1 1 0 1 0 1
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Note that addition and subtraction results are the same, and in fact are equivalent to the
XOR (exclusive-OR) operation in binary. Also, the multiplication result is equal to the
AND operation in binary. These properties are unique to modulo 2 arithmetic, but
modulo 2 arithmetic is used extensively in error correction coding. Another more
general property is that division by any nonzero element is now defined. Division can
always be performed, if every element other than zero has a multiplicative inverse:

xxxl=1

Another example, arithmetic modulo 5, illustrates this concept more clearly. The
addition, subtraction, and multiplication tables are given in Table 2-4.

Table 2-4 Modulo 5 Arithmetic
Addition Subtraction Multiplication
+ 0 1 2 3 4 - 0 1 2 3 4 X 0 1 2 3 4
0 0 1 2 3 4 0 0 4 3 2 1 0 0 0 0 0 0
1 1 2 3 4 0 1 1 0 4 3 2 1 0 1 2 3 4
2 2 3 4 0 1 2 2 1 0 4 3 2 0 2 4 1 3
3 3 4 0 1 2 3 3 2 1 0 4 3 0 3 1 4 2
4 4 0 1 2 3 4 4 3 2 1 0 4 0 4 3 1

In the rows of the multiplication table, element 1 appears in every nonzero row and
column. Every nonzero element can be multiplied by at least one other element for a
result equal to 1. Therefore, division always works and arithmetic over integers modulo
5 forms a field. Fields generated in this manner are called finite fields or Galois fields
and are written as GF(X), such as GF(2) or GF(5). They only work when the arithmetic
performed is modulo a prime number.

Galois fields can also be formed where the elements are vectors instead of integers if
polynomials are used. Finite fields, therefore, can be found with a number of elements
equal to any power of a prime number. Typically, we are interested in implementing
error correction coding systems using binary arithmetic. All of the fields that are dealt
with in Reed Solomon coding systems are of the form GF(2™). This allows performing
addition using XORs on the coefficients of the vectors, and multiplication using a
combination of ANDs and XORs.

A final example considers the field GF(23), which has 8 elements. This can be generated
by arithmetic modulo the (irreducible) polynomial P(x) = x3 + x + 1. Elements of this
field look like vectors of three bits. Table 2-5 shows the addition and multiplication
tables for field GF(23).

Note that the value 1 (001) appears in every nonzero row of the multiplication table,
which indicates that this is a valid field.

The channel error can now be modeled as a vector of bits, with a one in every bit
position that an error has occurred, and a zero where no error has occurred. Once the
error vector has been determined, it can be subtracted from the received message to
determine the correct code word.
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The Galois field multiply hardware on the DSP is named GMPY4. The GMPY4
instruction performs four parallel operations on 8-bit packed data on the .M unit. The
Galois field multiplier can be programmed to perform all Galois multiplies for fields of
the form GF(2™), where m can range between 1 and 8 using any generator polynomial.
The field size and the polynomial generator are controlled by the Galois field
polynomial generator function register (GFPGFR).

In addition to the GMPY4 instruction, the C674x DSP has the GMPY instruction that
uses either the GPLYA or GPLYB control register as a source for the polynomial
(depending on whether the A or B side functional unit is used) and produces a 32-bit
result.

The GFPGEFR, shown in Figure 2-5 and described in Table 2-10, contains the Galois
field polynomial generator and the field size control bits. These bits control the
operation of the GMPY4 instruction. GFPGEFR can only be set via the MVC
instruction. The default function after reset for the GMPY4 instruction is field size =
7h and polynomial = 1Dh.

2.7.1 Special Timing Considerations

SPRUGH7—November 2010
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If the next execute packet after an MVC instruction that changes the GFPGFR value
contains a GMPY4 instruction, then the GMPY4 is controlled by the newly loaded
GFPGER value.

Table 2-5 Modulo Arithmetic for Field GF(23)
Addition
+ 000 | 001 [ 010 | 011 {100 | 101 | 110 | 111
000 | 000 | 001 | 010 | 011 100 | 101 110 | 111

001 | 001 (000 |O11 |010 | 101 | 100 | 111 | 110
010 | 010 | 011 {000 [001 | 110 | 111 | 100 | 101
011 | 011 | 010 {001 (000 | 111 | 110 | 101 | 100
100 | 100 | 101 | 110 | 111 | 000 | 001 | 010 | 011
101 | 101 {100 | 111 | 110 | 001 | 000 |O11 |0O10
110 | 110 {111 | 100 | 101 | 010 | 011 | 000 | 001
111 | 111 {110 | 101 | 100 | 011 | 010 |001 | 000

Multiplication
X 000 (001 | 010 [ 011 | 100 | 101 | 110 | 111
000 | 000 | 000 | 000 | 000 | 000 | 000 |000 | 000
001 | 000 (001 |0O10 [O11 | 100 | 101 [110 | 111
010 | 000 (010 | 100 [ 110 |O11 |001 [111 | 101
011 | 000 [O011 | 110 [ 101 | 111 | 100 |001 | 010
100 (000 | 100 |[O11 | 111 | 110 [010 | 101 | 001
101 | 000 | 101 | 001 |100 |0O10 [111 |O11 | 110
110 (000 | 110 | 111 | 001 | 101 [O11 | 010 | 100
111 {000 | 111 [ 101 | 010 | 001 [110 | 100 |O11
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2.8 Control Register File

Table 2-6 lists the control registers contained in the control register file.

Table 2-6 Control Registers
Acronym | Register Name Section
AMR Addressing mode register 2.8.3 "Addressing Mode Register (AMR)" on page 2-12
CSR Control status register 2.8.4 "Control Status Register (CSR)" on page 2-15
GFPGFR | Galois field multiply control register 2.8.5 "Galois Field Polynomial Generator Function Register (GFPGFR)" on page 2-17
ICR Interrupt clear register 2.8.6 "Interrupt Clear Register (ICR)" on page 2-18
IER Interrupt enable register 2.8.7 "Interrupt Enable Register (IER)" on page 2-19
IFR Interrupt flag register 2.8.8 "Interrupt Flag Register (IFR)" on page 2-20
IRP Interrupt return pointer register 2.8.9 "Interrupt Return Pointer Register (IRP)" on page 2-20
ISR Interrupt set register 2.8.10 "Interrupt Set Register (ISR)" on page 2-21
ISTP Interrupt service table pointer register 2.8.11 "Interrupt Service Table Pointer Register (ISTP)" on page 2-22
NRP Nonmaskable interrupt return pointer register 2.8.12 "Nonmaskable Interrupt (NMI) Return Pointer Register (NRP)" on page 2-23
PCE1 Program counter, E1 phase 2.8.13 "E1 Phase Program Counter (PCE1)" on page 2-23
Control Register File Extensions
DNUM DSP core number register 2.9.1 "DSP Core Number Register (DNUM)" on page 2-24
ECR Exception clear register 2.9.2 "Exception Clear Register (ECR)" on page 2-24
EFR Exception flag register 2.9.3 "Exception Flag Register (EFR)" on page 2-25
GPLYA GMPY A-side polynomial register 2.9.4 "GMPY Polynomial—A Side Register (GPLYA)" on page 2-25
GPLYB GMPY B-side polynomial register 2.9.5 "GMPY Polynomial—B Side Register (GPLYB)" on page 2-26
IERR Internal exception report register 2.9.6 "Internal Exception Report Register (IERR)" on page 2-27
ILC Inner loop count register 2.9.7 "SPLOOP Inner Loop Count Register (ILC)" on page 2-28
ITSR Interrupt task state register 2.9.8 "Interrupt Task State Register (ITSR)" on page 2-28
NTSR NMI/Exception task state register 2.9.9 "NMI/Exception Task State Register (NTSR)" on page 2-29
REP Restricted entry point address register 2.9.10 "Restricted Entry Point Register (REP)" on page 2-29
RILC Reload inner loop count register 2.9.11 "SPLOOP Reload Inner Loop Count Register (RILC)" on page 2-30
SSR Saturation status register 2.9.12 "Saturation Status Register (SSR)" on page 2-30
TSCH Time-stamp counter (high 32) register 2.9.13 "Time Stamp Counter Registers (TSCL and TSCH)" on page 2-31
TSCL Time-stamp counter (low 32) register 2.9.13 "Time Stamp Counter Registers (TSCL and TSCH)" on page 2-31
TSR Task state register 2.9.14 "Task State Register (TSR)" on page 2-33
Control Register File Extensions for Floating-point Operations
FADCR Floating-point adder configuration register 2.10.1 "Floating-Point Adder Configuration Register (FADCR)" on page 2-35
FAUCR Floating-point auxiliary configuration register 2.10.2 "Floating-Point Auxiliary Configuration Register (FAUCR)" on page 2-37
FMCR Floating-point multiplier configuration register 2.10.3 "Floating-Point Multiplier Configuration Register (FMCR)" on page 2-40
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2.8.1 Register Addresses for Accessing the Control Registers

Table 4-10 on page 4-472 lists the register addresses for accessing the control register
file. One unit (.S2) can read from and write to the control register file. Each control
register is accessed by the MV C instruction. See the MVC instruction description (see
MVQC) for information on how to use this instruction.

Additionally, some of the control register bits are specially accessed in other ways. For
example, arrival of a maskable interrupt on an external interrupt pin, INTm, triggers
the setting of flag bit IFRm. Subsequently, when that interrupt is processed, this triggers
the clearing of IFRm and the clearing of the global interrupt enable bit, GIE. Finally,
when that interrupt processing is complete, the B IRP instruction in the interrupt
service routine restores the pre-interrupt value of the GIE. Similarly, saturating
instructions like SADD set the SAT (saturation) bit in the control status register (CSR).

On the CPU, access to some of the registers is restricted when in User mode. See
Chapter 9 “CPU Privilege” on page 9-1 for more information.

2.8.2 Pipeline/Timing of Control Register Accesses

All MVC instructions are single-cycle instructions that complete their access of the
explicitly named registers in the E1 pipeline phase. This is true whether MV C is moving
a general register to a control register, or conversely. In all cases, the source register
content is read, moved through the .S2 unit, and written to the destination register in

the E1 pipeline phase.
Pipeline Stage E1
Read src2
Written dst
Unitin use .52

Even though MVC modifies the particular target control register in a single cycle, it can
take extra clocks to complete modification of the non-explicitly named register. For
example, the MVC cannot modify bits in the IFR directly. Instead, MVC can only write
1's into the ISR or the ICR to specify setting or clearing, respectively, of the IFR bits.
MVC completes this ISR/ICR write in a single (E1) cycle but the modification of the
IFR bits occurs one clock later. For more information on the manipulation of ISR, ICR,
and IFR, see section 2.8.10 “Interrupt Set Register (ISR)” on page 2-21, section

2.8.6 “Interrupt Clear Register (ICR)” on page 2-18, and section 2.8.8 “Interrupt
Flag Register (IFR)” on page 2-20.

Saturating instructions, such as SADD, set the saturation flag bit (SAT) in CSR
indirectly. As a result, several of these instructions update the SAT bit one full clock
cycle after their primary results are written to the register file. For example, the SMPY
instruction writes its result at the end of pipeline stage E2; its primary result is available
after one delay slot. In contrast, the SAT bit in CSR is updated one cycle later than the
result is written; this update occurs after two delay slots. (For the specific behavior of
an instruction, refer to the description of that individual instruction).

The B IRP and B NRP instructions directly update the GIE and NMIE bits,
respectively. Because these branches directly modify CSR and IER, respectively, there
are no delay slots between when the branch is issued and when the control register
updates take effect.
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2.8.3 Addressing Mode Register (AMR)

For each of the eight registers (A4-A7, B4-B7) that can perform linear or circular
addressing, the addressing mode register (AMR) specifies the addressing mode. A 2-bit
field for each register selects the address modification mode: linear (the default) or
circular mode. With circular addressing, the field also specifies which BK (block size)
field to use for a circular buffer. In addition, the buffer must be aligned on a byte
boundary equal to the block size. The mode select fields and block size fields are shown

in Figure 2-2 and described in Table 2-7.
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Figure 2-2 Addressing Mode Register (AMR)
31 26 25 21 20 16
‘ Reserved | BK1 ‘ BKO ‘
R-0 R/W-0 R/W-0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ B7 MODE B6 MODE B5 MODE | B4 MODE A7 MODE | A6 MODE A5 MODE A4 MODE ‘
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

Table 2-7 Addressing Mode Register (AMR) Field Descriptions (Part 1 of 2)
Bit Field Value Description
31-26 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
25-21 BK1 0-1Fh Block size field 1. A 5-bit value used in calculating block sizes for circular addressing. Table 2-5 on page 2-9
shows block size calculations for all 32 possibilities.
Block size (in bytes) = 2IN+1), where N is the 5-bit value in BK1
20-16 BKO 0-1Fh Block size field 0. A 5-bit value used in calculating block sizes for circular addressing. Table 2-5 on page 2-9
shows block size calculations for all 32 possibilities.
Block size (in bytes) = 2(N+1), where N is the 5-bit value in BKO
15-14 B7 MODE 0-3h Address mode selection for register file B7.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
13-12 B6 MODE 0-3h Address mode selection for register file B6.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
11-10 B5 MODE 0-3h Address mode selection for register file B5.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
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Table 2-7 Addressing Mode Register (AMR) Field Descriptions (Part 2 of 2)
Bit Field Value Description
9-8 B4 MODE 0-3h Address mode selection for register file B4.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
7-6 A7 MODE 0-3h Address mode selection for register file A7.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
5-4 A6 MODE 0-3h Address mode selection for register file A6.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
3-2 A5 MODE 0-3h Address mode selection for register file a5.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
1-0 A4 MODE 0-3h Address mode selection for register file A4.
0 Linear modification (default at reset)
1h Circular addressing using the BKO field
2h Circular addressing using the BK1 field
3h Reserved
Table 2-8 Block Size Calculations (Part 1 of 2)
BKn Value Block Size BKn Value Block Size
00000 2 10000 131072
00001 4 10001 262144
00010 8 10010 524288
00011 16 10011 1048576
00100 32 10100 2097152
00101 64 10101 4194304
00110 128 10110 8388608
00111 256 10111 16777216
01000 512 11000 33554432
01001 1024 11001 67108864
01010 2048 11010 134217728
01011 4096 11011 268435456
01100 8192 11100 536870912
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Table 2-8 Block Size Calculations (Part 2 of 2)

BKn Value Block Size BKn Value Block Size

01101 16384 11101 1073741824

01110 32768 11110 2147483648

01111 65536 11111 4294967296
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2.8.4 Control Status Register (CSR)

The control status register (CSR) contains control and status bits. The CSR is shown in
Figure 2-3 and described in Table 2-9. For the PWRD, EN, PCC, and DCC fields, see

the device-specific data sheet to see if it supports the options that these fields control.

The PCC and DCC fields are ignored on the C674x CPU.

The power-down modes and their wake-up methods are programmed by the PWRD
field (bits 15-10) of CSR. The PWRD field of CSR is shown in. When writing to CSR,
all bits of the PWRD field should be configured at the same time. A logic 0 should be
used when writing to the reserved bit (bit 15) of the PWRD field.

The PWRD, PCC, DCC, and PGIE fields cannot be written in User mode. The PCC and
DCC fields can only be modified in Supervisor mode. See Chapter 9 “CPU Privilege”
on page 9-1 for more information.

Figure 2-3 Control Status Register (CSR)

31 24 23 16
‘ CPUID ‘ REVISION ID ‘
R-x1 R-x
15 10 9 8 7 5 4 2 1 0
‘ PWRD | SAT ‘ EN ‘ PCC DCC ‘ PGIE ‘ GIE ‘
R/SW-0 R/WC-0 R-x R/SW-0 R/SW-0 R/SW-0 R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; SW = Writable by the MVC instruction only in supervisor mode;
WC = Bit is cleared on write; -n = value after reset; -x = value is indeterminate after reset

1. See the device-specific data sheet for the default value of this field.

Figure 2-4 PWRD Field of Control Status Register (CSR)

15 14 13 12 11 10
Reserved Enabled or nonenabled interrupt wake Enabled interrupt wake PD3 PD2 PD1
R/SW-0 R/SW-0 R/SW-0 R/SW-0 R/SW-0 R/SW-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset; SW = Writable by the MVC instruction only in
supervisor mode; -n = value after reset

Table 2-9 Control Status Register (CSR) Field Descriptions (Part 1 of 2)

Bit Field Value Description

31-24 CPUID 0-FFh Identifies the CPU of the device. Not writable by the MVC instruction.
0-13h Reserved
14h C674x CPU
15h-FFh Reserved

23-16 REVISION ID 0-FFh Identifies silicon revision of the CPU. For the most current silicon revision information, see the

device-specific data sheet. Not writable by the MVC instruction.
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Table 2-9 Control Status Register (CSR) Field Descriptions (Part 2 of 2)

Bit Field Value Description

15-10 PWRD 0-3Fh Power-down mode field. See Figure 2-4. Writable by the MVC instruction only in Supervisor mode.
0 No power-down.
1h-8h Reserved
9h Power-down mode PD1; wake by an enabled interrupt.
Ah-10h Reserved
11h Power-down mode PD1; wake by an enabled or nonenabled interrupt.
12h-19h Reserved
1Ah Power-down mode PD2; wake by a device reset.
1Bh Reserved
1Ch Power-down mode PD3; wake by a device reset.
1D-3Fh Reserved

9 SAT Saturate bit. Can be cleared only by the MVC instruction and can be set only by a functional unit. The
set by a functional unit has priority over a clear (by the MVC instruction), if they occur on the same
cycle. The SAT bit is set one full cycle (one delay slot) after a saturate occurs. The SAT bit will not be
modified by a conditional instruction whose condition is false.

0 No functional units generated saturated results.
1 One or more functional units performed an arithmetic operation which resulted in saturation.
8 EN Endian mode. Not writable by the MVC instruction.
0 Big endian
1 Little endian

7-5 PCC 0-7h Program cache control mode. This field is ignored on the C674x CPU.
0-7h Reserved

4-2 DCC 0-7h Data cache control mode. This field is ignored on the C674x CPU.
0-7h Reserved

1 PGIE Previous GIE (global interrupt enable). This bit contains a copy of the GIE bit at the point when interrupt
is taken. It is physically the same bit as GIE bit in the interrupt task state register (ITSR). Writable by the
MVC instruction only in Supervisor mode; not writable in User mode.

0 Interrupts will be disabled after return from interrupt.
1 Interrupts will be enabled after return from interrupt.

0 GIE Global interrupt enable. Physically the same bit as GIE bit in the task state register (TSR). Writable by the
MVC instruction in Supervisor and User mode. See section 6.2 on page 6-10 for details on how the GIE
bit affects interruptibility.

0 Disables all interrupts, except the reset interrupt and NMI (nonmaskable interrupt).
1 Enables all interrupts.
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2.8.5 Galois Field Polynomial Generator Function Register (GFPGFR)

The Galois field polynomial generator function register (GFPGFR) controls the field
size and the Galois field polynomial generator of the Galois field multiply hardware.
The GFPGER is shown in Figure 2-5 and described in Table 2-10. The Galois field is
described in 2.7 on page 2-7.

Figure 2-5 Galois Field Polynomial Generator Function Register (GFPGFR)
31 27 26 24 23 16
‘ Reserved SIZE ‘ Reserved
R-0 R/W-7h R-0
15 8 7 0
‘ Reserved ‘ POLY
R-0 R/W-1Dh

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

Table 2-10 Galois Field Polynomial Generator Function Register (GFPGFR) Field Descriptions

Bit Field Value Description
31-27 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
26-24 SIZE 0-7h Field size.
23-8 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
7-0 POLY 0-FFh Polynomial generator.
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2.8.6 Interrupt Clear Register (ICR)

The interrupt clear register (ICR) allows you to manually clear the maskable interrupts
(INT15-INT4) in the interrupt flag register (IFR). Writing a 1 to any of the bits in ICR
causes the corresponding interrupt flag (IFn) to be cleared in IFR. Writing a 0 to any
bit in ICR has no effect. Incoming interrupts have priority and override any write to
ICR. You cannot set any bit in ICR to affect NMI or reset. The ISR is shown in

Figure 2-6 and described in Table 2-11. See Chapter 6 “Interrupts” on page 6-1 for
more information on interrupts.

B

Note—Any write to ICR (by the MV C instruction) effectively has one delay slot
because the results cannot be read (by the MVC instruction) in IFR until two
cycles after the write to ICR.

Any write to ICR is ignored by a simultaneous write to the same bit in the
interrupt set register (ISR).

Figure 2-6 Interrupt Clear Register (ICR)
31 16
‘ Reserved ‘
R-0
15 14 13 12 11 10 9 8 7 6 5 4 3 0
‘ IC15 ’ IC14 | IC13 ‘ 1IC12 ‘ IC11 ’ IC10 | (@] ‘ IC8 ‘ IC7 ’ [€9) | IC5 ‘ IC4 ‘ Reserved ‘
W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 R-0

LEGEND: R = Read only; W = Writable by the MVC instruction; -n = value after reset

Table 2-11 Interrupt Clear Register (ICR) Field Descriptions

Bit Field Value Description
31-16 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
15-4 ICn Interrupt clear.
0 Corresponding interrupt flag (IFn) in IFR is not cleared.
1 Corresponding interrupt flag (IFn) in IFR is cleared.
3-0 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
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2.8.7 Interrupt Enable Register (IER)

The interrupt enable register (IER) enables and disables individual interrupts. The IER
is shown in Figure 2-7 and described in Table 2-12.

The IER is not accessible in User mode. See 9.2.4.1 on page 9-2 for more information.
See Chapter 6 “Interrupts” on page 6-1 for more information on interrupts.

Figure 2-7 Interrupt Enable Register (IER)
31 16
‘ Reserved ‘
R-0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ IE15 ‘ IE14 | IE13 ‘ IE12 ‘ IE11 ‘ IE10 | IE9 ‘ IE8 ‘ IE7 ‘ IE6 | IE5 ‘ IE4 ‘ Reserved | NMIE ‘ 1 ‘
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R/W-0 R-1

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

Table 2-12 Interrupt Enable Register (IER) Field Descriptions
Bit Field Value Description
31-16 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
15-4 IEn Interrupt enable. An interrupt triggers interrupt processing only if the corresponding bit is set to 1.
0 Interrupt is disabled.
1 Interrupt is enabled.
3-2 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
1 NMIE Nonmaskable interrupt enable. An interrupt triggers interrupt processing only if the bit is set to 1.
The NMIE bit is cleared at reset. After reset, you must set the NMIE bit to enable the NMI and to allow
INT15-INT4 to be enabled by the GIE bit in CSR and the corresponding IER bit. You cannot manually clear the
NMIE bit; a write of 0 has no effect. The NMIE bit is also cleared by the occurrence of an NMI.
0 All nonreset interrupts are disabled.
1 All nonreset interrupts are enabled. The NMIE bit is set only by completing a B NRP instruction or by a write of 1
to the NMIE bit.
0 1 1 Reset interrupt enable. You cannot disable the reset interrupt.
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The interrupt flag register (IFR) contains the status of INT4-INT15 and NMI interrupt.
Each corresponding bit in the IFR is set to 1 when that interrupt occurs; otherwise, the
bits are cleared to 0. If you want to check the status of interrupts, use the MVC
instruction to read the IFR. (See the MVC instruction description (“MVC”) for
information on how to use this instruction.) The IFR is shown in Figure 2-8 and
described in Table 2-13. See Chapter 6 “Interrupts” on page 6-1 for more information
on interrupts.

Figure 2-8 Interrupt Flag Register (IFR)
31 16
‘ Reserved ‘
R-0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ IF15 ‘ IF14 | IF13 ‘ IF12 ‘ IF11 ‘ IF10 | IF9 ‘ IF8 ‘ IF7 ‘ IF6 | IF5 ‘ IF4 ‘ Reserved | NMIF ‘ 0 ‘
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

LEGEND: R = Readable by the MVC instruction; -n = value after reset

Table 2-13 Interrupt Flag Register (IFR) Field Descriptions

Bit Field Value Description

31-16 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.

15-4 IFn Interrupt flag. Indicates the status of the corresponding maskable interrupt. An interrupt flag may be manually
set by setting the corresponding bit (ISn) in the interrupt set register (ISR) or manually cleared by setting the
corresponding bit (ICn) in the interrupt clear register (ICR).

0 Interrupt has not occurred.

1 Interrupt has occurred.
3-2 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
1 NMIF Nonmaskable interrupt flag.

0 Interrupt has not occurred.

1 Interrupt has occurred.
0 0 0 Reset interrupt flag.

2.8.9 Interrupt Return Pointer Register (IRP)

The interrupt return pointer register (IRP) contains the return pointer that directs the
CPU to the proper location to continue program execution after processing a maskable
interrupt. A branch using the address in IRP (B IRP) in your interrupt service routine
returns to the program flow when interrupt servicing is complete. The IRP is shown in
Figure 2-9.

The IRP contains the 32-bit address of the first execute packet in the program flow that
was not executed because of a maskable interrupt. Although you can write a value to
IRP, any subsequent interrupt processing may overwrite that value.
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See Chapter 6 “Interrupts” on page 6-1 for more information on interrupts.
Figure 2-9 Interrupt Return Pointer Register (IRP)
31 0
IRP
R/W-x

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -x = value is indeterminate after reset

2.8.10 Interrupt Set Register (ISR)

The interrupt set register (ISR) allows you to manually set the maskable interrupts
(INT15-INT4) in the interrupt flag register (IFR). Writing a 1 to any of the bits in ISR
causes the corresponding interrupt flag (IFn) to be set in IFR. Writing a 0 to any bit in
ISR has no effect. You cannot set any bit in ISR to affect NMI or reset. The ISR is shown
in Figure 2-10 and described in Table 2-14. See Chapter 6 “Interrupts” on page 6-1 for
more information on interrupts.

E

Note—Any write to ISR (by the MV C instruction) effectively has one delay slot
because the results cannot be read (by the MVC instruction) in IFR until two
cycles after the write to ISR.

Any write to the interrupt clear register (ICR) is ignored by a simultaneous
write to the same bit in ISR.

Figure 2-10 Interrupt Set Register (ISR)
31 16
‘ Reserved ‘
R-0
15 14 13 12 1" 10 9 8 7 6 5 4 3 0
‘ IS15 ‘ I1S14 | I1S13 ‘ IS12 ‘ IS11 ‘ IS10 | 1S9 ‘ IS8 ‘ I1S7 ‘ IS6 | IS5 ‘ 1S4 ‘ Reserved ‘
W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0 R-0
LEGEND: R = Read only; W = Writable by the MVC instruction; -n = value after reset
Table 2-14 Interrupt Set Register (ISR) Field Descriptions
Bit Field Value Description
31-16 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
15-4 ISn Interrupt set.
0 Corresponding interrupt flag (IFn) in IFR is not set.
1 Corresponding interrupt flag (IFn) in IFR is set.
3-0 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
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2.8.11 Interrupt Service Table Pointer Register (ISTP)

The interrupt service table pointer register (ISTP) is used to locate the interrupt service
routine (ISR). The ISTB field identifies the base portion of the address of the interrupt
service table (IST) and the HPEINT field identifies the specific interrupt and locates the
specific fetch packet within the IST. The ISTP is shown in Figure 2-11 and described in
Table 2-15. See 6.1.1.6 on page 6-8 for a discussion of the use of the ISTP.

The ISTP is not accessible in User mode. See 9.2.4.1 on page 9-2 for more information.
See Chapter 6 “Interrupts” on page 6-1 for more information on interrupts.

Figure 2-11 Interrupt Service Table Pointer Register (ISTP)
31 16
| 575 |
R/W-S
15 10 9 5 4 3 2 1 0
‘ ISTB HPEINT ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘
R/W-S R-0 R-0 R-0 R-0 R-0 R-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset; S = See the device-specific data manual for
the default value of this field after reset

Table 2-15

Interrupt Service Table Pointer Register (ISTP) Field Descriptions

Bit

Field

Value

Description

31-10

ISTB

0-3FFFFFh

Interrupt service table base portion of the IST address. This field is cleared to a device-specific default value on
reset; therefore, upon startup the IST must reside at this specific address. See the device-specific data manual for
more information. After reset, you can relocate the IST by writing a new value to ISTB. If relocated, the first ISFP
(corresponding to RESET) is never executed via interrupt processing, because reset clears the ISTB to its default
value. See Example 6-1 on page 6-8.

9-5

HPEINT

0-1Fh

Highest priority enabled interrupt that is currently pending. This field indicates the number (related bit position
in the IFR) of the highest priority interrupt (as defined in Table 6-1 on page 6-3) that is enabled by its bit in the
IER. Thus, the ISTP can be used for manual branches to the highest priority enabled interrupt. If no interrupt is
pending and enabled, HPEINT contains the value 0. The corresponding interrupt need not be enabled by NMIE
(unless it is NMI) or by GIE.

40

Cleared to 0 (fetch packets must be aligned on 8-word (32-byte) boundaries).
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2.8.12 Nonmaskable Interrupt (NMI) Return Pointer Register (NRP)

The NMI return pointer register (NRP) contains the return pointer that directs the
CPU to the proper location to continue program execution after NMI processing. A
branch using the address in NRP (B NRP) in your interrupt service routine returns to
the program flow when NMI servicing is complete. The NRP is shown in Figure 2-12.

The NRP contains the 32-bit address of the first execute packet in the program flow that
was not executed because of a nonmaskable interrupt. Although you can write a value
to NRP, any subsequent interrupt processing may overwrite that value.

See Chapter 6 “Interrupts” on page 6-1 for more information on interrupts. See
Chapter 7 “CPU Exceptions” on page 7-1 for more information on exceptions.
Figure 2-12 NMI Return Pointer Register (NRP)

31 0

NRP

R/W-x

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -x = value is indeterminate after reset

2.8.13 E1 Phase Program Counter (PCE1)

The E1 phase program counter (PCE1), shown in Figure 2-13, contains the 32-bit
address of the fetch packet in the E1 pipeline phase.

Figure 2-13 E1 Phase Program Counter (PCE1)

31 0

PCE1

R-x

LEGEND: R = Readable by the MVC instruction; -x = value is indeterminate after reset
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2.9 Control Register File Extensions
Table 2-16 on page 2-24 lists the additional control registers in the DSP.

Table 2-16 Control Register File Extensions
Acronym | Register Name Section
DNUM DSP core number register 2.9.1 "DSP Core Number Register (DNUM)" on page 2-24
ECR Exception clear register 2.9.2 "Exception Clear Register (ECR)" on page 2-24
EFR Exception flag register 2.9.3 "Exception Flag Register (EFR)" on page 2-25
GPLYA GMPY A-side polynomial register 2.9.4 "GMPY Polynomial—A Side Register (GPLYA)" on page 2-25
GPLYB GMPY B-side polynomial register 2.9.5 "GMPY Polynomial—B Side Register (GPLYB)" on page 2-26
IERR Internal exception report register 2.9.6 "Internal Exception Report Register (IERR)" on page 2-27
ILC Inner loop count register 2.9.7 "SPLOOP Inner Loop Count Register (ILC)" on page 2-28
ITSR Interrupt task state register 2.9.8 "Interrupt Task State Register (ITSR)" on page 2-28
NTSR NMI/Exception task state register 2.9.9 "NMI/Exception Task State Register (NTSR)" on page 2-29
REP Restricted entry point address register 2.9.10 "Restricted Entry Point Register (REP)" on page 2-29
RILC Reload inner loop count register 2.9.11 "SPLOOP Reload Inner Loop Count Register (RILC)" on page 2-30
SSR Saturation status register 2.9.12 "Saturation Status Register (SSR)" on page 2-30
TSCH Time-stamp counter (high 32) register 2.9.13 "Time Stamp Counter Registers (TSCL and TSCH)" on page 2-31
TSCL Time-stamp counter (low 32) register 2.9.13 "Time Stamp Counter Registers (TSCL and TSCH)" on page 2-31
TSR Task state register 2.9.14 "Task State Register (TSR)" on page 2-33

2.9.1 DSP Core Number Register (DNUM)

Multiple CPUs may be used in a system. The DSP core number register (DNUM),
provides an identifier to shared resources in the system which identifies which CPU is
accessing those resources. The contents of this register are set to a specific value
(depending on the device) at reset. See your device-specific data manual for the reset
value of this register. The DNUM is shown in Figure 2-14.

Figure 2-14 DSP Core Number Register (DNUM)

31 8 7 0

Reserved ‘ DSP number

R-0 R-S

LEGEND: R = Readable by the MVC instruction; -n = value after reset; S = See the device-specific data manual for the default value of this field after reset

2.9.2 Exception Clear Register (ECR)

The exception clear register (ECR) is used to clear individual bits in the exception flag
register (EFR). Writing a 1 to any bit in ECR clears the corresponding bit in EFR.

The ECR is not accessible in User mode. See 9.2.4.1 “Restricted Control Register
Access in User Mode” on page 9-2 for more information. See Chapter 7 “CPU
Exceptions” on page 7-1 for more information on exceptions.
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2.9.3 Exception Flag Register (EFR)

The exception flag register (EFR) contains bits that indicate which exceptions have
been detected. Clearing the EFR bits is done by writing a 1 to the corresponding bit
position in the exception clear register (ECR). Writing a 0 to the bits in this register has
no effect. The EFR is shown in Figure 2-15 and described in Table 2-17.

The EFR is not accessible in User mode. See 9.2.4.1 on page 9-2 for more information.
See Chapter 7 “CPU Exceptions” on page 7-1 for more information on exceptions.

Figure 2-15 Exception Flag Register (EFR)

31 30 29 16
‘ NXF ‘ EXF ‘ Reserved ‘
R/W-0 R/W-0 R-0
15 2 1 0
‘ Reserved ‘ IXF ‘ SXF ‘
R-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC EFR instruction only in Supervisor mode; W = Clearable by the MVC ECR instruction only in Supervisor mode; -n =
value after reset

Table 2-17 Exception Flag Register (EFR) Field Descriptions

Bit Field Value Description

31 NXF NMI exception flag.
0 NMI exception has not been detected.
1 NMI exception has been detected.

30 EXF EXCEP flag.
0 Exception has not been detected.
1 Exception has been detected.

29-2 Reserved 0 Reserved. Read as 0.

1 IXF Internal exception flag.
0 Internal exception has not been detected.
1 Internal exception has been detected.

0 SXF Software exception flag (set by SWE or SWENR instructions).
0 Software exception has not been detected.
1 Software exception has been detected.

2.9.4 GMPY Polynomial—A Side Register (GPLYA)
The GMPY instruction (see GMPY) uses the 32-bit polynomial in the GMPY
polynomial—A side register (GPLYA), Figure 2-16, when the instruction is executed
on the M1 unit.
Figure 2-16 GMPY Polynomial Af-Side Register (GPLYA)

31 0

32-bit polynomial

R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset
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2.9.5 GMPY Polynomial—B Side Register (GPLYB)
The GMPY instruction (see GMPY) uses the 32-bit polynomial in the GMPY
polynomial—B side register (GPLYB), Figure 2-17, when the instruction is executed on
the M2 unit.
Figure 2-17 GMPY Polynomial B-Side (GPLYB)

31 0

32-bit polynomial

R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset
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2.9.6 Internal Exception Report Register (IERR)

The internal exception report register (IERR) contains flags that indicate the cause of
the internal exception. In the case of simultaneous internal exceptions, the same flag
may be set by different exception sources. In this case, it may not be possible to
determine the exact causes of the individual exceptions. The IERR is shown in

Figure 2-18 and described in Table 2-18.

The IERR is not accessible in User mode. See 9.2.4.1 on page 9-2 for more
information. See Chapter 7 “CPU Exceptions” on page 7-1 for more information on

exceptions.

Figure 2-18 Internal Exception Report Register (IERR)

31 9 8 7 6 5 4 3 2 1 0
Reserved l MSX ‘ LBX | PRX | RAX l RCX ‘ OPX | EPX | FPX l IFX ‘
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction only in Supervisor mode; W = Writable by the MVC instruction only in Supervisor mode; -n = value after
reset

Table 2-18 Internal Exception Report Register (IERR) Field Descriptions (Part 1 of 2) (Part 1 of 2)

Bit Field Value Description
31-9 Reserved 0 Reserved. Read as 0.
8 MSX Missed stall exception
0 Missed stall exception is not the cause.
1 Missed stall exception is the cause.
7 LBX SPLOOP buffer exception
0 SPLOOP buffer exception is not the cause.
1 SPLOOP buffer exception is the cause.
6 PRX Privilege exception
0 Privilege exception is not the cause.
1 Privilege exception is the cause.
5 RAX Resource access exception
0 Resource access exception is not the cause.
1 Resource access exception is the cause.
4 RCX Resource conflict exception
0 Resource conflict exception is not the cause.
1 Resource conflict exception is the cause.
3 OPX Opcode exception
0 Opcode exception is not the cause.
1 Opcode exception is the cause.
2 EPX Execute packet exception
0 Execute packet exception is not the cause.
1 Execute packet exception is the cause.
1 FPX Fetch packet exception
0 Fetch packet exception is not the cause.
1 Fetch packer exception is the cause.
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Table 2-18 Internal Exception Report Register (IERR) Field Descriptions (Part 2 of 2) (Part 2 of 2)

Bit Field Value Description

0 IFX Instruction fetch exception
0 Instruction fetch exception is not the cause.
1 Instruction fetch exception is the cause.

2.9.7 SPLOOP Inner Loop Count Register (ILC)
The SPLOOP or SPLOOPD instructions use the SPLOOP inner loop count register
(ILC), Figure 2-19, as the count of the number of iterations left to perform. The ILC
content is decremented at each stage boundary until the ILC content reaches 0.

Figure 2-19 Inner Loop Count Register (ILC)

31 0

32-bit inner loop count

R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

2.9.8 Interrupt Task State Register (ITSR)

The interrupt task state register (ITSR) is used to store the contents of the task state
register (TSR) in the event of an interrupt. The ITSR is shown in Figure 2-20 and
described in 2.9.14 “Task State Register (TSR)” on page 2-33.

The GIE bit in ITSR is physically the same bit as the PGIE bit in CSR.

The ITSR is not accessible in User mode. See 9.2.4.1 on page 9-2 for more
information.

Figure 2-20 Interrupt Task State Register (ITSR)

31 16
‘ Reserved ‘
R-0
15 14 13 1 10 9 8 7 6 5 4 3 2 1 0
‘ 1B | SPLX ‘ Reserved ‘ EXC ‘ INT ‘ Rsvd ‘ CXM ‘ Reserved ‘ XEN | GEE ‘ SGIE | GIE ‘
R/W-0 R/W-0 R-0 R/W-0 R/W-0 R-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction only in Supervisor mode; W = Writable by the MVC instruction only in Supervisor mode; -n = value after
reset
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2.9.9 NMI/Exception Task State Register (NTSR)

The NMI/exception task state register (NTSR) is used to store the contents of the task
state register (TSR) and the conditions under which an exception occurred in the event
of a nonmaskable interrupt (NMI) or an exception. The NTSR is shown in Figure 2-21
and described in Table 2-19. For detailed bit descriptions (except for the HWE bit), see
2.9.14 “Task State Register (TSR)” on page 2-33. The HWE bit is set by taking a
hardware exception (NMI, EXCEP, or internal) and is cleared by either SWE or
SWENR instructions.

The NTSR is not accessible in User mode. See 9.2.4.1 on page 9-2 for more
information.

Figure 2-21 NMI/Exception Task fState Register (NTSR)

31 17 16
‘ Reserved ‘ HWE ‘
R-0 R/W-0

15 14 13 1 10 9 8 7 6 5 4 3 2 1 0
‘ 1B ‘ SPLX | Reserved ‘ EXC ‘ INT | Rsvd‘ XM Reserved ‘ XEN ‘ GEE ‘ SGIE ‘ GIE ‘
R/W-0 R/W-0 R-0 R/W-0 R/W-0 R-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction only in Supervisor mode; W = Writable by the MVC instruction only in Supervisor mode; -n = value after
reset

Table 2-19 NMI/Exception Task State Register (NTSR) Field Descriptions

Bit Field Description

31-17 Reserved Reserved. Read as 0.

16 HWE Hardware exception taken (NMI, EXCEP, or internal).

15 B Exception occurred while interrupts were blocked.

14 SPLX Exception occurred during an SPLOOP.

13-11 Reserved Reserved. Read as 0.

10 EXC Contains EXC bit value in TSR at point exception taken.
9 INT Contains INT bit value in TSR at point exception taken.
8 Reserved Reserved. Read as 0.

7-6 XM Contains CXM bit value in TSR at point exception taken.
5-4 Reserved Reserved. Read as 0.

3 XEN Contains XEN bit value in TSR at point exception taken.
2 GEE Contains GEE bit value in TSR at point exception taken.
1 SGIE Contains SGIE bit value in TSR at point exception taken.
0 GIE Contains GIE bit value in TSR at point exception taken.

2.9.10 Restricted Entry Point Register (REP)

The restricted entry point register (REP) is used by the SWENR instruction as the
target of the change of control when an SWENR instruction is issued. The contents of
REP should be preinitialized by the processor in Supervisor mode before any SWENR
instruction is issued. See 9.2.4.1 on page 9-2 for more information. REP cannot be
modified in User mode.
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2.9.11 SPLOOP Reload Inner Loop Count Register (RILC)

Predicated SPLOOP or SPLOOPD instructions used in conjunction with a SPMASKR
or SPKERNELR instruction use the SPLOOP reload inner loop count register (RILC),
Figure 2-22, as the iteration count value to be written to the SPLOOP inner loop count
register (ILC) in the cycle before the reload operation begins. See Chapter 8 “Software
Pipelined Loop (SPLOOP) Buffer” on page 8-1 for more information.

Figure 2-22 Reload Inner Loop Count Register (RILC)

31 0

32-bit inner loop count reload

R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

2,9.12 Saturation Status Register (SSR)

The saturation status register (SSR) provides saturation flags for each functional unit,
making it possible for the program to distinguish between saturations caused by
different instructions in the same execute packet. There is no direct connection to the
SAT bit in the control status register (CSR); writes to the SAT bit have no effect on SSR
and writes to SSR have no effect on the SAT bit. Care must be taken when restoring
SSR and the SAT bit when returning from a context switch. Since the SAT bit cannot
be written to a value of 1 using the MVC instruction, restoring the SAT bit to a 1
must be done by executing an instruction that results in saturation. The saturating
instruction would affect SSR; therefore, SSR must be restored after the SAT bit has been
restored. The SSR is shown in Figure 2-23 and described in Table 2-20.

Instructions resulting in saturation set the appropriate unit flag in SSR in the cycle
following the writing of the result to the register file. The setting of the flag from

a functional unit takes precedence over a write to the bit from an MVC instruction. If
no functional unit saturation has occurred, the flags may be set to 0 or 1 by the MVC
instruction, unlike the SAT bit in CSR.

The bits in SSR can be set by the MVC instruction or by a saturation in the associated
functional unit. The bits are cleared only by a reset or by the MVC instruction. The bits
are not cleared by the occurrence of a nonsaturating instruction.

Figure 2-23 Saturation Status Register (SSR)

31 5 4 3 2 1 0
Reserved | M2 ‘ M1 ‘ S2 ‘ S1 | L2 ‘ L1 ‘
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

Table 2-20 Saturation Status Register Field Descriptions (Part 1 of 2)

Bit Field Value Description
31-6 Reserved 0 Reserved. Read as 0.
5 M2 M2 unit.
0 Saturation did not occur on M2 unit.
1 Saturation occurred on M2 unit.
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Table 2-20 Saturation Status Register Field Descriptions (Part 2 of 2)

Bit Field Value Description

4 M1 M1 unit.
0 Saturation did not occur on M1 unit.
1 Saturation occurred on M1 unit.

3 S2 S2 unit.
0 Saturation did not occur on S2 unit.
1 Saturation occurred on S2 unit.

2 S1 S1 unit.
0 Saturation did not occur on S1 unit.
1 Saturation occurred on S1 unit.

1 L2 L2 unit.
0 Saturation did not occur on L2 unit.
1 Saturation occurred on L2 unit.

0 L1 L1 unit.
0 Saturation did not occur on L1 unit.
1 Saturation occurred on L1 unit.

2,9.13 Time Stamp Counter Registers (TSCL and TSCH)
The CPU contains a free running 64-bit counter that advances each CPU clock under
normal operation. The counter is accessed as two 32-bit read-only control registers,
TSCL (Figure 2-24) and TSCH (Figure 2-25).
Figure 2-24 Time Stamp Counter Register - Low Half (TSCL)

31 0

CPU clock count (32 LSBs of 64-bit value)

R-0

LEGEND: R = Readable by the MVC instruction; -n = value after reset

Figure 2-25 Time Stamp Counter Register - High Half (TSCH)

31 0

CPU clock count (32 MSBs of 64-bit value)

R-0

LEGEND: R = Readable by the MVC instruction; -n = value after reset

2.9.13.1 Initialization
The counter is cleared to 0 after reset, and counting is disabled.

2.9.13.2 Enabling Counting

The counter is enabled by writing to TSCL. The value written is ignored. Counting
begins in the cycle after the MVC instruction executes. If executed with the count
disabled, the following code sequence shows the timing of the count starting (assuming
no stalls occur in the three cycles shown).
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2.9.13.3

29.13.4

MvC A0, TSCL ; Start TsC
MvC TSCL, A0 ; A0 0
MvC TSCL,Al ; Al 1

Disabling Counting

Once enabled, counting cannot be disabled under program control. Counting is
disabled in the following cases:

«  After exiting the reset state.
«  When the CPU is fully powered down.

Reading the Counter

Reading the full 64-bit count takes two sequential MV C instructions. A read from
TSCL causes the upper 32 bits of the count to be copied into TSCH. In normal
operation, only this snapshot of the upper half of the 64-bit count is available to the
programmer. The value read will always be the value copied at the cycle of the last MVC
TSCL, reg instruction. If it is read with no TSCL reads having taken place since reset,
then the reset value of 0 is read.

When reading the full 64-bit value, it must be ensured that no interrupts are serviced
between the two MVC instructions if an ISR is allowed to make use of the time stamp
counter. There is no way for an ISR to restore the previous value of TSCH (snapshot)
if it reads TSCL, since a new snapshot is performed.

Two methods for reading the 64-bit count value in an uninterruptible manner are
shown in Example 2-1 and Example 2-2. Example 2-1 uses the fact that interrupts are
automatically disabled in the delay slots of a branch to prevent an interrupt from
happening between the TSCL read and the TSCH read. Example 2-2 accomplishes the
same task by explicitly disabling interrupts.

Example 2-1  Code to Read the 64-Bit TSC Value in Branch Delay Slot

BNOP TSC_Read_Done, 3

MVC TSCL, A0 ; Read the low half first; high half copied to TSCH

MVC TSCH, Al ; Read the snapshot of the high half
TSC_Read_Done:

End of Example 2-1

Example 2-2  Code to Read the 64-Bit TSC Value Using DINT/RINT

DINT

[ MVC TSCL, A0 ; Read the low half first; high half copied to TSCH
RINT

[ MvC TSCH, Al ; Read the snapshot of the high half

TSC _Read Done:

End of Example 2-2
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2.9.14 Task State Register (TSR)

The task state register (TSR) contains all of the status bits that determine or indicate the
current execution environment. TSR is saved in the event of an interrupt or exception
to the ITSR or NTSR, respectively. All bits are readable by the MVC instruction. The
TSR is shown in Figure 2-26 and described in Table 2-21. The SGIE bit in TSR is used
by the DINT and RINT instructions to globally disable and reenable interrupts.

The GIE and SGIE bits may be written in both User mode and Supervisor mode. The
remaining bits all have restrictions on how they are written. See 9.2.4.2 “Partially
Restricted Control Register Access in User Mode” on page 9-3 for more information.

The GIE bit in TSR is physically the same bit as the GIE bit in CSR. It is retained in CSR
for compatibility reasons, but placed in TSR so that it will be copied in the event of
either an exception or an interrupt.

Figure 2-26 Task State Register (TSR)

31 16
‘ Reserved ‘
R-0
15 14 13 1 10 9 8 7 6 5 4 3 2 1 0
‘ IB ‘ SPLX| Reserved ‘ EXC ‘ INT | Rsvd ‘ CXM Reserved ‘ XEN ‘ GEE ‘ SGIE ‘ GIE ‘
R-0 R-0 R-0 R/C-0 R-0 R-0 R/W-0 R-0 R/W-0 R/S-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable in Supervisor mode; C = Clearable in Supervisor mode; S = Can be set in Supervisor mode;
-n = value after reset

Table 2-21 Task State Register (TSR) Field Descriptions (Part 1 of 2)

Bit Field Value Description
31-16 Reserved 0 Reserved. Read as 0.
15 IB Interrupts blocked. Not writable by the MVC instruction; set only by hardware.
0 Interrupts not blocked in previous cycle (interruptible point).
1 Interrupts were blocked in previous cycle.
14 SPLX SPLOOP executing. Not writable by the MVC instruction; set only by hardware.
0 Not currently executing SPLOOP
1 Currently executing SPLOOP
13-11 Reserved 0 Reserved. Read as 0.
10 EXC Exception processing. Clearable by the MVC instruction in Supervisor mode. Not clearable by the MVC
instruction in User mode.
0 Not currently processing an exception.
1 Currently processing an exception.
9 INT Interrupt processing. Not writable by the MVC instruction.
0 Not currently processing an interrupt.
1 Currently processing an interrupt.
8 Reserved 0 Reserved. Read as 0.
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Table 2-21 Task State Register (TSR) Field Descriptions (Part 2 of 2)
Bit Field Value Description
7-6 CXM 0-3h Current execution mode. Not writable by the MVC instruction; these bits reflect the current execution mode of
the execute pipeline. CXM is set to 1 when you begin executing the first instruction in User mode. See Chapter
7 on page 7-1 for more information.
0 Supervisor mode
1h User mode
2h-3h Reserved (an attempt to set these values is ignored)
5-4 Reserved 0 Reserved. Read as 0.
3 XEN Maskable exception enable. Writable only in Supervisor mode.
0 Disables all maskable exceptions.
1 Enables all maskable exceptions.
2 GEE Global exception enable. Can be set to 1 only in Supervisor mode. Once set, cannot be cleared except by reset.
0 Disables all exceptions except the reset interrupt.
1 Enables all exceptions.
1 SGIE Saved global interrupt enable. Contains previous state of GIE bit after execution of a DINT instruction. Writable
in Supervisor and User mode.
0 Global interrupts remain disabled by the RINT instruction.
1 Global interrupts are enabled by the RINT instruction.
0 GIE Global interrupt enable. Same physical bit as the GIE bit in the control status register (CSR). Writable in
Supervisor and User mode. See 6.2 on page 6-10 for details on how the GIE bit affects interruptibility.
0 Disables all interrupts except the reset interrupt and NMI (nonmaskable interrupt).
1 Enables all interrupts.

2.10 Control Register File Extensions for Floating-Point Operations

The C66x DSP has three configuration registers to support floating-point operations.
The registers specify the desired floating-point rounding mode for the .L, .S and .M
units. They also contain fields to warn if srcl and src2 are NaN or denormalized
numbers, and if the result overflows, underflows, is inexact, infinite, or invalid. There
are also fields to warn if a divide by 0 was performed, or if a compare was attempted
with a NaN source.

The OVER, UNDER, INEX, INVAL, DENn, NANn, INFO, UNORD and DIVO bits
within these registers will not be modified by a conditional instruction whose condition
is false.

Table 2-22 lists the additional registers used.

Table 2-22 Control Register File Extensions for Floating-Point Operations
Acronym | Register Name Section
FADCR Floating-point adder configuration register 2.10.1 "Floating-Point Adder Configuration Register (FADCR)" on page 2-35
FAUCR Floating-point auxiliary configuration register 2.10.2 "Floating-Point Auxiliary Configuration Register (FAUCR)" on page 2-37
FMCR Floating-point multiplier configuration register 2.10.3 "Floating-Point Multiplier Configuration Register (FMCR)" on page 2-40
FMCR specifies the desired floating-point rounding mode and contains the warning
bits for the instructions that use the .M units.
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FAUCR specifies the desired floating-point rounding mode and contains the warning
bits for the instructions that use the .S units.

FADCR specifies the desired floating-point rounding mode and contains the warning
bits for the instructions that use the .L units and for instructions that can be executed
on both .L and .S units. The warning bits in FADCR are the logical-OR of the warnings
produced on the .L functional unit and the warnings produced by the instructions that
can be executed on both .L and .S unit.

Therefore the following instructions executing in the .S functional unit use the
rounding mode from and set the warning bits in FADCR (and not in FAUCR as other
.S unit instructions do):

« ADDSP/SUBDP

« ADDDP /SUBDP

« FADDSP / FSUBSP
- FADDDP /FSUBDP

o DINTHSP

o DINTHSPU
« DSPINTH

o DSPINT

o INTSPU

o INTSP

o SPINT

2.10.1 Floating-Point Adder Configuration Register (FADCR)

The floating-point adder configuration register (FADCR) contains fields that specify
underflow or overflow, the rounding mode, NaNs, denormalized numbers, and inexact
results for instructions that use the .L functional units. FADCR has a set of fields
specific to each of the .L units: .L2 uses bits 31-16 and .L1 uses bits 15-0. FADCR is
shown in Figure 2-27 and described in Table 2-23.

Figure 2-27 Floating-Point Adder Configuration Register (FADCR)

31 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ RMODE | UNDER | INEX | OVER ‘ INFO ‘ INVAL ‘ DEN2 | DENT1 ‘ NAN2 ‘ NAN1 ‘
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ RMODE | UNDER | INEX | OVER ‘ INFO ‘ INVAL ‘ DEN2 | DENT1 ‘ NAN2 ‘ NAN1 ‘
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

Table 2-23 Floating-Point Adder Configuration Register (FADCR) Field Descriptions (Part 1 of 3)

Bit Field Value Description
31-27 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
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Table 2-23 Floating-Point Adder Configuration Register (FADCR) Field Descriptions (Part 2 of 3)
Bit Field Value Description
26-25 RMODE 0-3h Rounding mode select for .L2.
0 Round toward nearest representable floating-point number
1h Round toward 0 (truncate)
2h Round toward infinity (round up)
3h Round toward negative infinity (round down)
24 UNDER Result underflow status for .L2.
0 Result does not underflow.
1 Result underflows.
23 INEX Inexact results status for .L2.
0
1 Result differs from what would have been computed had the exponent range and precision been unbounded;
never set with INVAL.
22 OVER Result overflow status for .L2.
0 Result does not overflow.
1 Result overflows.
21 INFO Signed infinity for .L2.
0 Result is not signed infinity.
1 Result is signed infinity.
20 INVAL
0 A signed NaN (SNaN) is not a source.
1 A signed NaN (SNaN) is a source. NaN is a source in a floating-point to integer conversion or when infinity is
subtracted from infinity.
19 DEN2 Denormalized number select for .L2 src2.
0 src2 is not a denormalized number.
1 src2 is a denormalized number.
18 DEN1 Denormalized number select for .L2 srcT.
0 srcl is not a denormalized number.
1 srcl is a denormalized number.
17 NAN2 NaN select for .L2 src2.
0 src2 is not NaN.
1 src2 is NaN.
16 NAN1 NaN select for .L2 src1.
0 srcl is not NaN.
1 srcl is NaN.
15-11 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
10-9 RMODE 0-3h Rounding mode select for .L1.
0 Round toward nearest representable floating-point number
1h Round toward 0 (truncate)
2h Round toward infinity (round up)
3h Round toward negative infinity (round down)
8 UNDER Result underflow status for .L1.
0 Result does not underflow.
1 Result underflows.
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2.10 Control Register File Extensions for Floating-Point Operations
Chapter 2—CPU Data Paths and Control

Floating-Point Adder Configuration Register (FADCR) Field Descriptions (Part 3 of 3)

Bit

Field

Value

Description

7

INEX

Inexact results status for .L1.

Result differs from what would have been computed had the exponent range and precision been unbounded;
never set with INVAL.

OVER

Result overflow status for .L1.
Result does not overflow.

Result overflows.

INFO

Signed infinity for .L1.
Result is not signed infinity.

Result is signed infinity.

INVAL

A signed NaN (SNaN) is not a source.

A signed NaN (SNaN) is a source. NaN is a source in a floating-point to integer conversion or when infinity is
subtracted from infinity.

DEN2

Denormalized number select for .L1 src2.
src2 is not a denormalized number.

src2 is a denormalized number.

DENT1

Denormalized number select for .L1 srcl.
src1is not a denormalized number.

src1is a denormalized number.

NAN2

NaN select for .L1 src2.
src2 is not NaN.

src2 is NaN.

NAN1

NaN select for .L1 srcT.
src1 is not NaN.

srclis NaN.

2.10.2 Floating-Point Auxiliary Configuration Register (FAUCR)

The floating-point auxiliary register (FAUCR) contains fields that specify underflow or
overflow, the rounding mode, NaNs, denormalized numbers, and inexact results for
instructions that use the .S functional units. FAUCR has a set of fields specific to each
of the .S units: .52 uses bits 31-16 and .S1 uses bits 15-0. FAUCR is shown in Figure 2-28
and described in Table 2-24.

Figure 2-28

31

27

Floating-Point Auxiliary Configuration Register (FAUCR)

26

25

24 23 22 21 20 19 18 17 16

Reserved

‘ DIVO ‘ UNORD‘ UND ‘ INEX ‘ OVER ‘ INFO | INVAL‘ DEN2 ‘ DEN1 | NANZ‘ NAN1 ‘

15

R-0

11

R/W-0

10

R/W-0

9

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

8 7 6 5 4 3 2 1 0

Reserved

‘ DIVO ‘ UNORD‘ UND ‘ INEX ‘ OVER ‘ INFO | INVAL‘ DEN2 ‘ DENT1 | NANZ‘ NAN1 ‘

R-0

R/W-0

R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset
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Table 2-24

Floating-Point Auxiliary Configuration Register (FAUCR) Field Descriptions (Part 1 of 2)

Bit

Field

Value

Description

31-27

Reserved

0

Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.

26

DIVO

Source to reciprocal operation for .S2.
0 is not source to reciprocal operation.

0 is source to reciprocal operation.

25

UNORD

Source to a compare operation for .S2
NaN is not a source to a compare operation.

NaN is a source to a compare operation.

24

UND

Result underflow status for .S2.
Result does not underflow.

Result underflows.

23

INEX

Inexact results status for .S2.

Result differs from what would have been computed had the exponent range and precision been
unbounded; never set with INVAL.

22

OVER

Result overflow status for .S2.
Result does not overflow.

Result overflows.

21

INFO

Signed infinity for .S2.
Result is not signed infinity.

Result is signed infinity.

20

INVAL

A signed NaN (SNaN) is not a source.

A signed NaN (SNaN) is a source. NaN is a source in a floating-point to integer conversion or when infinity is
subtracted from infinity.

19

DEN2

Denormalized number select for .S2 src2.
src2 is not a denormalized number.

src2 is a denormalized number.

18

DEN1

Denormalized number select for .S2 src1.
src1 is not a denormalized number.

src1 is a denormalized number.

17

NAN2

NaN select for .S2 src2.
src2 is not NaN.

src2 is NaN.

16

NANT1

NaN select for .S2 src1.
src1is not NaN.

srcT is NaN.

15-11

Reserved

Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.

10

DIVO

Source to reciprocal operation for .S1.
0is not source to reciprocal operation.

0 is source to reciprocal operation.

UNORD

Source to a compare operation for .S1

NaN is not a source to a compare operation.

NaN is a source to a compare operation.
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Table 2-24

2.10 Control Register File Extensions for Floating-Point Operations
Chapter 2—CPU Data Paths and Control

Floating-Point Auxiliary Configuration Register (FAUCR) Field Descriptions (Part 2 of 2)

Bit

Field

Value

Description

8

UND

Result underflow status for .S1.
Result does not underflow.

Result underflows.

INEX

Inexact results status for .S1.

Result differs from what would have been computed had the exponent range and precision been
unbounded; never set with INVAL.

OVER

Result overflow status for .S1.
Result does not overflow.

Result overflows.

INFO

Signed infinity for .S1.
Result is not signed infinity.

Result is signed infinity.

INVAL

A signed NaN (SNaN) is not a source.

A signed NaN (SNaN) is a source. NaN is a source in a floating-point to integer conversion or when infinity is
subtracted from infinity.

DEN2

Denormalized number select for .S1 src2.
src2 is not a denormalized number.

src2 is a denormalized number.

DENT1

Denormalized number select for .S1 srcT.
srcl is not a denormalized number.

src1 is a denormalized number.

NAN2

NaN select for .S1 src2.
src2 is not NaN.

src2 is NaN.

NAN1

NaN select for .S1 src1.

srcl is not NaN.

srclis NaN.
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2.10.3 Floating-Point Multiplier Configuration Register (FMCR)

The floating-point multiplier configuration register (FMCR) contains fields that
specify underflow or overflow, the rounding mode, NaNs, denormalized numbers, and

in

exact results for instructions that use the .M functional units. FMCR has a set of fields

specific to each of the .M units: .M2 uses bits 31-16 and .M1 uses bits 15-0. FMCR is
shown in Figure 2-29 and described in Table 2-25.

Figure 2-29 Floating-Point Multiplier Configuration Register (FMCR)
31 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ RMODE ‘ UNDER | INEX ‘ OVER | INFO ‘ INVAL ‘ DEN2 ‘ DEN1 ‘ NAN2 ‘ NAN1 ‘
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
15 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ RMODE ‘ UNDER | INEX ‘ OVER | INFO ‘ INVAL ‘ DEN2 ‘ DEN1 ‘ NAN2 ‘ NAN1 ‘
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R = Readable by the MVC instruction; W = Writable by the MVC instruction; -n = value after reset

Table 2-25 Floating-Point Multiplier Configuration Register (FMCR) Field Descriptions (Part 1 of 2)
Bit Field Value Description
31-27 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
26-25 RMODE 0-3h Rounding mode select for .M2.
0 Round toward nearest representable floating-point number
1h Round toward 0 (truncate)
2h Round toward infinity (round up)
3h Round toward negative infinity (round down)
24 UNDER Result underflow status for .M2.
0 Result does not underflow.
1 Result underflows.
23 INEX Inexact results status for .M2.
0
1 Result differs from what would have been computed had the exponent range and precision been unbounded;
never set with INVAL.
22 OVER Result overflow status for .M2.
0 Result does not overflow.
1 Result overflows.
21 INFO Signed infinity for .M2.
0 Result is not signed infinity.
1 Result is signed infinity.
20 INVAL
0 A signed NaN (SNaN) is not a source.
1 A signed NaN (SNaN) is a source. NaN is a source in a floating-point to integer conversion or when infinity is
subtracted from infinity.
19 DEN2 Denormalized number select for .M2 src2.
0 src2 is not a denormalized number.
1 src2 is a denormalized number.
18 DEN1 Denormalized number select for .M2 src1.
0 srcl is not a denormalized number.
1 srcl is a denormalized number.
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Table 2-25 Floating-Point Multiplier Configuration Register (FMCR) Field Descriptions (Part 2 of 2)
Bit Field Value Description
17 NAN2 NaN select for .M2 src2.
0 src2 is not NaN.
1 src2 is NaN.
16 NAN1 NaN select for .M2 src1.
0 srcl is not NaN.
1 srcl is NaN.
15-11 Reserved 0 Reserved. The reserved bit location is always read as 0. A value written to this field has no effect.
10-9 RMODE 0-3h Rounding mode select for .M1.
0 Round toward nearest representable floating-point number
1h Round toward 0 (truncate)
2h Round toward infinity (round up)
3h Round toward negative infinity (round down)
8 UNDER Result underflow status for .M1.
0 Result does not underflow.
1 Result underflows.
7 INEX Inexact results status for .M1.
0
1 Result differs from what would have been computed had the exponent range and precision been unbounded;
never set with INVAL.
6 OVER Result overflow status for .M1.
0 Result does not overflow.
1 Result overflows.
5 INFO Signed infinity for .M1.
0 Result is not signed infinity.
1 Result is signed infinity.
4 INVAL
0 A signed NaN (SNaN) is not a source.
1 A signed NaN (SNaN) is a source. NaN is a source in a floating-point to integer conversion or when infinity is
subtracted from infinity.
3 DEN2 Denormalized number select for M1 src2.
0 src2 is not a denormalized number.
1 src2 is a denormalized number.
2 DEN1 Denormalized number select for .M1 srcT.
0 srcl is not a denormalized number.
1 src1 is a denormalized number.
1 NAN2 NaN select for M1 src2.
0 src2 is not NaN.
1 src2 is NaN.
0 NAN1 NaN select for M1 srcT.
0 srcl is not NaN.
1 srcl is NaN.
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Chapter 3

Instruction Set

This chapter describes the assembly language instructions of the TMS320C66x DSP.
Also described are parallel operations, conditional operations, resource constraints,
and addressing modes.

The C66x DSP uses all of the instructions available to the TMS320C62x, TMS320C64x,
TMS320C64x+, and TMS320C674x+ DSPs. The C664x DSP instructions include 8-bit
and 16-bit extensions, nonaligned word loads and stores, data packing/unpacking
operations.

3.1 "Instruction Operation and Execution Notation" on page 3-2
3.2 '"Instruction Syntax and Opcode Notations" on page 3-4
3.3 "Overview of IEEE Standard Single- and Double-Precision Formats" on page 3-6
3.4 "Delay Slots" on page 3-9
3.5 "Parallel Operations” on page 3-11
3.6 "Conditional Operations" on page 3-14
3.7 "SPMASKed Operations" on page 3-15
3.8 "Resource Constraints" on page 3-15
3.9 "Addressing Modes" on page 3-24
3.10 "Compact Instructions on the CPU" on page 3-29
3.11 "Instruction Compatibility" on page 3-35
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3.1 Instruction Operation and Execution Notation
Table 3-1 explains the symbols used in the instruction descriptions.

Table 3-1 Instruction Operation and Execution Notations (Part 1 of 3)

Symbol Meaning

abs(x) Absolute value of x

and Bitwise AND

-a Perform 2s-complement subtraction using the addressing mode defined by the AMR

+a Perform 2s-complement addition using the addressing mode defined by the AMR

b Select bit i of source/destination b

bit_count Count the number of bits that are 1 in a specified byte

bit_reverse Reverse the order of bits in a 32-bit register

byte0 8-bit value in the least-significant byte position in 32-bit register (bits 0-7)

byte1 8-bit value in the next to least-significant byte position in 32-bit register (bits 8-15)

byte2 8-bit value in the next to most-significant byte position in 32-bit register (bits 16-23)

byte3 8-bit value in the most-significant byte position in 32-bit register (bits 24-31)

bv2 Bit vector of two flags for s2 or u2 data type

bv4 Bit vector of four flags for s4 or u4 data type

by, Selection of bits y through z of bit string b

cond Check for either creg equal to 0 or creg not equal to 0

creg 3-bit field specifying a conditional register, see Section 3.6 on page 3-14

cstn n-bit constant field (for example, cst5)

dint 64-bit integer value (two registers)

dst_e Isb32 of 64-bit dst (placed in even-numbered register of a 64-bit register pair)

dst_h msb8 of 40-bit dst (placed in odd-numbered register of 64-bit register pair)

dst_| Isb32 of 40-bit dst (placed in even-numbered register of a 64-bit register pair)

dst_o msb32 of 64-bit dst (placed in odd-numbered register of 64-bit register pair)

dst_0orsrc_0 32-bit value in the least-significant position in 128-bit quad register

dst_1orsrc_1 32-bit value in the next to least-significant 32-bit word position in 128-bit quad register

dst_2 orsrc_2 32-bit value in the next to most-significant 32-bit word position in 128-bit quad register

dst_3 orsrc_3 32-bit value in the least-significant position in 128-bit quad register

dwdst 64-bit register pair result

dwop 64-bit register pair operand

dws4 Four packed signed 16-bit integers in a 64-bit register pair

dwu4 Four packed unsigned 16-bit integers in a 64-bit register pair

gmpy Galois Field Multiply

i2 Two packed 16-bit integers in a single 32-bit register

i4 Four packed 8-bit integers in a single 32-bit register

int 32-bitinteger value

ImbO0(x) Leftmost 0 bit search of x

Imb1(x) Leftmost 1 bit search of x

long 40-bit integer value

Isbn or LSBn n least-significant bits (for example, Isb16)

msbn or MSBn n most-significant bits (for example, msb16)

nop No operation

norm(x) Leftmost nonredundant sign bit of x
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Table 3-1 Instruction Operation and Execution Notations (Part 2 of 3)
Symbol Meaning
not Bitwise logical complement
op Opfields
or Bitwise OR
R Any general-purpose register
ROTL Rotate left
sat Saturate
sbyte0 Signed 8-bit value in the least-significant byte position in 32-bit register (bits 0-7)
sbyte1 Signed 8-bit value in the next to least-significant byte position in 32-bit register (bits 8-15)
sbyte2 Signed 8-bit value in the next to most-significant byte position in 32-bit register (bits 16-23)
sbyte3 Signed 8-bit value in the most-significant byte position in 32-bit register (bits 24-31)
scstn n-bit signed constant field
se Sign-extend
sint Signed 32-bit integer value
slong Signed 40-bit integer value
sllong Signed 64-bit integer value
slsb16 Signed 16-bit integer value in lower half of 32-bit register
smsb16 Signed 16-bit integer value in upper half of 32-bit register

srcl_eorsrc2_e

Isb32 of 64-bit src (placed in even-numbered register of a 64-bit register pair)

src1_horsrc2_h

msb8 of 40-bit src (placed in odd-numbered register of 64-bit register pair)

srcl_lorsrc2_|

Isb32 of 40-bit src (placed in even-numbered register of a 64-bit register pair)

srcl_oorsrc2_o

msb32 of 64-bit src (placed in odd-numbered register of 64-bit register pair)

s2 Two packed signed 16-bit integers in a single 32-bit register

s4 Four packed signed 8-bit integers in a single 32-bit register

-s Perform 2s-complement subtraction and saturate the result to the result size, if an overflow occurs
+s Perform 2s-complement addition and saturate the result to the result size, if an overflow occurs
ubyte0 Unsigned 8-bit value in the least-significant byte position in 32-bit register (bits 0-7)

ubytel Unsigned 8-bit value in the next to least-significant byte position in 32-bit register (bits 8-15)
ubyte2 Unsigned 8-bit value in the next to most-significant byte position in 32-bit register (bits 16-23)
ubyte3 Unsigned 8-bit value in the most-significant byte position in 32-bit register (bits 24-31)

ucstn n-bit unsigned constant field (for example, ucst5)

uint Unsigned 32-bit integer value

ulong Unsigned 40-bit integer value

ullong Unsigned 64-bit integer value

ulsb16 Unsigned 16-bit integer value in lower half of 32-bit register

umsb16 Unsigned 16-bit integer value in upper half of 32-bit register

u2 Two packed unsigned 16-bit integers in a single 32-bit register

u4 Four packed unsigned 8-bit integers in a single 32-bit register

x clear b,e Clear afield in x, specified by b (beginning bit) and e (ending bit)

xextlr Extract and sign-extend a field in x, specified by | (shift left value) and r (shift right value)
xextulr Extract an unsigned field in x, specified by | (shift left value) and r (shift right value)

xsetb,e Set field in x to all 1s, specified by b (beginning bit) and e (ending bit)

xdwop 64-bit register pair operand that can optionally use cross path

xint 32-bit integer value that can optionally use cross path

xor Bitwise exclusive-ORs
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Table 3-1 Instruction Operation and Execution Notations (Part 3 of 3)

Symbol Meaning

xsint Signed 32-bit integer value that can optionally use cross path

xslsb16 Signed 16 LSB of register that can optionally use cross path

xsmsb16 Signed 16 MSB of register that can optionally use cross path

XS2 Two packed signed 16-bit integers in a single 32-bit register that can optionally use cross path

xs4 Four packed signed 8-bit integers in a single 32-bit register that can optionally use cross path

xuint Unsigned 32-bit integer value that can optionally use cross path

xulsb16 Unsigned 16 LSB of register that can optionally use cross path

xumsb16 Unsigned 16 MSB of register that can optionally use cross path

xu2 Two packed unsigned 16-bit integers in a single 32-bit register that can optionally use cross path

xu4 Four packed unsigned 8-bit integers in a single 32-bit register that can optionally use cross path

- Assignment

+ Addition

++ Increment by 1

X Multiplication

- Subtraction

== Equal to

> Greater than

>= Greater than or equal to

< Less than

<= Less than or equal to

<< Shift left

>> Shift right

>>s Shift right with sign extension

>>7 Shift right with a zero fill

~ Logical inverse

& Logical AND

3.2 Instruction Syntax and Opcode Notations

Table 3-2 explains the syntaxes and opcode fields used in the instruction descriptions.

Table 3-2 Instruction Syntax and Opcode Notations (Part 1 of 2)
Symbol Meaning
baseR base address register
creg 3-bit field specifying a conditional register, see Section 3.6 on page 3-14
cst constant
csta constanta
cstb constant b
cstn n-bit constant field
dst destination
dw doubleword; 0 = word, 1 = doubleword
fcyc SPLOOP fetch cycle
fstg SPLOOP fetch stage
h MVK or MVKH instruction
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Table 3-2 Instruction Syntax and Opcode Notations (Part 2 of 2)
Symbol Meaning
iin bit n of the constant ii
Id/st load or store; 0 = store, 1 =load
mode addressing mode, see Section 3.9 on page 3-24
na nonaligned; 0 = aligned, 1 = nonaligned
N3 3-bit field
offsetR register offset
op opfield; field within opcode that specifies a unique instruction
op, bit n of the opfield
p parallel execution; 0 = next instruction is not executed in parallel, 1 = next instruction is executed in parallel
ptr offset from either A4-A7 or B4-B7 depending on the value of the s bit. The ptr field is the 2 least-significant bits of the src2 (baseR)
field—bit 2 of register address is forced to 1.
r LDDW/LDNDWY/LDNW instruction
rsv reserved
s side A or B for destination; 0 = side A, 1 = side B.
sc scaling mode; 0 = nonscaled, offsetR/ucst5 is not shifted; 1 = scaled, offsetR/ucst5 is shifted
scstn n-bit signed constant field
scst, bit n of the signed constant field
sn sign
src source
srcl source 1
src2 source 2
stg, bit n of the constant stg
sz data size select; 0 = primary size, 1 = secondary size (see “Expansion Field in Compact Header Word"” on page 3-31)
t side of source/destination (src/dst) register; 0 = side A, 1 =side B
ucstn n-bit unsigned constant field
ucst, bit n of the unsigned constant field
unit unit decode
X cross path for src2; 0 = do not use cross path, 1 = use cross path
.D1 or.D2 unit; 0 =.D1 unit, 1 =.D2 unit
test for equality with zero or nonzero

3.2.1 32-Bit Opcode Maps

The 32-bit opcodes are mapped in Appendix C “.D Unit Instructions and Opcode
Maps” on page C-1 through Appendix H “No Unit Specified Instructions and Opcode
Maps” on page H-1.

3.2.2 16-Bit Opcode Maps

The 16-bit opcodes used for compact instructions are mapped in Appendix C “.D Unit
Instructions and Opcode Maps” on page C-1 through Appendix H “No Unit Specified
Instructions and Opcode Maps” on page H-1. See Section 3.10 on page 3-29 for more
information about compact instructions.
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3.3 Overview of IEEE Standard Single- and Double-Precision Formats

Floating-point operands are classified as single-precision (SP) and double-precision
(DP). Single-precision floating-point values are 32-bit values stored in a single register.
Double-precision floating-point values are 64-bit values stored in a register pair. The
register pair consists of consecutive even and odd registers from the same register file.
The 32 least-significant-bits are loaded into the even register; the 32
most-significant-bits containing the sign bit and exponent are loaded into the next
register (that is always the odd register). The register pair syntax places the odd register
first, followed by a colon, then the even register (that is, A1:A0, B1:B0, A3:A2, B3:B2,
etc.).

Instructions that use DP sources fall in two categories: instructions that read the upper
and lower 32-bit words on separate cycles, and instructions that read both 32-bit words
on the same cycle. All instructions that produce a double-precision result write the low
32-bit word one cycle before writing the high 32-bit word. If an instruction that writes
a DP result is followed by an instruction that uses the result as its DP source and it reads
the upper and lower words on separate cycles, then the second instruction can be
scheduled on the same cycle that the high 32-bit word of the result is written. The lower
result is written on the previous cycle. This is because the second instruction reads the
low word of the DP source one cycle before the high word of the DP source.

IEEE floating-point numbers consist of normal numbers, denormalized numbers,
NaNs (not a number), and infinity numbers. Denormalized numbers are nonzero
numbers that are smaller than the smallest nonzero normal number. Infinity is a value
that represents an infinite floating-point number. NaN values represent results for
invalid operations, such as (+infinity + (-infinity)).

Normal single-precision values are always accurate to at least six decimal places,
sometimes up to nine decimal places. Normal double-precision values are always

accurate to at least 15 decimal places, sometimes up to 17 decimal places.

Table 3-3 shows notations used in discussing floating-point numbers.

Table 3-3 IEEE Floating-Point Notations
Symbol Meaning
s Sign bit
e Exponent field
f Fraction (mantissa) field
X Can have value of 0 or 1 (don't care)
NaN Not-a-Number (SNaN or QNaN)
SNaN Signal NaN
QNaN Quiet NaN
NaN_out QNaN with all bits in the f field = 1
Inf Infinity
LFPN Largest floating-point number
SFPN Smallest floating-point number
LDFPN Largest denormalized floating-point number
SDFPN Smallest denormalized floating-point number
signed Inf +infinity or -infinity
signed NaN_out NaN_out withs=0or 1
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3.3.1 Single-Precision Formats

Figure 3-1 shows the fields of a single-precision floating-point number represented
within a 32-bit register.

Figure 3-1 Single-Precision Floating-Point Fields
31 30 23 22 0
‘ s ‘ e f

LEGEND: s = sign bit (0 = positive, 1 = negative); e = 8-bit exponent (0 < e < 255);
f=23-bit fraction (0 <f<1Xx2T+1Xx22+...+1x220r0<f<((223)-1)/(22)

The floating-point fields represent floating-point numbers within two ranges:
normalized (e is between 0 and 255) and denormalized (e is 0). The following formulas
define how to translate the s, e, and f fields into a single-precision floating-point

number.
Normalized: -1s x 2(e - 127 x 1 f 0 < e < 255
Denormalized (Subnormal) : -1s x 27126 x 0.f e = 0; £ is nonzero

Table 3-4 shows the s, e, and f values for special single-precision floating-point

numbers.
Table 3-4 Special Single-Precision Values
Symbol Sign (s) Exponent (e) Fraction (f)
+0 0 0 0
-0 1 0 0
+Inf 0 255 0
-Inf 1 255 0
NaN X 255 nonzero
QNaN X 255 1XX.X
SNaN X 255 0xx..x and nonzero

Table 3-5 shows hexadecimal and decimal values for some single-precision
floating-point numbers.

Table 3-5 Hexadecimal and Decimal Representation for Selected Single-Precision Values

Symbol Hex Value Decimal Value

NaN_out 7FFFFFFF QNaN

0 00000000 0.0

-0 80000000 -0.0

1 3F800000 1.0

2 40000000 2.0

LFPN 7F7FFFFF 3.40282347e+38

SFPN 00800000 1.17549435e-38

LDFPN 007F FFFF 1.17549421e-38

SDFPN 00000001 1.40129846e-45
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3.3.2 Double-Precision Formats

Figure 3-2 shows the fields of a double-precision floating-point number represented
within a pair of 32-bit registers.

Figure 3-2 Double-Precision Floating-Point Fields
31 30 20 19 0
s e f
Odd register
31 0

f

Even register

LEGEND: s = sign bit (0 = positive, 1 = negative); e = 11-bit exponent (0 < e < 2047);
f=52-bit fraction (0 <f<1Xx2T+1Xx22+ ...+ 1Xx2520r0<f<((252)-1)/(252)

The floating-point fields represent floating-point numbers within two ranges:
normalized (e is between 0 and 2047) and denormalized (e is 0). The following
formulas define how to translate the s, e, and f fields into a double-precision
floating-point number.

Normalized: -1s x 2f(e - 1023) x 1 f 0 < e < 2047

Denormalized (Subnormal) : -1s x 2-1022 x 0. f e = 0; £ is nonzero

Table 3-6 shows the s, e, and f values for special double-precision floating-point

numbers.
Table 3-6 Special Double-Precision Values
Symbol Sign (s) Exponent (e) Fraction (f)
+0 0 0 0
-0 1 0 0
+Inf 0 2047 0
-Inf 1 2047 0
NaN X 2047 nonzero
QNaN X 2047 1XX.X
SNaN X 2047 0Oxx..x and nonzero

Table 3-7 shows hexadecimal and decimal values for some double-precision
floating-point numbers.

Table 3-7 Hexadecimal and Decimal Representation for Selected Double-Precision Values
Symbol Hex Value Decimal Value
NaN_out 7FFFFFFFFFFFFFFF QNaN
0 0000000000000000 0.0
-0 8000000000000000 -0.0
1 3FFO000000000000 1.0
2 4000000000000000 2.0
LFPN 7FEFFFFFFFFFFFFF 1.7976931348623157e+308
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Table 3-7 Hexadecimal and Decimal Representation for Selected Double-Precision Values
Symbol Hex Value Decimal Value
SFPN 0010000000000000 2.2250738585072014e-308
LDFPN 00OF FFFFFFFFFFFF 2.2250738585072009e-308
SDFPN 0000000000000001 4.9406564584124654e-324

As described in section 3.4 of [1], the execution of fixed-point and floating-point
instructions can be defined in terms of delay slots and functional unit latency.

The number of delay slots is equivalent to the number of additional cycles required
after the source operands are read for the result to be available for reading.

The functional unit latency is equivalent to the number of cycles that must pass before
the functional unit can start executing the next instruction.

The C66x is fully binary compatible with the C64x+/C674x. Therefore, the number of
delay slots and the latencies of all C64x+/C674x instructions are unchanged on the
Co6x.

All new floating point instructions have a functional unit latency of one cycle (can be
tully pipelined). Improvements of the existing floating have also been realized, but in
order to maintain a fully backward binary compatibility, new instructions opcode have
been created.

« FMPYDP is the optimized version of MPYDP
« FADDSP/FSUBSP are the optimized version of ADDSP/SUBSP
«  FADDDP/FADDDP are the optimized version of ADDDP/SUBDP

TMS320C66x DSP CPU and Instruction Set Reference Guide 3-9
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Table 3-8 shows the number of delay slots associated with each type of instruction.

Table 3-8 Delay Slot and Functional Unit Latency
Instruction Functional Unit
type Delay Slots Latency Read Cycles! Write Cycles Branch Taken
NOP 0 1
Store 0 1 i i
Load 4 1 i i, i+42
Branch 5 1 i3 i+5
Single cycle 0 1 i i
2-cycle 1 1 i i+1
3-cycle 2 1 i i+2
4-cycle 3 1 i i+3
DP compare 1 2 i,i+1 i+1
2-cycle DP 1 1 i i+1
INTDP 4 1 i i+3,i+4
MPYSP2DP 4 2 i i+3,i+4
ADDDP/SUBDP 6 2 i, i+1 i+5,i+6
MPYSPDP 6 3 i, i+1 i+5,i+6
MPYI 8 4 i, i1 +1,i+2, 43 i+8
MPYID 9 4 i, i+1,i+2,i+3 i+8, i+9
MPYD 9 4 i, i+1,i+2,i+3 i+8, i+9

1. Cycleiisinthe E1 pipeline phase.

2. Forloads, any address modification happens in cycle i. The loaded data is written into the register file in cycle (i+4)

3. The branch to label, branch to IRP, and branch to NRP instructions do not read any general purpose registers

TMS320C66x DSP CPU and Instruction Set Reference Guide
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3.5 Parallel Operations

Instructions are always fetched eight words at a time. This constitutes a fetch packet.
CPU, this may be as many as 14 instructions due to the existence of compact
instructions in a header based fetch packet. The basic format of a fetch packet is shown
in Figure 3-3. Fetch packets are aligned on 256-bit (8-word) boundaries.

Figure 3-3 Basic Format of a Fetch Packet
31 0 31 0 31 0 31 0 31 0 31 0 31 0 31 0
T T T T T T T T
1P PP 1P 1P 1P 1P 1P 1P
Instruction Instruction Instruction Instruction Instruction Instruction Instruction Instruction
A B C D E F G H
LSBs of
the byte 00000b 00100b 01000b 01100b 10000b 10100b 11000b 11100b
address
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The CPU supports compact 16-bit instructions. Unlike the normal 32-bit instructions,
the p-bit information for compact instructions is not contained within the instruction
opcode. Instead, the p-bit is contained within the p-bits field within the fetch packet
header. See Section 3.10 on page 3-29 for more information.

The execution of the individual noncompact instructions is partially controlled by a bit
in each instruction, the p-bit. The p-bit (bit 0) determines whether the instruction
executes in parallel with another instruction. The p-bits are scanned from left to right
(lower to higher address). If the p-bit of instruction I is 1, then instruction I + 1 is to be
executed in parallel with (in the same cycle as) instruction I. If the p-bit of instruction
Iis 0, then instruction I + 1 is executed in the cycle after instruction I. All instructions
executing in parallel constitute an execute packet. An execute packet can contain up to
eight instructions. Each instruction in an execute packet must use a different functional
unit.

On the CPU, the execute packet can cross fetch packet boundaries, but will be limited
to no more than eight instructions in a fetch packet. The last instruction in an execute
packet will be marked with its p-bit cleared to zero. There are three types of p-bit
patterns for fetch packets. These three p-bit patterns result in the following execution
sequences for the eight instructions:

Fully serial
Fully parallel
+ Partially serial

TMS320C66x DSP CPU and Instruction Set Reference Guide 3-11
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Example 3-1 through Example 3-3 show the conversion of a p-bit sequence into a
cycle-by-cycle execution stream of instructions.

Example 3-1  Fully Serial p-Bit Pattern in a Fetch Packet
The eight instructions are executed sequentially.
This p-bit pattern:

31 0 31 0 31 0 31 0 31 0 31 0 31 0 31 0
io| io| io| 1 0 1 0 1 0 10 1 0
| | | | | | |

Instruction Instruction Instruction Instruction Instruction Instruction Instruction Instruction
A B C D E F G H

results in this execution sequence:

Cycle/Execute Packet Instructions

1 A

0 |IN | | bW N
IO |{m|O|N|wm

End of Example 3-1

Example 3-2  Fully Parallel p-Bit Pattern in a Fetch Packet

All eight instructions are executed in parallel.

This p-bit pattern:

11| 11| 11| i1 HE 11 11 i
| | | | | | | |

31 0 31 0 31 0 31 0 31 0 31 0 31 0 31 0
1

Instruction  Instruction Instruction  Instruction  Instruction  Instruction  Instruction  Instruction
A B C D E F G H

results in this execution sequence:

Cycle/Execute Packet Instructions

1 A B C D E F G H

End of Example 3-2

3-12 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010
Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
3.5 Parallel Operations
www.ti.com Chapter 3—Instruction Set
Example 3-3  Partially Serial p-Bit Pattern in a Fetch Packet
This p-bit pattern:
31 0 31 0 31 0 31 0 31 0 31 0 31 0 31 0
| 0 0] 1] E | 0 E E | 0

Instruction Instruction Instruction Instruction Instruction Instruction Instruction Instruction
A B C D E F G H

results in this execution sequence:

Cycle/Execute Packet Instructions
1 A
2 B
3 C D
4 F G H

End of Example 3-3

3.5.1 Example Parallel Code

The vertical bars || signify that an instruction is to execute in parallel with the previous
instruction. The code for the fetch packet in Example 3-3 on page 3-13 would be
represented as this:

instruction A
instruction B

instruction C
instruction D
instruction E

instruction F
instruction G
instruction H

3.5.2 Branching Into the Middle of an Execute Packet

If a branch into the middle of an execute packet occurs, all instructions at lower
addresses are ignored. In Example 3-3, if a branch to the address containing instruction
D occurs, then only D and E execute. Even though instruction C is in the same execute
packet, it is ignored. Instructions A and B are also ignored because they are in earlier
execute packets. If your result depends on executing A, B, or C, the branch to the
middle of the execute packet will produce an erroneous result.
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3.6 Conditional Operations

Most instructions can be conditional. The condition is controlled by a 3-bit opcode
field (creg) that specifies the condition register tested, and a 1-bit field (z) that specifies
a test for zero or nonzero. The four MSBs of every opcode are creg and z. The specified
condition register is tested at the beginning of the E1 pipeline stage for all instructions.
For more information on the pipeline, see Chapter 5 “Pipeline” on page 5-1. If z=1,
the test is for equality with zero; if z = 0, the test is for nonzero. The case of creg = 0 and
z =0 1is treated as always true to allow instructions to be executed unconditionally. The
creg field is encoded in the instruction opcode as shown in Table 3-9.

Compact (16-bit) instructions on the DSP do not contain a creg field and always
execute unconditionally. See “Compact Instructions on the CPU” on page 3-29 for
more information.

Table 3-9 Registers That Can Be Tested by Conditional Operations

Specified creg z

Conditional

Register Bit: 31 30 29 28
Unconditional 0 0 0 0

Reserved 0 0 0 1

BO 0 0 1 z

B1 0 1 0 z

B2 0 1 1 z

Al 1 0 0 z

A2 1 0 1 z

A0 1 1 0 z
Reserved 1 1 x! x!

1. xcan be any value.

Conditional instructions are represented in code by using square brackets, [ ],
surrounding the condition register name. The following execute packet contains two
ADD instructions in parallel. The first ADD is conditional on B0 being nonzero. The
second ADD is conditional on BO being zero. The character ! indicates the inverse of
the condition.

[BOJADD  .L1 Al,A2,A3
[ [!BO]ADD L2 B1,B2,B3
The above instructions are mutually exclusive, only one will execute. If they are
scheduled in parallel, mutually exclusive instructions are constrained as described in
Section 3.8 . If mutually exclusive instructions share any resources as described in
Section 3.8 , they cannot be scheduled in parallel (put in the same execute packet), even
though only one will execute.

The act of making an instruction conditional is often called predication and the
conditional register is often called the predication register.
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3.7 SPMASKed Operations

On the CPU, the SPMASK and SPMASKR instructions can be used to inhibit the
execution of instructions from the SPLOOP buffer. The selection of which instruction
to inhibit can be specified by the SPMASK or SPMASKR instruction argument or can
be marked by the addition of a caret (2) next to the parallel code marker as shown
below:

SPMASK
~ LDW .D1 *A0,Al ;This instruction is SPMASKED
~ LDW .D2 *B0,B1 ;This instruction is SPMASKED
MPY M1 A3,A4,A5 ;This instruction is NOT SPMASKED

See Chapter 8 “Software Pipelined Loop (SPLOOP) Buffer” on page 8-1 for more
information.

3.8 Resource Constraints

No two instructions within the same execute packet can use the same resources. Also,
no two instructions can write to the same register during the same cycle. The following
sections describe how an instruction can use each of the resources.

3.8.1 Constraints on Instructions Using the Same Functional Unit

Two instructions using the same functional unit cannot be issued in the same execute
packet.

The following execute packet is invalid:

ADD .S1A0, Al, A2 ;.S1 is used for
|| SHR .S1A3, 15, A4 ;...both instructions

The following execute packet is valid:

ADD .L1AO, Al, A2 ;Two different functional
|| SHR .S1A3, 15, A4 ;...units are used

3.8.2 Constraints on the Same Functional Unit Writing in the Same Instruction Cycle

SPRUGH7—November 2010
Submit Documentation Feedback

On the C64x+/C674x, the .M unit has two 32-bit write ports; so the results of a 4-cycle
32-bit instruction and a 2-cycle 32-bit instruction operating on the same .M unit can
write their results on the same instruction cycle. Any other combination of parallel
writes (a 2-cycle instruction writing a 32-bit result and a 4-cycle instruction writing a
64-bit results) on the .M unit will result in a conflict. On the C674x DSP this will result
in an exception.

On the C66x, the .M unit has two 64-bit write ports to the register file and the results of
a 4-cycle instruction and a 2-cycle instruction operating on the same .M unit can write
their results on the same instruction cycle even when the 4-cycle instruction writes a
64-bit results (like a CMPY for example).

However, a 4-cycle instruction (that writes a 128-bit result (like a CMATMPY for
example)) can not write its results in the same instruction cycle as a 2-cycle instruction
operating on the same .M unit. On the C66x DSP, this will result in an exception and
erroneous values being written to the destination registers.

For example, the following sequence is valid and results in A3:A2 and A5 being written
by the .M1 unit on the same cycle.
CMPY.M1 A0,Al,A3:A2 ; This instruction has 3 delay slots
; and generates a 64 bit result
NOP
AVG2 .M1 A4,AS ; This instruction has 1 delay slot
NOP ; A3:A2 and A5 get written on this cycle
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The following sequence is invalid. The attempt to write 160 bits of output through
128-bits of write port will fail. An exception is generated.

CMATMPY .M1 A3:A2, A7:A6:A5:A4, Al11:A10:A9:A8; This instruction has
; 3 delay slots but
; writes a 128-bit

; result
NOP
MPY .M1 Al,A2,A3 ;This instruction has 1 delay slot
NOP

Even though the .L/.S units can also execute 4-cycle and 2-cycle instructions, two
independent writes from the same .L or .S unit to the register file onto the same
instruction cycle is not supported and will result in an exception and erroneous values
being written to the destination registers.

Therefore, the following sequence is invalid since A4 and A5 are written by the .L1 unit
on the same cycle.

INTSPU .L1A1l, A5 ; this instruction has a three delay
; slot (4-cycle instruction)

NOP

DSPINTH.L1A3:A2, A4 ; this instruction has a one delay slot
; (2-cycle instruction)

NOP

3.8.3 Constraints on Cross Paths (1X and 2X)
3.8.3.1 Maximum Number of Accesses to a Register on the Opposite Register File

Unlike the C64x+/C674x (which allows up to two unit per data path per execute packet
to read an operand from its opposite register file), the C66x allows multiple reads
through one cross path to the same register.

For example the following sequence is invalid on C64x+/C674x and valid on the C66x:

ADD .L1 AO, BO, Al
ADD .S1 A2, BO, A2
ADD .D1 A3, BO, A3
MPY .M1 A4, BO, A4

3.8.4 Cross Path Sharing

3-16 TMS320C66x DSP CPU and Instruction Set Reference Guide

On the C66x, the same register or can be read multiple times through the cross path on
the same cycle. The cross paths have been extended to 64-bit. The 64-bit cross path can
be used to transport either a 64-bit register value or one 32-bit register value. Even
though two 32-bit registers could be read on the opposite register file using the 64-bit
cross path, this is not supported by the C66x architecture.

The following is illegal:

DADD .L1 Al:A0, B1:BO, A7:A6
|| ADD .S1 Al,Bl, A3

|| suB .D1 A1,BO, AS

The following is legal:

DADD .L2 B1:BO, Al:A0, B3:B2
|| DADD .S2 B5:B4, Al:A0, B7:B6

|| suB .D2 B9,BS8,B10
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3.8.5 Cross Path Stalls

The DSP introduces a delay clock cycle whenever an instruction attempts to read a
register via a cross path that was updated in the previous cycle. This is known as a cross
path stall. This stall is inserted automatically by the hardware, no NOP instruction is
needed. It should be noted that no stall is introduced if the register being read has data
placed by a load instruction, or if an instruction reads a result one cycle after the result
is generated.

Here are some examples:

ADD .S1 A0, AO, A1 ; / Stall is introduced; Al is updated
; 1 cycle before it is used as a

ADD .S2X Al, BO, Bl ; \ cross path source

ADD .S1 A0, AO, Al ; / No stall is introduced; A0 not updated
; 1 cycle before it is used as a cross

ADD .S2X A0, BO, Bl ; \ path source

LDW .D1 *++A0[1], Al ; / No stall is introduced; Al is the load
; destination

NOP 4 ; NOP 4 represents 4 instructions to

ADD .S2X Al, BO, Bl ;7 \ be executed between the load and add.
LDW .D1 *++A0[1], Al ; / Stall is introduced; A0 is updated
ADD .S2X A0, BO, Bl ; 1 cycle before it is used as a

; \ cross path source

It is possible to avoid the cross path stall by scheduling an instruction that reads an
operand via the cross path at least one cycle after the operand is updated. With
appropriate scheduling, the DSP can provide one cross path operand per data path per
cycle with no stalls. In many cases, the TMS320C6000 Optimizing Compiler and
Assembly Optimizer automatically perform this scheduling.

3.8.6 Constraints on Loads and Stores
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The data address paths named DA1 and DA?2 are each connected to the .D units in both
data paths. Load and store instructions can use an address pointer from one register file
while loading to or storing from the other register file. Two load and store instructions
using a destination/source from the same register file cannot be issued in the same
execute packet. The address register must be on the same side as the .D unit used.

The DA1 and DA2 resources and their associated data paths are specified as T1 and T2,
respectively. T1 consists of the DA1 address path and the LD1 and ST1 data paths. LD1
is comprised of LD1a and LD1b to support 64-bit loads; ST1 is comprised of ST1a and
ST1b to support 64-bit stores. Similarly, T2 consists of the DA2 address path and the
LD2 and ST2 data paths. LD2 is comprised of LD2a and LD2b to support 64-bit loads;
ST2 is comprised of ST2a and ST2b to support 64-bit stores. The T1 and T2
designations appear in the functional unit fields for load and store instructions.

The DSP can access words and doublewords at any byte boundary using nonaligned
loads and stores. As a result, word and doubleword data does not need alignment to
32-bit or 64-bit boundaries. No other memory access may be used in parallel with a
nonaligned memory access. The other .D unit can be used in parallel, as long as it is not
performing a memory access.

The following execute packet is invalid:

LDNW .D2T2 *B2[B12],B13 ; \ Two memory operations,
|| LDB  .D1T1 *A2,Al4 ; / one non-aligned

TMS320C66x DSP CPU and Instruction Set Reference Guide 3-17


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
3.8 Resource Constraints

Chapter 3—Instruction Set

www.ti.com

The following execute packet is valid:

LDNW .D2T2 *B2[B12], Al3 \ One non-aligned memory

i
; operation,

|| aDD .D1x Al2, B13, Al4 ;  one non-memory .D unit
; / operation

3.8.7 Constraints on Long (40-Bit) Data

Both the C62x and C67x device families had constraints on the number of
simultaneous reads and writes of 40-bit data due to shared data paths.

The C674x CPU maintains separate data paths to each functional unit, so these
constraints are removed.

The following, for example, is valid:

DDOTPL2 M1 Al:A0,A2,A5:A4
DDOTPL2 .M2 B1:B0,B2,B5:B4

STDW .D1 A9:A8, *A6

STDW .D2 B9:B8, *B6

SUB L1 A25:A24,A20,A31:A30
SUB L2 B25:B24,B20,B31:B30
SHL .S1 Al11:A10,5,A13:A12
SHL .82 B11:B10,8,B13:B12

3.8.8 Constraints on Register Reads

More than four reads of the same register can not occur on the same cycle. On the C66x,
there are no restrictions of the number of reads perform from the same register on the
same clock cycle.

The following execute packets example are invalid on C64x+/C674x and valid on the
Coé6x:

MPY .M1 Al, Al, A4 ; five reads of register Al
ADD .L1 Al, Al, A5
SUB .D1 Al, A2, A3

MPY .M1 Al, Al, A4 ; five reads of register Al
ADD .L1 Al, Al, A5
SUB .D2x Al, B2, B3

3.8.9 Constraints on Register Writes

Two instructions cannot write to the same register on the same cycle. Two instructions
with the same destination can be scheduled in parallel as long as they do not write to
the destination register on the same cycle. For example, an MPY issued on cycle I
followed by an ADD on cycle I + 1 cannot write to the same register because both
instructions write a result on cycle I + 1. Therefore, the following code sequence is
invalid unless a branch occurs after the MPY, causing the ADD not to be issued.

MPY .M1 A0, Al, A2
ADD .L1 A4, A5, A2

However, this code sequence is valid:

MPY .Ml A0, Al, A2
|| ADD .L1 R4, A5, A2

Figure 3-4 shows different multiple-write conflicts. For example, ADD and SUB in
execute packet L1 write to the same register. This conflict is easily detectable.

MPY in packet L2 and ADD in packet L3 might both write to B2 simultaneously;
however, if a branch instruction causes the execute packet after L2 to be something
other than L3, a conflict would not occur. Thus, the potential conflict in L2 and L3
might not be detected by the assembler. The instructions in L4 do not constitute a write
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conflict because they are mutually exclusive. In contrast, because the instructions in L5
may or may not be mutually exclusive, the assembler cannot determine a conflict. If the

pipeline does receive commands to perform multiple writes to the same register, the
result is undefined.

Figure 3-4 Examples of the Detectability of Write Conflicts by the Assembler
Ll: ADD .L2 B5, B6, B7 ; \ detectable, conflict

[ SUB .S2 B8, B9, B7 ;

L2: MPY .M2 BO, Bl, B2 ; \ not detectable

L3: ADD .L2 B3, B4, B2 ;

IL4: [!BO]JADD.L2 B5, B6, B7 ; \ detectable, no conflict

|| [BO] SUB.S2 B8, B9, B7 ; /

L5: [!B1]ADD.L2 B5, B6, B7 ; \ not detectable

|| [BO] SUB.S2 B8, B9, B7 ; /

3.8.10 Constraints on AMR Writes

A write to the addressing mode register (AMR) using the MV C instruction that is
immediately followed by a LD, ST, ADDA, or SUBA instruction causes a 1 cycle stall,
if the LD, ST, ADDA, or SUBA instruction uses the A4-A7 or B4-B7 registers for
addressing.

3.8.11 Constraints on Multicycle NOPs

Two instructions that generate multicycle NOPs cannot share the same execute packet.
Instructions that generate a multicycle NOP are:

e NOP n (wheren>1)

« IDLE

« BNOP target, n (for all values of n, regardless of predication)

« ADDKPC label, reg, n (for all values of n, regardless of predication)

3.8.12 Constraints on Unitless Instructions
3.8.12.1 MFENCE Restrictions
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The MFENCE instruction is a new instruction introduced onto the C66x DSP. This
instruction will stall until the completion of all the CPU-triggered memory
transactions, including:

«  Cache line fills

o Writes from L1D to L2 or from CorePac to MSMC and/or other system
endpoints

e Victim write backs

»  Block or global coherence operations
«  Cache mode changes

o  Outstanding XMC prefetch requests

To determine if all the memory transactions are completed, the MFENCE instruction
checks an internal busy flag. MFENCE always wait at least 5 clock cycles before
checking the busy flag in order to account for pipeline delays.

The following code is legal:

STW A0, *Al

MFENCE ; This will wait until the STW write above

; has landed in it's final destination

During the course of executing a MFENCE operation, any enabled interrupts will still
be serviced.
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When an interrupt occurs during the execution of a MFENCE instruction, the address
of the execute packet containing the MFENCE instruction is saved in IRP or NRP. This
forces returning to the MFENCE instruction after interrupt servicing.

The MFENCE operation has the following restrictions:

1.

MFENCE should not be executed in parallel with any other instructions. It
should be the only instruction in the execute packet. This restriction is not
enforced by hardware, and correct operation is not guaranteed if this is done.

The following code is illegal:

ADD.L1AO, A3, A5
| | MFENCE.S1

MFENCE cannot be included in the prolog or body of an SPLOOP. This is not
enforced by hardware.
MEFENCE cannot be included in the epilog of a reloadable SPLOOP.

MFENCE should not be included in the epilog of an SPLOOP earlier than 5 cycles
before the SPLOOP goes completely IDLE (this is because MFENCE only
guarantees 5 cycles of "NOP").

3.8.12.2 SPLOOP Restrictions

The NOP, NOPn, and BNOP instructions are the only unitless instructions allowed to
be used in an SPLOOP(D/W) body. The assembler disallows the use of any other
unitless instruction in the loop body.

See Chapter 8 “Software Pipelined Loop (SPLOOP) Buffer” on page 8-1 for more
information.

3.8.12.3 BNOP <disp>,n

A BNOP instruction cannot be placed in parallel with the following instructions if the
BNOP has a non-zero NOP count:

3.8.12.4 DINT
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ADDKPC
CALLP
NOP n

A DINT instruction cannot be placed in parallel with the following instructions:

MVCreg, TSR
MVCreg, CSR
B IRP

B NRP

IDLE

NOP n (ifn>1)
RINT
SPKERNEL(R)
SPLOOP(D/W)
SPMASK(R)
SWE

SWENR
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3.8.12.5 IDLE

3.8 Resource Constraints
Chapter 3—Instruction Set

A DINT instruction can be placed in parallel with the NOP instruction.

An IDLE instruction cannot be placed in parallel with the following instructions:
« DINT
e« NOPn(fn>1)
« RINT
+ SPKERNEL(R)
« SPLOOP(D/W)
o SPMASK(R)
« SWE
« SWENR

An IDLE instruction can be placed in parallel with the NOP instruction.

3.8.12.6 NOPn

3.8.12.7 RINT
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A NOPn (with n > 1) instruction cannot be placed in parallel with other multicycle
NOP counts (ADDKPC, BNOP, CALLP) with the exception of another NOP#n where
the NOP count is the same. A NOP#n (with n > 1) instruction cannot be placed in
parallel with the following instructions:

o DINT
« IDLE
o« RINT

o SPKERNEL(R)
« SPLOOP(D/W)
o SPMASK(R)

« SWE

« SWENR

A RINT instruction cannot be placed in parallel with the following instructions:
« MVCreg, TSR
« MVCreg, CSR

« BIRP
« BNRP
« DINT
« IDLE

« NOP#u(ifn>1)
« SPKERNEL(R)
« SPLOOP(D/W)
« SPMASK(R)

. SWE

. SWENR

A RINT instruction can be placed in parallel with the NOP instruction.
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3.8.12.8 SPKERNEL(R)
An SPKERNEL(R) instruction cannot be placed in parallel with the following

instructions:
« DINT
« IDLE
e NOPn(ifn>1)
e RINT

o SPLOOP(D/W)
o SPMASK(R)

« SWE

« SWENR

An SPKERNEL(R) instruction can be placed in parallel with the NOP instruction.

3.8.12.9 SPLOOP(D/W)
An SPLOOP(D/W) instruction cannot be placed in parallel with the following

instructions:
« DINT
« IDLE
e« NOPn(ifn>1)
« RINT

o SPKERNEL(R)
o SPMASK(R)

o SWE

« SWENR

An SPLOOP(D/W) instruction can be placed in parallel with the NOP instruction:

3.8.12.10 SPMASK(R)
An SPMASK(R) instruction cannot be placed in parallel with the following

instructions:
o« DINT
« IDLE
e NOPn(fn>1)
« RINT

« SPLOOP(D/W)
o SPKERNEL(R)
« SWE

« SWENR

An SPMASK(R) instruction can be placed in parallel with the NOP instruction.

3.8.12.11 SWE
An SWE instruction cannot be placed in parallel with the following instructions:
o DINT
« IDLE
e« NOPn(fn>1)
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o« RINT

o SPLOOP(D/W)
« SPKERNEL(R)
« SWENR

An SWE instruction can be placed in parallel with the NOP instruction.

3.8.12.12 SWENR

An SWENR instruction cannot be placed in parallel with the following instructions:
o DINT

« IDLE
e NOPn(fn>1)
e RINT

« SPLOOP(D/W)
o SPKERNEL(R)
« SWE

An SWENR instruction can be placed in parallel with the NOP instruction.

3.8.13 Constraints on Floating-Point Instructions
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If an instruction has a multicycle functional unit latency, it locks the functional unit for
the necessary number of cycles. Any new instruction dispatched to that functional unit
during this locking period causes undefined results and a resource conflict exception is
generated.

An instruction of the following types scheduled on cycle I has the following constraints:

DP compare No other instruction can use the functional unit on cycles land | + 1.
ADDDP/SUBDP No other instruction can use the functional unit on cycles land | + 1.
MPYI No other instruction can use the functional unit on cycles |, 1+ 1,1+ 2,and | + 3.
MPYID No other instruction can use the functional unit on cycles |, 1+ 1,1+2,and | + 3.
MPYDP No other instruction can use the functional unit on cycles |, 1+ 1,1+ 2,and | + 3.

If a cross path is used to read a source in an instruction with a multicycle functional unit
latency, you must ensure that no other instructions executing on the same side uses the
cross path.

An instruction of the following types scheduled on cycle I using a cross path to read a
source, has the following constraints:

DP compare No other instruction on the same side can used the cross path on cycles land | + 1.
ADDDP/SUBDP No other instruction on the same side can use the cross path on cycles land | + 1.

MPYI No other instruction on the same side can use the cross path on cycles|, 1+ 1,1+2,and | + 3.
MPYID No other instruction on the same side can use the cross path on cycles |, 1+ 1,1+ 2,and | + 3.
MPYDP No other instruction on the same side can use the cross path on cycles|, 1+ 1,1+ 2,and | + 3.

Other hazards exist because instructions have varying numbers of delay slots, and need
the functional unit read and write ports of varying numbers of cycles. A read or write
hazard exists when two instructions on the same functional unit attempt to read or
write, respectively, to the register file on the same cycle.
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An instruction of the following types scheduled on cycle I has the following constraints:

2-cycle DP

4-cycle

INTDP

MPYI

MPYID

MPYDP

ADDDP/SUB
DP

A single-cycle instruction cannot be scheduled on that functional unit on cycle | + 1 due to a write
hazard on cycle | + 1.

Another 2-cycle DP instruction cannot be scheduled on that functional unit on cycle | + 1 dueto a
write hazard on cycle | + 1.

A single-cycle instruction cannot be scheduled on that functional unit on cycle | + 3 due to a write
hazard on cycle | + 3.

A multiply (16 16-bit) instruction cannot be scheduled on that functional unit on cycle | + 2 due to
a write hazard on cycle | + 3.

A single-cycle instruction cannot be scheduled on that functional unit on cycle | + 3 or | + 4 due to
a write hazard on cycle | + 3 or | + 4, respectively.

An INTDP instruction cannot be scheduled on that functional unit on cycle | + 1 due to a write
hazard on cycle | + 1.

A 4-cycle instruction cannot be scheduled on that functional unit on cycle | + 1 due to a write
hazard on cycle | + 1.

4-cycle instruction cannot be scheduled on that functional unit on cycle | + 4,1+ 5, or | + 6.
A MPYDP instruction cannot be scheduled on that functional unit on cycle | + 4,1+ 5, or | + 6.

A multiply (16 16-bit) instruction cannot be scheduled on that functional unit on cycle | + 6 due to
a write hazard on cycle | + 7.

A 4-cycle instruction cannot be scheduled on that functional unit on cycle | + 4,1 + 5, or | + 6.
A MPYDP instruction cannot be scheduled on that functional unit on cycles | + 4,1+ 5, or | + 6.

A multiply (16 16-bit) instruction cannot be scheduled on that functional uniton cycle 1+ 7 or 1 + 8
due to a write hazard on cycle | + 8 or | + 9, respectively.

A 4-cycle instruction cannot be scheduled on that functional unit on cycle | + 4,1+ 5, or | + 6.
A MPYl instruction cannot be scheduled on that functional unit on cycle | + 4,1+ 5, or | + 6.
A MPYID instruction cannot be scheduled on that functional unit on cycle | + 4,1+ 5, or | + 6.

A multiply (16 x 16-bit) instruction cannot be scheduled on that functional uniton cycle | + 7 or | +
8 due to a write hazard on cycle | + 8 or | + 9, respectively.

A single-cycle instruction cannot be scheduled on that functional unit on cycle | + 5 or | + 6 due to
a write hazard on cycle | + 5 or | + 6, respectively.

A 4-cycle instruction cannot be scheduled on that functional uniton cycle | + 2 or | + 3 due to a
write hazard on cycle | + 5 or | + 6, respectively.

An INTDP instruction cannot be scheduled on that functional uniton cycle | + 2 or I + 3 due to a
write hazard on cycle | + 5 or | + 6, respectively.

All of the previous cases deal with double-precision floating-point instructions or the
MPYI or MPYID instructions except for the 4-cycle case. A 4-cycle instruction consists
of both single- and double-precision floating-point instructions. Therefore, the 4-cycle
case is important for the following single-precision floating-point instructions:

« ADDSP

o SUBSP

o SPINT

« SPTRUNC
o INTSP

« MPYSP

3.9 Addressing Modes

The addressing modes on the DSP are linear, circular using BKO, and circular using
BK1. The addressing mode is specified by the addressing mode register (AMR),
described in 2.8.3 “Addressing Mode Register (AMR)” on page 2-12.
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All registers can perform linear addressing. Only eight registers can perform circular
addressing: A4-A7 are used by the .D1 unit, and B4-B7 are used by the .D2 unit. No
other units can perform circular addressing. LDB(U)/LDH(U)/LDW,
STB/STH/STW, LDNDW, LDNW, STNDW, STNW, LDDW, STDW,
ADDAB/ADDAH/ADDAW/ADDAD, and SUBAB/SUBAH/SUBAW instructions
all use AMR to determine what type of address calculations are performed for these
registers. There is no SUBAD instruction.

3.9.1 Linear Addressing Mode
3.9.1.1 LD and ST Instructions

For load and store instructions, linear mode simply shifts the offsetR/cst operand to the
left by 3,2, 1, or 0 for doubleword, word, halfword, or byte access, respectively; and then
performs an add or a subtract to baseR (depending on the operation specified). The
LDNDW and STNDW instructions also support nonscaled offsets. In nonscaled
mode, the offsetR/cst is not shifted before adding or subtracting from the baseR.

For the preincrement, predecrement, positive offset, and negative offset address
generation options, the result of the calculation is the address to be accessed in
memory. For postincrement or postdecrement addressing, the value of baseR before
the addition or subtraction is the address to be accessed from memory.

3.9.1.2 ADDA and SUBA Instructions

For integer addition and subtraction instructions, linear mode simply shifts the src1/cst
operand to the left by 3, 2, 1, or 0 for doubleword, word, halfword, or byte data sizes,
respectively, and then performs the add or subtract specified.

3.9.2 Circular Addressing Mode

The BKO and BK1 fields in AMR specify the block sizes for circular addressing, see
“Addressing Mode Register (AMR)” on page 2-12.

3.9.2.1 LD and ST Instructions
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As with linear address arithmetic, offsetR/cst is shifted left by 3, 2, 1, or 0 according to
the data size, and is then added to or subtracted from baseR to produce the final
address. Circular addressing modifies this slightly by only allowing bits N through 0 of
the result to be updated, leaving bits 31 through N + 1 unchanged after address
arithmetic. The resulting address is bounded to 2N+ 1) range, regardless of the size of
the offsetR/cst.

The circular buffer size in AMR is not scaled; for example, a block-size of 8 is 8 bytes,
not 8 times the data size (byte, halfword, word). So, to perform circular addressing on
an array of 8 words, a size of 32 should be specified, or N = 4. Example 3-4 shows an
LDW performed with register A4 in circular mode and BKO = 4, so the buffer size is 32
bytes, 16 halfwords, or 8 words. The value in AMR for this example is 00040001h.

Example 3-4  LDW Instruction in Circular Mode

LDW .D1 *++A4 [9] ,A1
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Before LDW 1 cycle after LDW! 5 cycles after LDW

A4| 00000100h A4 00000104h A4 00000104h
Al Al XXXXXXXXh Al 1234 5678h
mem 104h | 1234 5678h | mem 104h 1234 5678h mem 104h 1234 5678h

1. 9h words is 24h bytes. 24h bytes is 4 bytes beyond the 32-byte (20h) boundary 100h-11Fh; thus, it is wrapped
around to (124h - 20h = 104h).

End of Example 3-4

3.9.2.2 ADDA and SUBA Instructions

As with linear address arithmetic, offsetR/cst is shifted left by 3, 2, 1, or 0 according to
the data size, and is then added to or subtracted from baseR to produce the final
address. Circular addressing modifies this slightly by only allowing bits N through 0 of
the result to be updated, leaving bits 31 through N + 1 unchanged after address
arithmetic. The resulting address is bounded to 2N+ 1) range, regardless of the size of
the offsetR/cst.

The circular buffer size in AMR is not scaled; for example, a block size of 8 is 8 bytes,
not 8 times the data size (byte, halfword, word). So, to perform circular addressing on
an array of 8 words, a size of 32 should be specified, or N = 4. Example 3-5 shows an
ADDAH performed with register A4 in circular mode and BKO = 4, so the buffer size
is 32 bytes, 16 halfwords, or 8 words. The value in AMR for this example is 00040001h.

Example 3-5 ADDAH Instruction in Circular Mode

ADDAH  .D1 A4,Al,Rd
Before ADDAH 1 cycle after ADDAH!
A4 | 00000100h | A4 ‘ 00000106h ‘
Al | 0000 0013h | Al ‘ 00000013h ‘

1. 13h halfwords is 26h bytes. 26h bytes is 6 bytes beyond the 32-byte (20h) boundary 100h-11Fh; thus, it is wrapped
around to (126h - 20h = 106h).

End of Example 3-5

3.9.2.3 Circular Addressing Considerations with Nonaligned Memory

Circular addressing may be used with nonaligned accesses. When circular addressing
is enabled, address updates and memory accesses occur in the same manner as for the
equivalent sequence of byte accesses.

On the CPU, the circular buffer size must be at least 32 bytes. Nonaligned access to
circular buffers that are smaller than 32 bytes will cause undefined results.
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Nonaligned accesses to a circular buffer apply the circular addressing calculation to
logically adjacent memory addresses. The result is that nonaligned accesses near the
boundary of a circular buffer will correctly read data from both ends of the circular
buffer, thus seamlessly causing the circular buffer to “wrap around” at the edges.

Consider, for example, a circular buffer size of 16 bytes. A circular buffer of this size at
location 20h, would look like this in physical memory:

T1 1111 11

—

2222222222222222333333333
78 9 ABCDETF|01 23456789 ABCDETF|01T23458%6738

‘xxxxxxxxxabcdefghijklmnopxxxxxxxxx‘

The effect of circular buffering is to make it so that memory accesses and address
updates in the 20h-2Fh range stay completely inside this range. Effectively, the memory
map behaves in this manner:

22222222222 2222222222222222222222:2
78 9 ABCDETF|01 23456789  ABCDETF|[0123458%6738

‘hijklmnopabcdefghijklmnopabcdefghi‘

Example 3-6 shows an LDNW performed with register A4 in circular mode and BKO =
4, so the bulffer size is 32 bytes, 16 halfwords, or 8 words. The value in AMR for this
example is 0004 0001h. The buffer starts at address 0020h and ends at 0040h. The
register A4 is initialized to the address 003Ah.

Example 3-6 LDNW in Circular Mode

LDNW.D1 *++A4 [2] ,A1

Before LDNW 1 cycle after LDNW' 5 cycles after LDNW

A4| 0000003Ah A4 ‘ 00000022h | A4 ‘ 00000022h ‘
Al Al ‘ XXXXXXXXh | Al ‘ 5678 9ABCh ‘
mem 0022h| 5678 9ABCh | mem 0022h ‘ 5678 9ABCh | mem 0022h ‘ 5678 9ABCh ‘

1. 2h words is 8h bytes. 8h bytes is 2 bytes beyond the 32-byte (20h) boundary starting at address 003Ah; thus, it is
wrapped around to 0022h (003Ah + 8h = 0022h).

3.9.3 Syntax for Load/Store Address Generation
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The DSP has a load/store architecture, which means that the only way to access data in
memory is with a load or store instruction. Table 3-10 shows the syntax of an indirect
address to a memory location. Sometimes a large offset is required for a load/store. In
this case, you can use the B14 or B15 register as the base register, and use a 15-bit
constant (ucst15) as the offset.
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Table 3-11 describes the addressing generator options. The memory address is formed
from a base address register (baseR) and an optional offset that is either a register
(offsetR) or a 5-bit unsigned constant (ucst5).

Table 3-10 Indirect Address Generation for Load/Store

No Modification of Preincrement or Predecrement of Postincrement or Postdecrement
Addressing Type Address Register Address Register of Address Register
Register indirect *R *++R *R++

*-R *R--

Register relative *+R[ucst5] *++R[ucst5] *R++[ucst5]

*-Rlucst5] *- -Rlucst5] *R- -[ucst5]
Register relative with 15-bit constant offset *+B14/B15[ucst15] not supported not supported
Base + index *+R[offsetR] *++R[offsetR] *R++[offsetR]

*-R[offsetR] *- -RloffsetR] *R- -[offsetR]

Table 3-11 Address Generator Options for Load/Store

Mode Field Syntax Modification Performed
0 0 0 0 *-Rlucst5] Negative offset
0 0 0 1 *+R[ucst5] Positive offset
0 1 0 0 *-RloffsetR] Negative offset
0 1 0 1 *+RloffsetR] Positive offset
1 0 0 0 *- -Rlucst5] Predecrement
1 0 0 1 *++R[ucst5] Preincrement
1 0 1 0 *R- -[ucst5] Postdecrement
1 0 1 1 *R++[ucst5] Postincrement
1 1 0 0 *--R[offsetR] Predecrement
1 1 0 1 *++R[offsetR] Preincrement
1 1 1 0 *R- -[offsetR] Postdecrement
1 1 1 1 *R++[offsetR] Postincrement
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3.10 Compact Instructions on the CPU

The CPU supports a header based set of 16-bit-wide compact instructions in addition
to the normal 32-bit wide instructions.

3.10.1 Compact Instruction Overview
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The availability of compact instructions is enabled by the replacement of the eighth
word of a fetch packet with a 32-bit header word. The header word describes which of
the other seven words of the fetch packet contain compact instructions, which of the
compact instructions in the fetch packet operate in parallel, and also contains some
decoding information which supplements the information contained in the 16-bit
compact opcode. Figure 3-5 compares the standard fetch packet with a header-based
fetch packet containing compact instructions.

Figure 3-5 CPU Fetch Packet Types

Standard C6000 Fetch Packet Header-Based Fetch Packet
Word Word
0 32-bit opcode 0 16-bit opcode ‘ 16-bit opcode
1 32-bit opcode 1 32-bit opcode

32-bit opcode 16-bit opcode ‘ 16-bit opcode

32-bit opcode 32-bit opcode

32-bit opcode 16-bit opcode ‘ 16-bit opcode

32-bit opcode 32-bit opcode

32-bit opcode 16-bit opcode ‘ 16-bit opcode

N o0 i A WN
N OO un o wWwN

32-bit opcode Header

Within the other seven words of the fetch packet, each word may be composed of a
single 32-bit opcode or two 16-bit opcodes. The header word specifies which words
contain compact opcodes and which contain 32-bit opcodes.

The compiler will automatically code instructions as 16-bit compact instructions when
possible.

There are a number of restrictions to the use of compact instructions:
o No dedicated predication field
«  3-bit register address field
» Very limited 3 operand instructions
o  Subset of 32-bit instructions
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Figure 3-6 Compact Instruction Header Format
31 30 29 28 27 21 20
‘ 1 ‘ 1 | 1 ‘ 0 ‘ Layout Expansion ‘
7 7
14 13 0
‘ Expansion | p-bits ‘
7 14
Bits 27-21 (Layout field) indicate which words in the fetch packet contain 32-bit
opcodes and which words contain two 16-bit opcodes.
Bits 20-14 (Expansion field) contain information that contributes to the decoding of
all compact instructions in the fetch packet.
Bits 13-0 (p-bits field) specify which compact instructions are run in parallel.
3.10.2.1 Layout Field in Compact Header Word
Bits 27-21 of the compact instruction header contains the layout field. This field
specifies which of the other seven words in the current fetch packet contain 32-bit
full-sized instructions and which words contain two 16-bit compact instructions.
Figure 3-7 shows the layout field in the compact header word and Table 3-12 describes
the bits.
Figure 3-7 Layout Field in Compact Header Word
27 26 25 24 23 22 21
L7 L6 ‘ L5 L4 L3 L2 L1
Table 3-12 Layout Field Description in Compact Instruction Packet Header
Bit Field Value Description
27 L7 0 Seventh word of fetch packet contains a single 32-bit opcode.
1 Seventh word of fetch packet contains two 16-bit compact instructions.
26 L6 0 Sixth word of fetch packet contains a single 32-bit opcode.
1 Sixth word of fetch packet contains two 16-bit compact instructions.
25 L5 0 Fifth word of fetch packet contains a single 32-bit opcode.
1 Fifth word of fetch packet contains two 16-bit compact instructions.
24 L4 0 Fourth word of fetch packet contains a single 32-bit opcode.
1 Fourth word of fetch packet contains two 16-bit compact instructions.
23 L3 0 Third word of fetch packet contains a single 32-bit opcode.
1 Third word of fetch packet contains two 16-bit compact instructions.
22 L2 0 Second word of fetch packet contains a single 32-bit opcode.
1 Second word of fetch packet contains two 16-bit compact instructions.
21 L1 0 First word of fetch packet contains a single 32-bit opcode.
1 First word of fetch packet contains two 16-bit compact instructions.
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3.10.2.2 Expansion Field in Compact Header Word

Bits 20-14 of the compact instruction header contains the opcode expansion field. This
field specifies properties that apply to all compact instructions contained in the current
fetch packet.

Figure 3-8 shows the expansion field in the compact header word and Table 3-13
describes the bits.

Figure 3-8 Expansion Field in Compact Header Word
20 19 18 16 15 14
PROT RS ‘ DSz BR SAT
Table 3-13 Expansion Field Description in Compact Instruction Packet Header
Bit Field Value | Description
20 PROT 0 Loads are nonprotected (NOPs must be explicit).
1 Loads are protected (4 NOP cycles added after every LD instruction).
19 RS 0 Instructions use low register set for data source and destination.
1 Instructions use high register set for data source and destination.
18-16 DSz 0-7h | Defines primary and secondary data size (see Table 3-14 on page 3-32)
15 BR 0 Compact instructions in the S unit are not decoded as branches
1 Compact Instructions in the S unit are decoded as branches.
14 SAT 0 Compact instructions do not saturate.
1 Compact instructions saturate.
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Bit 20 (PROT) selects between protected and nonprotected mode for all LD
instructions within the fetch packet. When PROT is 1, four cycles of NOP are added
after each LD instruction within the fetch packet whether the LD is in 16-bit compact
format or 32-bit format.

Bit 19 (RS) specifies which register set is used by compact instructions within the fetch
packet. The register set defines which subset of 8 registers on each side are data
registers. The 3-bit register field in the compact opcode indicates which one of eight
registers is used. When RS is 1, the high register set (A16-A23 and B16-B23) is used;
when RS is 0, the low register set (A0-A7 and B0-B7) is used.

Bits 18-16 (DSZ) determine the two data sizes available to the compact versions of the
LD and ST instructions in a fetch packet. Bit 18 determines the primary data size that
is either word (W) or doubleword (DW). In the case of DW, an opcode bit selects
between aligned (DW) and nonaligned (NDW) accesses. Bits 17 and 16 determine the
secondary data size: byte unsigned (BU), byte (B), halfword unsigned (HU), halfword
(H), word (W), or nonaligned word (NW). Table 3-14 describes how the bits map to
data size.

Bit 15 (BR). When BR is 1, instructions in the S unit are decoded as branches.
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Bit 14 (SAT). When SAT is 1, the ADD, SUB, SHL, MPY, MPYH, MPYLH, and
MPYHL instructions are decoded as SADD, SUBS, SSHL, SMPY, SMPYH, SMPYLH,
and SMPYHL, respectively.

Table 3-14 LD/ST Data Size Selection
DSz Bits Primary Secondary

18 17 16 Data Size’ Data Size?
0 0 0 w BU

0 0 1 w B

0 1 0 w HU

0 1 1 W H

1 0 0 DW/NDW w

1 0 1 DW/NDW B

1 1 0 DW/NDW NW

1 1 1 DW/NDW H

1. Primary data size is word W) or doubleword (DW). In the case of DW, aligned (DW) or
nonaligned (NDW).

2. Secondary data size is byte unsigned (BU), byte (B), halfword unsigned (HU), halfword (H),

word (W), or nonaligned word (NW).

3.10.2.3 P-bit Field in Compact Header Word

Unlike normal 32-bit instructions in which the p-bit filed in each opcode determines
whether the instruction executes in parallel with other instructions; the
parallel/nonparallel execution information for compact instructions is contained in the
compact instruction header word.

Bits 13-0 of the compact instruction header contain the p-bit field. This field specifies
which of the compact instructions within the current fetch packet are executed in
parallel. If the corresponding bit in the layout field is 0 (indicating that the word is a
noncompact instruction), then the bit in the p-bit field must be zero; that is, 32-bit
instructions within compact fetch packets use their own p-bit field internal to the 32-bit
opcode; therefore, the associated p-bit field in the header should always be zero.

Figure 3-9 shows the p-bits field in the compact header word and Table 3-15 describes

the bits.
Figure 3-9 P-bits Field in Compact Header Word
13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ P13 ‘ P12 ‘ P11 ‘ P10 ‘ P9 ‘ P8 ‘ P7 ‘ P6 ‘ P5 ‘ P4 ‘ P3 ‘ P2 ‘ P1 ‘ PO ‘
Table 3-15 P-bits Field Description in Compact Instruction Packet Header (Part 1 of 2)
Bit Field Value Description
13 P13 0 Word 6 (16 most-significant bits) of fetch packet has parallel bit cleared.
1 Word 6 (16 most-significant bits) of fetch packet has parallel bit set.
12 P12 0 Word 6 (16 least-significant bits) of fetch packet has parallel bit cleared.
1 Word 6 (16 least-significant bits) of fetch packet has parallel bit set.
11 P11 0 Word 5 (16 most-significant bits) of fetch packet has parallel bit cleared.
1 Word 5 (16 most-significant bits) of fetch packet has parallel bit set.
10 P10 0 Word 5 (16 least-significant bits) of fetch packet has parallel bit cleared.
1 Word 5 (16 least-significant bits) of fetch packet has parallel bit set.
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Table 3-15 P-bits Field Description in Compact Instruction Packet Header (Part 2 of 2)

Bit Field Value Description

9 P9 0 Word 4 (16 most-significant bits) of fetch packet has parallel bit cleared.
1 Word 4 (16 most-significant bits) of fetch packet has parallel bit set.

8 P8 0 Word 4 (16 least-significant bits) of fetch packet has parallel bit cleared.
1 Word 4 (16 least-significant bits) of fetch packet has parallel bit set.

7 P7 0 Word 3 (16 most-significant bits) of fetch packet has parallel bit cleared.
1 Word 3 (16 most-significant bits) of fetch packet has parallel bit set.

6 P6 0 Word 3 (16 least-significant bits) of fetch packet has parallel bit cleared.
1 Word 3 (16 least-significant bits) of fetch packet has parallel bit set.

5 P5 0 Word 2 (16 most-significant bits) of fetch packet has parallel bit cleared.
1 Word 2 (16 most-significant bits) of fetch packet has parallel bit set.

4 P4 0 Word 2 (16 least-significant bits) of fetch packet has parallel bit cleared.
1 Word 2 (16 least-significant bits) of fetch packet has parallel bit set.

3 P3 0 Word 1 (16 most-significant bits) of fetch packet has parallel bit cleared.
1 Word 1 (16 most-significant bits) of fetch packet has parallel bit set.

2 P2 0 Word 1 (16 least-significant bits) of fetch packet has parallel bit cleared.
1 Word 1 (16 least-significant bits) of fetch packet has parallel bit set.

1 P1 0 Word 0 (16 most-significant bits) of fetch packet has parallel bit cleared.
1 Word 0 (16 most-significant bits) of fetch packet has parallel bit set.

0 PO 0 Word 0 (16 least-significant bits) of fetch packet has parallel bit cleared.
1 Word 0 (16 least-significant bits) of fetch packet has parallel bit set.

SPRUGH7—November 2010

3.10.3 Processing of Fetch Packets

The header information is used to fully define the 32-bit version of the 16-bit
instructions. In the case where an execute packet crosses fetch packet boundaries, there
are two headers in use simultaneously. Each instruction uses the header information
from its fetch packet header.

3.10.4 Execute Packet Restrictions

Execute packets that span fetch packet boundaries may not be the target of branches in
the case where one of the two fetch packets involved are header-based. The only
exception to this is where an interrupt is taken in the cycle before a spanning execute
packet reaches E1. The target of the return may be a normally disallowed target.

If the execute packet contains eight instructions, then neither of the two fetch packets
may be header-based.
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Table 3-16 lists the available compact instructions and their functional unit.

Table 3-16

Available Compact Instructions (Part 1 of 2)

Instruction

L Unit

M Unit

S Unit

D Unit

ADD

3

3

3

ADDAW

3

ADDK

AND

BNOP

CALLP

CLR

CMPEQ

CMPGT

CMPGTU

CMPLT

CMPLTU

wliw i wlw| w

EXT

EXTU

LDB(U)

LDB(U)

LDDW

LDH(U)

LDH(U)

LDNDW

LDNW

LDW

LDW

w i wiw i wi wi w | wlw|lw

MPY

MPYH

MPYHL

MPYLH

wlw wlw

MV

MvC

MVK

NEG

NOP

No

unit

OR

SADD

SET

SHL

SHR

SHRU

wl w wl w | w

SMPY

SMPYH

SMPYHL

SMPYLH

wlw wlw
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Table 3-16 Available Compact Instructions (Part 2 of 2)

Instruction L Unit M Unit ‘ S Unit ‘ D Unit
SPKERNEL No unit
SPLOOP No unit
SPLOOPD No unit
SPMASK No unit
SPMASKR No unit
SSHL 3
SSUB 3
STB
STDW
STH
STNDW
STNW
STW
STW
SUB 3 3
SUBAW
XOR 3

w i wi wi w i wl wlwlw|lw

3.11 Instruction Compatibility

See Appendix A on page A-1 for alist of the instructions that are common to the C62x,
C64x, Co4x+, C67x, C67x+, C674x, and C66x DSPs.

SPRUGH7—November 2010 TMS320C66x DSP CPU and Instruction Set Reference Guide 3-35
Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
3.11 Instruction Compatibility
Chapter 3—Instruction Set www.ti.com
3-36 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

Instruction Descriptions

This section gives detailed information on the instruction set. Each instruction may
present the following information:

Assembler syntax
Functional units
Operands
Opcode
Description
Execution
Pipeline
Instruction type
Delay slots
Functional Unit Latency
Examples

The ADD instruction is used as an example to familiarize you with the way each
instruction is described. The example describes the kind of information you will find in
each part of the individual instruction description and where to obtain more
information.
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4.1 Example

Syntax

Description

Execution for.L1,.L2 and .51,
.52 Opcodes

Execution for.D1,.D2 Opcodes

The way each instruction is described.

EXAMPLE (.unit) src, dst
.unit = .11, .12, .81, .82, .D1, .D2

src and dst indicate source and destination, respectively. The (.unit) dictates which
functional unit the instruction is mapped to (.L1, .L2, .S1,.S2, .M1, .M2, .D1, or .D2).

A table is provided for each instruction that gives the opcode map fields, units the
instruction is mapped to, types of operands, and the opcode.

The opcode shows the various fields that make up each instruction. These fields are
described in Table 4-2.

There are instructions that can be executed on more than one functional unit. Table 4-1
on page 4-3 shows how this is documented for the ADD instruction. This instruction
has three opcode map fields: srcl, src2, and dst. In the fifth group, the operands have
the types cst5, long, and long for srcl, src2, and dst, respectively. The ordering of these
fields implies cst5 + long —long, where + represents the operation being performed by
the ADD. This operation can be done on .L1 or .L2 (both are specified in the unit
column). The s in front of each operand signifies that src1 (scst5), src2 (slong), and dst
(slong) are all signed values.

In the ninth group, srcl, src2, and dst are int, cst5, and int, respectively. The u in front
of the cst5 operand signifies that src1 (ucst5) is an unsigned value. Any operand that
begins with x can be read from a register file that is different from the destination
register file. The operand comes from the register file opposite the destination, if the x
bit in the instruction is set (shown in the opcode map).

Instruction execution and its effect on the rest of the processor or memory contents are
described. Any constraints on the operands imposed by the processor or the assembler
are discussed. The description parallels and supplements the information given by the
execution block.

if (cond)srcl + src2 — dst else nop

if (cond)src2 + srcl —dst else nop
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Pipeline

Instruction Type

Delay Slots

Functional Unit Latency

Example
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The execution describes the processing that takes place when the instruction is
executed. The symbols are defined in Table 4-1.

This section contains a table that shows the sources read from, the destinations written
to, and the functional unit used during each execution cycle of the instruction.

This section gives the type of instruction. See Section 5.2 for information about the
pipeline execution of this type of instruction.

This section gives the number of delay slots the instruction takes to execute See Section
3.4 on page 3-9 for an explanation of delay slots.

This section gives the number of cycles that the functional unit is in use during the
execution of the instruction.

Examples of instruction execution. If applicable, register and memory values are given
before and after instruction execution.

Table 4-1 Relationships Between Operands, Operand Size, Functional Units, and Opfields
for Example Instruction (ADD)

Opcode map field used... For operand type... Unit Opfield
srcl sint L1,.L2 0000011
sre2 xsint
dst sint
srcl sint L1,.L2 0100011
sre2 xsint
dst slong
srcl xsint L1,.L2 0100001
src2 slong
dst slong
srcl scst5 L1,.L2 0000010
sre2 xsint
dst sint
srcl scst5 L1,.L2 0100000
src2 slong
dst slong
srcl sint S1,.52 000111
sre2 xsint
dst sint
srcl scst5 .S51,.52 000110
sre2 xsint
dst sint
src2 sint .D1,.D2 010000
srcl sint
dst sint
src2 sint .D1,.D2 010010
srcl ucst5
dst sint
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4.2 ABS
Absolute Value With Saturation
syntax ~ ABS (.unit) src2, dst
or
ABS (.unit) src2_h:src2_Ldst_h:dst_|
unit =.L1 or .L2
Opcode
31 29 28 27 23 22 18 17 16
‘ creg | z ‘ dst src2 ‘ 0 | 0 ‘
3 1 5 5
15 14 13 12 N 4 3 2 1 0
Lol o] o] x| o Lo o] s [ e
1 7 1 1
Opcode map field used... For operand type... Unit Opfield
src2 xsint .L1,.L2 0011010
dst sint
src2 slong .L1,L2 0111000
dst slong
Description  The absolute value of src2 is placed in dst.

The absolute value of src2 when src2 is an sint is determined as follows:

1. Ifsrc2 >0, then src2 —dst

2. Ifsrc2 < 0and src2# -231, then -src2 —dst

3. Ifsrc2=-231 then 231 - 1 —dst

The absolute value of src2 when src2 is an slong is determined as follows:

1. Ifsrc2 >0, then src2 —dst_h:dst_1

2. Ifsrc2 < 0and src2# -239, then -src2 —dst_h:dst_1

3. Ifsrc2=-239 then 239-1 —dst_h:dst_|
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Execution if (cond)abs(src2) — dstelse nop
Pipeline

Pipeline Stage E1

Read src2

Written dst

Unitin use L

Instruction Type

Single-cycle

‘ -2,147,463,619 Al

Delay Slots 0
See Also ABS2
Examples  Example 1
ABS .L1 Al,A5
Before instruction
Al ‘ 80004E3Dh
A5 ‘ XXXXXXXXh
Example 2
ABS .L1 Al,A5
Before instruction
Al ‘ 3FF60010h
A5 ‘ XXXXXXXXh
Example 3
ABS .L1 Al1:A0,A5:A4
Before instruction
AQ ‘ FFFF FFFFh
Al ‘ 0000 00FFh
A4 ‘ XXXXXXXXh

SPRUGH7—November 2010
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1 cycle after instruction

‘ 80004E3Dh ‘
A5 ‘ 7FFFB1C3h ‘ 2,147,463,619
1 cycle after instruction
‘ 1,073,086,480 Al ‘ 3FF60010h ‘
A5 ‘ 3FF60010h ‘ 1,073,086,480
1 cycle after instruction
‘ 1,073,086,480 A0 ‘ FFFF FFFFh ‘ 1,073,086,480
Al ‘ 0000 00FFh ‘
A4 ‘ 0000 0001h ‘
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A5 XXXXXXXXh A5 0000 0000h
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4.3 ABS2
Absolute Value With Saturation, Signed, Packed 16-Bit
syntax  ABS2 (.unit) src2, dst
unit =.L1 or .L2
Opcode
31 29 28 27 23 22 18 17 16
‘ creg ‘ z ‘ dst ‘ src2 ‘ 0 ‘ 0 ‘
3 1 5 5
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
L f ol ol x oo v ol i fof [ 1 ]o]s|o»]

Opcode map field used... For operand type... Unit
src2 XS2 .L1,.L2
dst s2

Description  The absolute values of the upper and lower halves of the src2 operand are placed in the
upper and lower halves of the dst.

31 16 15 0
‘ a_hi I a_lo «srcl
ABS2
d l
31 16 15 0
‘ abs(a_hi) ‘ abs(a_lo) | «dst

Specifically, this instruction performs the following steps for each halfword of src2,
then writes its result to the appropriate halfword of dst:

1. If the value is between 0 and 215, then value —dst
2. If the value is less than 0 and not equal to -215, then -value —st
3. If the value is equal to -215, then 21> -1 —dst
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Note—This operation is performed on each 16-bit value separately. This
instruction does not affect the SAT bit in the CSR.
Execution if (cond) {
abs (1sbl6 (src2)) — 1lsblé (dst)
abs (msbl6 (src2)) —msblé (dst)
else nop
Pipeline
Pipeline Stage E1
Read src2
Written dst
Unitin use L
Instruction Type Single-cycle
Delay Slots 0
See Also ABS
Examples  Example 1
ABS2 .L1 AO0,A2
Before instruction 1 cycle after instruction
A0 | FF68 4E3Dh ‘ -152 20029 AO ‘ FF68 4E3Dh ‘
A2 | XXXX Xxxxh ‘ A2 ‘ 0098 4E3Dh ‘ 15220029
Example 2
ABS2 .L1 AO0,A2
Before instruction 1 cycle after instruction
A0 | 3FF6 F105h ‘ 16374 -3835 AO ‘ 3FF6 F105h ‘
A2 | XXXX Xxxxh ‘ A2 ‘ 3FF6 OEFBh ‘ 16374 3835
4-8 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010
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4.4 ABSDP
Absolute Value, Double-Precision Floating-Point
syntax ~ ABSDP (.unit) src2, dst
unit = .S1 or .S2
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 | Reserved ‘
3 1 5 5
13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘x‘1‘0|1‘1‘0‘0|1‘0‘0‘0|5‘p‘
1 1 1
Opcode map field used... For operand type... Unit
src2 dp S51,.52
dst dp
Description  The absolute value of src2 is placed in dst. The 64-bit double-precision operand is read
in one cycle by using the src2 port for the 32 MSBs and the srcI port for the 32 LSBs.
The absolute value of src2 is determined as follows:
1. Ifsrc2>0, then src2 —st
2. Ifsrc2 <0, then -src2 —dst
Note—
1) Ifscr2is SNaN, NaN_outis placed in dst and the INVAL and NAN?2 bits are set.
2) Ifsrc2 is QNaN, NaN_out is placed in dst and the NAN2 bit is set.
3) If src2is denormalized, +0 is placed in dst and the INEX and DEN2 bits are set.
4) If src2 is +infinity or -infinity, +infinity is placed in dst and the INFO bit is set.
Execution if (cond) abs (src2) —dst
else nop
Pipeline
Pipeline Stage E1 E2
Read src2_I,src2_h
Written dst_| dst_h
Unitin use S
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If dst is used as the source for the ADDDP, CMPEQDP, CMPLTDP, CMPGTDP,
MPYDP, or SUBDP instruction, the number of delay slots can be reduced by one,
because these instructions read the lower word of the DP source one cycle before the
upper word of the DP source.

Instruction Type 2-cycle DP
Delay Slots 1
Functional Unit Latency 1
See Also ABS, ABSSP

Example ABSDP .S1 Al1:AQ0,A3:A2

Before instruction 2 cycles after instruction
AT:A0 ‘ C004 0000h ‘ 0000 0000h ‘ -25 AT:A0 ‘ C004 0000h ‘ 0000 0000h ‘
A3:A2 ‘ XXXX XXxxh ‘ XXXX XXxxh ‘ A3:A2 ‘ 4004 0000h ‘ 0000 0000h ‘ 2.5
4-10 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010
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4.5 ABSSP

Syntax

Opcode

Description

Execution

Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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Absolute Value, Single-Precision Floating-Point

ABSSP (.unit) src2, dst

unit = .S1 or .S2

31 29 28 27 23 22 18 17 16
‘ creg ‘ z ‘ dst ‘ src2 ‘ 0 | 0 ‘
3 1 5 5

Lofolofx [l ifofofifofolols[or]
1 1 1

Opcode map field used... For operand type... Unit

src2 Xsp .S51,.52

dst sp

The absolute value of src2 is placed in dst.

The absolute value of src2 is determined as follows:
1. Ifsrc2>0, then src2 —¥st
2. Ifsrc2 <0, then -src2 —dst

[

Note—
1) Ifscr2is SNaN, NaN_out is placed in dst and the INVAL and NAN2 bits are set.
2) If src2 is QNaN, NaN_out is placed in dst and the NAN2 bit is set.
3) Ifsrc2is denormalized, +0 is placed in dst and the INEX and DEN?2 bits are set.
4) If src2 is +infinity or 4nfinity, +infinity is placed in dst and the INFO bit is set.

if (cond) abs (src2) —dst

else nop
Pipeline Stage E1
Read src2
Written dst
Unitin use .S

Single-cycle
0
1

ABS, ABSDP

ABSSP .S1X B1,A5
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B1

A5

Before instruction

‘ C020 0000h

| 25

‘ XXXXXXXXh

1 cycle after instruction

B1 | C020 0000h ‘

A5 | 4020 0000h ‘ 25
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Syntax

Compact Instruction Format

Opcode
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Add Two Signed Integers Without Saturation

ADD (.unit) srcl, src2, dst

or

ADD (.L1 or .L2) srcl, src2_h:src2_1, dst_h:dst ]

or

ADD (.S1 or .S2) srcl_h:srcl_l, src2, dst_h:dst_l

or

ADD (.D1 or .D2) src2, srcl, dst (if the cross path form is not used)

or

ADD (.D1 or .D2) srcl, src2, dst (if the cross path form is used)

or

ADD (.D1 or .D2) src2, srcl, dst (if the cross path form is used with a constant)

unit =.D1, .D2, .L1, .12, .S1, .82

4.6 ADD
Chapter 4—Instruction Descriptions

Unit Opcode Format Figure
L L3 Figure D-4
L3i Figure D-5
Lx1 Figure D-11
S S3 Figure F-17
Sx2op Figure F-24
Sx1 Figure F-26
.D Dx2op Figure C-17
LS D LSDx1 Figure G-4
.L unit
31 29 28 27 23 22 18 17
creg ‘ z ‘ dst ‘ src2 ‘ srcl
3 1 5 5 5
13 12 N 5 4 2 1 0
srcl ‘x‘ op ‘1‘1‘0‘s|p‘
5 1 7 1 1

TMS320C66x DSP CPU and Instruction Set Reference Guide
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Opcode

Description for.L1,.L2 and .S1,
.52 Opcodes

Execution for.L1,.L2 and .S1,
.52 Opcodes

Opcode

4-14

13 TEXAS

TMS320C66x DSP CPU and Instruction Set Reference Guide

INSTRUMENTS
www.ti.com
Opcode map field used... For operand type... Unit Opfield
srcl sint L1, .L2 0000011
src2 xsint
dst sint
srcl sint .L1,.L.2 0100011
src2 xsint
dst slong
srcl xsint L1,.L2 0100001
src2 slong
dst slong
srcl scst5 L1,.L2 0000010
src2 xsint
dst sint
srcl scst5 .L1,.L.2 0100000
src2 slong
dst slong
.S unit
31 29 28 27 2 2 17
32
‘ creg z ‘ dst ‘ src2 | srcl ‘
3 5 5 4
14 13 12 11 1 0
‘ srcl op ‘ X | 1011011000 s ‘ p ‘
10 1 1
Opcode map field used... For operand type... Unit Opfield
srcl slong 51,.52 0000001
src2 xsint
dst slong
src2 is added to srcl. The result is placed in dst.
if (cond)srcl + src2 —dst
else nop
.D unit (if the cross path form is not used)
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 7 6 5 4 3 2 1 0
‘ srcl ‘ op ‘1|0‘0‘0‘0‘s|p
5 6 1 1
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Opcode map field used... For operand type... Unit Opfield
src2 sint .D1,.D2 010000
srcl sint
dst sint
src2 sint .D1,.D2 010010
srcl ucst5
dst sint
Opcode  .D unit (if the cross path form is used)
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

v [ <[]0 o] o] ] o]0 :]s]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl sint .D1,.D2

src2 xsint

dst sint

Opcode  .D unit (if the cross path form is used with a constant)

31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
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Opcode map field used... For operand type... Unit
srcl scst5 .D1,.D2
src2 xsint
dst sint
Descriptionfor.D1,.02  srcl is added to src2. The result is placed in dst.
Opcodes
Execution for.D1,.D2 Opcodes if (cond)src2 + srcl — dstelse nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use .L,.S,or.D
Instruction Type Single-cycle
Delay Slots 0
See Also ADDU, ADD2, SADD
Examples  Example 1
ADD .L2X Al,B1,B2
Before instruction 1 cycle after instruction
Al 0000325Ah 12,890 Al 0000325Ah
B1 FFFFFF12h -238 B1 FFFFFF12h
B2 B2 0000316Ch 12,652
Example 2
ADD .L1 Al,A3:A2,A5:R4
Before instruction 1 cycle after instruction
Al 0000325Ah 12,890 Al 0000325Ah
A3:A2 ‘ 0000 00FFh ‘ FFFFFF12h ‘ -2281 A3:A2 ‘ 000000FFh | FFFFFF12h ‘
A5:A4 ‘ 0000 0000h ‘ 0000 0000h ‘ A5:A4 ‘ 00000000h | 0000316Ch ‘ 12,6521
1. Signed 40-bit (long) integer
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Example 3
ADD .L1 -13,A1,A6
Before instruction 1 cycle after instruction
Al 0000325Ah 12,890 Al 0000325Ah
A6 A6 0000324Dh 12,877
Example 4
ADD .D1 Al,26,R6
Before instruction 1 cycle after instruction
Al 0000325Ah 12,890 Al 0000325Ah
A6 A6 00003274h 12,916
Example 5
ADD .D1 B0O,5,A2
Before instruction 1 cycle after instruction
BO 00000007h BO 00000007h
" a2 [omoooch |12
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4.7 ADDAB
Add Using Byte Addressing Mode
syntax ~ ADDAB (.unit) src2, srcl, dst
or
ADDAB (.unit) B14/B15, ucst15, dst
unit = .D1 or .D2
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 7 6 5 4 3 2 1 0
‘ srcl ‘ op ‘1|0‘0‘0‘0‘5|p‘
5 6 1 1
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Opcode map field used... For operand type... Unit Opfield
src2 sint .D1,.D2 110000
srcl sint

dst sint

src2 sint .D1,.D2 110010
srcl ucsts

dst sint

srcl is added to src2 using the byte addressing mode specified for src2. The addition
defaults to linear mode. However, if src2 is one of A4-A7 or B4-B7, the mode can be
changed to circular mode by writing the appropriate value to the AMR (see
“Addressing Mode Register (AMR)” on page 2-12). The result is placed in dst.

if (cond)src2 +a srcl — dstelse nop

Pipeline Stage E1

Read srcl, src2
Written dst
Unitin use .D

31 30 29 28 27 23 22
‘ 0 | 0 ‘ 0 ‘ 1 ‘ dst ‘ ucst15 ‘
5 15
8 7 6 5 4 3 2 1 0
‘ ucst15 | y ‘ 0 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ s | p ‘
15 1 1 1

This instruction reads a register (baseR), B14 (y = 0) or B15 (y = 1), and adds a 15-bit
unsigned constant (ucst15) to it, writing the result to a register (dst). This instruction is
executed unconditionally, it cannot be predicated.

The offset, ucst15, is added to baseR. The result of the calculation is written into dst. The
addressing arithmetic is always performed in linear mode.

TMS320C66x DSP CPU and Instruction Set Reference Guide
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The s bit determines the unit used (D1 or D2) and the file the destination is written to:
s = 0 indicates the unit is D1 and dst is in the A register file; and s = 1 indicates the unit
is D2 and dst is in the B register file.
Execution B14/B15 + ucst15 —xdst
Pipeline
Pipeline Stage E1
Read B14/B15
Written dst
Unitin use .D
Instruction Type Single-cycle
Delay Slots 0
See Also ADDAD, ADDAH, ADDAW
Examples ~ Example 1
ADDAB .D1  A4,A2,R4
Before instruction’ 1 cycle after instruction
A2 0000000Bh A2 0000000Bh
1. BKO = 2: block size =8
A4 in circular addressing mode using BKO
Example 2
ADDAB .D1X B14,42h,A4
Before instruction’ 1 cycle after instruction
B14 0020 1000h A4 0020 1042h
1. Using linear addressing.
Example 3
ADDAB .D2  B14,7FFFh,B4
Before instruction’ 1 cycle after instruction
14 o4 oor0 e
1. Using linear addressing.
4-20 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
www.ti.com

4.8 ADDAD

Syntax

Opcode
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Add Using Doubleword Addressing Mode

ADDAD (.unit) src2, srcl, dst

unit =. D1 or .D2

4.8 ADDAD
Chapter 4—Instruction Descriptions

31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 6 5 4 3 2 1 0
‘ srcl ‘ op ‘ 1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ s | p ‘
5 6 1 1
Opcode map field used... For operand type... Unit Opfield
src2 sint .D1,.D2 111100
srcl sint
dst sint
src2 sint .D1,.D2 111101
srcl ucst5
dst sint

srcl is added to src2 using the doubleword addressing mode specified for src2. The
addition defaults to linear mode. However, if src2 is one of A4-A7 or B4-B7, the mode
can be changed to circular mode by writing the appropriate value to the AMR (see
“Addressing Mode Register (AMR)” on page 2-12). srcl is left shifted by 3 due to
doubleword data sizes. The result is placed in dst.

Note—There is no SUBAD instruction.

if (cond)
else nop

src2 +

(srcl << 3)

—dst

Pipeline Stage E1

Read srcl, src2
Written dst
Unitin use .D

Single-cycle

0
ADDAB, ADDAH, ADDAW
ADDAD .D1 Al,A2,A3
Before instruction
Al 0000 1234h 4660

Al

TMS320C66x DSP CPU and Instruction Set Reference Guide
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0000 1234h
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A2 ’ 00000002h ‘ 2 A2 ‘ 0000 0002h ‘
A3 ‘ XXXXXXXXh ‘ A3 ‘ 0000 1244h ‘ 4676
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4.9 ADDAH
Add Using Halfword Addressing Mode
syntax ~ ADDAH (.unit) src2, srcl, dst
or
ADDAH (.unit) B14/B15, ucst15, dst
unit =.D1 or .D2
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 7 6 5 4 3 2 1 0
‘ srcl ‘ op ‘1|0‘0‘0‘0‘5|p‘
5 6 1 1
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Description
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Opcode map field used... For operand type... Unit Opfield
src2 sint .D1,.D2 110100
srcl sint
dst sint
src2 sint .D1,.D2 110110
srcl ucsts
dst sint

srcl is added to src2 using the halfword addressing mode specified for src2. The
addition defaults to linear mode. However, if src2 is one of A4-A7 or B4-B7, the mode
can be changed to circular mode by writing the appropriate value to the AMR (see
“Addressing Mode Register (AMR)” on page 2-12). srcl is left shifted by 1. The result

is placed in dst.

if (cond)src2 +a srcl —dst

else nop

Pipeline Stage E1

Read srcl, src2
Written dst
Unitin use .D

31 30 29 28 27 23 22
‘ 0 | 0 ‘ 0 ‘ 1 ‘ dst ‘ ucst15 ‘
5 15
7 6 5 4 3 2 1 0
‘ ucst15 | y ‘ 1 | 0 ‘ 1 ‘ 1 ‘ 1 ‘ s | p ‘
15 1 1 1

This instruction reads a register (baseR), B14 (y = 0) or B15 (y = 1), and adds a scaled
15-bit unsigned constant (ucst15) to it, writing the result to a register (dst). This
instruction is executed unconditionally, it cannot be predicated.

The offset, ucst15, is scaled by a left-shift of 1 and added to baseR. The result of the
calculation is written into dst. The addressing arithmetic is always performed in linear

mode.
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The s bit determines the unit used (D1 or D2) and the file the destination is written to:
s = 0 indicates the unit is D1 and dst is in the A register file; and s = 1 indicates the unit
is D2 and dst is in the B register file.

Execution B14/B15 + (ucstl5 << 1) —dst

Pipeline
Pipeline Stage E1
Read B14/B15
Written dst
Unitin use .D

Instruction Type  Single-cycle
Delayslots 0
SeeAlso ADDAB, ADDAD, ADDAW
Examples ~ Example 1

ADDAH .D1 A4 ,A2,A4

Before instruction’ 1 cycle after instruction

A2 0000000Bh A2 0000000Bh
A4 00000100h A4 00000106h
AMR 0002 0001h AMR 00020001h

1. BKO = 2: block size =8
A4 in circular addressing mode using BKO

Example 2

ADDAH .D1X B14,42h,A4
Before instruction’ 1 cycle after instruction
1. Using linear addressing.

Example 3

ADDAH .D2 Bl4,7FFFh,B4

Before instruction’ 1 cycle after instruction

B14 0010 0000h B4 0010 FFFEh
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1. Using linear addressing.
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4.10 ADDAW

Syntax

Compact Instruction Format

Opcode
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Add Using Word Addressing Mode

ADDAW (.unit) src2,

or

srcl, dst

ADDAW (.unit) B14/B15, ucst15, dst

unit = .D1 or .D2

4.10 ADDAW
Chapter 4—Instruction Descriptions

Unit Opcode Format Figure
.D Dx5 Figure C-18
Dx5p Figure C-19
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5
13 12 7 6 5 4 2 1 0
‘ srcl ‘ op ‘ 1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ s | p ‘
5 6 1 1
Opcode map field used... For operand type... Unit Opfield
src2 sint .D1,.D2 111000
srcl sint
dst sint
src2 sint .D1,.D2 111010
srcl ucst5
dst sint
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srcl is added to src2 using the word addressing mode specified for src2. The addition
defaults to linear mode. However, if src2 is one of A4-A7 or B4-B7, the mode can be
changed to circular mode by writing the appropriate value to the AMR (see
“Addressing Mode Register (AMR)” on page 2-12). srcl is left shifted by 2. The result
is placed in dst.

if (cond)src2 +a srcl —dst

else nop
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use .D

31 30 29 28 27 23 22
‘ 0 | 0 ‘ 0 ‘ 1 ‘ dst ‘ ucst15 ‘
5 15
8 7 6 5 4 3 2 1 0
| T [ [ ]:]7]

15 1 1 1

This instruction reads a register (baseR), B14 (y = 0) or B15 (y = 1), and adds a scaled
15-bit unsigned constant (ucst15) to it, writing the result to a register (dst). This
instruction is executed unconditionally, it cannot be predicated.

The offset, ucst15, is scaled by a left-shift of 2 and added to baseR. The result of the
calculation is written into dst. The addressing arithmetic is always performed in linear
mode.

The s bit determines the unit used (D1 or D2) and the file the destination is written to:
s = 0 indicates the unit is D1 and dst is in the A register file; and s = 1 indicates the unit
is D2 and dst is in the B register file.

B14/B15 + (ucstl5 << 2) —dst

Pipeline Stage E1

Read B14/B15
Written dst
Unitin use .D

Single-cycle

0

ADDAB, ADDAD, ADDAH
Example 1

ADDAW .D1 A4,2,A4
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Before instruction’ 1 cycle after instruction
A4 00020000h A4 00020000h
AMR 00020001h AMR 00020001h
1. BKO = 2: block size =8
A4 in circular addressing mode using BKO
Example 2
ADDAW .D1X B14,42h,A4
Before instruction’ 1 cycle after instruction
B14 0020 1000h A4 0020 1108h
1. Using linear addressing.
Example 3
ADDAW .D2  B14,7FFFh,B4
Before instruction’ 1 cycle after instruction
B14 0010 0000h B4 0011 FFFCh
1. Using linear addressing.
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4.11 ADDDP
Add Two Double-Precision Floating-Point Values
syntax ~ ADDDP (.unit) srcl, src2, dst
unit =.L1, .L2, .S1, .82
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
1312 11 5 4 3 2 1 0
‘ srcl ‘x‘ op ‘1‘1‘0‘s|p‘
5 1 7 1 1
Opcode map field used... For operand type... Unit Opfield
srcl dp L1,.L2 0011000
src2 xdp
dst dp
srcl dp 51,.52 1110010
src2 xdp
dst dp
Description  src2 is added to srcl. The result is placed in dst.
Note—

1) Thisinstruction takes the rounding mode from and sets the warning bits in the
floating-point adder configuration register (FADCR), not the floating-point
auxiliary configuration register (FAUCR) as for other .S unit instructions.

2) Ifrounding is performed, the INEX bit is set.

3) Ifonesourceis SNaN or QNaN, the result is NaN_out. If either source is SNaN,
the INVAL bit is also set.

4) If one source is +infinity and the other is 4nfinity, the result is NaN_out and
the INVAL bit is set.

5) If one source is signed infinity and the other source is anything except NaN or
signed infinity of the opposite sign, the result is signed infinity and the INFO
bit is set.

6) If overflow occurs, the INEX and OVER bits are set and the results are rounded
as follows (LFPN is the largest floating-point number):

Overflow Output Rounding Mode
Result Sign Nearest Even Zero +Infinity Infinity
+ +infinity +LFPN +infinity +LFPN
- -infinity -LFPN -LFPN -infinity

7) If underflow occurs, the INEX and UNDER bits are set and the results are
rounded as follows (SPFN is the smallest floating-point number):
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Underflow Output Rounding Mode
Result Sign Nearest Even Zero +Infinity Infinity
+ +0 +0 +SFPN +0
- -0 -0 -0 -SFPN

8) If the sources are equal numbers of opposite sign, the result is +0 unless the
rounding mode is -infinity, in which case the result is -0.

9) If the sources are both 0 with the same sign or both are denormalized with the
same sign, the sign of the result is negative for negative sources and positive for
positive sources.

10)A signed denormalized source is treated as a signed 0 and the DENn bit is set.
If the other source is not NaN or signed infinity, the INEX bit is set.

if (cond)srcl + src2 —dst

else nop
Pipeline Stage E1 E2 E3 E4 E5 E6 E7
Read srcl_|, srcl_h,
src2_| src2_h
Written dst_| dst_h
Unitin use Lor.S Lor.S

The low half of the result is written out one cycle earlier than the high half. If dst is used
as the source for the ADDDP, CMPEQDP, CMPLTDP, CMPGTDP, MPYDP,
MPYSPDP, MPYSP2DP, or SUBDP instruction, the number of delay slots can be
reduced by one, because these instructions read the lower word of the DP source one
cycle before the upper word of the DP source.

ADDDP/SUBDP

6

2

ADD, ADDSP, ADDU, SUBDP

ADDDP .L1X B1:BO,A3:A2,A5:A4

Before instruction 7 cycles after instruction
B1:BO ‘ 4021 3333h | 3333 3333h ‘ B1:BO | 4021 3333h | 4021 3333h ‘ 8.6
A3:A2 ‘ C004 0000h | 0000 0000h ‘ A3:A2 | C004 0000h | 0000 0000h ‘ -25
A5:A4 ‘ XXXX XXxxh | XXXX XXxxh ‘ A5:A4 | 4018 6666h | 6666 6666h ‘ 6.1
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Add Signed 16-Bit Constant to Register

ADDK (.unit) cst, dst

unit = .S1 or .S2
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Unit Opcode Format Figure
S Sx5 Figure F-25
31 1129 28 27 23 22
‘ creg ‘ z ‘ dst ‘ cst16 ‘
3 1 5 16
7 6 5 4 3 2 1 0
| [ o] 1o o] <] 7]
16 1 1
Opcode map field used... For operand type... Unit
cst16 scst16 S51,.52
dst uint

A 16-bit signed constant, cst16, is added to the dst register specified. The result is placed

in dst.

if (cond)cstlé + dst —dst

else nop
Pipeline Stage E1
Read cst16
Written dst
Unitin use S

Single-cycle

0
ADDK .S1 15401,A1
Before instruction
Al 002137E1h 2,176,993 Al
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4.13 ADDKPC
Add Signed 7-Bit Constant to Program Counter
syntax ~ ADDKPC (.unit) srcl, dst, src2
unit = .52
Opcode
31 1229 28 27 23 22 16
‘ creg ‘ z ‘ dst ‘ srcl ‘
3 1 5 7
15 1313 12 1 10 9 8 7 6 5 4 3 2 1 0
T wa Jo]o]o o] ol ] o o] o] s]s]
3 1 1
Opcode map field used... For operand type... Unit
srcl scst7 S2
src2 ucst3
dst uint

Description A 7-bit signed constant, srcl, is shifted 2 bits to the left, then added to the address of the
first instruction of the fetch packet that contains the ADDKPC instruction (PCE1).
The result is placed in dst. The 3-bit unsigned constant, src2, specifies the number of
NOP cycles to insert after the current instruction. This instruction helps reduce the
number of instructions needed to set up the return address for a function call.

The following code:
B .82 func
MVKL ~ .S2 LABEL, B3
MVKH .S2 LABEL, B3
NOP 3
LABEL
could be replaced by:
B .S2 func
ADDKPC .S2 LABEL, B3, 4
LABEL

The 7-bit value coded as srcI is the difference between LABEL and PCE1 shifted right
by 2 bits. The address of LABEL must be within 9 bits of PCEL.

Only one ADDKPC instruction can be executed per cycle. An ADDKPC instruction

cannot be paired with any relative branch instruction in the same execute packet. If an
ADDKPC and a relative branch are in the same execute packet, and if the ADDKPC

instruction is executed when the branch is taken, behavior is undefined.

SPRUGH7—November 2010 TMS320C66x DSP CPU and Instruction Set Reference Guide 4-33
Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

4.13 ADDKPC

Chapter 4—Instruction Descriptions

Execution

Pipeline

Instruction Type
Delay Slots
See Also

Example

13 TEXAS
INSTRUMENTS

www.ti.com

The ADDKPC instruction cannot be paired with any other multicycle NOP
instruction in the same execute packet. Instructions that generate a multicycle NOP

are: IDLE, BNOP, and the multicycle NOP.

if (cond) (scst7 << 2) + PCEl —dst
else nop

Pipeline Stage E1

Read srcl, src2
Written dst

Unit in use S

Single-cycle
0
B, BNOP

ADDKPC .S2 LABEL,B3,4
LABEL:

Before instruction?

PCE1 | 0040 13DCh ‘

B3 | XXXX XXxxh ‘

1. LABEL is equal to 0040 13DCh.
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Add Two Single-Precision Floating-Point Values

ADDSP (.unit) srcl, src2, dst

unit = .L1, .L2, .S1, .52

31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 1 5 4 3 2 1 0
‘ srcl ‘ X ‘ op ‘ 1 ‘ 1 ‘ 0 ‘ s | p ‘
5 1 7 1 1
Opcode map field used... For operand type... Unit Opfield
srcl sp L1,.L2 0010000
src2 Xsp
dst sp
srcl sp S51,.52 1110000
src2 Xsp
dst sp

src2 is added to srcl. The result is placed in dst.

E

1)

2)
3)

4)

5)

6)

7)

Note—

This instruction takes the rounding mode from and sets the warning bits in the
floating-point adder configuration register (FADCR), not in the floating-point
auxiliary configuration register (FAUCR) as for other .S unit instructions.

If rounding is performed, the INEX bit is set.

If one source is SNaN or QNaN, the result is NaN_out. If either source is SNaN,
the INVAL bit is also set.

If one source is +infinity and the other is nfinity, the result is NaN_out and
the INVAL bit is set.

If one source is signed infinity and the other source is anything except NaN or
signed infinity of the opposite sign, the result is signed infinity and the INFO
bit is set.

If overflow occurs, the INEX and OVER bits are set and the results are rounded
as follows (LFPN is the largest floating-point number):

Overflow Output Rounding Mode
Result Sign Nearest Even Zero +Infinity Infinity
+ +infinity +LFPN +infinity +LFPN
- -infinity -LFPN -LFPN -infinity

If underflow occurs, the INEX and UNDER bits are set and the results are
rounded as follows (SPFN is the smallest floating-point number):
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See Also
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Underflow Output Rounding Mode

Result Sign Nearest Even Zero +Infinity Infinity
+ +0 +0 +SFPN +0
- -0 -0 -0 -SFPN

8) If the sources are equal numbers of opposite sign, the result is +0 unless the
rounding mode is -infinity, in which case the result is -0.

9) If the sources are both 0 with the same sign or both are denormalized with the
same sign, the sign of the result is negative for negative sources and positive for

positive sources.

10)A signed denormalized source is treated as a signed 0 and the DENn bit is set.
If the other source is not NaN or signed infinity, the INEX bit is set.

if (cond)srcl + src2 —dst
else nop

Pipeline Stage E1 E2 E3 E4
Read srcl, src2
Written dst
Unitin use Lor.S
4-cycle
3
1
ADD, ADDDP, ADDU, SUBSP
ADDSP .L1 Al,A2,A3
Before instruction 4 cycles after instruction
Al ‘ C020 0000h ‘ Al ‘ C020 0000h ‘ -2.5
A2 ‘ 4109 999Ah ‘ A2 ‘ 4109 999Ah ‘ 8.6
A3 ‘ XXXXXXXXh ‘ A3 ‘ 40C3 3334h ‘ 6.1
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Syntax

Opcode

Description

Execution
Instruction Type
Delay Slots

See Also

Examples
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Parallel ADD and SUB Operations On Common Inputs

ADDSUB (.unit) srcl, src2, dst_o:dst_e

unit =.L1 or.L2

4.15 ADDSUB
Chapter 4—Instruction Descriptions

31 30 29 28 27 24 23 22 18 17
‘0|0‘0‘1‘ dst |0‘ src2 srcl‘
5 5 5
13 12 1 10 9 8 7 6 5 4 2 1 0
T v [ <] ololo o o] ] o] :]s]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl sint L1,.L2
src2 xsint
dst dint
The following is performed in parallel:
1. src2is added to srcl. The result is placed in dst_o.
2. src2is subtracted from srcl. The result is placed in dst_e.
srcl + src2 —dst_o
srcl - src2 — dst_e
Single-cycle
0
ADDSUB2, SADDSUB
Example 1
ADDSUB .L1 A0,Al,A3:A2
Before instruction 1 cycle after instruction
A0 ‘ 0700C005h A2 ‘ 0700C006h ‘
Al ‘ FFFFFFFFh A3 ‘ 0700C004h ‘
Example 2
ADDSUB .L2X BO,Al,B3:B2
Before instruction 1 cycle after instruction
BO | 7FFFFFFFh B2 | 7FFFFFFEh
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Al 00000001h B3 80000000h
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4.16 ADDSUB2
Parallel ADD2 and SUB2 Operations On Common Inputs

syntax ~ ADDSUB2 (.unit) srcl, src2, dst_o:dst_e
unit =.L1 or .L2

Opcode
31 30 29 28 27 24 23 22 18 17

‘0|0‘0‘1‘ dst |0‘ src2 ‘srcl‘

v [ <] o o]l o] ] o] :]r]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl sint L1,.L2

src2 xsint

dst dint

Description ~ For the ADD2 operation, the upper and lower halves of the src2 operand are added to
the upper and lower halves of the srcI operand. The values in srcl and src2 are treated
as signed, packed 16-bit data and the results are written in signed, packed 16-bit format
into dst_o.

For the SUB2 operation, the upper and lower halves of the src2 operand are subtracted
from the upper and lower halves of the src1 operand. The values in srcI and src2 are
treated as signed, packed 16-bit data and the results are written in signed, packed 16-bit
format into dst_e.

Execution 1sbl6 (srcl) + lsblé

( ) src2) — 1lsblé6(dst_o)
msblé (srcl) + msblée

( )

(

src2) —msblé6 (dst_o)
src2) —1sblé (dst_e)
src2) —msblé (dst_e)

1sblée (srcl) - 1lsble
msblé (srcl) - msblée

Instruction Type  Single-cycle
Delay Slots 0
SeeAlso  ADDSUB, SADDSUB2
Examples ~ Example 1

ADDSUB2 .L1 AO0,Al,A3:A2

Before instruction 1 cycle after instruction
AO ‘ 0700 C005h ‘ A2 ‘ 0701 C004h |
A1 | FFFF0001h | A3 | osFF coosh |
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Example 2

ADDSUB2 .L2X BO,Al,B3:B2

Before instruction

BO ‘ 7FFF 8000h ‘

A1 | FFFF FFFFR |

Example 3

ADDSUB2 .L1 AO,Al,A3:A2

Before instruction

A0 ‘ 9000 9000h ‘

Al ‘ 8000 8000h ‘

Example 4

ADDSUB2 .L1 AO0,Al,A3:A2

Before instruction

A0 ‘ 9000 8000h ‘

Al ‘ 8000 9000h ‘

TMS320C66x DSP CPU and Instruction Set Reference Guide
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1 cycle after instruction

‘ 8000 8001h

| 7FFE 7FFFh

1 cycle after instruction

‘ 1000 1000h

‘ 1000 1000h

1 cycle after instruction

‘ 1000 FOOOh

‘ 1000 1000h
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Syntax
Opcode
Opcode
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Add Two Unsigned Integers Without Saturation

ADDU (.L1 or .L2) srcl, src2, dst_h:dst_1

or

ADDU (.L1 or .L2) srcl, src2_h:src2_l, dst_h:dst_l

or

ADDU (.S1 or .S2) srcl_h:srcl_l, src2, dst_h:dst_1

unit = .L1, .L2,.51, .52

4.17 ADDU
Chapter 4—Instruction Descriptions

.L unit
31 29 28 27 23 22 18 17
creg ‘ z ‘ dst src2 ‘ srcl ‘
3 1 5 5 5
13 12 1M 5 4 3 2 1 0
srcl ‘ X ‘ op ‘ 1 ‘ 1 ‘ 0 ‘ s | p ‘
1 7 1 1
Opcode map field used... For operand type... Unit Opfield
srcl uint L1, .L2 0101011
src2 xuint
dst ulong
srcl xuint .L1,.L2 0101001
src2 ulong
dst ulong
.S unit
31 29 28 27 23 22 18 17
creg ‘ z ‘ dst src2 ‘ srcl ‘
3 5 5 4
14 13 12 11 2 1 0
srcl ‘ op ‘ X ‘ 1011101000 ‘ s | p ‘
10
Opcode map field used... For operand type... Unit Opfield
srcl slong S1,.52 0000001
src2 xsint
dst slong
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src2 is added to srcl. The result is placed in dst.

if (cond)srcl + src2 —dst
else nop

Pipeline Stage

E1

Read
Written

Unitin use

srcl, src2
dst
L

Single-cycle
0

ADD, SADD
Example 1

ADDU .L1 Al,A2,A5:A4

Before instruction

Al 0000325Ah 12,890 Al
A2 FFFFFF12h 4,294,967,058' A2

1. Unsigned 32-bit integer
2. Unsigned 40-bit (long) integer

A5:A4 A5:A4

Example 2

ADDU .L1 Al,A3:A2,A5:A4

Before instruction

Al 0000325Ah | 12,890’

A3:A2 ‘ 0000 00FFh ‘ FFFFFF12h ‘ 1,099,511,627,5382

A5:A4 ‘ 0000 0000h ‘ 0000 0000h ‘ 0

1. Unsigned 32-bit integer
2. Unsigned 40-bit (long) integer
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1 cycle after instruction

0000325Ah
FFFFFF12h

| 00000001h | 0000316Ch

4,294,979,9482

1 cycle after instruction

Al 0000325Ah

A3:A2 ‘OOOOOOFFh ‘FFFFFF]Zh |

A5:A4 ‘ 00000000h ‘ 0000316Ch | 12,6522
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4.18 ADD2
Add Two 16-Bit Integers on Upper and Lower Register Halves
syntax ~ ADD?2 (.unit) srcl, src2, dst
unit = .S1, .52, .L1, .12, .D1, .D2
Opcode .S unit
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

‘ srcl ‘ X ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 1 | 1 ‘ 0 ‘ 0 ‘ 0 ‘ s | p ‘
5 1 1 1

Opcode map field used... For operand type... Unit

srcl i2 S51,.52

src2 xi2

dst i2

Opcode .L Unit

31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

‘ srcl ‘ X ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 1 ‘ 0 | 1 ‘ 1 ‘ 1 ‘ 0 ‘ s | p ‘
5 1 1 1

Opcode map field used... For operand type... Unit

srcl i2 L1, .L2

sre2 xi2

dst i2

Opcode .D unit

31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

‘ srcl ‘x‘1‘0‘0‘1|0‘0|1‘1‘0‘0‘s|p‘
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Opcode map field used... For operand type... Unit
srcl i2 .D1,.D2
src2 Xi2
dst i2

The upper and lower halves of the srcI operand are added to the upper and lower halves
of the src2 operand. The values in srcI and src2 are treated as signed, packed 16-bit data
and the results are written in signed, packed 16-bit format into dst.

For each pair of signed packed 16-bit values found in the srcI and src2, the sum between
the 16-bit value from srcl and the 16-bit value from src2 is calculated to produce a
16-bit result. The result is placed in the corresponding positions in the dst. The carry
from the lower half add does not affect the upper half add.

31 16 15 0
‘ a_hi ‘ a_lo «srcl
+ +
ADD2
b_hi b_lo «src2
31 16 15 0
a_hi+b_hi a_lo+b_lo «dst
if (cond) {
msbl6 (srcl) + msblé (src2) —msblé (dst) ;
1sblé6 (srcl) + 1lsblé(src2) — 1lsblé (dst)
else nop
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use S,.L,.D

Single-cycle

0

ADD, ADD4, SADD2, SUB2
Example 1

ADD2 .S1X Al,Bl1,A2

4-44 TMS320C66x DSP CPU and Instruction Set Reference Guide

SPRUGH7—November 2010
Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
4.18 ADD2
www ti.com Chapter 4—Instruction Descriptions
Before instruction 1 cycle after instruction
Al ‘ 002137E1h ‘ 3314305 Al | 002137E1h ‘
A2 ‘ XXXXXXXXh ‘ A2 | 03BB1C9%h ‘ 9557321
B1 ‘ 039A E4B8h ‘ 922 58552 B1 | 039A E4B8h ‘
Example 2
ADD2 .L1 AQ0,Al,A2
Before instruction 1 cycle after instruction
AO ‘ 0021 37E1h ‘ 3314305 AO | 0021 37E1h ‘
signed
Al ‘ 039A E4B8h ‘ 922 -6984 Al | 039A E4B8h ‘
signed
A2 ‘ XXXX XXXxh ‘ A2 | 03BB 1C9%h ‘ 9557321
signed
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4.19 ADD4
Add Without Saturation, Four 8-Bit Pairs for Four 8-Bit Results
syntax ~ ADD4 (.unit) srcl, src2, dst
unit=.L1 or .L2
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
3 12 1 10 9 8 7 4 3 2 0
‘ srcl ‘x‘]‘1‘0‘0|1‘0|1‘1‘1‘0‘s|p‘
5 1 1 1
Opcode map field used... For operand type... Unit
srcl i4 L1,.L2
src2 xi4
dst i4
Description ~ Performs 2s-complement addition between packed 8-bit quantities. The values in srcl
and src2 are treated as packed 8-bit data and the results are written into dst in a packed
8-bit format.
For each pair of packed 8-bit values in srcl and src2, the sum between the 8-bit value
from srcl and the 8-bit value from src2 is calculated to produce an 8-bit result. No
saturation is performed. The carry from one 8-bit add does not affect the add of any
other 8-bit add. The result is placed in the corresponding positions in dst:
o The sum of srcl byte0 and src2 byte0 is placed in byte0 of dst.
o The sum of srcI bytel and src2 bytel is placed in bytel of dst.
o The sum of srcl byte2 and src2 byte2 is placed in byte2 of dst.
o The sum of srcI byte3 and src2 byte3 is placed in byte3 of dst.
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31 24 23 16 15 8 7 0
‘ a_3 ‘ a_2 ‘ a_l ‘ a_0 ‘ «srcl
+ + + +
ADD4
\ b_3 \ b_2 \ b_1 \ b_0 | esre2
31 24 23 16 15 8 7 0
‘ a_3+b_3 ‘ a2+b_2 ‘ a_l1+b_1 ‘ a_0+b0 ‘ «dst
Execution if (cond) {
byteO(srcl) + bytel(src2) —byte0(dst) ;
bytel(srcl) + bytel(src2) —bytel(dst);
byte2(srcl) + byte2(src2) —byte2(dst);
byte3 (srcl) + byte3(src2) —byte3(dst)
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use L
Instruction Type Single-cycle
Delay Slots 0
See Also ADD, ADD2, SADDU4, SUB4
Examples Example 1
ADD4 .L1 A0,Al,A2
Before instruction 1 cycle after instruction
A0 ‘ FF 68 4E 3Dh | -11047861 A0 ‘ FF 68 4E 3Dh ‘
A1 ‘3FF6F1 05h |63—10—155 A1 ‘3FF6F1 05h ‘
A2 ‘ XXXX XXXxh | A2 ‘ 3E 5E 3F 42h ‘ 62 94 63 66

Example 2

ADD4 .L1 AQ,Al,A2

Before instruction

A0 4A E2 D3 1Fh

74226211 31
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1 cycle after instruction

A0 4AE2 D3 1Fh
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Al ‘ 32 1AC128h ‘ 5026 -63 40 A1l ‘ 321AC128h ‘
A2 ‘ XXXX XXXXh ‘ A2 ‘ 7CFC94 47h ‘ 124 252 148 71
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4.20 AND
Bitwise AND
syntax  AND (.unit) srcl, src2, dst
unit= L1, .L2, .51, .S2, .D1, or .D2
Opcode Opcode for .L Unit, 1/2 src
31 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
creg ‘ z ‘ dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 1 ‘ 0 ‘ s ‘ p ‘
3 5 5 7
Opcode fields:
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst op1,xop2,dst L1or.L2 1111011
srcl1,src2,dst scst5,xop2,dst L1or.L2 1111010

opcode  Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode

31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 1 ‘ 0 ‘ s ‘ 9] ‘
5 5 5 7
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 1111011

Opcode Opcode for .S Unit, 1/2 src

31 29 28 27 23 22 18 17 13 12 1 6 5 4 3 2 1 0
creg | z ‘ dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ s ‘ p ‘
3 5 5 5 6
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst op1,xop2,dst S1or.S2 011111
srcl1,src2,dst scst5,xop2,dst S1or.S2 011110

Opcode Opcode for .S Unit, 1/2 src, unconditional

31 30 29 28 27 23 22 18 17 13 12 11 6 5 4 3 2 1 0
‘ 0 ‘ 0 ‘ 0 | 1 | dst src2 srcl ‘ X ‘ opfield | 1 | 0 ‘ 0 ‘ 0 ‘ s ‘ p ‘
5 5 5 6
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Opcode fields:
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst S1or.S2 011111
opcode  Opcode for .D Unit, 2 src
31 29 28 27 23 22 18 17 13 12 11 10 9 6 5 4 3 2 10
creg | z‘ dst src2 srcl ‘x| 1‘0‘ opfield|1‘1‘0‘0|s‘p‘
3 5 5 5 4
Opcode map field used... For operand type... Unit Opfield
srcl,src2,dst op1,xop2,dst .D1or.D2 0110
src1,src2,dst scst5,xop2,dst .D1or.D2 0111
Description ~ The AND instruction performs the bit-wise AND between two source registers and
stores the result in a third register.
Execution if (cond) srcl AND src2 -> dst
else nop

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

4-50

Single-cycle

0

1

OR, XOR

A0 == Oxffffffff
AND .L 15,A0,Al5
Al5 == 0x0000000f
A0 == Oxdeadbeef
Al == Oxbeefbabe
AND .L AO,Al,A2
A2 == 0x9eadbaae
Al == Oxdeadbeef
A0 == 0x12340000
A3 == Oxbeefbabe
A2 == 0x00006789
AND .L Al:A0,A3:A2,A9:A8
A9 == 0x9eadbaae
A8 == 0x00000000
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4.21 ANDN
Bitwise AND Invert
syntax ~ ANDN (.unit) srcl, src2, dst
unit=.L1, .L2, .D1, .D2, .S1, or .S2
Opcode Opcode for .L Unit, 1/2 src
31 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
creg | z | dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 1 ‘ 0 ‘ s ‘ p ‘
3 5 5 5 7
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst op1,xop2,dst L1or.L2 1111100
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 1 5 4 3 2 1 0
| 0 | 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X | opfield ‘ 1 ‘ 1 ‘ 0 | s ‘ p ‘
5 5 7
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst Llor.L2 1111100
Opcode Opcode for .D Unit, 2 src
31 29 28 27 23 22 18 17 13 12 11 10 9 6 5 4 3 2 1 0
creg ‘ z ‘ dst src2 srcl ‘ X ‘ 1 | 0 ‘ opfield ‘ 1 ‘ 1 | 0 ‘ 0 ‘ s ‘ p ‘
3 5 5 5 4
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst op1,xop2,dst .D1or.D2 0000
Opcode  Opcode for .S Unit, 2 src
31 29 28 27 23 22 18 17 13 12 11 10 9 6 5 4 3 2 1 0
creg ‘ z ‘ dst src2 srcl ‘ X ‘ 1 | 1 ‘ opfield ‘ 1 ‘ 1 | 0 ‘ 0 ‘ s ‘ p ‘
3 5 5 5 4
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Opcode map field used... For operand type... Unit Opfield
src1,src2,dst op1,xop2,dst .S1o0r.S52 0110

opcode  Opcode for .S Unit, 2 src fixed hdr
31 30 29 28 27 23 22 18 17 13 12 11 10 9 6 5 4 3 2 1 0
‘0‘0‘0‘1‘ src2 src1|x|1|1|opfield‘1‘1‘0‘0‘s‘p‘
5 5 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 0110
Description ~ The ANDN instruction performs the bitwise AND between op and the bitwise inverse
of xop2, storing the result in dst.
This instruction can be used in the following way, to perform a multiplex function:
;Al0 and All contain 2 different quantities
;Al2 is used to select between Al0 and All on a bit by bit basis
AND.D1A10, Al2, Al3
|| ANDN.S1 All, Al2, Al4
;A13 contains the final multiplexed output of A10 and All using Al2
OR.L1 Al3, Al4, Al3
Execution if (cond) srcl AND ~src2 -> dst
else nop
Instruction Type Single-cycle
Delay Slots 0
Functional Unit Latency 1
See Also OR, XOR, AND
Example A0 == Oxdeadbeef
Al == Oxbeefbabe
ANDN .L AO0,Al,A2
A2 == 0x40000441
A0 == 0x00000000 ; all 0's
Al == 0x00000000 ; all O's
ANDN .L AO,Al,A2
A2 == 0x00000000
A0 == 0x00000000 ; all 0's
Al == Oxffffffff ; all 1's
ANDN .L AO0,Al,A2
A2 == 0x00000000
A0 == Oxffffffff ; all 1's
Al == 0x00000000 ; all 0's
ANDN .L AO,Al,A2
A2 == Oxffffffff
A0 == Oxffffffff ; all 1's
Al == Oxffffffff ; all 1's
ANDN .L AO,Al,A2
A2 == 0x00000000
A0 == Oxaaaaaaaa
Al == Oxcccccece
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ANDN .L AO0,Al1,A2 ; all bit combinations
A2 == 0xX22222222
A3 == 0Oxdeadbeef
A2 == 0x00000000
Al3 == 0Oxbeefbabe
Al2 == 0x00000000
ANDN . A3:A2,A13:A12,A11:A10
0x40000441
0x00000000
0x00000000
OXEfEEfFff
OXEffEfEfE
0x00000000
ANDN . A3:A2,A13:A12,A11:A10
All == 0x00000000
A10 == Oxffffffff
OXEffEfEff
Oxaaaaaaaa
OXEfEEfEff
Oxccceececce
ANDN . A3:A2,A13:A12,A11:A10
All == 0x00000000
Al10 == 0x22222222
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Chapter 4—Instruction Descriptions

4.22 AVG2

Syntax

Opcode

Description

13 TEXAS

INSTRUMENTS
www.ti.com
Average, Signed, Packed 16-Bit
AVG2 (.unit) srcl, src2, dst
unit = .M1 or .M2
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 1 10 9 8 7 4 3 2 1 0
v [ <] o o o] ] ] o]0l :]r]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl s2 M1, M2
src2 Xs2
dst s2

Performs an averaging operation on packed 16-bit data. For each pair of signed 16-bit
values found in src1 and src2, AVG2 calculates the average of the two values and returns
a signed 16-bit quantity in the corresponding position in the dst.

The averaging operation is performed by adding 1 to the sum of the two 16-bit numbers
being averaged. The result is then right-shifted by 1 to produce a 16-bit result.

No overflow conditions exist.
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4.22 AVG2
www ti.com Chapter 4—Instruction Descriptions
31 16 15 0
sa_1 sa_0 «srcl
AVG2
sb_1 sb_0 «src2
d d
31 16 15 0
(sa_1+sb_1+1)>>1 (sa_0+sb_0+1)>>1 «dst
Execution if (cond) {
((1lsbl6(srcl) + 1lsblé(src2) + 1) >> 1) —1lsblé6 (dst);
((msbl6 (srcl) + msblé6(src2) + 1) >> 1) —msblé (dst)
1
else nop
Pipeline
Pipeline Stage E1 E2
Read srcl, src2
Written dst
Unitin use M
Instruction Type TWO—CYCle
Delay Slots 1
See Also AVGU4
Example AVG2 .M1 AQ,Al1,A2
Before instruction 2 cycles after instruction
A0 ‘ 6198 4357h ‘ 24984 17239 A0 ‘ 6198 4357h ‘
Al ‘ 7582 AE15 ‘ 30082 -20971 Al ‘ 7582 AE15h ‘
A2 ‘ XXXX XXxxh ‘ A2 ‘ 6B8D F8B6h ‘ 27533 -1866
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4.23 AVGU4
Average, Unsigned, Packed 8-Bit
syntax ~ AVGU4 (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
3 12 11 10 9 8 7 6 4 3 2 1 0
T [ ol o] Tol 110l o] s 5]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl ud M1, M2
src2 xu4
dst u4
Description  Performs an averaging operation on packed 8-bit data. The values in srcl and src2 are
treated as unsigned, packed 8-bit data and the results are written in unsigned, packed
8-bit format. For each unsigned, packed 8-bit value found in srcl and src2, AVGU4
calculates the average of the two values and returns an unsigned, 8-bit quantity in the
corresponding positions in the dst.
The averaging operation is performed by adding 1 to the sum of the two 8-bit numbers
being averaged. The result is then right-shifted by 1 to produce an 8-bit result.
No overflow conditions exist.
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31 24 23 8 7 0
ua_3 ua_2 ua_1 ua_0 «srcl
ub_3 ub_2 ub_1 ub_0 <«src2
d d d d
31 24 23 8 7 0

(ua_3+ub_3+1)>>1| (UA_2+ub_2+1)>>1

(ua_1+ub_1+1)>>1| (U _LO+ub_0+1)>>1 | «dst

if (cond) {
((ubyteO (srcl) + ubytelO(src2) + 1) >> 1) —ubyteO(dst);
((ubytel (srcl) + ubytel( + 1) >> 1) —ubytel(dst);
((ubyte2 (srcl) + ubyte2( + 1) >> 1) —ubyte2(dst);
((ubyte3 (srcl) + ubyte3(src2) + 1) >> 1) —ubyte3(dst)
}
else nop
Pipeline Stage E2
Read srcl, src2
Written dst
Unitin use
Two-cycle
1
AVG2
AVGU4 .M1 AQ,Al,A2
Before instruction 2 cycles after instruction
A0 ‘ 1A 2E 5F 4Eh ‘26469578 A0 ‘ 1A 2E 5F 4Eh |
unsigned

‘ 15824211063

Al ‘ 9E F2 6E 3Fh
unsigned

A2 ‘ XXXX Xxxxh ‘

Al ‘ 9E F2 6E 3Fh |

| 9214410371

A2 ‘ 5C9067 47h
unsigned
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4.24 B

4-58

Branch Using a Displacement

13 TEXAS
INSTRUMENTS

www.ti.com

syntax B (.unit) label
unit = .S1 or .S2
Opcode
31 29 28 27
‘ creg ‘ z ‘ cst21 ‘
3 1 21
7 6 5 4 3 2 1 0
‘ cst21 ‘O|O‘1‘O‘0‘s|p‘
21 1 1
Opcode map field used... For operand type... Unit
cst21 scst21 S51,.52
Description A 21-bit signed constant, cst21, is shifted left by 2 bits and is added to the address of the

first instruction of the fetch packet that contains the branch instruction. The result is
placed in the program fetch counter (PFC). The assembler/linker automatically
computes the correct value for cst21 by the following formula:

cst21 = (label - PCE1) >> 2

If two branches are in the same execute packet and both are taken, behavior is

undefined.

Two conditional branches can be in the same execute packet if one branch uses a
displacement and the other uses a register, IRP, or NRP. As long as only one branch has
a true condition, the code executes in a well-defined way.

E

Note—

1) PCE1 (program counter) represents the address of the first instruction in the
fetch packet in the E1 stage of the pipeline.
PEC is the program fetch counter.

2) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.

3) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.

4) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.
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5) A relative branch instruction cannot be in the same execute packet as an
ADDKPC instruction.

if (cond) (cst21 << 2)
else nop

+ PCE1l — PFC

Target Instruction
PR DP

Pipeline Stage E1 PS PW DC E1

Read

Written
Branch taken v

Unitin use S

Branch
5

Table 4-2 gives the program counter values and actions for the following code example.

0000 0000 B .S1 LOOP
0000 0004 ADD .L1 Al, A2, A3
0000 0008 | |ADD .L2 B1, B2, B3
0000 000CLOOP: MPY.M1X A3, B3, A4
0000 0010 | | suB .D1 A5, A6, A6
0000 0014 MPY .M1 A3, A6, A5
0000 0018 MPY .M1 A6, A7, A8
0000 001C SHR .S1 A4, 15, A4
0000 0020 ADD .D1 A4, A6, A4
Table 4-2 Program Counter Values for Branch Using a Displacement Example
Cycle Program Counter Value Action
Cycle 0 0000 0000h Branch command executes (target code fetched)
Cycle 1 0000 0004h
Cycle 2 0000 000Ch
Cycle 3 0000 0014h
Cycle 4 0000 0018h
Cycle 5 0000 001Ch
Cycle 6 0000 000Ch Branch target code executes
Cycle7 0000 0014h
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425 B
Branch Using a Register
syntax B (.unit) src2
unit = .S2
Opcode
31 29 28 27 26 25 24 23 22 18 17 16
‘ creg ‘2‘0‘0‘0‘0|0‘ src2 ‘0|0‘
3 1 5
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(olofolxfofolfrfofrfrfofofofs]or]
1 1 1
Opcode map field used... For operand type... Unit
src2 xuint S2
Description  src2 is placed in the program fetch counter (PFC).
If two branches are in the same execute packet and are both taken, behavior is
undefined.
Two conditional branches can be in the same execute packet if one branch uses a
displacement and the other uses a register, IRP, or NRP. As long as only one branch has
a true condition, the code executes in a well-defined way.
Note—
1) This instruction executes on .S2 only. PFC is program fetch counter.
2) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.
3) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.
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4) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.

if (cond)src2 — PFC
else nop

Target Instruction
Pipeline Stage E1 PS PW PR DP DC E1

Read src2

Written

Branch taken v
Unitin use S2

Branch
5

Table 4-3 on page 4-61 gives the program counter values and actions for the following
code example. In this example, the B10 register holds the value 1000 000Ch.

1000 0000 B .82 B10

1000 0004 ADD .L1 Al, A2, A3

1000 0008 I ADD .L2 B1, B2, B3

1000 000C MPY .M1X A3, B3, A4

1000 0010 [ SUB .D1 A5, A6, A6

1000 0014 MPY .M1 A3, A6, A5

1000 0018 MPY .M1 A6, A7, A8

1000 001C SHR .S1 A4, 15, A4

1000 0020 ADD .D1 A4, A6, A4

Table 4-3 Program Counter Values for Branch Using a Register Example
Cycle Program Counter Value Action

Cycle 0 1000 0000h Branch command executes (target code fetched)
Cycle 1 1000 0004h

Cycle 2 1000 000Ch

Cycle 3 1000 0014h

Cycle 4 1000 0018h

Cycle 5 1000 001Ch

Cycle 6 1000 000Ch Branch target code executes

Cycle7 1000 0014h
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4.26 BIRP
Branch Using an Interrupt Return Pointer
Syntax B (.unit) IRP
unit = .52
Opcode
31 29 28 27 23 2 21 20 19 18 17 16
‘ creg ‘z‘ dst ‘0|0‘1‘1‘0‘0|0‘
3 1 5
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(olofolxJofJoJofolrfr]rfofofofs]or]
1 1 1
Opcode map field used... For operand type... Unit
src2 xsint S2
Description  IRP is placed in the program fetch counter (PFC). This instruction also moves the PGIE
bit value to the GIE bit. The PGIE bit is unchanged.
If two branches are in the same execute packet and are both taken, behavior is
undefined.
Two conditional branches can be in the same execute packet if one branch uses a
displacement and the other uses a register, IRP, or NRP. As long as only one branch has
a true condition, the code executes in a well-defined way.
Note—
1) This instruction executes on .S2 only. PFC is the program fetch counter.
2) Refer to Chapter 6 “Interrupts” on page 6-1 for more information on IRP,
PGIE, and GIE.
3) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.
4) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.
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5) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.

if (cond)IRP — PFC
else nop

Target Instruction

Pipeline Stage E1 PS PW PR DP DC E1

Read IRP

Written

Branch taken v
Unitin use S2

Branch
5

Table 4-4 gives the program counter values and actions for the following code example.

Given that an interrupt occurred at

PC = 0000 1000 IRP = 0000 1000

0000 0020B .S2 IRP
0000 0024ADD .S1 A0, A2, Al
0000 0028MPY .M1 Al, AO, Al
0000 002CNOP
0000 0030SHR .S1 Al, 15, Al
0000 0034ADD .L1 Al, A2, Al
0000 0038ADD .L2 B1, B2, B3
Table 4-4 Program Counter Values for B IRP Instruction Example
Cycle Program Counter Value Action
Cycle0 0000 0020 Branch command executes (target code fetched)
Cycle 1 0000 0024
Cycle 2 0000 0028
Cycle 3 0000 002C
Cycle 4 0000 0030
Cycle5 0000 0034
Cycle 6 0000 1000 Branch target code executes
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4.27 B NRP
Branch Using NMI Return Pointer
Syntax B (.unit) NRP
unit = .52
Opcode
31 29 28 27 23 2 21 20 19 18 17 16
‘ creg ‘z‘ dst ‘0|0‘1‘1‘1‘0|0‘
3 1 5
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(olofolxJofJoJofolrfr]rfofofofs]or]
1 1 1
Opcode map field used... For operand type... Unit
src2 xsint S2
Description ~ NRP is placed in the program fetch counter (PFC). This instruction also sets the NMIE
bit. The PGIE bit is unchanged.
If two branches are in the same execute packet and are both taken, behavior is
undefined.
Two conditional branches can be in the same execute packet if one branch uses a
displacement and the other uses a register, IRP, or NRP. As long as only one branch has
a true condition, the code executes in a well-defined way.
Note—
1) This instruction executes on .S2 only. PFC is program fetch counter.
2) Refer to Chapter 6 “Interrupts” on page 6-1 for more information on NRP and
NMIE.
3) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.
4) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.
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5) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.

if (cond)NRP — PFC
else nop

Target Instruction
Pipeline Stage E1 PS PW PR DP DC E1
Read NRP

Written
Branch taken v
Unitin use .52

Branch
5

Table 4-5 on page 4-65 gives the program counter values and actions for the following
code example. Given that an interrupt occurred at

PC = 0000 1000 IRP = 0000 1000

0000 0020B S2 NRP
0000 0024ADD .S1 A0, A2, Al
0000 0028MPY .M1 Al, AO, Al
0000 002CNOP
0000 0030SHR .S1 A1, 15, Al
0000 0034ADD .L1 Al, A2, Al
0000 0038ADD .L2 B1, B2, B3
Table 4-5 Program Counter Values for B NRP Instruction Example
Cycle Program Counter Value Action
Cycle 0 0000 0020 Branch command executes (target code fetched)
Cycle 1 0000 0024
Cycle 2 0000 0028
Cycle 3 0000 002C
Cycle 4 0000 0030
Cycle 5 0000 0034
Cycle 6 0000 1000 Branch target code executes
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4.28 BDEC
Branch and Decrement
syntax ~ BDEC (.unit) src, dst
unit = .S1 or .52
Opcode
31 29 28 27 23 22
‘ creg ‘ z ‘ dst ‘ src ‘
3 1 5 10
3 12 1 10 9 8 7 6 5 4 3 2 1 0
[ Telolololo ol Tololols]s]
10 1 1
Opcode map field used... For operand type... Unit
src scst10 .S51,.52
dst int
Description  If the predication and decrement register (dst) is positive (greater than or equal to 0),
the BDEC instruction performs a relative branch and decrements dst by 1. The
instruction performs the relative branch using a 10-bit signed constant, scst10, in src.
The constant is shifted 2 bits to the left, then added to the address of the first instruction
of the fetch packet that contains the BDEC instruction (PCE1). The result is placed in
the program fetch counter (PFC).
This instruction helps reduce the number of instructions needed to decrement a
register and conditionally branch based upon the value of the register. Note also that
any register can be used that can free the predicate registers (A0-A2 and B0-B2) for
other uses.
The following code:
CMPLT.L1 Al10,0,Al1
[1A1] SUB L1 Al0,1,Al10
[|[1a1] B .81 func
NOP5
could be replaced by:
BDEC.S1 func, ALO
NOP 5
Note—

1) Only one BDEC instruction can be executed per cycle. The BDEC instruction
can be predicated by using any conventional condition register. The conditions
are effectively ANDed together. If two branches are in the same execute packet,
and if both are taken, behavior is undefined.

2) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.

4-66 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
www.ti.com
Execution
Pipeline

Instruction Type
Delay Slots

Examples

SPRUGH7—November 2010

Submit Documentation Feedback

4.28 BDEC
Chapter 4—Instruction Descriptions

3) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.

4) The BDEC instruction cannot be in the same execute packet as an ADDKPC
instruction.

if (cond) {
if (dst >= 0), PFC (PCE1 + se(scstl0)) << 2);
t

(
dst - 1;

if (dst >= 0), ds
else nop
else nop
Target Instruction
Pipeline Stage E1 PS PW PR DP DC E1
Read dst
Written dst, PC
Branch taken v
Unitin use S
Branch
5
Example 1
BDEC .S1 100h,Al10
Before instruction After branch has been taken
PCE1 ‘O1000000h ‘
PC ‘ XXXX XXXXh ‘ PC ‘ 0100 0400h |
A10 ‘ 0000 000Ah ‘ A10 ‘ 0000 0009h |

Example 2

BDEC .S1 300h,A10 ; 300h is sign extended

Before instruction After branch has been taken

PCE1 ‘ 0100 0000h ‘

PC ‘ XXXX XXxxh ‘ PC ‘ 00FF FCOOh |

A10 | 0000 0010h | A10 | 0000 000Fh |
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4.29 BITC4
Bit Count, Packed 8-Bit
syntax ~ BITCA4 (.unit) src2, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18 17 16
‘ creg ‘ z ‘ dst ‘ src2 ‘ 1 | 1 ‘
3 1 5 5
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lol fofxfofofofofefifa]ifofols]r]
1 1 1
Opcode map field used... For operand type... Unit
src2 xu4 M1, M2
dst u4
Description  Performs a bit-count operation on 8-bit quantities. The value in src2 is treated as
packed 8-bit data, and the result is written in packed 8-bit format. For each of the 8-bit
quantities in src2, the count of the number of 1 bits in that value is written to the
corresponding position in dst.
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31 24 23 16 15 8 7 0
ub_3 ub_2 ub_1 ub_0 «src2
BITC4
d d { {
31 24 23 16 15 8 7 0
bit_count(ub_3) bit_count(ub_2) bit_count(ub_1) bit_count(ub_0) «dst
if (cond) {
bit_count (src2(ubyte0)) —ubyte0 (dst);
bit_count (src2(ubytel)) —ubytel (dst);
bit_count (src2(ubyte2)) —ubyte2(dst);
bit_ count (src2(ubyte3)) —ubyte3 (dst)
else nop
Pipeline Stage E1 E2
Read src2
Written dst
Unitin use M
Two-cycle
1
BITC4 .M1 Al,A2
Before instruction 2 cycles after instruction
Al ‘ 9E 52 6E 30h ‘ Al | 9E 52 6E 30h ‘
A2 ‘ XXXX XXxXh ‘ A2 | 05 03 05 02h ‘
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4.30 BITR
Bit Reverse
syntax ~ BITR (.unit) src2, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18 17 16
‘ creg ‘ z ‘ dst ‘ src2 ‘ 1 | 1 ‘
3 1 5 5
15 14 13 12 1 10 9 8 7 6 4 3 2 1 0
o o [ ToTololo o oo ool o]<]]
1 1 1
Opcode map field used... For operand type... Unit
src2 xuint M1, M2
dst uint
Description  Implements a bit-reversal function that reverses the order of bits in a 32-bit word. This
means that bit 0 of the source becomes bit 31 of the result, bit 1 of the source becomes
bit 30 of the result, bit 2 becomes bit 29, and so on.
31 0
‘ abcd efgh ijkimnop grstuvwx yzAB CDEF «src2
BITR
d
31 0
FEDC BAzy xwvu tsrq ponm lkji hgfedcba «dst
Execution if (cond)bit_reverse(src2) —dst
else nop
Pipeline
Pipeline Stage E1 E2
Read src2
Written dst
Unit in use M
Instruction Type TWO-CYCle
Delay Slots 1
Example BITR .M2 B4,B5
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Before instruction 2 cycles after instruction
B4 I A6E2 C179h I B4 ‘ A6E2 C179h ‘
B5 ‘ XXXX XXxxh ‘ B5 ‘ 9E83 4765h ‘
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4.31 BNOP
Branch Using a Displacement With NOP
syntax ~ BNOP (.unit) src2, srcl
unit = .51, .S2, or none
Compact Instruction Format
Unit Opcode Format Figure
S Sbs7 Figure F-12
Sbu8 Figure F-13
Sbs7c Figure F-15
Sbu8c Figure F-16
Sx1b Figure F-27
Opcode
31 52 28 27 16
‘ creg ‘ z ‘ src2 ‘
3 1 12
15 312 1 10 9 8 7 6 5 4 3 2 1 0
v [ oo o o [o] o] o o o] 7]
3 1 1
Opcode map field used... For operand type... Unit
src2 scst12 .51,.52
srcl ucst3
Description  The constant displacement form of the BNOP instruction performs a relative branch
with NOP instructions. The instruction performs the relative branch using the 12-bit
signed constant specified by src2. The constant is shifted 2 bits to the left, then added to
the address of the first instruction of the fetch packet that contains the BNOP
instruction (PCE1). The result is placed in the program fetch counter (PFC).
The 3-bit unsigned constant specified in srcl gives the number of delay slot NOP
instructions to be inserted, from 0 to 7. With srcl = 0, no NOP cycles are inserted.
This instruction helps reduce the number of instructions to perform a branch when
NOP instructions are required to fill the delay slots of a branch.
The following code:
B .S1 LABEL
NOP N
LABEL: ADD
could be replaced by:
BNOP .Sl LABEL, N
LABEL: ADD
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B

Note—

1) BNOP instructions may be predicated. The predication condition controls
whether or not the branch is taken, but does not affect the insertion of NOPs.
BNOP always inserts the number of NOPs specified by N, regardless of the
predication condition.

2) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.

3) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.

4) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.

Only one branch instruction can be executed per cycle. If two branches are in the same
execute packet, and if both are taken, the behavior is undefined. It should also be noted
that when a predicated BNOP instruction is used with a NOP count greater than 5, the
CPU inserts the full delay slots requested when the predicated condition is false.

For example, the following set of instructions will insert 7 cycles of NOPs:

ZERO .L1 A0
[AO]BNOP .S1 LABEL,7 ; branch is not taken and
; 7 cycles of NOPs are inserted

Conversely, when a predicated BNOP instruction is used with a NOP count greater
than 5 and the predication condition is true, the branch will be taken and the
multi-cycle NOP is terminated when the branch is taken.

For example in the following set of instructions, only 5 cycles of NOP are inserted:

MVK .D1 1,A0
[AO]BNOP .S1 LABEL,7 ; branch is taken and
; 5 cycles of NOPs are inserted

The BNOP instruction cannot be paired with any other multicycle NOP instruction in
the same execute packet. Instructions that generate a multicycle NOP are: IDLE,
ADDKPC, CALLP, and the multicycle NOP.

The BNOP instruction does not require the use of the .S unit. If no unit is specified,
then it may be scheduled in parallel with instructions executing on both the .S1 and .S2
units. If either the .S1 or .S2 unit is specified for BNOP, then the .S unit specified is not
available for another instruction in the same execute packet. This is enforced by the
assembler.
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It is possible to branch into the middle of a 32-bit instruction. The only case that will
be detected and result in an exception is when the 32-bit instruction is contained in a
compact header-based fetch packet. The header cannot be the target of a branch
instruction. In the event that the header is the target of a branch, an exception will be
raised.
Execution (if instruction is if (cond) {
within compact instruction PFC = (PCEl + (se(scstl2) << 1));
fetch packet) nop (srcl)
else nop (srcl + 1)
Execution (if instruction is not if (cond) {
within compact instruction PFC = (PCEl + (se(scstl2) << 2));
fetch packet) nop (srcl)
else nop (srcl + 1)
Pipeline
Target Instruction
Pipeline Stage E1 PS PW PR DP DC E1
Read src2
Written PC
Branch taken v
Unitin use S
Instruction Type Branch
Delay Slots 5
See Also ADDKPC, B, NOP
Example BNOP .S1 30h,2
Before instruction After branch has been taken
PCE1 ‘ 0100 0500h ‘
PC ‘ XXXX XXxxh ‘ PC 0100 1100h
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Branch Using a Register With NOP

BNOP (.unit) src2, srcl

unit = .52

31 29 28 27 26 25 24 23 22 18 17 16

‘ creg ‘ z ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 1 ‘ src2 ‘ 0 | 0 ‘
3 1 5

15 13 12 11 10 9 8 7 6 5 4 3 2 1 0

v [ <] oo ] Jo] ] Jolo]o] 1] 7]
3 1 1

Opcode map field used... For operand type... Unit

src2 xuint S2

srcl ucst3

The register form of the BNOP instruction performs an absolute branch with NOP
instructions. The register specified in src2 is placed in the program fetch counter (PFC).

For branch targets residing in compact header-based fetch packets, the 31
most-significant bits of the register are used to determine the branch target. For branch
targets not residing in compact header-based fetch packets, the 30 most-significant bits
of the register are used to determine the branch target.

The 3-bit unsigned constant specified in srcI gives the number of delay slots NOP
instructions to be inserted, from 0 to 7. With srcI = 0, no NOP cycles are inserted.

This instruction helps reduce the number of instructions to perform a branch when
NOP instructions are required to fill the delay slots of a branch.

The following code:

B .S2 B3
NOP N

could be replaced by:

BNOP.S2 B3,N

E

Note—

1) BNOP instructions may be predicated. The predication condition controls
whether or not the branch is taken, but does not affect the insertion of NOPs.
BNOP always inserts the number of NOPs specified by N, regardless of the
predication condition.

2) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.
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Execution

Pipeline

Instruction Type
Delay Slots
See Also

Example

3) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.
4) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.
Only one branch instruction can be executed per cycle. If two branches are in the same
execute packet, and if both are taken, the behavior is undefined. It should also be noted
that when a predicated BNOP instruction is used with a NOP count greater than 5, the
CPU inserts the full delay slots requested when the predicated condition is false.

For example, the following set of instructions will insert 7 cycles of NOPs:

ZERO .L1 A0
[AO] BNOP .S2 B3,7; branch is not taken and 7 cycles of NOPs are inserted
Conversely, when a predicated BNOP instruction is used with a NOP count greater
than 5 and the predication condition is true, the branch will be taken and multi-cycle
NOP is terminated when the branch is taken.

For example, in the following set of instructions only 5 cycles of NOP are inserted:

MVK .D1 1,A0
[AO] BNOP .82 B3,7; branch is taken and 5 cycles of NOPs are inserted
The BNOP instruction cannot be paired with any other multicycle NOP instruction in
the same execute packet. Instructions that generate a multicycle NOP are: IDLE,
ADDKPC, CALLP, and the multicycle NOP.

if (cond) {
src2 — PFC;
nop (srcil)

else nop (srcl + 1)

Target Instruction
Pipeline Stage E1 PS PW PR DP DC E1
Read src2
Written PC

Branch taken v

Unitin use .52

Branch
5
ADDKPC, B, NOP

BNOP .S2 A5,2

Before instruction After branch has been taken

PCE1 ‘ 0010 0000h ‘

PC ‘ XXXX XXxxh ‘ PC 0100 FOOOh
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A5 0100 FOOOh A5 0100 FOOOh
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4.33 BPOS

Syntax

Opcode

Description

Branch Positive
BPOS (.unit) src, dst

unit = .S1 or .S2

31 29 28 27 23 22

[« Tolofolefololol 1 Jalolol <]y

10 1 1

Opcode map field used... For operand type... Unit

src scst10 .S51,.52
dst int

If the predication register (dst) is positive (greater than or equal to 0), the BPOS
instruction performs a relative branch. If dst is negative, the BPOS instruction takes no
other action.

The instruction performs the relative branch using a 10-bit signed constant, scst10, in
src. The constant is shifted 2 bits to the left, then added to the address of the first
instruction of the fetch packet that contains the BDEC instruction (PCE1). The result
is placed in the program fetch counter (PFC).

Any register can be used that can free the predicate registers (A0-A2 and B0-B2) for
other uses.

[

Note—

1) Only one BPOS instruction can be executed per cycle. The BPOS instruction
can be predicated by using any conventional condition register. The conditions
are effectively ANDed together. If two branches are in the same execute packet,
and if both are taken, behavior is undefined.

2) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.

3) See “Branching Into the Middle of an Execute Packet” on page 3-13 for
information on branching into the middle of an execute packet.

4) A branch to an execute packet that spans two fetch packets will cause a stall
while the second fetch packet is fetched.
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5) The BPOS instruction cannot be in the same execute packet as an ADDKPC
instruction.
Execution if (cond) {
if (dst >= 0), PFC = (PCEl + (se(scstl0) << 2));
else nop
else nop
Pipeline
Target Instruction
Pipeline Stage E1 PS PW PR DP DC E1
Read dst
Written PC
Branch taken v
Unit in use S

Instruction Type Branch
Delay Slots 5

Example BPOS .S1 200h,Al0

Before instruction After branch has been taken

PCE1 ‘ 0010 0000h ‘

PC ‘ XXXX XXXXh ‘ PC ‘ 0100 0800h |
A10 ‘ 0000 000Ah ‘ A10 ‘ 0000 000Ah |
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4.34 CALLP

Syntax

Compact Instruction Format

Opcode

Description

Call Using a Displacement
CALLP (.unit) label, A3/B3

unit = .S1 or .S2

Unit Opcode Format Figure
S Scs10 Figure F-14

31 30 29 28 27

(oo o] 1] |

| oo o o]+ s]

21 1 1

Opcode map field used... For operand type... Unit
cst21 scst21 S51,.52

A 21-bit signed constant, cst21, is shifted left by 2 bits and is added to the address of the
first instruction of the fetch packet that contains the branch instruction. The result is
placed in the program fetch counter (PFC). The assembler/linker automatically
computes the correct value for ¢st21 by the following formula:

cst21 = (label - PCE1) >> 2

The address of the execute packet immediately following the execute packet containing
the CALLP instruction is placed in A3, if the S1 unit is used; or in B3, if the S2 unit is
used. This write occurs in E1. An implied NOP 5 is inserted into the instruction
pipeline occupying E2-E6.

Since this branch is taken unconditionally, it cannot be placed in the same execute
packet as another branch. Additionally, no other branches should be pending when the
CALLP instruction is executed.

CALLP, like other relative branch instructions, cannot have an ADDKPC instruction
in the same execute packet with it.

E

Note—

1) PCE1 (program counter) represents the address of the first instruction in the
fetch packet in the E1 stage of the pipeline. PFC is the program fetch counter.
retPC represents the address of the first instruction of the execute packet in the
DC stage of the pipeline.
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2) The execute packets in the delay slots of a branch cannot be interrupted. This
is true regardless of whether the branch is taken.

(cst21 << 2) + PCE1l —PFC

if (unit = S2), retPC —B3
else if (unit = S1), retPC —A3
nop 5

Target Instruction
PR DP

Pipeline Stage E1 PS PW DC E1

Read
A3/B3
Branch taken v

Written

Unitin use S

Branch

5
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Complex Conjugate Matrix Multiply, Signed Complex 16-bit (16-bit real/16-bit
Imaginary)

syntax ~ CCMATMPY (.unit) .L1 or .L2 srcl, src2, dst
unit = .M1 or .M2

Opcode Opcode for .M Unit, 32-bit, unconditional

31 30 29 28 27 23 22 18 17 13 12 11 7 6 5 4 3 2 1 0
| 0 | 0 | 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield | 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ s ‘ p ‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2,srcl1,dst xdwop1,qwop2,qwdst .M1 or M2 00101

Description  This instruction performs multiply of conjugate of 1x2 complex vector by a 2x2
complex matrix giving two 64-bit complex results. The input format is a 32-bit complex
number i.e. two 16-bit numbers packed together. The high 16-bits are the real part, and
the low 16-bits are the imaginary part.

The output of the instruction is a 64-bit complex result having 32-bits for the real and
32-bits for the imaginary part. The real part goes in the upper 32-bits of the register
pair, and the imaginary part is in the low 32-bits.

For example, CCMATMPY A7:A6,A3:A2:A1:A0,A11:A10:A9:A8 will perform as
following:

— A3 A2
[A11:A10 A9:A8] = [A7 A6] *
Al AQ
—or-
Al1:A10 = conj (A7) *A3 + conj (A6) *Al
A9:A8 = conj (A7) *A2 + conj (A6) *A0

The CCMATMPY instruction is roughly equivalent to following instruction sequence:

DAPYS2 A7:A6, Al19:A18,A5:A4

Where A19:A18 contains "0xO000FFFF:0000FFFF"
CMPY A3,A5,A31:A30

CMPY Al,A4,A29:A28

CMPY A2,A5,A27:A26

CMPY AO0,A4,A25:A24

NOP

DSADD A31:A30,A29:A28,A11:A10

DSADD A27:A26,A25:A24,A9:A10

The main difference between executing CCMATMPY and the above sequence is that
saturation is only performed once at the end and intermediate precision is kept at 34
bits

Execution ((msb16(srcl_e)
((msb16(srcl_e)
((msb16(srcl_o)
((msb16(srcl_o)
((msb16(srcl_e)

Isb16(src2_0))-(Ishb16(srcl_e) x msbl6(src2_0)))-> tmp0_e
msb16(src2_0))+(Isb16(srcl_e) x Isbl6(src2_0)))-> tmp0_o
Isb16(src2_2))-(lIsb16(srcl_o) x msbl6(src2_2 ggg i tmpl_e
X
X "1)))->

X X X X X

msb16(src2_2))+(Isb16(srcl_o) Isb16(src2_2 tmpl_o
Isb16(src2_1))-(lIsb16(srcl_e) msb16(src2_1 tmp2_e
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((msb16(srcl_e) x msbl6(src2_1))+(Isb16(srcl_e) x Isbl6(src2_1)))-> tmp2_o
((msb16(srcl_o) x Isbl6(src2_3))-(lIsb16(srcl_o) x msbl6(src2_3)))-> tmp3_e
((msb16(srcl_o) x msbl6(src2_3))+(Isb1l6(srcl_o) x Isbl6(src2_3)))-> tmp3_o
sat(tmp0_e + tmpl_e)->dst O
sat(tmp0_o + tmpl_o)->dst_ 1
sat(tmp2_e + tmp3_e)->dst_2
sat(tmp2_o + tmp3_o)->dst_3

Instruction Type 4-cycle
Delay Slots 3

Functional Unit Latency 1

seeAlso CMATMPYR1, CCMATMPYR1, CMATMPY

Example 0x10010000 ; 4
0x12345678
0x12345678
0x12345678
0x12345678
0x12345678
0x12345678

CCMATMPY .M A7:A6,A3:A2:A1:A0,A11:A10:A9:A8
All == 0x3d0065a0
0x00000000
A9 == 0x3d0065a0
A8 == 0x00000000
CSR= 0x10010000
0x10010000 ; 4
0x80008000
0x80008000
0x80008000
0x80008000
0x80008000
A0 == 0x80008000
CCMATMPY .M A7:A6,A3:A2:A1:A0,A11:A10:A9:A8
All == Ox7fffffff
A10 == 0x00000000
A9 == Ox7fffffff
A8 == 0x00000000
CSR= 0x10010200
0x10010000 ; 4
0x7FFF7FFF
0x7FFF8000
0x7FFF7FFF
0x7FFF8000
0x7FFF8000
0x7FFF7FFF
CCMATMPY .M B7:B6,B3:B2:B1:B0,B11:B10:B9:B8
Bll == Ox7fffffff
B10 == 0x00000000
B9 == Oxffff0002
B8 == 0x00000000
CSR= 0x10010200
0x10010000 ; 4
O0XFFFFFFFF
O0XFFFFFFFF
0XFFFFFFFF
O0XFFFFFFFF
OXFFFFFFFF
0XFFFFFFFF
CCMATMPY .M B7:B6,B3:B2:B1:B0,B11:B10:B9:B8
Bll == 0x00000004
B10 == 0x00000000
B9 == 0x00000004
B8 == 0x00000000
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CSR == 0x100100001
CSR == 0x10010000 ; 4
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Complex Conjugate Matrix Multiply With Rounding, Signed Complex 16-bit (16-bit
Real/16-bit Imaginary)

syntax ~ CCMATMPYRI (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode Opcode for .M Unit, 32-bit, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 7 6 5 4 3 2 1 0
| 0 | 0 | 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield | 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ s ‘ p ‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2,srcl1,dst xdwop1,qwop2,dwdst .M1 or .M2 00111

Description

Execution

SPRUGH7—November 2010
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This instruction performs multiply of conjugate of a 1x2 complex vector by a 2x2
complex matrix with rounding giving two 32-bit complex results. For example,
CCMATMPYRI1 A7:A6,A3:A2:A1:A0,A9:A8 will perform as following:

— A3 A2
[A9 A8] = [A7 Ae6] * { }
Al AQ

-or-

A9
A8

con]j (A7) *A3 + conj (A6) *Al
conj (A7) *A2 + conj (A6

The CCMATMPYRI instruction is roughly equivalent to following instruction
sequence:

DCONJ A7,A6,A5:A4

CMPYR1 A3,A5,A31

CMPYR1 Al,A4,A29

CMPYR1 A2,A5,A30

CMPYR1 AO0,A4,A28

NOP

DSADD A31:A30,A29:A28,A9:A8

The difference between executing CCMATMPYRI and the above sequence is that
saturation is only performed once at the end and intermediate precision is kept at 34
bits

((msb16(srcl_e) x Isbl6(src2_0))-(Isb1l6(srcl_e) x msbl6(src2_0)))-> tmp0_e
((msb16(srcl_e) x msbl6(src2_0))+(Isb16(srcl_e) x Isbl6(src2_0)))-> tmp0_o
((msb16(srcl_o) x Isbl6(src2_2))-(lIsb16(srcl_o) x msbl6(src2_2)))-> tmpl_e
((msb16(srcl_o) x msbl6(src2_2))+(lIsb1l6(srcl_o) x Isbl6(src2_2)))-> tmpl_o
((msb16(srcl_e) x Isbl6(src2_1))-(Isb16(srcl_e) x msbl6(src2_1)))-> tmp2_e
((msb16(srcl_e) x msbl6(src2_1))+(lIsb16(srcl_e) x Isbl6(src2_1)))-> tmp2_o
((msb16(srcl_o) x Isbl6(src2_3))-(Isb1l6(srcl_o) x msbl6(src2_3)))-> tmp3_e
((msb16(srcl_o) x msbl6(src2_3))+(Isb1l6(srcl_o0) x Isbl6(src2_3)))-> tmp3_o
msb1l6(sat(((tmp0_e + tmpl_e) + 00004000h) << 1)) -> Isbl6(dst_e)
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Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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msb16(sat(((tmpO_o + tmpl_o) + 00004000h) << 1)) -> msbl6(dst_e)
msbl6(sat(((tmp2_e + tmp3_e) + 00004000h) << 1)) -> Isbl6(dst_o)
msbl6(sat(((tmp2_o + tmp3_o) + 00004000h) << 1)) -> msbl6(dst_o)

4-cycle
3

CCMATMPY, CMATMPYR1, CMATMPY

0x10010000 ; 4

0x12345678

0x12345678

0x12345678

0x12345678

0x12345678

0x12345678

CCMATMPYR1 .M A7:A6,A3:A2:A1:A0,A11:A10
All == 0x7a010000

Al0 == 0x7a010000

CSR= 0x10010000

0x10010000 ; 4

0x80008000

0x80008000

0x80008000

0x80008000

0x80008000

0x80008000

CCMATMPYR1 .M A7:A6,A3:A2:A1:A0,A11:A10
All == 0x7£££0000

Al0 == 0x7f£f£0000

CSR= 0x10010200

CSR == 0x10010000 ; 4
B7 == O0xX7FFF7FFF

B6 == Ox7FFF8000

B3 0X7FFF7FFF

B2 0xX7FFF8000

Bl 0x7FFF8000

B0 == OxX7FFF7FFF
CCMATMPYR1 .M B7:B6,B3:B2:B1:B0,B11:B10:
B1ll == 0x7f£££0000
B10: == 0xfffe0000

CSR == 0x10010200

CSR == 0x10010000 ; 4
B7 OXFFFFFFFF

B6 OXFFFFFFFF

B3 OXFFFFFFFF

B2 OXFFFFFFFF

Bl OXFFFFFFFF

BO OXFFFFFFFF
CCMATMPYR1 .M B7:B6,B3:B2:B1:B0,B11:B10:
B1l == 0x00000000
B10: == 0x00000000
CSR == 0x10010000

CSR == 0x10010000 ; 4

I,

TEXAS
INSTRUMENTS

www.ti.com

SPRUGH7—November 2010

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS
INSTRUMENTS

www.ti.com

4.37 CCMPY32R1
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Complex Multiply With Rounding and Conjugate, Signed Complex 16-bit (16-bit
Real/16-bit Imaginary)

syntax ~ CCMPY32R1 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 13 12 1 10 6 5 4 3 2 1 0
|0|O|O‘1‘dst src2 src1‘x‘0|opfield|1‘1‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield

Description

SPRUGH7—November 2010
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.M1 or .M2 01001

srcl1,src2,dst dwop1,xdwop2,dwdst

The CCMPY32R1 instruction performs one complex multiply between the 64-bit
complex number in srcl and the complex conjugate of the complex 64-bit number in
src2. Each 64-bit complex number is contained in a register pair. The Odd register in
the pair (the most significant word) represents the real component of the complex
number as a 32-bit signed quantity. The Even register in the pair represents the
imaginary component of the complex number. The saturation condition of
0x80000000 * 0x8000000 + 0x80000000 * 0x8000000 is taken into account, yielding a
result of "7FFFFFFF:00000000.

After multiplying and adding the 32-bit numbers together, they are shifted right by 31
and rounded. Intermediate results are calculated at 64-bits.

The CCMPY32R1 instruction is functionally equivalent to following C sequence:

dwopl.high ;
dwopl.low ;
src2_real xdwop2.high ;
src2_im xdwop2.low ;

= // Cast 32-bit signed integer to 64-bits
tmp real, tmp im ;

long
long
long
long

long

long
long
long
long
long

srcl_real
srcl im
// Cast 32-bit signed integer to 64-bits

0x80000000 &&
0x80000000 &&
src2 real == 0x80000000 &&
src2 im == 0x80000000 )
tmp real = Ox7fffffff ;
else
tmp_real =

srcl real ==
srcl im ==

if (

(srcl real * src2 real + srcl im * src2 im + (1<<30) ) >> 31 ;

tmp_im = (srcl_real * -src2_im + srcl im * src2 real + (1<<30) ) >> 31 ;
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Execution

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

dwdst.high = tmp_ real ;

dwdst.low = tmp im

7
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sat(srcl_o x src2_e - srcl_e x src2_o + (1<<30))>>31 -> dst_e

srcl_o x src2_ o + srcl e x src2_e + (1<<30))>>31 -> dst o

4-cycle
3

CMPY, SMPY32, CCMPY32R1

CSR == 0x00000000 ; 4
A3 == 0x00000000
A2 == 0x00000000
Al == 0x00000000
A0 == 0x00000000
CCMPY32R1 .M A3:A2,Al
Al5 == 0x00000000
Al4 == 0x00000000

CSR= 0x00000000

CSR == 0x00000000 ; 4
A3 == 0x00000000
A2 == 0x08000400
Al == 0x00000000
A0 == 0x09000200
CCMPY32R1 .M A3:A2,Al
Al5 == 0x00900068
Al4 == 0x00000000

CSR= 0x00000000

CSR == 0x00000000 ; 4
A3 == 0x80000000
A2 == 0x80000000
Al == 0x80000000
A0 == 0x80000000
CCMPY32R1 .M A3:A2,Al
Al5 == OX7FFFFFFF
Al4 == 0x00000000

CSR= 0x00000200

CSR == 0x00000000 ; 4
A3 == O0X7FFF7FFF
A2 == 0x7FFF8000
Al == O0X7FFF8000
A0 == OX7FFF7FFF

CCMPY32R1 .M A3:A2,Al
Al5 == Ox7fffffff
Al4 == 0x00000002

CSR= 0x00000200

CSR == 0x00000000 ; 4
A3 == OXFFFFFFFF
A2 == OXFFFFFFFF
Al == OXFFFFFFFF
A0 == OXFFFFFFFF
CCMPY32R1 .M A3:A2,Al
Al5 == 0x00000000
Al4 == 0x00000000

CSR= 0x00000000

CSR == 0x00000000 ; 4
A3 == 0x55555555
A2 == 0x55555555
Al == 0x55555555
A0 == 0x55555555
CCMPY32R1 .M A3:A2,Al
Al5 == 0x71c71c71

:A0,Al5:A14

:A0,Al15:A14

:A0,Al5:A14

:A0,Al5:A14

:A0,Al15:A14

:A0,Al15:A14
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Al4 == 0x00000000
CSR= 0x00000000
0x00000000 ; 4
0x01234567
0x89ABCDEF
0x89ABCDEF
0x01234567
CCMPY32R1 .M A3:A2,A1:A0,Al5:Al4
Al5 == 0xfde578db
Al4 == 0x6D60DCE3
CSR= 0x00000000
0x00000000 ; 4
0x80000000
Ox7EfEE7EEE
Ox7EEETEEE
Ox7EEEEEEE
CCMPY32R1 .M A3:A2,A1:A0,Al5:Al4
Al5 == OxEfffffff
Al4 == OXTEEfffff
CSR= 0x00000200 ; 4
CSR == 0x00000000 ; 4
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4.38 CLR
Clear a Bit Field
syntax ~ CLR (.unit) src2, csta, cstb, dst
or
CLR (.unit) src2, srcl, dst
unit = .S1 or .52
Compact Instruction Format
Unit Opcode Format Figure
S Sc5 Figure F-22
Opcode  Constant form
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ csta ‘
3 1 5 5 5
13 12 8 7 6 4 3 2 1 0
‘ csta ‘ cstb |1‘1|0‘0‘1‘0‘s|p‘
5 5 1 1
Opcode map field used... For operand type... Unit
src2 uint S1,.52
csta ucst5
cstb ucst5
dst uint
Opcode  Register form
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
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Opcode map field used... For operand type... Unit
src2 xuint S1,.52
srcl uint

dst uint

Description  For cstb > csta, the field in src2 as specified by csta to cstb is cleared to all Os in dst. The
csta and cstb operands may be specified as constants or in the 10 LSBs of the srcI
register, with cstb being bits 04 (src1, ) and csta being bits 5-9 (srcly 5). csta is the LSB
of the field and cstb is the MSB of the field. In other words, csta and cstb represent the
beginning and ending bits, respectively, of the field to be cleared to all Os in dst. The LSB
location of src2 is bit 0 and the MSB location of src2 is bit 31.

In the following example, csta is 15 and cstb is 23. For the register version of the
instruction, only the 10 LSBs of the srcI register are valid. If any of the 22 MSBs are
non-zero, the result is invalid.

i: cstb ;i

: « csta >

| | |
sre2 [ x| x| x[x]xx]x]xPafolafofofafafolax]x]x|x]x]x[x]x]x|[x]x]|x]x]x]x]
313029 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0

ast [x[x]x]x]x]x]x|xfofofofoJoJoJoJofolx|xx]x]|x]x]x|x|x|x|{x]x]x]x]x]
31302028272625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0

For cstb < csta, the src2 register is copied to dst. The csta and cstb operands may be
specified as constants or in the 10 LSBs of the srcI register, with cstb being bits 04
(srcl, o) and csta being bits 59 (srcl, 5).

Execution If the constant form is used when cstb > csta:

if (cond) src2 clear csta, cstb —dst
else nop

If the register form is used when cstb > csta:

if (cond)src2 clear srcl, ., srcl, , —dst

else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unit in use S

Instruction Type Single-cycle
Delay Slots 0
See Also SET
Examples Example 1

CLR .S1 Al,4,19,A2
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Before instruction

Al ‘ 07A43F2Ah ‘

A2 ‘ XXXXXXXXh ‘

Example 2

CLR .S2 B1,B3,B2

Before instruction

B1 ‘ 03B6E7D5h ‘
B2 ‘ XXXXXXXXh ‘
B3 ‘ 0000 0052h ‘

TMS320C66x DSP CPU and Instruction Set Reference Guide

Al

A2

B1

B2

B3
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1 cycle after instruction

‘ 07A43F2Ah ‘

| 07A0000Ah \

1 cycle after instruction

‘ 03B6E7D5h ‘

‘ 03B00001h ‘

‘ 0000 0052h ‘
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4.39 CMATMPY
Complex Matrix Multiply, Signed Complex 16-bit (16-bit real/16-bit Imaginary)

syntax ~ CMATMPY (.unit) srcl, src2, dst
unit = .M1 or .M2

Opcode Opcode for .M Unit, 32-bit, unconditional

31 30 29 28 27 23 22 18 17 13 12 11 7 6 5 4 3 2 1 0
| 0 | 0 | 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield | 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ s ‘ p ‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2,srcl1,dst xdwop1,qwop2,qwdst .M1 or M2 00100

Description  This instruction performs multiply of 1x2 complex vector by a 2x2 complex matrix
giving two 64-bit complex results. The input format is a 32-bit complex number i.e. 2
16-bit numbers packed together. The high 16-bits are the real part, and the low 16-bits
are the imaginary part. The output of the instruction is 64-bit complex results having
32-bits for the real and 32-bits for the imaginary part. The real part goes in the upper
32-bits of the register pair, and the imaginary part is in the low 32-bits.

For example, CMATMPY A7:A6,A3:A2:A1:A0,A11:A10:A9:A8 will perform as

following:
A3 A2
[A11:A10 A9:A8] = [A7 A6] * [ }
Al AO

-or-

Al:A10 = A7*A3 + A6*Al
A9:A8 = A7*A2 + A6*A0

The CMATMPY instruction is roughly equivalent to following instruction sequence:

CMPY A3,A7,A31:A30

CMPY Al,A6,A29:A28

CMPY A2,A7,A27:A26

CMPY AO0,A6,A25:A24

NOP

DSADD A31:A30,A29:A28,A11:A10
DSADD A27:A26,A25:A24,A9:A8

The difference between executing CMATMPY and the above sequence is that
saturation is only performed once at the end and intermediate precision is kept at 34

bits

Execution ((msb16(srcl_e) x Isbl6(src2_0))+(Isb1l6(srcl_e) x msbl6(src2_0)))-> tmp0_e
((msb16(srcl_e) x msbl6(src2_0))-(Isb16(srcl_e) x Isbl6(src2_0)))-> tmp0_o
((msb16(srcl_o) x Isbl6(src2_2))+(lIsb16(srcl_o) x msbl6(src2_2)))-> tmpl_e
((msb16(srcl_o) x msbl6(src2_2))-(Isb1l6(srcl_o) x Isbl6(src2_2)))-> tmpl_o
((msb16(srcl_e) x Isb16(src2_1))+(Isb16(srcl_e) x msbl6(src2_1)))-> tmp2_e
((msb16(srcl_e) x msbl6(src2_1))-(Isb16(srcl_e) x Isbl6(src2_1)))-> tmp2_o
((msb16(srcl_o) x Isbl6(src2_3))+(Isb1l6(srcl_o) x msbl6(src2_3)))-> tmp3_e
((msb16(srcl_o) x msbl6(src2_3))-(Isb1l6(srcl_o) x Isbl6(src2_3)))-> tmp3_o
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sat(tmp0_e
sat(tmp0_o
sat(tmp2_e
sat(tmp2_o

o+ o+ +

tmpl_e)->dst 0
tmpl_o)->dst_ 1
tmp3_e)->dst_2
tmp3_o0)->dst_3

4-94

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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4-cycle
3

CCMATMPYR1, CMATMPYR1, CMATMPY

0x12345678
0x12345678
0x12345678
0x12345678
0x12345678
0x12345678

CMATMPY .M A7:A6,A3:A2:A1:A0,A11:A10:A9:A8

All == 0xc82d04a0
Al0 == 0x18980180
A9 == 0xc82d04a0
A8 == 0x18980180

CSR= 0x10010000

CSR == 0x10010000 ; 4
A7 == 0x80008000

A6 == 0x80008000

A3 0x80008000

A2 == 0x80008000

Al == 0x80008000

A0 == 0x80008000
CMATMPY .M A7:A6,A3:A2:A1:A0,A11:A10:A9:A8
All == 0x00000000

Al0 == Ox7fffffff

A9 == 0x00000000

A8 == Ox7fffffff

CSR= 0x10010200

0X7FFF7FFF
0x7FFF8000
0X7FFF7FFF
0x7FFF8000
0x7FFF8000
0X7FFF7FFF

CMATMPY .M B7:B6,B3:B2:B1:B0,B11:B10:B9:B8

Bll == Oxffff0001
B10 == Oxff£f£0002
B9 == Ox7fffffff
B8 == Oxff£f£f0002

CSR= 0x10010200

CSR 0x10010000 ; 4
B7 0x01234567

B6 0x89ABCDEF

B3 0x01234567

B2 0x89ABCDEF

Bl 0x89ABCDEF

B0 == 0x01234567
CMATMPY .M B7:B6,B3:B2:B1:B0,B11:B10:B9:B8
Bll == 0xl1lal86e70

B10O 0x2ee6b374

B9 == 0x1lal86e70

B8 == 0xbf6522f4

CSR= 0x10010000

CSR == 0x10010000 ;

0x10010000 ;

0x10010000 ;

4

4

4
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4.40 CMATMPYR1
Chapter 4—Instruction Descriptions

Complex Matrix Multiply With Rounding, Signed Complex 16-bit (16-bit Real/16-bit
Imaginary)

syntax ~CMATMPYRI1 (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode Opcode for .M Unit, 32-bit, unconditional
31 30 29 28 27 23 22 18 17 13 12 1 7 6 5 4 3 2 1 0
|0|O|O‘1‘dst src2 src1‘x‘opfield|0|0‘0‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield

Description

Execution

SPRUGH7—November 2010
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src2,srcl,dst xdwop1,qwop2,dwdst .M1 or.M2 00110

This instruction performs multiply of a 1x2 complex vector by a 2x2 complex matrix
with rounding giving two 32-bit complex results. For example, CMATMPYR1
A7:A6,A3:A2:A1:A0,A9:A8 will perform as following:

A3 A2
[AS9 A8] = [A7 A6] *
Al AQ
_or-
A9 = A7*A3 + A6*Al
A8 = A7*A2 + A6*A0

The CMATMPYRI instruction is roughly equivalent to following instruction
sequence:

CMPYR1
CMPYR1
CMPYR1
CMPYR1
NOP

DSADD A31:A30,A29:A28,A9:A8

A3,A7,A31
Al,A6,A29
A2,A7,A30
AO,A6,A28

The difference between executing CMATMPYRI and the above sequence is that
saturation is only performed once at the end and intermediate precision is kept at 34
bits

((msb16(srcl_e) x Isbl6(src2_0))+(Isb1l6(srcl_e) x msbl6(src2_0)))-> tmp0_e
((msb16(srcl_e) x msbl6(src2_0))-(Isb16(srcl_e) x Isbl6(src2_0)))-> tmp0_o
((msb16(srcl_o) x Isbl6(src2_2))+(lIsb16(srcl_o) x msbl6(src2_2)))-> tmpl_e
((msb16(srcl_o) x msbl6(src2_2))-(Isb1l6(srcl_o) x Isbl6(src2_2)))-> tmpl_o
((msb16(srcl_e) x Isbl6(src2_1))+(lIsb16(srcl_e) x msbl6(src2_1)))-> tmp2_e
((msb16(srcl_e) x msbl6(src2_1))-(Isb16(srcl_e) x Isbl6(src2_1)))-> tmp2_o
((msb16(srcl_o) x Isbl6(src2_3))+(Isb1l6(srcl_o) x msbl6(src2_3)))-> tmp3_e
((msb16(srcl_o) x msbl6(src2_3))-(Isb16(srcl_o0) x Isbl6(src2_3)))-> tmp3_o
msb1l6(sat(((tmp0_e + tmpl_e) + 00004000h) << 1)) -> Isbl6(dst_e)
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Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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msb16(sat(((tmpO_o + tmpl_o) + 00004000h) << 1)) -> msbl6(dst_e)
msbl6(sat(((tmp2_e + tmp3_e) + 00004000h) << 1)) -> Isbl6(dst_o)
msbl6(sat(((tmp2_o + tmp3_o) + 00004000h) << 1)) -> msbl6(dst_o)

4-cycle
3

CCMATMPY, CCMATMPYRI1, CMATMPY

0x10010000 ; 4

0x12345678

0x12345678

0x12345678

0x12345678

0x12345678

0x12345678

CMATMPYR1 .M A7:A6,A3:A2:A1:A0,A11:Al10:
All == 0x905a3130

Al0: == 0x905a3130

CSR= 0x10010000

0x10010000 ; 4

0x80008000

0x80008000

0x80008000

0x80008000

0x80008000

0x80008000

CMATMPYR1 .M A7:A6,A3:A2:A1:A0,A11:Al10:
All == 0x00007fff

Al0: == 0x00007fff

CSR= 0x10010200

CSR == 0x10010000 ; 4

B7 == Ox7FFF7FFF

B6 == 0x7FFF8000

B3 O0x7FFF7FFF

B2 0x7FFF8000

B1 0x7FFF8000

B0 == O0x7FFF7FFF

CMATMPYR1 .M B7:B6,B3:B2:B1:B0,B11:B10:
Bll == Oxfffefffe

B10: == Ox7ffffffe

CSR= 0x10010200

0x10010000 ; 4

OXFFFFFFFF

OXFFFFFFFF

OXFFFFFFFF

OXFFFFFFFF

OXFFFFFFFF

OXFFFFFFFF

CMATMPYR1 .M B7:B6,B3:B2:B1:B0,B11:B10:
B1l == 0x00000000

B10: == 0x00000000

CSR= 0x10010000

CSR == 0x10010000 ; 4
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4.41 CMPEQ
Compare for Equality, Signed Integer
syntax ~ CMPEQ (.unit) srcl, src2, dst
unit = .L1 or .L2
Compact Instruction Format
Unit Opcode Format Figure
L L2c Figure D-7
Lx3c Figure D-9
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst src2 ‘ srcl ‘
3 1 5 5 5
13 12 N 5 4 3 2 1 0
‘ srcl ‘x‘ op ‘1‘1‘0‘s|p‘
5 1 7 1 1
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Description

Execution

Pipeline

Instruction Type
Delay Slots
See Also

Examples
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Opcode map field used... For operand type... Unit Opfield
srcl sint L1, .L2 1010011
src2 xsint
dst uint
srcl scst5 .L1,.L.2 1010010
src2 xsint
dst uint
srcl xsint L1,.L2 1010001
src2 slong
dst uint
srcl scst5 L1, .L2 1010000
src2 slong
dst uint

Compares srcl to src2. If srcl equals src2, then 1 is written to dst; otherwise, 0 is written

to dst.
if (cond) {
if (srcl == src2), 1 —dst
else 0 —dst
else nop
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use L
Single-cycle
0
CMPEQ2, CMPEQ4
Example 1
CMPEQ .L1X Al,B1,A2
Before instruction 1 cycle after instruction
Al ‘ 000004B8h ‘ 1208 Al | 000004B8h ‘
A2 ‘ XXXXXXXXh A2 | 00000000h ‘ false
B1 ‘ 0000 04B7h ‘ 1207 B1 | 000004B7h ‘
Example 2
CMPEQ .L1 Ch,Al,A2
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Before instruction

Al ‘ 0000000Ch ‘ 12
A2 ‘ XXXXXXXXh ‘
Example 3

CMPEQ .L2X Al,B3:B2,B1

Before instruction

Al F23A378%

B1 XXXXXXXXh

4.41 CMPEQ
Chapter 4—Instruction Descriptions

1 cycle after instruction

Al | 0000000Ch ‘

A2 | 00000001h ‘ true

1 cycle after instruction

Al F23A378%h

B1 00000001h true

B3:B2 ‘ 0000 O0FFh

‘ F23A378%h

B3:B2 ‘ 000000FFh | F23A378%
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Opcode

Description
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Compare for Equality, Packed 16-Bit
CMPEQ2 (.unit) srcl, src2, dst
unit =.S1 or .S2
31 29 28 27 23 22 18 17
‘ creg ’ z ‘ dst ‘ src2 ’ srcl ‘
3 1 5 5 5

v <] o [0 1] o o]0l :]s]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl s2 .S51,.52

src2 Xs2

dst bv2

Performs equality comparisons on packed 16-bit data. Each 16-bit value in srcl is
compared against the corresponding 16-bit value in src2, returning either a 1 if equal
or a 0 if not equal. The equality results are packed into the two least-significant bits of
dst. The result for the lower pair of values is placed in bit 0, and the results for the upper
pair of values are placed in bit 1. The remaining bits of dst are cleared to 0.

31 16 15 0
‘ a_hi ‘ a_lo ‘ «srcl
CMPEQ2
I I
31 16 15 0
b_hi b_lo «src2

alo==b_lo

a hi==b_hi

A A 4
0 00000O0O0O0O0OO0O0O0O0O0O0O0O0O000O0O0O0O0O0O0O0 0]=][=]edst

31
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Execution if (cond) {
if (1lsblé(srcl)
if (msblé (srcl)
else nop
Pipeline

1sbl6 (src2)),
msbl6 (src2)),

4.42 CMPEQ2
Chapter 4—Instruction Descriptions

1 —>dstyelse 0 —dsty;
1 —dst,else 0 —>dst,

Pipeline Stage E1

Read srcl, src2
Written dst

Unit in use S

Instruction Type  Single-cycle

Delay Slots 0

seeAlso ~ CMPEQ, CMPEQ4, CMPGT2, XPND2

Examples Example 1

CMPEQ2 .S1 A3,A4,A5

Before instruction

A3 ‘11056E30h

A4 ‘11056980h

A5 ‘ XXXX XXXXh

Example 2

CMPEQ2 .S2 B2,B8,B15

Before instruction

B2 ‘ F23A 378%h

B8 ‘ 04B8 3789%h

B15 ‘ XXXX Xxxxh

Example 3

CMPEQ2 .S2 B2,B8,B15

Before instruction

B2 01B6 2451h

SPRUGH7—November 2010
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1 cycle after instruction

A3 ‘11056E30h ‘

A4 ‘11056980h ‘

A5 ‘ 0000 0002h ‘ true, false

1 cycle after instruction

B2 | F23A 378%h ‘

B8 | 04B8 3789%h ‘

B15 | 0000 0001h ‘ false, true

1 cycle after instruction

B2 01B6 2451h
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B8 ‘ 01B6 2451h ‘ B8 | 01B6 2451h ‘
B15 ‘ XXXX XXXXh ‘ B15 | 0000 0003h ‘ true, true
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4.43 CMPEQ4

Syntax

Opcode

Description
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Compare for Equality, Packed 8-Bit

CMPEQ4 (.unit) srcl, src2, dst

unit = .S1 or .S2

23 22

4.43 CMPEQ4
Chapter 4—Instruction Descriptions

v [ <] o ][]0 o] 1] o]0l o] :]s]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl s4 .S51,.52

src2 xs4

dst bv4

Performs equality comparisons on packed 8-bit data. Each 8-bit value in srcl is
compared against the corresponding 8-bit value in src2, returning either a 1 if equal or
a 0 if not equal. The equality comparison results are packed into the four

least-significant bits of dst.

The 8-bit values in each input are numbered from 0 to 3, starting with the
least-significant byte, then working towards the most-significant byte. The comparison
results for byte 0 are written to bit 0 of the result. Likewise the results for byte 1 to 3 are
written to bits 1 to 3 of the result, respectively, as shown in the diagram below. The
remaining bits of dst are cleared to 0.

TMS320C66x DSP CPU and Instruction Set Reference Guide
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31 24 23 16 15 8 7 0
sa_3 sa_2 sa_1 sa_0 «srcl
CMPEQ4
o o o )
31 24 23 16 15 8 7 0
sb_3 sb_2 sb_1 sb_0 «src2
sa 0==sb 0
sa_l==sb 1
sa_2==sh_2
sa 3==sb_3
YVYVY
0 000O0O0DO0O0OO0O0OO0OOO0O0O0O0O0O0O0O0O0O0O0O0O0[=]=]=]=|e«adst
31 4 3 2 10
Execution if (cond) {
if (sbyteO(srcl) == sbyteO(src2)), 1 —dst,else 0 —>dst,;
if (sbytel(srcl) == sbytel(src2)), 1 —dst,else 0 —dst,;
if (sbyte2(srcl) == sbyte2(src2)), 1 —dst,else 0 —dst,;
if (sbyte3(srcl) == sbyte3(src2)), 1 —dst,else 0 —dst,
1
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use S

Instruction Type
Delay Slots
See Also

Examples

Single-cycle

0

CMPEQ, CMPEQ2, CMPGTU4, XPND4
Example 1

CMPEQ4 .S1 A3,A4,A5

Before instruction 1 cycle after instruction

A3 ‘ 023A4E 1Ch

A4 ‘ 02 B8 4E 76h

4-104
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A5 ‘ XXXX XXxxh
Example 2
CMPEQ4 .S2 B2,B8,B13
Before instruction
B2 | F2 3A 37 8%h
B8 | 04 B8 37 89h
B13 | XXXX Xxxxh
Example 3
CMPEQ4 .S2 B2,B8,B13
Before instruction
B2 | 01B62451h
B8 | 05B62451h
B13 | XXXX Xxxxh

A5

B2

B8

B13

B2

B8

B13

TMS320C66x DSP CPU and Instruction Set Reference Guide

4.43 CMPEQ4
Chapter 4—Instruction Descriptions

0000 000Ah true, false, false, false

1 cycle after instruction

‘ F23A378%h ‘

| 048337 89h |

‘ 0000 0003h ‘ false, false, true, true

1 cycle after instruction

‘01 B62451h ‘

‘OSB62451h ‘

‘ 0000 0007h ‘ false, true, true, true
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4.44 CMPEQDP

Syntax

Opcode

Description
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Compare for Equality, Double-Precision Floating-Point Values
CMPEQDP (.unit) srcl, src2, dst
unit = .S1 or .S2
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 1 10 9 8 7 6 5 4 3 2 1 0
v <] o] o] olo] 1 ]o o] o] s]s]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl dp .S1,.82
src2 xdp
dst sint

Compares srcl to src2. If srcl equals src2, then 1 is written to dst; otherwise, 0 is written

to dst.

Special cases of inputs:

Input FAUCR Bits

srci src2 Output UNORD INVAL
NaN don't care 0 1 0
don't care NaN 0 1 0
NaN NaN 0 1 0
+/-denormalized +/-0 1 0 0
+/-0 +/-denormalized 1 0 0
+/-0 +/-0 1 0 0
+/-denormalized +/-denormalized 1 0 0
+infinity +infinity 1 0 0
+infinity other 0 0 0
-infinity -infinity 1 0 0
-infinity other 0 0 0

D Note—

1) In the case of NaN compared with itself, the result is false.
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Execution
Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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4.44 CMPEQDP
Chapter 4—Instruction Descriptions

2) No configuration bits other than those in the preceding table are set, except the

NaNn and DENn bits when appropriate.
if (cond) {

if (srcl == src2), 1 —dst
else 0 —dst
else nop
Pipeline Stage E1 E2
Read srcl_I, src2_| srcl_h,src2_h
Written dst
Unitin use .S S

DP compare

1

2

CMPEQ, CMPEQSP, CMPGTDP, CMPLTDP

CMPEQDP .S1 Al:A0,A3:A2,A4

Before instruction

A1:A0 | 4021 3333h | 3333 3333h ‘ A1:A0
A3:A2 | C004 0000h | 0000 0000h ‘ A3:A2

TMS320C66x DSP CPU and Instruction Set Reference Guide

7 cycles after instruction

‘ 4021 3333h ‘ 33333333h ‘ 8.6
‘ C004 0000h ‘ 0000 0000h ‘ -2.5
0000 0000h false
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4.45 CMPEQSP

Syntax

Opcode

Description
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Compare for Equality, Single-Precision Floating-Point Values
CMPEQSP (.unit) srcl, src2, dst
unit = .S1 or .S2
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 1 10 9 8 7 6 5 4 3 2 1 0
v <] ] ol olo] Jo o] o] ] ]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl sp .S51,.52
src2 Xsp
dst sint

Compares srcl to src2. If srcl equals src2, then 1 is written to dst; otherwise, 0 is written

to dst.

Special cases of inputs:

FAUCR Bits

srci src2 Output UNORD INVAL
NaN don't care 0 1 0
don't care NaN 0 1 0
NaN NaN 0 1 0
+/-denormalized +/-0 1 0 0
+/-0 +/-denormalized 1 0 0
+/-0 +/-0 1 0 0
+/-denormalized +/-denormalized 1 0 0
+infinity +infinity 1 0 0
+infinity other 0 0 0
-infinity -infinity 1 0 0
-infinity other 0 0 0

D Note—

1) In the case of NaN compared with itself, the result is false.
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Execution
Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

SPRUGH7—November 2010
Submit Documentation Feedback

4.45 CMPEQSP
Chapter 4—Instruction Descriptions

2) No configuration bits other than those in the preceding table are set, except the

NaNn and DENn bits when appropriate.

if (cond) {
if (srcl == src2),
else 0 —dst

1 —dst

else nop

Pipeline Stage E1

Read srcl, src2
Written dst
Unitin use .S

Single-cycle

0

1

CMPEQ, CMPEQDP, CMPGTSP, CMPLTSP

CMPEQSP .S1 Al,A2,A3

Before instruction

Al ‘ C020 0000h ‘ Al
A2 ‘ 4109 999Ah ‘ A2
A3 ‘ XXXXXXXXh ‘ A3

TMS320C66x DSP CPU and Instruction Set Reference Guide

1 cycle after instruction

‘ €020 0000h ‘ -2.5
‘ 4109 999Ah ‘ 8.6
‘ 0000 0000h ‘ false
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4.46 CMPGT
Compare for Greater Than, Signed Integers
syntax ~ CMPGT (.unit) srcl, src2, dst
unit =.L1 or .L2
Compact Instruction Format
Unit Opcode Format Figure
L L2c Figure D-7
Lx1c Figure D-10
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst src2 ‘ srcl ‘
3 1 5 5 5
13 12 M 5 4 3 2 1 0
‘ srcl ‘x‘ op ‘1‘1‘0‘s|p‘
5 1 7 1 1
Opcode map field used... For operand type... Unit Opfield
srcl sint .L1,.L2 1000111
src2 xsint
dst uint
srcl scst5 .L1,.L.2 1000110
src2 xsint
dst uint
srcl xsint .L1,.L2 1000101
src2 slong
dst uint
srcl scst5 L1,.L2 1000100
src2 slong
dst uint

Description  Performs a signed comparison of srcI to src2. If srcl is greater than src2, then a 1 is

written to dst; otherwise, a 0 is written to dst.

[

4-110

Note—The CMPGT instruction allows using a 5-bit constant as srcl. If src2isa
5-bit constant, as in

CMPGT .L1 A4, 5, AO
Then to implement this operation, the assembler converts this instruction to
CMPLT .L1 5, A4, AO

These two instructions are equivalent, with the second instruction using the
conventional operand types for srcl and src2.

Similarly, the CMPGT instruction allows a cross path operand to be used as
src2. It srcl is a cross path operand as in
CMPGT .L1x B4, A5, A0
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Then to implement this operation the assembler converts this instruction to
CMPLT .L1x A5, B4, A0
In both of these operations the listing file (.Ist) will have the first
implementation, and the second implementation will appear in the debugger.
Execution if (cond) {
if (srecl > src2), 1 —dst
else 0 —dst
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use L

Instruction Type  Single-cycle
Delayslots 0
seeAlso  CMPGT2, CMPGTU, CMPGTU4
Examples  Example 1

CMPGT .L1X Al,Bl,A2

Before instruction 1 cycle after instruction
Al ‘000001B6h ‘438 Al ‘00000186h
A2 ‘ XXXXXXXXh ‘ A2 ‘ 00000000h ‘ false
B1 ‘OOOOOBBDh ‘2237 B1 ‘OOOOOSBDh
Example 2

CMPGT .L1X Al,Bl1,A2

Before instruction 1 cycle after instruction
Al ‘FFFFFE91h ‘—367 Al ‘FFFFFE91h
A2 ‘ XXXXXXXXh ‘ A2 ‘ 00000001h ‘ true
B1 ‘ FFFF FDC4h ‘ -572 B1 ‘ FFFF FDC4h ‘
SPRUGH7—November 2010 TMS320C66x DSP CPU and Instruction Set Reference Guide 4-111
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4-112

Example 3

CMPGT .L1 8,Al,A2

Before instruction

Al ‘ 0000 0023h ‘ 35
A2 ‘ XXXXXXXXh ‘
Example 4

CMPGT .L1X Al,Bl1,A2

Before instruction

Al ‘ 0000 0OOEBh ‘ 235
A2 ‘ XXXXXXXXh ‘
B1 ‘ 0000 00EBh ‘ 235

TMS320C66x DSP CPU and Instruction Set Reference Guide
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A2

A2
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1 cycle after instruction
‘ 0000 0023h ‘
‘ 00000000h ‘ false
1 cycle after instruction
‘ 0000 00EBh ‘
‘ 00000000h ‘ false
‘ 0000 0OEBh ‘
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4.47 CMPGT2

Syntax

Opcode

Description

4.47 CMPGT2
Chapter 4—Instruction Descriptions

Compare for Greater Than, Packed 16-Bit

CMPGT?2 (.unit) srcl, src2, dst

unit = .S1 or .S2

31 29 28 27 23 22 18 17
‘ creg ’ z ‘ dst ‘ src2 ’ srcl ‘
3 1 5 5 5

[ v [ <] o] o] 1o o] 1] o]0l o] :]r]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl s2 .S51,.52

src2 Xs2

dst bv2

Performs comparisons for greater than values on signed, packed 16-bit data. Each
signed 16-bit value in srcI is compared against the corresponding signed 16-bit value
in src2, returning a 1 if srcl is greater than src2 or returning a 0 if it is not greater. The
comparison results are packed into the two least-significant bits of dst. The result for
the lower pair of values is placed in bit 0, and the results for the upper pair of values are
placed in bit 1. The remaining bits of dst are cleared to 0.

31 16 15 0
‘ a_hi ‘ a_lo «srcl
CMPGT2
i I
31 16 15 0
b_hi b_lo «src2
a lo>b_lo
a_hi>b_hi

00

y Vv
0 0000O0O0O0OOOO0OODOOO0O0O0O0OO0O0O0O0GO0O0 0f>]>]eoast

31
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Execution if (cond) {
if (1sblé6(srcl) > lsbl6(src2)), 1 —dstselse 0 —dst,;
if (msblé(srcl) > msbl6(src2)), 1 —dst;else 0 —dst;
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unit in use S
Instruction Type  Single-cycle
Delay Slots 0
See Also CMPEQ?2, CMPGT, CMPGTU, CMPGTU4, XPND2
Examples Example 1
CMPGT2 .S1 A3,A4,A5
Before instruction 1 cycle after instruction
A3 ‘ 1105 6E30h | 4357 28208 A3 ‘ 1105 6E30h ‘
A4 ‘ 1105 6980h | 4357 27008 A4 ‘ 1105 6980h ‘
A5 ‘ XXXX XXXXh | A5 ‘ 0000 0001h ‘ false, true
Example 2

CMPGT2 .S2 B2,B8,B15

Before instruction

B2 ‘ F348 378%h ‘ -3526 14217 B2

B8 ‘ 04B8 4975h ‘ 1208 18805 B8

B15 ‘ XXXX Xxxxh ‘ B15
Example 3

CMPGT2 .S2 B2, B8, Bl5

Before instruction

B2 01A6 2451h 422 9297 B2
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1 cycle after instruction

| F348 3789h ‘

| 04B8 4975h ‘

| 0000 0000h ‘ false, false

1 cycle after instruction

01A6 2451h
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B8 ‘ 0124 A051h ‘ 292 -24495 B8 | 0124 A051h ‘
B15 ‘ XXXX XXXXh ‘ B15 | 0000 0003h ‘ true, true
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Compare for Greater Than, Double-Precision Floating-Point Values
syntax ~CMPGTDP (.unit) srcl, src2, dst
unit = .S1 or .S2
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 11 10 9 8 7 6 4 3 2 1 0
T wa [ [o ] ol ol o o] o] s 5]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl dp .S1,.82
src2 xdp
dst sint
Description Compares srcl to src2. If srcl is greater than src2, then 1 is written to dst; otherwise, 0

4-116

is written to dst.

Special cases of inputs:
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Execution
Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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FAUCR Bits

srcl src2 Output UNORD INVAL
NaN don't care 0 1 1
don't care NaN 0 1 1
NaN NaN 0 1 1
+/-denormalized +/-0 0 0 0
+/-0 +/-denormalized 0 0 0
+/-0 +/-0 0 0 0
+/-denormalized +/-denormalized 0 0 0
+infinity +infinity 0 0 0
+infinity other 1 0 0
-infinity -infinity 0 0 0
-infinity other 0 0 0

[

Note—No configuration bits other than those in the preceding table are set,
except the NaNn and DENn bits when appropriate.

if (cond) {
if (srcl > src2), 1 —dst
else 0 —dst

else nop
Pipeline Stage E1 E2
Read srcl_I, src2_| srcl_h,src2_h
Written dst
Unitin use S S

DP compare

1

2

CMPEQDP, CMPGT, CMPGTU, CMPGTSP, CMPLTDP

CMPGTDP .S1 Al:AQ0,A3:A2,A4

Before instruction 7 cycles after instruction

A1:A0 ‘ 4021 3333h | 33333333h | 86 ATA0 | 4021 3333h | 33333333h ‘

| 0000 0000h ‘

0000 0001h true

| 0000 0000h | -25  A3:A2 | C004 0000h

A3:A2 ‘ C004 0000h
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Compare for Greater Than, Single-Precision Floating-Point Values
syntax ~ CMPGTSP (.unit) srcl, src2, dst
unit =.S1 or .S2
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 11 10 9 8 7 6 4 3 2 1 0
T v [ el ol [ o o] o] 5]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl sp .S51,.52
src2 Xsp
dst sint
Description Compares srcl to src2. If srcl is greater than src2, then 1 is written to dst; otherwise, 0
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is written to dst.
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FAUCR Bits
srci src2 Output UNORD INVAL
NaN don't care 0 1 1
don't care NaN 0 1 1
NaN NaN 0 1 1
+/-denormalized +/-0 0 0 0
+/-0 +/-denormalized 0 0 0
+/-0 +/-0 0 0 0
+/-denormalized +/-denormalized 0 0 0
+infinity +infinity 0 0 0
+infinity other 1 0 0
-infinity -infinity 0 0 0
-infinity other 0 0 0
L Note—No configuration bits other than those in the preceding table are set,
except the NaNn and DENn bits when appropriate.
Execution if (cond) {
if (srcl > src2), 1 —dst
else 0 —dst
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use .S

Instruction Type
Delay Slots 0

Functional Unit Latency 1

Single-cycle

See Also

CMPEQSP, CMPGT, CMPGTU, CMPGTDP, CMPLTSP

Example

Al

B2

A3
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CMPGTSP .S1X Al,B2,A3

Before instruction 1 cycle after instruction

‘ C020 0000h ‘ -2.5 Al ‘ C020 0000h ‘
‘ 4109 999Ah ‘ 8.6 B2 ‘ 4109 999Ah ‘
‘ XXXXXXXXh ‘ A3 ‘ 0000 0000h ‘ false
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4.50 CMPGTU
Compare for Greater Than, Unsigned Integers
syntax ~ CMPGTU (.unit) srcl, src2, dst
unit = .L1 or .L2
Compact Instruction Format
Unit Opcode Format Figure
L L2c Figure D-7
Lx1c Figure D-10
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst src2 ‘ srcl ‘
3 1 5 5 5
13 12 N 5 4 3 2 1 0
‘ srcl ‘x‘ op ‘1‘1‘0‘s|p‘
5 1 7 1 1
4-120 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010
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Description
Execution
Pipeline

Instruction Type
Delay Slots
See Also

Examples
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Opcode map field used... For operand type... Unit Opfield

srcl uint L1, .L2 1001111
src2 xuint

dst uint

srcl ucst4 .L1,.L.2 1001110
src2 xuint

dst uint

srcl xuint L1,.L2 1001101
src2 ulong

dst uint

srcl ucst4 L1, .L2 1001100
src2 ulong

dst uint

Performs an unsigned comparison of srcl to src2. If srcl is greater than src2, thena 1 is
written to dst; otherwise, a 0 is written to dst. Only the four LSBs are valid in the 5-bit
dst field when the ucst4 operand is used. If the MSB of the dst field is nonzero, the result

is invalid.

if (cond) {

if (srcl > src2),
else 0 —dst

else nop

1 —dst

Pipeline Stage E1

Read srcl, src2
Written dst
Unitin use L

Single-cycle
0

CMPGT, CMPGT2, CMPGTU4

Example 1

CMPGTU .L1

Before instruction

Al 0000 0128h 296"
A2 FFFFFFDEh 4,294,967,262! A2
s

1. Unsigned 32-bit integer

Example 2

CMPGTU .L1

Al,A2,A3

0Ah,Al,A2

1 cycle after instruction

Al 0000 0128h
FFFF FFDEh
A3 0000 0000h false
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Before instruction

Al 0000 0005h 51
.

1. Unsigned 32-bit integer

Example 3

CMPGTU .L1 OEh,A3:A2,A4

Before instruction

A3:A2 ‘ 0000 0000h I 0000000Ah 10!

o [

1. Unsigned 40-bit (long) integer
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1 cycle after instruction

Al 0000 0005h
A2 0000 0001h true

1 cycle after instruction

A3:A2 ‘ 0000 0000h I 0000000Ah

A4 00000001h true
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4.51 CMPGTU4

Syntax

Opcode

Description
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Chapter 4—Instruction Descriptions

Compare for Greater Than, Unsigned, Packed 8-Bit

CMPGTU4 (.unit) srcl, src2, dst

unit = .S1 or .S2

31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

v [ <] o]0 o] ] 1] o o] o] :]r]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl ud .S51,.52

src2 xu4

dst bv4

Performs comparisons for greater than values on packed 8-bit data. Each unsigned

8-bit value in srcI is compared against the corresponding unsigned 8-bit value in src2,
returning a 1 if the byte in src1 is greater than the corresponding byte in src2 or a 0 if is
not greater. The comparison results are packed into the four least-significant bits of dst.

The 8-bit values in each input are numbered from 0 to 3, starting with the
least-significant byte, then working towards the most-significant byte. The comparison
results for byte 0 are written to bit 0 of the result. Likewise, the results for byte 1 to 3 are
written to bits 1 to 3 of the result, respectively, as shown in the diagram below. The
remaining bits of dst are cleared to 0.
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31 24 23 16 15 8 7 0
ua_3 ua_2 ua_l ua_0 «srcl
CMPGTU4
0 0 I K
31 24 23 16 15 8 7 0
ub_3 ub_2 ub_1 ub_0 «src2

ua_ 0>ub 0
ua_l>ub_ 1
ua_2>ub_2

ua_3>ub_3

y vV Vv
0 0000O0O0OO0DOO0O®OO0OO0O0O0O0O0OO0O0O0O0GO0O0O0O0[>]>]>]>]edt

31 4 3 2 10
Execution if (cond) {
if (ubyteO(srcl) > ubyteO(src2)), 1 —dst,else 0 —>dst,;
if (ubytel(srcl) > ubytel(src2)), 1 —dst,else 0 —>dst,;
if (ubyte2(srcl) > ubyte2(src2)), 1 —dst,else 0 —dst,;
if (ubyte3(srcl) > ubyte3(src2)), 1 —dst,else 0 —dst,
1
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use S

Instruction Type  Single-cycle
Delay Slots 0
seeAlso  CMPEQ4, CMPGT, CMPGT2, CMPGTU, CMPLT, XPND4
Examples ~ Example 1

CMPGTU4 .S1 A3,A4,A5

Before instruction 1 cycle after instruction
A3 | 253A 1CE4h | 3758 28 228 A3 ‘ 25 3A 1CE4h ‘
A4 |02BS4E76h | 218478118 A4 ‘ 02 B8 4E 76h ‘
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A5 | XXXX XXxXh

Example 2

CMPGTU4 .S2 B2,B8,B13

Before instruction

B2 | 89F23A37h ‘ 137 242 58 55
B8 |048F1789h ‘414323137
B13 | XXXX XXxxh ‘
Example 3
CMPGTU4 .S2 B2,B8,B13
Before instruction
B2 |12339D51h ‘ 1851157 81

B8 |756724C5h ‘ 117103 36 197

B13 | XXXX XXxXh ‘

SPRUGH7—November 2010
Submit Documentation Feedback

A5

B2

B8

B13

B2

B8

B13

4.51 CMPGTU4
Chapter 4—Instruction Descriptions

0000 0009h true, false, false, true

1 cycle after instruction

| 89F23A37h |

|048F1789h |

| 0000 000Eh | true, true, true, false

1 cycle after instruction

| 12339D51h |

| 7567 24 C5h |

| 0000 0002h | false, false, true, false
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4,52 CMPLT
Compare for Less Than, Signed Integers
syntax ~ CMPLT (.unit) srcl, src2, dst
unit =.L1 or .L2
Compact Instruction Format
Unit Opcode Format Figure
L L2c Figure D-7
Lx1c Figure D-10
Opcode
31 129 28 27 23 22 18 17
‘ creg ‘ z ‘ dst src2 ‘ srcl ‘
3 1 5 5 5
13 12 M 5 4 3 2 1 0
‘ srcl ‘x‘ op ‘1‘1‘0‘s|p‘
5 1 7 1 1
Opcode map field used... For operand type... Unit Opfield
srcl sint L1,.L2 1010111
src2 xsint
dst uint
srcl scst5 .L1,.L.2 1010110
src2 xsint
dst uint
srcl xsint .L1,.L2 1010101
src2 slong
dst uint
srcl scst5 L1,.L2 1010100
src2 slong
dst uint

Description  Performs a signed comparison of srcl to src2. If srcl is less than src2, then 1 is written

to d

st; otherwise, 0 is written to dst.

[

Note—The CMPLT instruction allows using a 5-bit constant as srcl. If src2 is a
5-bit constant, as in

CMPLT .L1 A4, 5, AO
Then to implement this operation, the assembler converts this instruction to
CMPGT .L1 5, A4, AO

These two instructions are equivalent, with the second instruction using the
conventional operand types for srcl and src2.

Similarly, the CMPLT instruction allows a cross path operand to be used as
src2. If srcl is a cross path operand as in
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CMPLT .L1x B4, A5, A0
Then to implement this operation, the assembler converts this instruction to
CMPGT .L1x A5, B4, A0
In both of these operations the listing file (.Ist) will have the first
implementation, and the second implementation will appear in the debugger.
Execution if (cond) {
if (srcl < src2), 1 —dst
else 0 —dst
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use L

Instruction Type  Single-cycle
Delayslots 0
seeAlso ~ CMPLT2, CMPLTU, CMPLTU4
Examples ~ Example 1

CMPLT .L1 Al,A2,A3

Before instruction 1 cycle after instruction
Al ‘ 0000 07E2h ‘ 2018 Al ‘ 0000 07E2h ‘
A2 ‘ 0000 OF6Bh ‘ 3947 A2 ‘ 0000 OF6Bh ‘
A3 ‘ XXXXXxxxh ‘ A3 ‘ 0000 0001h ‘ true
Example 2

CMPLT .L1 Al,A2,A3

Before instruction 1 cycle after instruction
Al ‘ FFFF FED6h ‘ -298 Al ‘ FFFF FED6h ‘
A2 ‘ 0000 000Ch ‘ 12 A2 ‘ 0000 000Ch ‘
A3 ‘ XXXXXXXXh ‘ A3 ‘ 0000 0001h ‘ true
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4.52 CMPLT
Chapter 4—Instruction Descriptions
Example 3
CMPLT .L1  9,Al1,A2

Al

A2

Before instruction

‘ 00000005h

‘ XXXXXXXXh

1 cycle after instruction

Al ‘ 00000005h ‘

A2 ‘ 00000000h ‘ false
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4.53 CMPLT2

Syntax

Opcode

Description

Execution

Pipeline

Instruction Type
Delay Slots
See Also

Examples
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Compare for Less Than, Packed 16-Bit

CMPLT?2 (.unit) src2, srcl, dst

unit = .S1 or .S2

31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

[ v [ <] o] o] 1o o] 1] o]0l o] :]r]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl s2 .S51,.52

src2 Xs2

dst bv2

The CMPLT?2 instruction is a pseudo-operation used to perform less-than
comparisons on signed, packed 16-bit data. Each signed 16-bit value in src2 is
compared against the corresponding signed 16-bit value in srcl, returning a 1 if src2 is
less than srcI or returning a 0 if it is not less than. The comparison results are packed
into the two least-significant bits of dst. The result for the lower pair of values is placed
in bit 0, and the results for the upper pair of values are placed in bit 1. The remaining
bits of dst are cleared to 0.

The assembler uses the operation CMPGT?2 (.unit) srcl, src2, dst to perform this task
(see CMPGT).

if (cond) {

if (1lsbl6(src2) < lsbl6(srcl)), 1 —dstselse 0 —dst,;
if (msblé(src2) < msbl6(srcl)), 1 —dst;else 0 —dst;
else nop }
Pipeline Stage E1
Read srcl, src2
Written dst
Unit in use S

Single-cycle

0

CMPEQ2, CMPGT2, CMPLT, CMPLTU, CMPLTU4, XPND2
Example 1

CMPLT2 .S1 A4,A3,A5; assembler treats as CMPGT2 A3,A4,A5
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Before instruction

A3 ‘ 1105 6E30h ‘ 4357 28208

A4 ‘ 1105 6980h ‘ 4357 27008

A5 ‘ XXXX XXxXh ‘
Example 2

CMPLT2 .S2 B8,B2,Bl5; assembler treats as

Before instruction

B2 ‘ F23A 378%h

‘ -3526 14217

B8 ‘ 04B8 4975h

‘ 1208 18805

B15 ‘ XXXX XXxxh

Example 3

CMPLT2 .S2 B8,B2,Bl2; assembler treats as

Before instruction

B2 ‘ 01A62451h

‘ 4229297

B8 ‘ 0124 A051h

‘ 292 -24495

B12 ‘ XXXX XXxxh
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1 cycle after instruction
A3 | 1105 6E30h ‘
A4 | 1105 6980h ‘
A5 | 0000 0001h ‘ false, true
CMPGT2 B2,B8,Bl5
1 cycle after instruction
B2 | F23A 378%h ‘
B8 | 04B8 4975h ‘
B15 | 0000 0000h ‘ false, false
CMPGT2 B2,B8,Bl5
1 cycle after instruction
B2 | 01A62451h ‘
B8 | 0124 A051h ‘
B12 | 0000 0003h ‘ true, true
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4.54 CMPLTDP

Compare for Less Than, Double-Precision Floating-Point Values

syntax ~ CMPLTDP (.unit) srcl, src2, dst

unit = .S1 or .S2

Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

v [ <] o] o] o] o o] o] :]r]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl dp .S1,.82

src2 xdp

dst sint

Description Compares srcl to src2. If srcl is less than src2, then 1 is written to dst; otherwise, 0 is
written to dst.

Special cases of inputs:
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Execution

Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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FAUCR Bits
srcl src2 Output UNORD INVAL

NaN don't care 0 1 1
don't care NaN 0 1 1
NaN NaN 0 1 1
+/-denormalized +/-0 0 0 0
+/-0 +/-denormalized 0 0 0
+/-0 +/-0 0 0 0
+/-denormalized +/-denormalized 0 0 0
+infinity +infinity 0 0 0
+infinity other 0 0 0
-infinity -infinity 0 0 0
-infinity other 1 0 0

[

Note—No configuration bits other than those in the preceding table are set,

except the NaNn and DENn bits when appropriate.

if (cond) {
if (srcl < src2), 1 —dst
else 0 —dst

else nop
Pipeline Stage E1 E2
Read srcl_I, src2_| srcl_h,src2_h
Written dst
Unitin use S S

DP compare

1

2

CMPEQDP, CMPGTDP, CMPLT, CMPLTSP, CMPLTU

CMPLTDP .S1X

Al:A0,B3:B2,A4

Before instruction

2 cycles after instruction

A1:A0 ‘ 4021 3333h | 3333 3333h | 86 Al:A0 | 4021 3333h | 33333333h ‘
B3:B2 ‘ C004 0000h | 0000 0000h | -2.5 B3:B2 | C004 0000h | 0000 0000h ‘
" n [oooonooon ] fae
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4.55 CMPLTSP

Compare for Less Than, Single-Precision Floating-Point Values

syntax ~ CMPLTSP (.unit) srcl, src2, dst

unit = .S1 or .S2

Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5

v [ <[] o] o]0 o] o] :]s]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl sp .S51,.52

src2 Xsp

dst sint

Description Compares srcl to src2. If srcl is less than src2, then 1 is written to dst; otherwise, 0 is
written to dst.

Special cases of inputs:
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Execution

Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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FAUCR Bits
srcl src2 Output UNORD INVAL

NaN don't care 0 1 1
don't care NaN 0 1 1
NaN NaN 0 1 1
+/-denormalized +/-0 0 0 0
+/-0 +/-denormalized 0 0 0
+/-0 +/-0 0 0 0
+/-denormalized +/-denormalized 0 0 0
+infinity +infinity 0 0 0
+infinity other 0 0 0
-infinity -infinity 0 0 0
-infinity other 1 0 0

[

Note—No configuration bits other than those in the preceding table are set,
except the NaNn and DENn bits when appropriate.

if (cond) {
if (srcl < src2), 1 —dst

else 0 —dst

else nop

Pipeline Stage E1

Read srcl, src2
Written dst
Unitin use .S

Single-cycle

0

1

CMPEQSP, CMPGTSP, CMPLT, CMPLTDP, CMPLTU

CMPLTSP .S1 Al,A2,A3

Before instruction

1 cycle after instruction

Al ‘ C020 0000h ‘ -2.5 Al ‘ C020 0000h ‘
A2 ‘ 4109 999Ah ‘ 8.6 A2 ‘ 4109 999Ah ‘
A3 ‘ XXXXXXXXh ‘ A3 ‘ 0000 0001h

‘true
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4,56 CMPLTU
Compare for Less Than, Unsigned Integers
syntax ~ CMPLTU (.unit) srcl, src2, dst
unit = .L1 or .L2
Compact Instruction Format
Unit Opcode Format Figure
L L2c Figure D-7
Lx1c Figure D-10
Opcode
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst src2 ‘ srcl ‘
3 1 5 5 5
13 12 N 5 4 3 2 1 0
‘ srcl ‘x‘ op ‘1‘1‘0‘s|p‘
5 1 7 1 1
SPRUGH7—November 2010 TMS320C66x DSP CPU and Instruction Set Reference Guide 4-135

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS

4.56 CMPLTU
Chapter 4—Instruction Descriptions www.ti.com

Opcode map field used... For operand type... Unit Opfield

srcl uint L1, .L2 1011111

src2 xuint

dst uint

srcl ucst4 .L1,.L.2 1011110

src2 xuint

dst uint

srcl xuint L1,.L2 1011101

src2 ulong

dst uint

srcl ucst4 L1, .L2 1011100

src2 ulong

dst uint

Description  Performs an unsigned comparison of srcl to src2. If srcl is less than src2, then 1 is
written to dst; otherwise, 0 is written to dst.

Execution if (cond) {
if (srcl < src2), 1 —dst
else 0 —dst

else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use L

Instruction Type Single-cycle
Delay Slots 0
See Also CMPLT, CMPLT2, CMPLTU4

Examples  Example 1

CMPLTU .L1 Al,A2,A3
Before instruction 1 cycle after instruction
A1 | 0000289Ah | 10,3041 A1 | 0000289Ah \
A2 ‘ FFFFF35Eh ‘ 4,294,964,062" A2 ‘ FFFFF35Eh ‘
A3 ‘ XXXXXxxxh ‘ A3 ‘ 0000 0001h ‘ true

1. Unsigned 32-bit integer

Example 2
CMPLTU .L1 14,A1,A2
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Before instruction 1 cycle after instruction
Al ‘ 0000000Fh ‘ 151 Al ‘ 0000000Fh ‘
A2 ‘ XXXXXXXXh ‘ A2 ‘ 0000 0001h ‘ true
1. Unsigned 32-bit integer
Example 3
CMPLTU .L1 Al,A5:A4,A2
Before instruction 1 cycle after instruction
Al 003B8260h 3,900,000 Al 003B8260h
" n2 [ooooooooh ] fase
A5:A4 | 00000000h ‘ 003A0002h 3,801,0902 A5:A4 ‘ 00000000h | 003A0002h
1. Unsigned 32-bit integer
2. Unsigned 40-bit (long) integer
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Compare for Less Than, Unsigned, Packed 8-Bit
CMPLTU4 (.unit) src2, srcl, dst
unit = .S1 or .S2
31 29 28 27 23 22 18 17
‘ creg ‘ z ‘ dst ‘ src2 ‘ srcl ‘
3 1 5 5 5
13 12 1 10 9 7 6 4 3 2 1 0
v <] o] Jo ol ] Jo o] o] ]s]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl ud .S51,.52
src2 xu4
dst bv4

The CMPLTU4 instruction is a pseudo-operation that performs less-than comparisons
on packed 8-bit data. Each unsigned 8-bit value in src2 is compared against the
corresponding unsigned 8-bit value in srcl, returning a 1 if the byte in src2 is less than
the corresponding byte in srcl or a 0 it if is not less than. The comparison results are
packed into the four least-significant bits of dst.

The 8-bit values in each input are numbered from 0 to 3, starting with the
least-significant byte, and moving towards the most-significant byte. The comparison
results for byte 0 are written to bit 0 of the result. Similarly, the results for byte 1 to 3
are written to bits 1 to 3 of the result, respectively, as shown in the diagram below. The

remaining bits of dst are cleared to 0.
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The assembler uses the operation CMPGTU4 (.unit) srcl, src2, dst to perform this task
(see CMPGTU4).
Execution if (cond) {
if (ubyteO(src2) < ubyteO(srcl)), 1 —dstjselse 0 —dst,;
if (ubytel(src2) < ubytel(srcl)), 1 —dst;else 0 —dst,;
if (ubyte2(src2) < ubyte2(src2)), 1 —dst,else 0 —>dst,;
i.f (ubyte3 (src2) < ubyte3(srcl)), 1 —dstselse 0 —dst,
else nop
Pipeline
Pipeline Stage E1
Read srcl, src2
Written dst
Unitin use S

Instruction Type  Single-cycle
Delayslots 0
seeAlso ~ CMPEQ4, CMPGT, CMPLT, CMPLT2, CMPLTU, XPND4
Examples ~ Example 1

CMPLTU4 .S1 A4,A3,A5; assembler treats as CMPGTU4 A3,A4,AS5

Before instruction 1 cycle after instruction
A3 ‘ 253A 1CE4h | 375828228 A3 | 253A 1CE4h ‘
A4 ‘ 02 B8 4E 76h | 218478118 A4 |02884E76h ‘
A5 ‘ XXXX XXXXh | A5 | 0000 0009h ‘ true, false, false, true
Example 2

CMPLTU4 .S2 B8,B2,Bl3; assembler treats as CMPGTU4 B2,B8,B1l3

Before instruction 1 cycle after instruction
B2 | 89F23A37h ‘ 1372425855 B2 | 89F23A37h ‘
B8 |048F1789h ‘414323137 B8 |048F1789h ‘
B13 | XX XX XX Xxh ‘ B13 | 0000 000Eh ‘ true, true, true, false
Example 3

CMPLTU4 .S2 B8,B2,R13; assembler treats as CMPGTU4 B2,B8,B13
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Before instruction 1 cycle after instruction
B2 |12339D51h ‘185115781 B2 |12339D51h ‘
B8 | 7567 24 C5h ‘ 11710336 197 B8 | 7567 24 C5h ‘
B13 | XX XX XX Xxh ‘ B13 | 0000 0002h ‘ false, false, true, false
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4.58 CMPY

Syntax

Opcode

Description

Execution

Instruction Type
Delay Slots
See Also

Examples
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Complex Multiply Two Pairs, Signed, Packed 16-Bit

CMPY (.unit) srcl, src2, dst_o:dst_e

unit = .M1 or M2

31 30 29 28 27 23 22 18 17

‘0|0‘0‘ 1‘ dst ‘ src2 ‘ srcl ‘

v [ <] o o] o] o] ] o] o] :]s]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl s2 M1, M2

src2 Xs2

dst dint

Returns two dot-products between two pairs of signed, packed 16-bit values. The values
in srcl and src2 are treated as signed, packed 16-bit quantities. The signed results are
written to a 64-bit register pair.

The product of the lower halfwords of srcl and src2 is subtracted from the product of
the upper halfwords of src1 and src2. The result is written to dst_o.

The product of the upper halfword of srcI and the lower halfword of src2 is added to
the product of the lower halfword of srcI and the upper halfword of src2. The result is

written to dst_e.

If the result saturates, the M1 or M2 bit in SSR and the SAT bit in CSR are written one
cycle after the result is written to dst_e.

This instruction executes unconditionally.

Note—In the overflow case, where all four halfwords in src1 and src2 are 8000h,
the saturation value 7FFF FFFFh is written into the 32-bit dst_e register.

sat ((1sbl6 (srcl) x msbl6(src2)) + (msblé(srcl) x lsbl6(src2))) —dst_e
(msbl6 (srcl) x msblé6 (src2)) - (lsbl6(srcl) x lsblé6(src2)) —dst o
Four-cycle

3

CMPYR, CMPYRI1, DOTP2, DOTPN2
Example 1

CMPY .M1 A0,Al1,A3:A2

TMS320C66x DSP CPU and Instruction Set Reference Guide 4-141


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

4.58 CMPY

Chapter 4—Instruction Descriptions

4-142

Before instruction

A0 ‘ 0008 0004h ‘

A1 | 0009 0002h |

1. CSR.SAT and SSR.M1 unchanged by operation

Example 2

CMPY .M2X BO,Al,B3:B2

Before instruction

BO | 7FFF 7FFFh |

Al ‘ 7FFF 8000h ‘

1. CSR.SAT and SSR.M2 unchanged by operation

Example 3

CMPY .M1 A0,Al1,A3:A2

Before instruction

A0 ‘ 8000 8000h ‘

Al ‘ 8000 8000h ‘

1. CSR.SAT and SSR.M1 unchanged by operation

TMS320C66x DSP CPU and Instruction Set Reference Guide

A2

A3

B2

B3

A2

A3

I,

4 cycles after instruction’

‘ 0000 0034h ‘

| 0000 0040h |

4 cycles after instruction’

‘ FFFF 8001h ‘

‘ 7FFE8001h ‘

4 cycles after instruction’

| 7FFF FFFFh |

| 0000 0000h |
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4.59 CMPY32R1

4.59 CMPY32R1
Chapter 4—Instruction Descriptions

Complex Multiply With Rounding, Signed Complex 32-bit (32-bit Real/32-bit
Imaginary)

syntax ~ CMPY32R1 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 13 12 11 10 6 5 4 3 2 1 0
|0|O|O‘1‘dst src2 src1‘x‘0|opfield|1‘1‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 01000

Description

Execution

Instruction Type

Delay Slots

Functional Unit Latency

See Also

Example
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The CMPY32R1 instruction performs one complex multiply between two 64-bit
complex numbers. The 64-bit complex number is contained in a register pair. The Odd
register in the pair (the most significant word) represents the real component of the
complex number as a 32-bit signed quantity. The Even register in the pair represents
the imaginary component of the complex number.

After multiplying and adding the 32-bit numbers together, they are shifted right by 31,
rounded and saturated to 32-bits Intermediate results are calculated at 64-bits.

The saturation condition of 0x8000000:0x80000000 * 0x80000000:0x80000000 yields a
result of 0x00000000:0x7FFFFFFF

The CMPY32R1 instruction is functionally equivalent to following C sequence:

sat (srcl_o x src2_e + srcl_e x src2 o + (1<<30))>>31 -> dst_e
srcl o x src2_o - srcl e x src2_e + (1<<30))>>31 -> dst_o

4-cycle
3
1

CMPY, SMPY32, CCMPY32R1

CSR == 0x00000000 ; 4

A3 == 0x00000000

A2 == 0x00000000

Al == 0x00000000

A0 == 0x00000000

CMPY32R1 .M A3:A2,A1:A0,Al5:Al4
Al5 == 0x00000000

Al4 == 0x00000000

CSR= 0x00000000

CSR == 0x00000000 ; 4
A3 == 0x00000000
A2 == 0x08000400
Al == 0x00000000
A0 == 0x09000200

CMPY32R1 .M A3:A2,A1:A0,Al5:Al4
Al5 == Oxffe6fffos
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Al4 == 0x00000000

CSR= 0x00000000

CSR == 0x00000000
A3 == 0x80000000
A2 == 0x80000000
Al == 0x80000000
A0 == 0x80000000
CMPY32R1 .M A3:A2

Al5 == 0x00000000
Al4 == Ox7fffffff

CSR= 0x00000200

CSR == 0x00000000
A3 == OxX7FFF7FFF
A2 == O0X7FFF8000
Al == O0X7FFF8000
A0 == OxX7FFF7FFF
CMPY32R1 .M A3:A2

Al5 == 0x00000000
Al4 == Ox7Effffff

CSR= 0x00000200

CSR == 0x00000000
A3 == OxXFFFFFFFF
A2 == OXFFFFFFFF
Al == OXFFFFFFFF
A0 == OXFFFFFFFF
CMPY32R1 .M A3:A2
Al5 == 0x00000000
Al4 == 0x00000000

CSR= 0x00000000

CSR == 0x00000000
A3 == 0x55555555
A2 == 0x55555555
Al == 0x55555555
A0 == 0x55555555
CMPY32R1 .M A3:A2
Al5 == 0x00000000
Al4 == 0x71c71c71

CSR= 0x00000000

CSR == 0x00000000
A3 == 0x01234567
A2 == O0x89ABCDEF
Al == 0x89ABCDEF
A0 == 0x01234567
CMPY32R1 .M A3:A2

Al5 == 0x00000000
Al4 == 0x6d660a7f

CSR= 0x00000000

CSR == 0x00000000
A3 == Ox7fff7fff
A2 == 0x80000000
Al == Ox7fff7fff
A0 == Ox7fffffff

CMPY32R1 .M A3:A2
Al5 == Ox7fffffff
Al4 == Oxffffffff

CSR= 0x00000200 ;
CSR == 0x00000000
B3 == 0x80000000
B2 == 0x80000000
Bl == 0x80000000
BO == Ox7fffffff

CMPY32R1 .M B3:B2
B15 == OxX7fffffff
Bl4 == 0x00000001

CSR= 0x00000200 ;

,Al:A0,Al5:A14

,A1:A0,Al5:A14

,A1:A0,A1l5:A14

,Al:A0,Al5:A14

,A1:A0,Al15:A14

,A1:A0,A1l5:A14

,B1:B0,B15:B14

4
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CSR == 0x00000000 ; 4
B3 == 0x80000000
B2 == 0x80000000
Bl == Ox7Effffff
BO == Ox7Effffff
CMPY32R1 .M B3:B2,B1:B0,B15:Bl4
B15 == 0x00000000
Bl4 == 0x80000000
CSR= 0x00000200 ; 4
CSR == 0x00000000 ; 4
B3 == 0x80000000
B2 == Ox7Effffff
Bl == Ox7Effffff
BO == Ox7Effffff
CMPY32R1 .M B3:B2,B1:B0,B15:Bl4
B15 == 0x80000000
Bl4 == OxfEffffff
CSR= 0x00000200 ; 4
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4.60 CMPYR
Complex Multiply Two Pairs, Signed, Packed 16-Bit With Rounding
syntax ~ CMPYR (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode
31 30 29 28 27 23 22 18 17
‘0|0‘0‘ 1‘ dst ‘ src2 ‘ srcl ‘
5 5 5
3 12 1 100 9 8 7 6 5 4 3 2 1 0
[ ol ol T T T Tol o] s 5]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl s2 M1, M2
src2 Xs2
dst s2
Description  Performs two dot-products between two pairs of signed, packed 16-bit values. The
values in src1 and src2 are treated as signed, packed 16-bit quantities. The signed results
are rounded with saturation, shifted, packed and written to a 32-bit register.
The product of the lower halfwords of srcl and src2 is subtracted from the product of
the upper halfwords of src1 and src2. The result is rounded by adding 21> to it. The 16
most-significant bits of the rounded value are written to the upper half of dst.
The product of the upper halfword of srcI and the lower halfword of src2 is added to
the product of the lower halfword of srcI and the upper halfword of src2. The result is
rounded by adding 21> to it. The 16 most-significant bits of the rounded value are
written to the lower half of dst.
If either result saturates, the M1 or M2 bit in SSR and the SAT bit in CSR are written
one cycle after the result is written to dst.
This instruction executes unconditionally.
Execution sat ((1sbl6 (srcl) x msblé(src2)) + (msblé(srcl) x 1lsblé(src2))) —tmp e
msbl6 (sat (tmp_e + 00008000h)) — 1sblé (dst)
sat ( (msbl6 (srcl) x msbl6(src2)) - (lsblé6(srcl) x lsbl6(src2))) —tmp o
msbl6 (sat (tmp o + 00008000h)) —msblé (dst)
Instruction Type Four-cycle
Delay Slots 3
See Also CMPY, CMPYR1, DOTP2, DOTPN2
Examples Example 1
CMPYR .M1  AO,Al,A2
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A0

Al

1.

Before instruction

‘ 0800 0400h ‘ A2

| 0900 0200h \

CSR.SAT and SSR.M1 unchanged by operation

Example 2

CMPYR .M2X BO,Al,B2

BO

Al

1.

Before instruction

| 7FFF 7FFFh | B2

| 7FFF 8000h ‘

CSR.SAT and SSR.M2 unchanged by operation

Example 3

CMPYR .M1 AO0,Al,A2

A0

Al

CSR

SSR

1.

Before instruction

‘ 8000 8000h ‘ A2

| 8000 8000h \

‘ 00010100h ‘ CSR?

‘ 00000000h ‘ SS?

CSR.SAT and SSR.M1 set to 1, 5 cycles after instruction

Example 4

CMPYR .M2 BO,Bl1,B2

BO

B1

CSR

SPRUGH7—November 2010
Submit Documentation Feedback

Before instruction

‘ 8000 8000h ‘ B2

‘ 8000 8001h ‘

| 00010100h \ CsR
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4 cycles after instruction’

0040 0034h

4 cycles after instruction’

7FFF 0000h

4 cycles after instruction

0000 7FFFh

| 00010300h ‘

| 00000010h ‘

4 cycles after instruction

0001 7FFFh

00010300h
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SSR 00000000h SSR? 00000020h
1. CSR.SAT and SSR.M2 set to 1, 5 cycles after instruction
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4.61 CMPYR1

Syntax

Opcode

Description

Execution

Instruction Type
Delay Slots
See Also

Examples
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Complex Multiply Two Pairs, Signed, Packed 16-Bit With Rounding

CMPYRI1 (.unit) srcl, src2, dst

unit = .M1 or M2

31 30 29 28 27 23 22 18 17

‘0|0‘0‘ 1‘ dst ‘ src2 ‘ srcl ‘

[ v [ <] o o] o o] ] o]0 :]r]
5 1 1 1

Opcode map field used... For operand type... Unit

srcl s2 M1, M2

src2 Xs2

dst s2

Performs two dot-products between two pairs of signed, packed 16-bit values. The
values in src1 and src2 are treated as signed, packed 16-bit quantities. The signed results
are rounded with saturation to 31 bits, shifted, packed and written to a 32-bit register.

The product of the lower halfwords of srcl and src2 is subtracted from the product of
the upper halfwords of srcI and src2. The intermediate result is rounded by adding 214
to it. This value is shifted left by 1 with saturation. The 16 most-significant bits of the
shifted value are written to the upper half of dst.

The product of the upper halfword of srcI and the lower halfword of src2 is added to
the product of the lower halfword of srcI and the upper halfword of src2. The
intermediate result is rounded by adding 214 to it. This value is shifted left by 1 with

saturation. The 16 most-significant bits of the shifted value are written to the lower half
of dst.

If either result saturates in the rounding or shifting process, the M1 or M2 bit in SSR
and the SAT bit in CSR are written one cycle after the results are written to dst.

This instruction executes unconditionally.

sat ((1sbl6 (srcl) x msblé(src2)) + (msblé(srcl) x 1lsblé(src2))) —tmp e
msbl6 (sat ((tmp_e + 00004000h) << 1)) — 1lsblé6 (dst)

sat ( (msbl6 (srcl) x msbl6(src2)) - (lsblé(srcl) x lsbl6(src2))) —tmp o
msbl6 (sat ((tmp_e + 00004000h) << 1)) —msblé (dst)

Four-cycle

3

CMPY, CMPYR, DOTP2, DOTPN2
Example 1

CMPYR1 .M1 AO,Al,A2
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Before instruction

A0 ‘ 0800 0400h ‘ A2

Al ‘ 0900 0200h ‘

1. CSR.SAT and SSR.M1 unchanged by operation

Example 2

CMPYR1 .M2X BO,Al,B2

Before instruction

BO ‘ 7FFF 7FFFh ‘ B2

Al ‘ 7FFF 8000h ‘

CSR ‘ 00010100h ‘ CSR?
SSR ‘ 00000000h ‘ SSR?
1. CSR.SAT and SSR.M2 set to 1, 5 cycles after instruction
Example 3
CMPYR1 .M1 AO,Al,A2
Before instruction
A0 ‘ 8000 8000h ‘ A2
Al ‘ 8000 8000h ‘
CSR | 00010100h \ CsR
SSR ‘ 00000000h ‘ SSR?
1. CSR.SAT and SSR.M1 set to 1, 5 cycles after instruction
Example 4
CMPYR1 .M2 BO,B1,B2
Before instruction
BO C000 C000h B2
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4 cycles after instruction’

00800068h

4 cycles after instruction

7FFFFFFFh

| 00010300h ‘

| 00000020h ‘

4 cycles after instruction

00007FFFh

| 00010300 |

| 00000010h ‘

4 cycles after instruction

00017FFFh
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B1 ‘ 8000 8001h ‘
CSR ‘ 00010100h ‘ CSR! | 00010300h ‘
SSR | 00000000h \ sSR! | 00000020h \
1. CSR.SAT and SSR.M2 set to 1, 5 cycles after instruction
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4.62 CMPYSP
Single Precision Complex Floating Point Multiply
syntax ~ CMPYSP (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode Opcode for .M Unit, 32-bit, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 7 6 5 4 3 2 1 0
|0|O|O‘1‘dst src2 src1‘x‘opfield|0|0‘0‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,qwdst .M1 or .M2 11110

Description  This instruction performs a complex multiply of two Single Precision Floating-Point
numbers in a register pair giving a 128-bit output.

The product of the lower word of src1 and the upper word of src2 to is placed into
dst_0.

The product of the lower word of src1 and the lower word of src2 is negated and
placed into dst_1.

The product of the upper word of srcl and the lower word of src2 to is placed into
dst_2.

The product of the upper word of src1 and the upper word of src2 to is placed into
dst_3.

Special Cases:

If one source is SNaN or QNaN, the result is a signed NaN_out and the NANn bit
is set. If either source is SNaN, the INVAL bit is set also. The sign of NaN_out is
the XOR to the input signs.

Signed infinity multiplied by signed infinity or a normalized number (other than
signed zero) returns signed infinity. Signed infinity multiplied by signed zero (or
denormal) returns a signed NaN_out and sets the INVAL bit.

If one or both source are signed zero, the result is signed zero unless the other
source is a NaN or signed infinity, in which case the result is signed NaN_out.
If signed zero is multiplied by signed infinity, the result is signed NaN_out and
the INVAL bit is set.

A denormalized source is treated as signed zero and the DENn bit is set. The
INEX bit is set except when the other source is signed infinity, signed NaN, OR
signed zero. Therefore, a signed infinity multiplied by a denormalized number
gives a signed NaN_out and sets the INVAL bit.

If rounding is performed, the INEX bit is set.
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Execution srcl_e X src2_ o -> dst 0
-(srcl_e x src2_e) -> dst_1
srcl_o x src2_e -> dst 2
srcl o X src2_o -> dst_3
Instruction Type 4-cycle
Delay Slots 3
Functional Unit Latency 1
See Also MPYSP, CMPY
Example 0x00000000
0xc0200000
0x4059999%a
0x4109999%a
0x4160b3333
CMPYSP .M A9:A8,A7:A6,A3:A2:A1:A0
A3 == 0xclac0000
A2 == 0xc2130000
Al == 0xc247eb85
A0 == 0x4le9eb86
FMCR= 0x00000080
0x00000000
0xc0200000
0x40600000
0x40500000
A6 == 0x42510000
CMPYSP .M A9:A8,A7:A6,A3:A2:A1:A0
A3 == 0xc1020000
A2 == 0xc302a000
Al == 0xc336e000
A0 == 0x41360000
FMCR= 0x00000000
FMCR== 0x00000000
A9 == 0x7£c00000
A8 == 0x42510000
A7 == 0x40600000
A6 == 0xc0200000
CMPYSP .M A9:A8,A7:A6,A3:A2:A1:A0
A3 == Ox7fffffff
A2 == Oxffffffff
Al == 0x4302a000
A0 == 0x4336e000
FMCR= 0x00000001
0x00000000
0xf£fc00000
0x42510000
0x40600000
0xc0200000
CMPYSP .M A9:A8,A7:A6,A3:A2:A1:A0
A3 == Oxffffffff
A2 == Ox7fffffff
Al == 0x4302a000
A0 == 0x4336e000
FMCR= 0x00000001
0x00000000
0x7£c00000
0x42510000
0x7£900000
B2 == 0xc0200000
CMPYSP .M B9:B8,B3:B2,B7:B6:B5:B4
B7 == Ox7fffffff
B6 == Oxffffffff
B5 == 0x4302a000
B4 == Ox7fffffff
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FMCR= 0x00130000

0x00000000
0x££900033
0x7£800000
0x7£c00000
0xc0200000

OxfEEfffff
Ox7EE£fffff
0x7£800000
Ox7EE£ffEf

FMCR= 0x00330000

0x00000000
0x7£800000
0x00802000
0x7£c00000
0xc0200000

CMPYSP .M B9:B8,B3:B2,B7:B6:B5:B4

B7 == Ox7fffffff

B6 == 0x£f£800000
B5 == 0x01202800
B4 == Ox7fffffff

FMCR= 0x00220000

0x00000000
0x7£800000
0x00802000
0x00000000
0xc0200000

CMPYSP .M B9:B8,B3:B2,B7:B6:B5:B4

B7 == Ox7fffffff
B6 == 0xf£800000
B5 == 0x01202800
B4 == 0x00000000

FMCR= 0x00300000

0x00000000
0x00000000
0x00802000
0x7£800000
0x40600000

Ox7EEfffEff
0x00000000
0x81603800
0x7£800000

FMCR= 0x00300000

.M B9:B8,B3:B2,B7:B6:B5:B4

.M B9:B8,B3:B2,B7:B6:B5:B4
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4.63 CROT270
Chapter 4—Instruction Descriptions

Complex Rotate By 270 Degrees, Signed Complex 16-bit (16-bit Real/16-bit Imaginary)

syntax ~ CROT270 (.unit) src2, dst
unit=.L1 or .L2,
Opcode Opcode for .L Unit, 1 src
31 29 28 27 23 22 18 17 13 12 11 10 9 8 7 5 5 4 3 2 1 0
creg ‘z‘ dst src2 opfield‘x‘0‘0‘1|1‘0‘1|0‘1‘1‘0|s‘p‘
3 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dst Llor.L2 01010
-Description  Returns the 270 degree rotation of the input complex number. This is the same as
multiplying the number by -j.
The input format is 2 packed signed 16-bit numbers, bits 31 through 16 are the real
portion of the number, and bits 15 through 0 are the imaginary part.
The real input is returned as the imaginary output, and the imaginary portion is
negated with saturation, and returned as the real portion. E.g.,
C(31 downto 16) = A(15 downto 0)
C(15 downto 0) = sat( -A(31 downto 16) )
Execution if(cond) {

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

SPRUGH7—November 2010
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Isb16(srcl) -> msbl6(dst)
sat(-msb1l6(srcl)) -> Isb16(dst)
}

else nop

Single-cycle
0
1

DCROT270, CROT90

A0 == 0x12345678
CROT270 .L AO0,Al5
Al5 == 0x5678EDCC
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Complex Rotate By 90 Degrees, Signed Complex 16-bit (16-bit Real/16-bit Imaginary)
syntax ~ CROT90 (.unit) src2, dst

unit=.L1 or .L2,
Opcode Opcode for .L Unit, 1 src

31 29 28 27 23 22 18 17 13 12 1 10 9 8 7 5 5 4 3 2 1 0

creg ‘ z ‘ dst src2 opfield ‘ X ‘ 0 ‘ 0 ‘ 1 | 1 ‘ 0 ‘ 1 | 0 ‘ 1 ‘ 1 ‘ 0 | s ‘ p ‘
3 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dst .L1or.L2 01001

Description  Returns the 90 degree rotation of the input complex number. This is the same as
multiplying the number by j.

The input format is 2 packed signed 16-bit numbers, bits 31 through 16 are the real
portion of the number, and bits 15 through 0 are the imaginary part.

The real input is returned as the imaginary output, and the imaginary portion is
negated with saturation, and returned as the real portion. E.g.,

C(31 downto 16) = sat( - A(1l5 downto 0) )

C(15 downto 0) = A(31 downto 16)

Execution if(cond) {
sat(-1sb16(srcl)) -> msbl6(dst)
msb16(srcl) -> Isbl6(dst)
}

else nop

Instruction Type  Single-cycle
Delay Slots 0
Functional Unit Latency 1
seeAlso  DCROT90, CROT270

Example A0 == 0x12345678
CROT90 .L AO,A15
Al5 == 0xA9881234

4-156 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010
Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
4.65 DADD
www.ti.com -
4.65 DADD
2-Way SIMD Addition, Packed Signed 32-bit
syntax ~ DADD (.unit) srcl, src2, dst
unit = .51, .52, .L1, or .12
Opcode Opcode for .S Unit, 1/2 src
31 29 28 27 23 22 18 17 13 12 11 6 5 4 3 2 1 0
creg | z ‘ dst src2 srcl ‘ X ‘ opfield | 1 ‘ 0 ‘ 0 ‘ 0 | s ‘ p ‘
3 5 5 6
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst scst5,xdwop2,dwdst S1or.S2 100001
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 4 3 2 1 0
‘0‘0‘0|1|d5t src2 src1|x‘opﬁe|d‘1‘0‘0|0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst S1or.S2 000111
Opcode Opcode for .L Unit, 1/2 src
31 29 28 27 23 22 18 17 13 12 11 5 4 3 1 0
creg | z | dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 1 ‘ 0 ‘ s ‘ p ‘
3 5 5 5 7
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst scst5,xdwop2,dwdst L1or.L2 0100010
opcode  Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
|O|O‘0‘1‘dst src2 src1‘x|opfield‘1‘1‘0|s‘p‘
5 5 5 7
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Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0000011

Description ~ The DADD instruction performs two 32-bit additions of the packed 32-bit numbers
contained in the two source register pairs. The addition results are returned as two
32-bit results packed into dwdst.

63 32 31 0
‘ high1 ‘ low1 ‘ «dwop1
+ +
DADD
high2 low2 «xdwop2
v v
high1 + high2 low1 + low2 «dwdst

Execution if(cond) {
srcl_e + src2_e -> dst e
srcl_ o + src2_ o -> dst o

else nop
Instruction Type Single-cycle
Delay Slots 0

Functional Unit Latency 1

See Also ADD, DADD2

Example Al == 0x00000010
A0 == 0x00050011
DADD .L -16,A1:A0,Al5:A14
Al5 == 0x00000000
Al4 == 0x00050001
Al == 0x44444444
A0 == Ox7fffffff
A3 == Oxcccccé4d4d
A2 == 0x00000001
DADD .L Al:A0,A3:A2,Al15:Al4
Al5 == 0x11110888
Al4 == 0x80000000

4-158 TMS320C66x DSP CPU and Instruction Set Reference Guide SPRUGH7—November 2010

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS
4.66 DADD?2
www.ti.com -
4.66 DADD2
4-Way SIMD Addition, Packed Signed 16-bit
syntax ~ DADD2 (.unit) srcl, src2, dst
unit = .S1, .52, .L1, or .L2
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 4 3 2 1 0
‘0‘0‘0‘1‘dst src2 src1‘x|opfield‘1|0‘0 O|s‘p‘
5 5 5 6
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 000001
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
|O|0‘O‘1‘dst src2 src1‘x|opfie|d‘1‘1‘0|s‘p‘
5 5 5 7
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Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0000101

Description ~ The DADD?2 instruction performs four 16-bit additions of the packed 16-bit numbers
contained in the two 64-bit wide source registers. The addition results are returned as
four 16-bit results packed into dst.

63 48 47 16 15 0
‘ A ‘ B C ‘ D ‘ «dwop1
‘ w ‘ X Y ‘ z ‘ «xdwop2
\ v A v
A+W B+X c+Y D+Z «—dwdst
Execution Isb16(srcl_e) Isb16(src2_e) -> Isbl6(dst_e)

Isb16(srcl_o)

msb1l6(srcl_o)
Single-cycle

Instruction Type

Delay Slots 0

Functional Unit Latency 1
See Also DADD, DSADD, DSADD2, ADD2
Example Al == 0x44444444
A0 == 0x7ff££f0002
A3 == 0Oxcccccé44
A2 == 0x7f££00005
DADD2 .L Al:A0,A3:A2,Al5:Al4
Al5 == 0x11100888
Al4 == 0xffef0007
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+
_0) + Isb16(src2_o) -> Isbl6(dst_o)
msbl6(srcl_e) + msbl6(src2_e) -> msbl6(dst_e)
+ msbl6(src2_o) -> msb16(dst_o)
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4.67 DADDSP

2-Way SIMD Single Precision Floating Point Addition

4.67 DADDSP

syntax ~ DADDSP (.unit) srcl, src2, dst
unit = .L1, .L2, .S1, or .S2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 1 5 4 3 2 1 0
|0|0‘0‘1‘dst src2 src1‘x|opfie|d‘1‘1‘0|s‘p‘
5 5 5 7
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0111100
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 4 3 2 0
‘O‘O‘O‘1‘dst src2 src1‘x|opfie|d‘1|0‘0‘0|s‘p‘
5 5 5 6
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst S1or.S2 101100
Description ~ Performs a SIMD single-precision floating point ADD on the pairs of numbers in

SPRUGH7—November 2010
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dwop1 and xdwop?2.

The values in even registers of dwopl and xdwop?2 are added. The result is placed in
the even register in the destination register pair dwdst. The values in odd registers of

dwop1 and xdwop2 are added. The result is placed in the even register in the

destination register pair dwdst.

The following are equivalent:

DADDSP Al:AQ0, A3:A2, A5:A4

and
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Execution

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

FADDSP Al, A3, AS
|| FADDSP A0, A2, A4

srcl_e + src2_e -> dst e
srcl o + src2_ o -> dst_o

3-cycle

2

ADDDP, SUBDP, SUBSP, FADDDP, FSUBDP, FSUBSP

A3 == 0x41200000

A2 == 0xC1200000

A5 == 0x42300000

A4 == 0x42300000

DADDSP .L A3:A2,A5:A4,A1:A0

Al == 0x42580000

A0 == 0x42080000

; [101+[44]1->[54]1;[-10]+[44]->[34];
A3 == 0x41200000

A2 == 0xC1200000

A5 == 0xC2300000

A4 == 0xC2300000

DADDSP .L A3:A2,A5:A4,A1:A0

Al == 0xC2080000

A0 == 0xC2580000

; [101+([-44]1->[-34];[-101+[-44]1->[-54];
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4.68 DAPYS2
4-Way SIMD Apply Sign Bits to Operand

syntax ~ DAPYS2 (.unit) srcl, src2, dst
unit =.L1 or .L2,

Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode

31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
| 0 | 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X | opfield ‘ 1 ‘ 1 ‘ 0 | s ‘ p ‘
5 5 5 7
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0111000

Description ~ The DAPYS2 instruction uses the sign-bits of the 16-bit packed quantities from dwopl
to conditionally negate the packed 16-bit quantities from xdwop2. If the sign-bit is set,
then the corresponding field in xdwop2 will be negated, otherwise it will pass through
unchanged. The boundary case of 0x8000 will saturate to 0x7FFF.

The DAPYS2 instruction can be used to return the absolute value of the packed 16-bit
quantities by sending the same data on to both operands. For example:

DAPYS .L Al:A0, Al:A0, A9:A8

After execution of this instruction, A9:A8 will contain the four absolute values of the
contents of A1:A0

Execution if(sn(Isbl6(srcl_e)))
sat(-1sbl6(src2_e)) -> Isbl6(dst_e)
else
Isb16(src2_e) -> Isbl6(dst_e)

if(sn(msb1l6(srcl_e)))
sat(-msbl6(src2_e)) -> msbhl6(dst_e)
else
msbl6(src2_e) -> msbl6(dst_e)

if(sn(Isb16(srcl_o0)))
sat(-1sbl6(src2_o)) -> Ish1l6(dst_o)
else
Isb16(src2_o) -> Isbl6(dst_o)

if(sn(msbl6(srcl_o)))
sat(-msbl6(src2_o)) -> mshl6(dst_o)
else
msbl6(src2_o) -> msb16(dst_o)
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Instruction Type Single-cycle
Delay Slots 0
Functional Unit Latency 1
See Also ABS2
Example Al == 0x44444444
A0 == Ox7fffffff
A3 == 0Oxcccccd44
A2 == 0x00000001
DAPYS2 .L Al1:A0,A3:A2,A15:Al4
Al5 == 0Oxccccc444
Al4 == 0xO0000ffff
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4.69 DAVG2
4-Way SIMD Average, Signed, Packed 16-bit
syntax ~ DAVG2 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 13 12 11 10 6 5 4 3 2 1 0
‘0‘0|0‘1‘ dst src2 srcl |x‘0‘opfield‘1‘1‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 10011

Description ~ The DAV G2 instruction performs an averaging operation on packed 16-bit data. For
each pair of signed 16-bit values provided in dwop1 and xdwop2, DAV G2 calculates the
average of the two values as an signed 16-bit quantity in the corresponding position of
dwdst.

The averaging and rounding operation itself is performed by adding 1 to the sum of the
two 16 bit numbers. The result is then right-shifted by 1 to produce the final 16-bit

result.
63 48 47 32 31 16 15 0
| i3 ‘ i2 ‘ i ‘ i0 ‘ <opl
| j3 ‘ j2 ‘ j1 ‘ jo ‘ «xop2
v v v v
| (i3+j3+1)>>1 ‘ (i2+j2+1)>>1 ‘ (IMT+j1+1)>>1 ‘ (i0+jo+1)>>1 ‘edst
Execution ((1sbl6(srcl_e) + 1lsbl6(src2_e) + 1)>>1) -> lsblé6(dst_e)
((msbl6 (srcl e) + msbl6(src2 e) + 1)>>1) -> msblé6(dst _e)
((1sbl6(srcl_o) + 1lsbl6é(src2_o) + 1)>>1) -> lsblé6(dst_o)
((msbl6 (srcl_o) + msbl6(src2_o) + 1)>>1) -> msblé(dst_o)
Instruction Type 2-cycle
Delay Slots 1
Functional Unit Latency 1
See Also DAVGNRU4
Example A3 == 0xc001c001
A2 == 0x40004000
Al == Ox3fff3fff
A0 == 0x40004000
DAVG2 .M A3:A2,A1:A0,A7:A6
A7 == 0x00000000
A6 == 0x40004000
A3 == Ox3fff3fff
A2 == 0xc000c000
Al == Ox3fff3fff
A0 == 0xc000c000
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DAVG2 .M A3:A2,A1:A0,A7:A6
A7 == Ox3fff3fff
A6 == 0xc000c000
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4.70 DAVGNR2
4-Way SIMD Average Without Rounding, Signed Packed 16-bit

syntax ~DAVGNR?2 (.unit) srcl, src2, dst
unit = .M1 or .M2

opcode  Opcode for .M Unit, Compound Results, new opcode space

31 30 29 28 27 23 22 18 17 13 12 11 10 6 5 4 3 2 1 0
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst src2 srcl | X ‘ 0 ‘ opfield ‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ s ‘ p ‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 10001

Description ~ The DAVGNR?2 instruction performs an averaging operation on packed 16-bit data.
For each pair of signed 16-bit values provided in dwop1 and xdwop2, DAVGNR2
calculates the average of the two values as an signed 16-bit quantity in the
corresponding position of dwdst.

The averaging operation itself is performed without rounding: first we compute the
sum of the two 16-bit numbers being averaged. The result is then right-shifted by 1 and
sign extended to produce a 16-bit result. The intermediate results are kept at full
precision internally, so that no overflow conditions exist.

63 48 47 32 31 16 15 0
‘ i3 ‘ i2 ‘ i | i0 | <opl
‘ j3 ‘ j2 ‘ j1 | jo | «xop2
v v v v
‘ (i3+j3) >>1 ‘ (i2+j2) >>1 ‘ (iT+j1) >>1 | (i0+jo) >>1 |edst
Execution ((1sbl6 (srcl e) + 1lsbl6(src2 e))>>1) -> lsblé(dst_e)
((msbl6 (srcl_e) + msblé(src2_e))>>1) -> msblé(dst_e)
((1sbl6 (srcl_o) + 1lsbl6(src2_o))>>1) -> lsblé(dst_o)
((msbl6 (srcl o) + msbl6(src2 o))>>1) -> msblé(dst o)
Instruction Type 2-cycle
Delay Slots 1
Functional Unit Latency 1
See Also DAVGNRU4
Example A3 == 0xc001c001
A2 == 0x40004000
Al == Ox3fff3fff
A0 == 0x40004000
DAVGNR2 .M A3:A2,A1:A0,A7:A6
A7 == 0x00000000
A6 == 0x40004000
A3 == Ox3fff3fff
A2 == 0xc000c000
SPRUGH7—November 2010 TMS320C66x DSP CPU and Instruction Set Reference Guide 4-167

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

13 TEXAS

INSTRUMENTS

4.70 DAVGNR2
- www.ti.com

Al == Ox3fff3fff

A0 == 0xc000c000

DAVGNR2 .M A3:A2,Al:A0,A7:A6

A7 == Ox3fff3fff

A6 == 0xc000c000
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4.71 DAVGNRU4

4.71 DAVGNRU4

8-Way SIMD Average Without Rounding, Unsigned Packed 8-bit

syntax ~ DAVGNRU4 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 2 18 17 13 12 1 10 6 5 4 3 2 1 0
‘0‘0|0‘1‘ dst src2 srcl |x‘0‘ opfield ‘1‘1‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 10000
Description ~ The DAVGNRU4 instruction performs an averaging operation between unsigned

packed 8-bit quantities. The values in dwopl and xdwop2 are treated as unsigned
packed 8-bit quantities, and the results are written in an unsigned packed 8-bit format.

For each pair of 8-bit quantities in dwop1 and xdwop2, the average of the unsigned 8-bit
value from dwop1 and the unsigned 8-bit value from xdwop2 is calculated to produce
an unsigned 8-bit result. The result is placed in the corresponding position in dwdst.

The averaging operation is performed without rounding - - the two numbers are merely
added together and the result shifted right by 1.

63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0
‘ i7 | i6 ‘ i5 ‘ i4 ‘ i3 ‘ i2 ‘ i ‘ i0 ‘ «—dwop1
‘ j7 | j6 ‘ j5 ‘ j4 ‘ j3 ‘ j2 ‘ j1 ‘ jo ‘ «xdwop2
v v v v
‘ (i74j7) >>1 | (i6+j6) >>1 ‘ (i54j5) >>1 ‘ (i44j4) >>1 ‘ (i34j3) >>1 ‘ 1(i24j2) >>1 ‘ (i14j1) >>1 ‘ i0+j0) >>1 ‘ «—dwdst
Execution ((ubyteO (srcl e) + ubyteO(src2 e))>>1) -> ubyteO(dst_e)
((ubytel(srcl_e) + ubytel(src2_e))>>1) -> ubytel(dst_e)
((ubyte2(srcl_e) + ubyte2(src2 e))>>1) -> ubyte2(dst_e)
((ubyte3 (srcl e) + ubyte3(src2 e))>>1) -> ubyte3(dst _e)
((ubyte0O (srcl_o) + ubyteO(src2_o))>>1) -> ubytel(dst_o)
((ubytel(srcl o) + ubytel(src2 o))>>1) -> ubytel(dst_o)
((ubyte2(srcl o) + ubyte2(src2 o))>>1) -> ubyte2(dst o)
((ubyte3 (srcl_o) + ubyte3(src2_ o))>>1) -> ubyte3(dst_o)
Instruction Type 2-cycle
Delay Slots 1
Functional Unit Latency 1
See Also AVGU4, DAVG2
Example A3 == O0x1A2ESF4E
A2 == O0xXFBFCFDFE
Al == Ox9EF26E3F
A0 == 0x03020201
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DAVGNRU4 .M A3:A2,Al:A0,Al5:Al4
Al5 == 0x5C906646
Al4 == Ox7f£7f7f£7f
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4.72 DAVGU4
8-Way SIMD Average, Unsigned Packed 8-bit
syntax ~ DAVGU4 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 13 12 11 10 6 5 4 3 2 1 0
‘0‘0|0‘1‘ dst src2 srcl |x‘0‘opfield‘1‘1‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 10010

Description ~ The DAVGU4 instruction performs an averaging operation between unsigned packed
8-bit quantities and rounding. The values in dwop1 and xdwop2 are treated as unsigned
packed 8-bit quantities, and the results are written in an unsigned packed 8-bit format.

For each pair of 8-bit quantities in dwop1 and xdwop2, the average of the unsigned 8-bit
value from dwop1 and the unsigned 8-bit value from xdwop2 is calculated to produce
an unsigned 8-bit result. The result is placed in the corresponding position in dwdst.

The averaging and rounding operation itself is performed by adding I to the sum of the
two unsigned 8-bit numbers being averaged. The result is then right-shifted by 1 to
produce a the final unsigned 8-bit result. The intermediate results are kept at full
precision internally, so that no overflow conditions exist.

63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0

| i7 ‘ i6 | i5 ‘ i4 ‘ i3 ‘ i2 ‘ il | i0 | «—dwop1

| j7 j6 | j5 ‘ j4 ‘ j3 ‘ j2 ‘ j1 | jo | «xdwop2

\ \ \" \
| (i74j7+1)>>1 ‘ (i6+j6+1)>>1 | (i54j5+1)>>1 ‘ (i44j4+1)>>1 ‘ (i34j3+1)>>1 ‘ (i24j24+1)>>1 ‘ (i14j14+1)>>1 |(i0+j0+1)>>1|edwdst

Execution ((ubyteO(srcl_e)
((ubytel(srcl_e)
((ubyte2(srcl_e)
((ubyte3(srcl_e)
((ubyteO(srcl_o)
((ubytel(srcl o)
((ubyte2(srcl_o)
((ubyte3(srcl_o)

ubyteO(src2_e)
ubytel(src2_e)
ubyte2(src2_e)
ubyte3(src2_e)
ubyteO(src2_o)
ubytel(src2_o)
ubyte2(src2_o)
ubyte3(src2_o)

1)>>1) -> ubyteO(dst_e)
1)>>1) -> ubytel(dst_e)
1)>>1) -> ubyte2(dst_e)
1)>>1) -> ubyte3(dst_e)
1)>>1) -> ubyteO(dst_o)
1)>>1) -> ubytel(dst_o)
1)>>1) -> ubyte2(dst_o)
1)>>1) -> ubyte3(dst_o)

+ 4+ 4+ 4+ + 4+

Instruction Type 2-cycle
Delay Slots 1

Functional Unit Latency 1

See Also AVGU4, DAVG2
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Example A3 == 0x1A2ESF4E
A2 == OXFBFCFDFE
Al == Ox9EF26E3F
A0 == 0x03020201
DAVGU4 .M A3:A2,A1:A0,Al5:Al4
Al5 == 0x5C906747
Al4 == 0x7£7£8080
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4.73 DCCMPY

4.73 DCCMPY

2-Way SIMD Complex Multiply With Conjugate, Packed Complex Signed 16-bit
(16-bit Real/16-bit Imaginary)

syntax ~DCCMPY (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 2 18 17 13 12 1 10 6 5 4 3 2 1 0
‘0‘0|0‘1‘ dst src2 srcl |x‘0‘opfield‘1‘1‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 00011
Description  This instruction performs two complex multiplies on two pairs of packed complex
numbers (16-bit real, 16-bit imaginary). It first performs complex conjugate operation
on the two complex numbers on the 2nd operand, then it multiplies two complex
numbers in the first register pairs with the corresponding two complex numbers in the
second input register pair. The final results are 32-bit complex number (32-bit real,
32-bit imaginary) and placed in the destination register pair.
The DCCMPY instruction is functionally equivalent to following instruction sequence:
DAPYS2 src2_h:src2 1, cst_h:cst_1, tmp h:tmp 1
; where cst_h:cst_1 contains "0x0000FFFF:0x0000FFFF"
CMPY srcl h, tmp_h, dst_3:dst_2
|| CMPY srcl 1, tmp 1, dst 1:dst 0
Execution ((msbl6 (srcl_e) x 1lsbl6(src2_e))-(lsbl6(srcl_e) x msbl6(src2_e)))-> dst_0
((msbl6 (srcl e) x msbl6(src2 e))+(lsbl6(srcl e) x lsbl6(src2 e)))-> dst 1
((msbl6 (srcl o) x 1lsblé(src2 _o))-(lsbl6(srcl o) x msblé6(src2 o)))-> dst_2
((msbl6 (srcl_o) x msbl6(src2 o))+ (lsbl6(srcl o) x 1lsbl6(src2 _o)))-> dst_3

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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4-cycle

3

1

DCMPY

A5 == 0x0009FFFE
A4 == 0x0009FFFE
A7 == 0xXFFFF0007
A6 == O0xFFFFO0007
DCCMPY .M A5:A4,A7:A6,AL5:AL4:AL3:A12
Al5 == OXFFFFFFEO
Al4 == OxXFFFFFFC3
Al3 == OxFFFFFFE9
Al2 == OxXFFFFFFC3
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2-Way SIMD Complex Multiply With Conjugate and Rounding, Packed Complex
16-bit (16-bit Real/16-bit Imaginary)

syntax ~DCCMPYRI1 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 2 18 17 13 12 1 10 6 5 4 3 2 1 0
‘0‘0|0‘1‘ dst src2 srcl |x‘0‘opfield‘1‘1‘0‘0‘s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 01110
Description  This instruction performs two complex multiplies on two pairs of packed 16-bit
complex numbers. It first performs complex conjugate operation on the two 16-bit
complex numbers on the 2nd operand, then it multiplies two complex numbers in the
first register pairs with the corresponding two complex numbers in the second input
register pair. The final results are 16-bit complex number and placed in the destination
register pair.
The DCCMPYRI instruction is approximately equivalent to following instruction
sequence:
DAPYS2 src2 h:src2 1, tmp h:tmp 1
CMPYR1 srcl_h, tmp_h, dst_h
|| CMPYR1 srcl 1, tmp 1, dst 1
Execution ((msb16(srcl_e) x Isbl6(src2_e))-(Isbl6(srcl_e) x msbl6(src2_e)))-> tmp0_e
((msb16(srcl_e) x msbl6(src2_e))+(Isb16(srcl_e) x Isbl6(src2_e)))-> tmp0_o
((msb16(srcl_o) x Isbl6(src2_o))-(Isb16(srcl_o) x msbl6(src2_o)))-> tmpl_e
((msb16(srcl_o) x msbl6(src2_o))+(Isb1l6(srcl_o) x Isbl6(src2_o)))-> tmpl_o
msbl6(sat((tmp0_e + 00004000h) << 1)) -> Isbl6(dst_e)
msb1l6(sat((tmp0_o + 00004000h) << 1)) -> mshl6(dst_e)
msbl6(sat((tmpl_e + 00004000h) << 1)) -> Isbl6(dst_o)
msbl6(sat((tmpl_o + 00004000h) << 1)) -> mshl6(dst_o)
Instruction Type 4-cycle
Delay Slots 3
Functional Unit Latency 1
See Also DCMPYR1, CMPYRI1
Example ~ CSR == 0x00000000 ; 4
A3 == 0x00000000
A2 == 0x00000000
Al == 0x00000000
A0 == 0x00000000
DCCMPYR1 .M A3:A2,Al:A0,Al5:Al4
Al5 == 0x00000000
Al4 == 0x00000000
CSR= 0x00000000
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CSR == 0x00000000 ; 4

A3 == 0x80008000

A2 == 0x80008000

Al == O0x80007fff

A0 == 0x80007fff

DCCMPYR1 .M A3:A2,A1:A0,Al5:Al4

Al5 == 0x00017fff

Al4 == 0x00017fff

CSR= 0x00000200

CSR == 0x00000000 ; 4

A3 == 0x80008000

A2 == 0x80008000

Al == 0x80008000

A0 == 0x80008000

DCCMPYR1 .M A3:A2,A1:A0,Al15:A14

Al5 == 0x7f££0000

Al4 == Ox7f££0000

CSR= 0x00000200

CSR == 0x00000000 ; 4

A3 == 0x08000400

A2 == 0x09000200

Al == 0x09000200

A0 == 0x08000400

DCCMPYR1 .M A3:A2,A1:A0,Al5:Al4

Al5 == 0x00a00028

Al4 == 0x00a0ffds

CSR= 0x00000000

CSR == 0x00000000 ; 4

A3 == Ox7FFF7FFF

A2 == O0x7FFF8000

Al == Ox7FFF8000

A0 == Ox7FFF7FFF

DCCMPYR1 .M A3:A2,A1:A0,Al5:Al4

Al5 == Oxffff7fff

Al4 == Oxffff8000

CSR= 0x00000200

CSR == 0x00000000 ; 4

A3 == OxFFFFFFFF

A2 == OxXFFFFFFFF

Al == OXFFFFFFFF

A0 == OxFFFFFFFF

DCCMPYR1 .M A3:A2,A1:A0,Al15:Al4

Al5 == 0x00000000

Al4 == 0x00000000

CSR= 0x00000000

CSR == 0x00000000 ; 4

A3 == 0x55555555

A2 == 0x55555555

Al == 0x55555555

A0 == 0x55555555

DCCMPYR1 .M A3:A2,Al:A0,Al5:Al4

Al5 == 0x71c60000

Al4 == 0x71c60000

CSR= 0x00000000

CSR == 0x00000000 ; 4

A3 == 0x01234567

A2 == 0x89ABCDEF

Al == O0x89ABCDEF

A0 == 0x01234567

DCCMPYR1 .M A3:A2,A1:A0,Al5:Al4

Al5 == Oxe3cec049

Al4 == 0xe3ce3fb7

CSR= 0x00000000

CSR == 0x00000000 ; 4

B3 == 0x80008000

B2 == 0x80008000

Bl == 0x80007fff
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DCCMPYR1 .M B3:B2,B1:B0,B15:Bl4 ; added for a & b_path cov.

B0 == 0x80007fff
B15 == 0x00017fff
Bl4 == 0x00017fff

CSR= 0x00000200

CSR == 0x00000000
B3 == 0x80008000
B2 == 0x80008000
Bl == 0x80008000
BO == 0x80008000

DCCMPYR1 .M B3:B2,B1:B0,B15:B14

B15 == 0x7£££0000
Bl4 == 0x7f£££0000

CSR= 0x00000200

7

4
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4.75 DCMPEQ2
2-Way SIMD Compare If Equal, Packed 16-bit

syntax ~ DCMPEQ2 (.unit) srcl, src2, dst
unit = .S1 or .S2

Opcode Opcode for .S Unit, 1/2 src, unconditional

31 30 29 28 27 23 22 18 17 13 12 1 6 5 4 3 2 1 0
‘ 0 | 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ s ‘ p ‘
5 5 5 6
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dst S1or.S2 011101

Description ~ The DCMPEQ?2 instruction performs equality comparisons on packed 16-bit data.
Each 16-bit value in op1 is compared against the corresponding 16-bit value in xop2,
returning a 1 if equal or 0 if not equal. The equality results are packed into the four
least-significant bits of dwdst.

63 48 47 32 31 16 15 0

‘ a ‘ b ‘ C | d ‘é—dwopl

‘ w ‘ X ‘ y | z ‘<4xdwop2

d==z
c==y
b==x
o il

Lofololofofofof-[-[-]<|can
31 32 1 0

Execution if(Isbl6(srcl_e) == Isbl6(src2_e)) 1 -> dst,
else 0 -> dst0
if(msbl6(srcl_e) == msbl6(src2_e)) 1 -> dst,
else 0 -> dstl
it(Isbl6(srcl_o) == Isbl6(src2_o)) 1 -> dst,
else 0 -> dst2
if(msbl6(srcl_o) == msb1l6(src2_o)) 1 -> dst,
else 0 -> dst3
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Instruction Type Single-cycle
Delay Slots 0
Functional Unit Latency 1
See Also DCMPGT?2, DCMPEQ4, DXPND2
Example Al == 0x00000000
A0 == 0x3fff0000
A3 == 0x00000000
A2 == 0x00003fff
DCMPEQ2 .S Al:A0,A3:A2,Al5
Al5 == 0x0000000c
Al == 0x3fffc000
A0 == 0x0000c001
A3 == 0x3fffc000
A2 == 0x3fffc001
DCMPEQ2 .S Al:A0,A3:A2,Al5
Al5 == 0x0000000d
Al == 0xc0010000
A0 == 0x44444444
A3 == 0xc0010110
A2 == 0Oxcccc4444
DCMPEQ2 .S Al:A0,A3:A2,Al5
Al5 == 0x00000009
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4.76 DCMPEQ4
4-Way SIMD Compare If Equal, Packed 8-bit

syntax ~ DCMPEQ4 (.unit) srcl, src2, dst
unit = .S1 or .S2

Opcode Opcode for .S Unit, 1/2 src, unconditional

31 30 29 28 27 23 22 18 17 13 12 11 6 5 2 1 0
‘ 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl ‘ X ‘ opfield 1000 ‘ s | p ‘
5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dst S1or.S2 011100

Description ~ The DCMPEQA4 instruction performs equality comparisons on packed 8-bit data. Each
8-bit value in dwop1 is compared against the corresponding 8-bit value in xdwop2,
returning a 1 if equal or 0 if not equal. The equality results are packed into the eight
least-significant bits of dst.

The 8-bit values in each input are numbered from 0..7 starting with the least-significant
byte, working towards the most- significant byte. The comparison results for byte 0 are
written to bit 0 of the result. Likewise, the results for byte 1..7 are written to bits 1..7 of
the result, respectively, as shown in the diagram below.

63 56 55 48 47 40 39 32 3 24 23 16 15 8 7 0
| a ‘ b ‘ C ‘ d | e ‘ f ‘ g | h | «—opl
| A ‘ B ‘ C ‘ D | E ‘ F ‘ G | H | «—xop2
. h==H
f== 9==
de e==E
c==C —
b==
a==A J/ l

Lofofolofofofof-[<[<]<[][-]] «an

31 87 6 543210
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Execution

Instruction Type

Delay Slots
Functional Unit Latency
See Also

Example

4-180

if(sbyteO(srcl_e)
else 0 -> dst,
if(sbytel(srcl_e)
else 0 -> dst,
if(sbyte2(srcl_e)
else 0 -> dst,
if(sbyte3(srcl_e)
else 0 -> dst,
if(sbyteO(srcl_o)
else 0 -> dst,
if(sbytel(srcl_o)
else 0 -> dstg
if(sbyte2(srcl_o)
else 0 -> dstg
if(sbyte3(srcl_o)

else 0 -> dst;,

Single-cycle
0

sbyte0(src2_e))

shytel(src2_e))

shyte2(src2_e))

shyte3(src2_e))

shyte0O(src2_0))

shytel(src2_o0))

shyte2(src2_o0))

shyte3(src2_o0))

DCMPEQ4, DCMPGTU4, DXPND4

Al == Oxabffffff
A0 == 0xff00£ffo00
A3 == 0x00ffffo00
A2 == O0x00ffffo0o0
DCMPEQ4

Al5 == 0x00000063
Al == 0xff0000ff
A0 == 0x023a4delf
A3 == 0x002e3aff
A2 == 0x023b4elf
DCMPEQ

Al5 == 0x0000001b
Al == 0x44444444
A0 == 0xff9lB8aee
A3 == Oxccccc4é44
A2 == 0x0lé665ale

Al5 == 0x00000010

.S A1:A0,A3:A2,Al5
4 .S Al:A0,A3:A2,Al15

DCMPEQ4 .S Al1:A0,A3:A2,Al5
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4.77 DCMPGT2

4.77 DCMPGT2

2-Way SIMD Compare If Greater-Than, Packed 16-bit

syntax ~ DCMPGT?2 (.unit) srcl, src2, dst
unit = .S1 or .52
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 1312 M 65 2 1 0
‘ 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl ‘ X ‘ opfield 1000 ‘ s | p ‘
5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dst S1or.S2 010100
Description ~ The DCMPGT?2 instruction performs greater-than comparisons on packed 16-bit data.
Each signed 16-bit value in dwop 1 is compared against the corresponding signed 16-bit
value in xdwop2, returning a 1 if the value from dwop1 is greater than the value from
xdwop2, or 0 otherwise. The comparison results are packed into the four
least-significant bits of dst.
31 16 15 0 31 16 15 0
‘ a ‘ b ‘ c | d ‘ «dwop1
‘ w ‘ X ‘ y | z ‘ «xdwop?2
d>z
c>y
b>x
o | l
[ ofolofofofo]olf-f-]-]<fcan
31 3210
Execution if(Isbl6(srcl_e) > Isbl6(src2_e)) 1 -> dst,
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else 0 -> dst,
if(msbl6(srcl_e) > msbl6(src2_e)) 1 -> dst;
else 0 -> dst,
if(Isbl6(srcl_o) > Isbl6(src2_o)) 1 -> dst,

else 0 -> dst,
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4-182

if(msbl6(srcl_o) > msbl6(src2_o)) 1 -> dst,

else 0 -> dst,

Instruction Type Single-cycle
Delay Slots 0

Functional Unit Latency 1

seeAlso ~ CMPGT, CMPEQ2, CMPEQ4, CMPGTU4, XPND2

Example Al == Ox7fff7fff
A0 == Ox7fff7fff
A3 == Ox7fff7fff
A2 == Ox7fff7fff
DCMPGT2 .S Al:A0,A3
All == 0x00000000
Al == Ox7fff7fff
A0 == Ox7fff7fff
A3 == 0x80008000
A2 == 0x80008000

DCMPGT2 .S Al1:A0,A3
All == 0x0000000f

Al == 0x80007fff
A0 == 0x80007fff
A3 == 0x7ff£8000
A2 == 0x7ff£8000
DCMPGT2 .S Al1:A0,A3
All == 0x00000005
Al == 0x7£££8000
A0 == 0x7ff£8000
A3 == 0x80007fff
A2 == 0x80007fff
DCMPGT2 .S Al:A0,A3
All == 0x0000000a
Al == 0x80008000
A0 == 0x80008000
A3 == Ox7fff7fff
A2 == Ox7fff7fff
DCMPGT2 .S Al1:A0,A3
All == 0x00000000
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4.78 DCMPGTU4

4.78 DCMPGTU4

4-Way SIMD Compare If Greater-Than, Unsigned Packed 8-bit

syntax ~DCMPGTU4 (.unit) srcl, src2, dst
unit = .S1 or .S2
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 21 0
‘ 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl ‘ X ‘ opfield 1000 ‘ s | p ‘
5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dst S1or.S2 010101
Description ~ The DCMPGTU4 instruction performs greater-than comparisons on packed 8-bit
data. Each unsigned 8-bit value in dwop1 is compared against the corresponding
unsigned 8-bit value in xdwop2, returning a 1 if the value from op1 is greater than the
value in xop2 or 0 otherwise. The comparison results are packed into the eight
least-significant bits of dst.
63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0
| a ‘ b ‘ c ‘ d | e ‘ f ‘ g | h | «opl
| A B | c | D | E | Fool 6 | H ] exop
G h>H
>
f>F El
d>D e>E
b c>C >
a>A >8 \L l
Lofofofofofofof[-[-[-]-[-[-[]
31 876543210
Execution if(ubyteO(srcl_e) > ubyteO(src2_e)) 1 -> dst,
else 0 -> dst,
if(ubytel(srcl_e) > ubytel(src2_e)) 1 -> dst,
else 0 -> dst,
it(ubyte2(srcl_e) > ubyte2(src2_e)) 1 -> dst,
else 0 -> dst,
if(ubyte3(srcl_e) > ubyte3(src2_e)) 1 -> dst;
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4-184

Instruction Type
Delay Slots
Functional Unit Latency

See Also

Example

else 0 -> dst,
if(ubyteO(srcl_o)
else 0 -> dst4
if(ubytel(srcl_o)
else 0 -> dsty
if(ubyte2(srcl_o)
else 0 -> dsty
if(ubyte3(srcl_o)
else 0 -> dst,

Single-cycle
0

DCMPEQ4, DCMPGT2, DCMPEQ2, DXPND4

Al == 0x000000ff
A0 == 0x000000ff
A3 == 0x000000fe
A2 == 0x000000fe
DCMPGTU4 .S Al1:A0,A3
All == 0x00000011
Al == 0xO0000ffff
A0 == 0x0000ffff
A3 == 0x0000feff
A2 == 0x0000feff
DCMPGTU4 .S Al:A0,A3
All == 0x00000022
Al == Oxffffffff
A0 == Oxffffffff
A3 == Oxfefffefe
A2 == Oxfefffefe
DCMPGTU4 .S Al:A0,A3
All == 0x000000bb
Al == Oxffffffff
A0 == Oxffffffff
A3 == Oxfefefefe
A2 == Oxfefefefe

DCMPGTU4 .S Al:A0,A3

All == 0x000000ff

Al == Oxabcdefac
A0 == Oxabcdefac
A3 == Oxbcdfaceb
A2 == Oxbcdfaceb

DCMPGTU4 .S Al:A0,A3

All == 0x00000022

>

>

>

>

ubyteO(src2_o0)) 1 ->
ubytel(src2_o)) 1 ->
ubyte2(src2_o)) 1 ->
ubyte3(src2_o0)) 1 ->

:A2,Al11

:A2,All1

:A2,Al11

:A2,A11

:A2,All1
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4.79 DCMPY

2-Way SIMD Complex Multiply, Packed Complex 16-bit (16-bit Real/16-bit

Imaginary)

syntax ~ DCMPY (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 13 12 110 6 5 2 0
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ 0 ‘ opfield 1100 ‘ s | p‘
5 5 5 5 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 00010
Description  This instruction performs two complex multiplies on two pairs of packed complex
numbers.
The DCMPY instruction is functionally equivalent to following instruction sequence:
CMPY srcl_h, src2_ h, dst_3:dst_2
|| CMPY srcl 1, src2 1, dst 1:dst 0
Execution sat (1sbl6 (srcl_e) x msbl6(src2_e))+(msbl6é(srcl_e) x lsbl6(src2_e))-> dst_0

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

SPRUGH7—November 2010
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))
(msbl6 (srcl _e) x msblé6(src2 e))-(lsbl6(srcl e) x 1lsbl6(src2 e))-
sat (1sbl6 (srcl_o) x msblé6(src2 o))+ (msblé(srcl_o) x 1lsblé6(src2_o
(msbl6 (srcl_o) x msblé6(src2_o))-(lsbl6(srcl_o) x 1lsbl6(src2_o))-
4-cycle
3
1
DCCMPY
A5 == 0xXO0009FFFE
A4 == 0xO0009FFFE
A7 == O0xFFFF0007
A6 == OXFFFF0007
DCMPY .M A5:A4,A7:A6,A15:A14:A13:A12
Al5 == 0x00000005
Al4 == 0x00000041
Al3 == 0x00000005
Al2 == 0x00000041

>
)
>

dst 1

dst_3
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2-Way SIMD Complex Multiply With Rounding, Packed Complex 16-bit (16-bit

Real/16-bit Imaginary)

syntax ~DCMPYRI1 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 1312 1m 10 65 2 1 0
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ 0 ‘ opfield 1100 ‘ s | p‘
5 5 5 5 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 01101
Description  This instruction performs two complex multiplies on two pairs of packed complex
numbers.
The CMPYRI instruction is functionally equivalent to following instruction sequence:
CMPYR1 srcl_h, src2_h, dst_h
|| CMPYR1 srcl 1, src2 1, dst 1
Execution ((msb16(srcl_e) x Isbl6(src2_e))+(Isbl6(srcl_e) x msbl6(src2_e)))-> tmp0_e

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

4-186

((msb16(srcl_e) x
((msb16(srcl_o) x
((msb16(srcl_o) x
msb16(sat((tmp0_e
msb16(sat((tmp0_o
msbl6(sat((tmpl_e
msbl1l6(sat((tmpl_o

4-cycle
3
1

DCCMPYR1, CMPYRI1

A3 == 0x00000000
A2 == 0x00000000
Al == 0x00000000
A0 == 0x00000000
DCMPYR1 .M A3:A2,A1:A0,Al5:Al4
Al5 == 0x00000000
Al4 == 0x00000000

TMS320C66x DSP CPU and Instruction Set Reference Guide

msb16(src2_e))-(Isbl6(srcl_e) x
Isb16(src2_o))+(lIsb16(srcl_o) x
msb16(src2_o))-(Isb16(srcl_o) x
+ 00004000h) << 1))
+ 00004000h) << 1))
+ 00004000h) << 1))
+ 00004000h) << 1))

-> Isbl6(dst_e)
-> msb16(dst_e)
-> Isb16(dst_o)
-> msb16(dst_o)

Isb16(src2_e)))-> tmp0_o
msb16(src2_o)))-> tmpl_e
Isb16(src2_o)))-> tmpl_o
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A3 0x80008000
A2 0x80008000
Al 0x80008000
A0 == 0x80008000
DCMPYR1 .M A3:A2,Al
Al5 == 0x00007fff
Al4 == 0x00007fff
A3 0x08000400
A2 0x09000200
Al 0x09000200
A0 == 0x08000400
DCMPYR1 .M A3:A2,Al
Al5 == 0x00800068
Al4 == 0x00800068
A3 0X7FFF7FFF
A2 0xX7FFF8000
Al 0x7FFF8000
A0 0X7FFF7FFF

DCMPYR1 .M A3:A2,Al
Al5 == Ox7fffffff
Al4 == Ox7Effffff

A3 == OxXFFFFFFFF
A2 == OXFFFFFFFF
Al == OXFFFFFFFF
A0 == OXFFFFFFFF
DCMPYR1 .M A3:A2,Al
Al5 == 0x00000000
Al4 == 0x00000000
A3 0x55555555
A2 0x55555555
Al 0x55555555
A0 == 0x55555555
DCMPYR1 .M A3:A2,Al
Al5 == 0x000071cé
Al4 == 0x000071ce
A3 == 0x01234567
A2 0x89ABCDEF
Al 0x89ABCDEF
A0 == 0x01234567
DCMPYR1 .M A3:A2,Al
Al5 == 0xlal8bf65
Al4 == 0xlal8bfes

:AQ0,Al5:

:AQ0,Al5:

:AQ0,Al5:

:AQ0,Al5:

:AQ0,Al5:

:AQ,Al5:

Al4 ; added for a & b_path cov.

Al4

Al4

Al4

Al4

Al4
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2-Way SIMD Rotate Complex Number By 270 Degrees, Packed Complex 16-bit (16-bit

Real/16-bit Imaginary)

syntax ~ DCROT270 (.unit) src2, dst
unit=.L1 or .L2
Opcode Opcode for .L Unit, 1 src
31 29 28 27 23 22 18 17 1312 M 2 1 0
creg | z ‘ dst src2 opfield ‘ X ‘ 0011010110 ‘ s | p ‘
3 5 5 5 10
Opcode map field used... For operand type... Unit Opfield
src2,dst xdwop,dwdst Llor.L2 11010
Description  Performs two rotate by 270 degree operations on the input vector of complex numbers.
Equivalent to executing the CROT270 instruction twice.
DCROT270 Al:A0, A3:A2
is equivalent to executing
CROT270 Al, A3
|| CROT270 A0, A2
Execution if(cond) {

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

4-188

Isbl6(srcl_e) -> msbl6(dst_e)
sat(-msbl6(srcl_e)) -> Isbl6(dst_e)
Isb16(srcl_o) -> mshl6(dst_o)
sat(-msb1l6(srcl_o)) -> Isbl6(dst_o)

}

else nop
Single-cycle

0

1

CROT270, DCROT90

Al == 0x12345678
A0 == 0x80005532
DCROT270 .L Al:A0,Al5:Al4
Al5 == 0x5678EDCC

Al4 == 0x55327fff
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4.82 DCROT90

2-Way SIMD Rotate Complex Number By 90 Degrees, Packed Complex 16-bit (16-bit
Real/16-bit Imaginary)

syntax ~ DCROTI0 (.unit) src2, dst

unit =.L1 or.L2

Opcode Opcode for .L Unit, 1 src

31 29 28 27 23 22 18 17 13 12 1 2 1 0
creg | z ‘ dst src2 opfield ‘ X ‘ 0011010110 ‘ s | p ‘
3 5 5 5 10
Opcode map field used... For operand type... Unit Opfield
src2,dst xdwop,dwdst Llor.L2 11001

Description  Performs two rotate by 90 degrees operations on the input vector of complex numbers.
Equivalent to executing the CROT90 instruction twice

DCROTO90 Al:A0, A3:A2

is equivalent to executing

CROT90 Al, A3
|| CROT90 A0, A2

Execution if(cond) {
sat(-1sbl6(srcl_e)) -> msbhl6(dst_e)
msbl6(srcl_e) -> Isbl16(dst_e)
sat(-Isbl6(srcl_o)) -> mshl6(dst_o)
msbl6(srcl_o) -> Isb16(dst_o)

}

else nop
Instruction Type  Single-cycle
Delay Slots 0

Functional Unit Latency 1

See Also CROT90, DCROT270

Example Al == 0x12345678
A0 == 0x55328000
DCROT90 .L Al:A0,Al5:Al4
Al5 == 0xA9881234
Al4 == Ox7fff5532
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Double Dot Product, Signed, Packed 16-Bit and Signed, Packed 8-Bit

syntax ~ DDOTP4 (.unit) srcl, src2, dst_o:dst_e
unit = .M1 or .M2
Compatibility

Opcode
30 29 28 27 23 22

i [« ] o[ ] ] o] o] o] 1]

4-190

Opcode map field used... For operand type...

Unit

srcl ds2
src2 xs4
dst dint

M1, .M2

Description  Performs two DOTP2 operations simultaneously.

The lower byte of the lower halfword of src2 is sign-extended to 16 bits and multiplied
by the lower halfword of src1. The upper byte of the lower halfword of src2 is
sign-extended to 16 bits and multiplied by the upper halfword of srcI. The two
products are added together and the result is then written to dst_e.

The lower byte of the upper halfword of src2 is sign-extended to 16 bits and multiplied
by the lower halfword of src1. The upper byte of the upper halfword of src2 is
sign-extended to 16 bits and multiplied by the upper halfword of srcI. The two
products are added together and the result is then written to dst_o.

There are no saturation cases possible.
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This instruction executes unconditionally.
srcl src2
dl do c3 c2 cl c0
| msBi6 | LsB16 | | msBsa | msBsb | LsBsa | LsBsb
T
| |
| |
| |
| |
| |
| |
"é :
——= |
I "é
R
|
@ I
[
)
dst o dst e
dlxc3+doxc2 dlxcl+doxcO
Execution (msbl6 (srcl) x msb8(lsbl6(src2))) + (lsblé(srcl) x 1sb8(lsblé(src2))) —dst e

(msbl6 (srcl) x msb8 (msblé (src2)))

Instruction Type Four-cycle
Delay Slots 3
Example 1

Examples

DDOTP4 .M1 A4 ,A5,A9:A8

Before instruction

A4 0005 0003h 53

A5 0102 0304h 1,2,3,4

Example 2

DDOTP4 .M1X A4,B5,A9:A8

Before instruction

A4 8000 8000h
B5 8080 7F7Fh

+ (1lsblé6 (srci)

A8

A9

A8

A9

x 1sb8(msblé (src2))) —dst o

4 cycles after instruction

0000001Bh

0000000Bh

(5x3)+(3x4)=27

Gx1)+(Bx2)=11

4 cycles after instruction

FF810000h
00800000h
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2-Way SIMD Dot Product, Signed by Signed Packed 16-bit
DDOTP4H (.unit) srcl, src2, dst

unit = .M1 or .M2

Opcode for .M Unit, Compound Results, new opcode space

27 23 22 18 17 13 12 11 10 6 5 2 1 0

dst src2 srcl ‘ X ‘ 0 ‘ opfield

Description

5 5 5 5 4

Opcode map field used... For operand type... Unit

.M1 or .M2

Opfield
01000

srcl1,src2,dst dwop1,xdwop2,dwdst

The DDOTP4H instruction returns two dot-products between four sets of packed
16-bit values. The values in dwop1 and xdwop2 are treated as signed packed 16-bit
quantities

For each pair of 16-bit quantities in the low 2 words of qwop1 and qwop2, the signed
16-bit value from qwop1 is multiplied with the signed 16-bit value from qwop2. The
four products are summed together, and the resulting dot product is written to the low
32-bits of dwdst.

And for each pair of 16-bit quantities in the high 2 words of qwop1 and qwop2, the
signed 16-bit value from qwop1 is multiplied with the signed 16-bit value from qwop2.
The four products are summed together, and the resulting dot product is written to the
high 32-bits of dwdst.

The result of each dot product is saturated to 32-bits, and the sat bits are set in CSR and
SSR

DDOTP4H instruction is functionally equivalent to following instruction sequence:

DOTP4H

srcl_h, src2 h, dst_3:dst_2
|| DOTP4H

srcl_1, src2_ 1, dst_1:dst_0

16 15 8 7 0

a_5 | a_4 ‘ a_3 | a_2 ‘ a_l | a_0 ‘ «qwop]l

b_5 | b_4 ‘ b_3 | b_2 ‘ b_1 | b_0 ‘ «qwop2

‘ a_7%*b_7+a_6*b_6+a_5*b_5+a_4%*b_4

‘ a3*b 3+a 2*b_2+a_1*b_1+a 0%b_0 ‘ «—dwdst
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Execution TBD
Instruction Type 4-cycle

Delay Slots 3

Functional Unit Latency 1

See Also

Example A3 == 0x321089AB
A2 == 0x321089AB
Al == 0x321089AB
A0 == 0x321089AB
A7 == 0x87654321
A6 == 0x87654321
A5 == 0x87654321
A4 == 0x87654321

DDOTP4H .M A3:A2:Al1:A0,A7:A6:A5:A4,A15:A14
Al5 <== 0x92c560b6
Al4 <== 0x92c560b6
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4.85 DDOTPH2
Double Dot Product, Two Pairs, Signed, Packed 16-Bit
syntax ~ DDOTPH2 (.unit) srcl_o:srcl_e, src2, dst_o:dst_e
unit = .M1 or .M2
Compatibility
Opcode
31 30 29 28 27 23 22 18
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst ‘ src2 ‘
5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T [ ] o T v T o T T T T ] o] o] s »]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl ds2 M1, . M2
src2 Xs2
dst dint
Description  Returns two dot-products between two pairs of signed, packed 16-bit values. The values
in srcl_e, srcl_o, and src2 are treated as signed, packed 16-bit quantities. The signed
results are written to a 64-bit register pair.
The product of the lower halfwords of srcl_o and src2 is added to the product of the
upper halfwords of src1_o and src2. The result is then written to dst_o.
The product of the upper halfword of src2 and the lower halfword of src1_o is added to
the product of the lower halfword of src2 and the upper halfword of src1_e. The result
is then written to dst_e.
If either result saturates, the M1 or M2 bit in SSR and the SAT bit in CSR are written
one cycle after the results are written to dst_o:dst_e.
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Execution

Instruction Type
Delay Slots
See Also

Examples
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This instruction executes unconditionally.

srcl o
d3 d2 di

srcl_e

4.85 DDOTPH2

src2

do cl c0

| MsB16 | LsB16 |

| MsB16 | LsB16 |

| MsB16 | LsB16
|

32 |

32 |

dst_ o
d3xcl+d2xcO

dst e

d2 xcl+dlxco

sat ( (msbl6 (srcl o) x msblé(src2)) + (lsblé(srcl o) x 1lsblé6(src2))) —dst o
sat ((1sbl6(srcl o) x msblé6(src2)) + (msblé(srcl e) x lsbl6(src2))) —dst e
Four-cycle

3

DDOTPL2, DDOTPH2R, DDOTPL2R
Example 1

DDOTPH2 .M1 A5:A4,A6,A9:A8

Before instruction

A4 0005 0003h 5,3
A5 0002 0004h 2,4
A6 0007 000Th 7,1

1. CSR.SAT and SSR.M1 unchanged by operation

Example 2

DDOTPH2 .Ml A5:A4,A6,A9:A8

Before instruction

A4 8000 5678h

A5 1234 8000h
A6 8000 8000h

TMS320C66x DSP CPU and Instruction Set Reference Guide

A8

A9

A8

A9

4 cycles after instruction’

00000021h
00000012h

(4x7)+(5x1)=33

2x7)+(@x1)=18

4 cycles after instruction

7FFFFFFFh
36E60000h

4-195


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

4.85 DDOTPH2

CSR 00010100h CSR!
SSR 00000000h SSR!

1. CSR.SAT and SSR.M1 set to 1, 5 cycles after instruction

Example 3

DDOTPH2 .M2X B5:B4,A6,B9:B8

Before instruction

B4 46B4 16BAh B8
B5 BBAE D169h B9
A6 340B F73Bh

1. CSR.SAT and SSR.M2 unchanged by operation
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00010300h
00000010h

4 cycles after instruction’

F41B4AFFh
F3B4FAADh
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4.86 DDOTPH2R

Double Dot Product With Rounding, Two Pairs, Signed, Packed 16-Bit

syntax ~DDOTPH2R (.unit) srcl_o:srcl_e, src2, dst
unit = .M1 or .M2
Compatibility
Opcode
31 30 29 28 27 23 22 18
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst ‘ src2 ‘
5 5
17 13 12 11 10 9 7 6 5 4 3 2 1 0
T v [ a0 [ o[ ] ol [ o] o] s ]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl ds2 M1, M2
src2 Xs2
dst s2
Description  Returns two dot-products between two pairs of signed, packed 16-bit values. The values
in srcl_e, srcl_o, and src2 are treated as signed, packed 16-bit quantities. The signed
results are rounded, shifted right by 16 and packed into a 32-bit register.
The product of the lower halfwords of src1_o and src2 is added to the product of the
upper halfwords of srcI_o and src2. The result is rounded by adding 21 to it and
saturated if appropriate. The 16 most-significant bits of the result are written to the 16
most-significant bits of dst.
The product of the upper halfword of src2 and the lower halfword of src1_o is added to
the product of the lower halfword of src2 and the upper halfword of src1_e. The result
is rounded by adding 21° to it and saturated if appropriate. The 16 most-significant bits
of the result are written to the 16 least-significant bits of dst.
If either result saturates, the M1 or M2 bit in SSR and the SAT bit in CSR are written
one cycle after the results are written to dst.
This instruction executes unconditionally.
Execution msbl6 (sat ((msblé (srcl o) x msblé (src2)) +

Instruction Type
Delay Slots
See Also

Examples
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(1sbl6 (srcl o) x 1lsblé(src2)) + 00008000h)) —>msblé6 (dst)

msbl6 (sat ((1lsblé (srcl_ o)

x msblé (src2)) +

(msbl6 (srcl e) x 1lsblé(src2)) + 00008000h)) — 1lsblé6 (dst)

Four-cycle

3

DDOTPH2, DDOTPL2, DDOTPL2R

Example 1
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DDOTPH2R .M1 A5:A4,A6,A8
Before instruction 4 cycles after instruction’
s
s
1. CSR.SAT and SSR.M1 unchanged by operation
Example 2
DDOTPH2R .M1 A5:A4,A6,A8
Before instruction 4 cycles after instruction
s
s
1. CSR.SAT and SSR.M1 set to 1, 5 cycles after instruction
Example 3
DDOTPH2R .M2 B5:B4,B6,B8
Before instruction 4 cycles after instruction
.
.
1. CSR.SAT and SSR.M2 set to 1, 5 cycles after instruction
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4.87 DDOTPL2

Double Dot Product, Two Pairs, Signed, Packed 16-Bit

syntax ~ DDOTPL2 (.unit) srcl_o:srcl_e, src2, dsth_o:dst_e
unit = .M1 or .M2
Compatibility
Opcode
31 30 29 28 27 23 22 18
‘ 0 I 0 | 0 | 1 ‘ dst I src2 ‘
5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T [ [ o[ [ o] ] ] o] ] ] o] o] s s
3 1 1 1
Opcode map field used... For operand type... Unit
srcl ds2 M1, M2
src2 Xs2
dst dint
Description  Returns two dot-products between two pairs of signed, packed 16-bit values. The values

SPRUGH7—November 2010
Submit Documentation Feedback

in srcl_e, srcl_o, and src2 are treated as signed, packed 16-bit quantities. The signed
results are written to a 64-bit register pair.

The product of the lower halfwords of src1_e and src2 is added to the product of the
upper halfwords of src1_e and src2. The result is then written to dst_e.

The product of the upper halfword of src2 and the lower halfword of src1_o is added to
the product of the lower halfword of src2 and the upper halfword of src1_e. The result
is then written to dst_o.

If either result saturates, the M1 or M2 bit in SSR and the SAT bit in CSR are written
one cycle after the results are written to dst_o:dst_e.

srcl o srcl_e src2
d3 d2 d1l do cl c0

[ msBi6 | LsBi6 | | msBie | LsBi6 | | msB16 | LsBi6
T T

32 | | 32 |
dst o dst_e
d2xcl+dlxcO dlxcl+d0oxcO
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Execution

Instruction Type
Delay Slots
See Also

Examples
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sat ((msbl6 (srcl_e) x msblé6(src2)) + (lsblé(srcl e) x lsblé6(src2))) —
dst_esat ((lsblé6(srcl_o) x msblé6(src2)) (msbl6 (srcl e) x lsblé6(src2))) —dst o
Four-cycle
3

DDOTPH2, DDOTPL2R, DDOTPH2R
Example 1

DDOTPL2 .M1 A5:A4,A6,A9:A8

Before instruction

A4 0005 0003h 5,3
A5 0002 0004h 2,4
A6 0007 0001h 7,1

1. CSR.SAT and SSR.M1 unchanged by operation

Example 2

DDOTPL2 .M1 A5:A4,A6,A9:A8

Before instruction

A4 46B4 16BAh
A5 BBAE D169h
A6 340B F73Bh

1. CSR.SAT and SSR.M1 unchanged by operation

Example 3

DDOTPL2 .M1 A5:A4,A6,A9:A8

Before instruction

A4 8000 5678h
A5 1234 8000h

A6 8000 8000h

TMS320C66x DSP CPU and Instruction Set Reference Guide

A8

A9

A8

A9

A8

A9

4 cycles after instruction’

00000026h
00000021h

(4x7)+(5x1)=33

2x7)+(4x1)=18

4 cycles after instruction’

0D984C9Ah
F41B4AFFh

4 cycles after instruction

14C40000h
7FFFFFFFh
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1. CSR.SAT and SSR.M1 set to 1, 5 cycles after instruction
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Double Dot Product With Rounding, Two Pairs, Signed Packed 16-Bit

syntax ~DDOTPL2R (.unit) srcl_o:srcl_e, src2, dst
unit = .M1 or .M2
Compatibility
Opcode
31 30 29 28 27 23 22 18
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst ‘ src2 ‘
5 5
17 13 12 i 10 9 8 7 6 5 4 3 2 1 0
T v [ xJ o[ o ] ol o o] o] s ]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl ds2 M1, M2
src2 Xs2
dst s2
Description  Returns two dot-products between two pairs of signed, packed 16-bit values. The values
in srcl_e, srcl_o, and src2 are treated as signed, packed 16-bit quantities. The signed
results are rounded, shifted right by 16 and packed into a 32-bit register.
The product of the lower halfwords of src1_e and src2 is added to the product of the
upper halfwords of srcI_e and src2. The result is rounded by adding 2!° to it and
saturated if appropriate. The 16 most-significant bits of the result are written to the 16
least-significant bits of dst.
The product of the upper halfword of src2 and the lower halfword of src1_o is added to
the product of the lower halfword of src2 and the upper halfword of src1_e. The result
is rounded by adding 21° to it and saturated if appropriate. The 16 most-significant bits
of the result are written to the 16 most-significant bits of dst.
If either result saturates, the M1 or M2 bit in SSR and the SAT bit in CSR are written
one cycle after the results are written to dst.
Execution msbl6 (sat ((msblé (srcl_e) x msblé (src2)) +
(1sbl6 (srcl e) x 1lsblé(src2)) + 00008000h)) — 1lsblé6 (dst)
msbl6 (sat ((1sblé (srcl o) x msblé (src2)) +
(msbl6 (srcl e) x 1lsblé6(src2)) + 00008000h)) —>msblé (dst)
Instruction Type Four-cycle
Delay Slots 3
SeeAlso  DDOTPH2R, DDOTPL2, DDOTPH2
Examples  Example 1
DDOTPL2R .M1 A5:A4,A6,A8
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Before instruction 4 cycles after instruction’
s
s
1. CSR.SAT and SSR.M1 unchanged by operation
Example 2
DDOTPL2R .M1 A5:A4,A6,A8
Before instruction 4 cycles after instruction
s
s
1. CSR.SAT and SSR.M1 set to 1, 5 cycles after instruction
Example 3
DDOTPL2R .M2 B5:B4,B6,B8
Before instruction 4 cycles after instruction
.
.
1. CSR.SAT and SSR.M2 set to 1, 5 cycles after instruction
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4.89 DDOTPSU4H
2-Way SIMD Dot Product, Signed By Unsigned Packed 16-bit
syntax ~DDOTPSU4H (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 1312 1110 6 5 4 3 2 1 0
‘0‘0‘0‘1‘ dst src2 srcl |x‘0|opfield|1‘1‘0‘0|s‘p‘
5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst M1 or M2 01001
Description ~ The DDOTPSU4H instruction returns two dot-products between four sets of packed
16-bit values.
The values in qwop1 are treated as signed packed 16-bit quantities, while the values in
qwop?2 are treated as unsigned 16-bit quantities.
For each pair of 16-bit quantities in the low 2 words of qwop1 and qwop2, the signed
16-bit value from qwop1 is multiplied with the unsigned 16-bit value from qwop2. The
four products are summed together, and the resulting dot product is written to the low
32-bits of dwdst.
And for each pair of 16-bit quantities in the high 2 words of qwop1 and qwop2, the
signed 16-bit value from qwopl is multiplied with the unsigned 16-bit value from
qwop2. The four products are summed together, and the resulting dot product is
written to the high 32-bits of dwdst.
The result of each dot product is saturated to 32-bits, and the sat bits are set in CSR and
SSR
The DDOTPSU4H instruction is functionally equivalent to following instruction
sequence:
DOTPSU4H srcl_h, src2_h, dst_3:dst_2
|| DOTPSU4H srcl 1, src2 1, dst 1:dst 0
63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0
‘ a_7 | a_6 ‘ a5 | a_4 ‘ a_3 | a_2 ‘ a_l | a_0 ‘ «—qwop]1
dotpsudh dotpsu4dh
‘ b_7 | b_6 ‘ b_5 | b_4 ‘ b_3 | b_2 ‘ b_1 | b_0 ‘ «qwop2
‘ a77*b_7+a 6*b_6+a 5*b_5+a 4%*b_4 ‘ a3*b 3+a2*b_2+a_1*b_1+a 0*b_0 ‘ «—dwdst
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Execution TBD
Instruction Type 4-cycle
Delay Slots 3

Functional Unit Latency 1

seeAlso  DOTPSU4H, DOTP2, DMPYU4

Example CSR == 0x00000000
A3 == Ox7£7f£7f£7f
A2 == Ox7£7f£7f£7f
Al == Ox7f£7f£7f7f
A0 == Ox7£7£7£7f
A7 == Oxffffffff
A6 == Oxffffffff
A5 == Oxffffffff
A4 == Oxffffffff

DDOTPSU4H .M A3:A2:Al1:A0,A7:A6:A5:A4,A15:A14
Al5 <== Ox7fffffff

Al4 <== Ox7fffffff

CSR<== 0x10010200

CSR == 0x00000000
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4.90 DEAL
Deinterleave and Pack
syntax ~ DEAL (.unit) src2, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18 17 16
‘ creg ‘ z ‘ dst ‘ src2 ‘ 1 ‘ 1 ‘
3 1 5 5
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(ol vl xl ol ol ool v [ v [ [ 1[0 ofs]p]
1 1 1
Opcode map field used... For operand type... Unit
src2 xuint M1, M2
dst uint
Description  Performs a deinterleave and pack operation on the bits in src2. The odd and even bits
of src2 are extracted into two separate, 16-bit quantities. These 16-bit quantities are
then packed such that the even bits are placed in the lower halfword, and the odd bits
are placed in the upper halfword.
As aresult, bits 0, 2, 4, ..., 28, 30 of src2 are placed in bits 0, 1, 2, ..., 14, 15 of dst.
Likewise, bits 1, 3, 5, ..., 29, 31 of src2 are placed in bits 16, 17, 18, ..., 30, 31 of dst.
31 0
‘ aAbBcCdD eEfF gGhHiljJkKILmMnNoOpP | «src2
DEAL
l l
31 0
\ abed efgh ijkimnop ABCDEFGH LJKLMNOP dst
Note—The DEAL instruction is the exact inverse of the SHFL instruction
(see SHFL3).
Execution if (cond) {
8rc23y 59,27...1 > d8ts1 30,29, .16
8rc235,58,26...0 > d5tis,14,13.. 0
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Pipeline

Instruction Type
Delay Slots
See Also

Example
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else nop

4.90 DEAL

Pipeline Stage E1 E2
Read src2
Written dst
Unitin use M

Two-cycle

1

SHFL

DEAL .M1 Al,A2

Before instruction

Al ‘ 9E52 6E30h

A2 ‘ XXXX XXXXh

2 cycles after instruction

Al ‘ 9E52 6E30h ‘

A2 ‘B1746CA4h ‘
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491 DINT
Disable Interrupts and Save Previous Enable State
Syntax DINT
unit = none
Compatibility
Opcode
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Lofolof v fofJofofo]Jofofo]ofofo]ofo]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lol v ofoflofJofofofofofofofofo]s]|os]

1 1

Description  Disables interrupts in the current cycle, copies the contents of the GIE bit in TSR into
the SGIE bit in TSR, and clears the GIE bit in both TSR and CSR. The PGIE bit in CSR
is unchanged.

The CPU will not service a maskable interrupt in the cycle immediately following the
DINT instruction. This behavior differs from writes to GIE using the MV C instruction.
See section 5.2 for details.

The DINT instruction cannot be placed in parallel with the following instructions:
MVC reg, TSR; MVC reg, CSR; B IRP; B NRP; NOP n; RINT; SPKERNEL;
SPKERNELR; SPLOOP; SPLOOPD; SPLOOPW; SPMASK; or SPMASKR.

This instruction executes unconditionally.

B

Note—The use of the DINT and RINT instructions in a nested manner, like the
following code:

DINT

DINT

RINT

RINT

leaves interrupts disabled. The first DINT leaves TSR.GIE cleared to 0, so the
second DINT leaves TSR,.SGIE cleared to 0. The RINT instructions, therefore,
copy zero to TSR.GIE (leaving interrupts disabled).

Execution  Disable interrupts in current cycle

GIE bit in TSR — SGIE bit in TSR
0 —GIE bit in TSR
0 —GIE bit in CSR

Instruction Type Single-cycle
Delay Slots 0

See Also RINT
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4.92 DINTHSP
2-Way SIMD Convert 16-bit Signed Integer to Single Precision Floating Point

Syntax

Mnemonic Unit Operand

DINTHSP L,S1orL,S2 xop,dwdst

Opcode Opcode for .L Unit, 1 src

31 29 28 27 23 22 18 17 13 12 11 2 1 0
creg | z ‘ dst scst5 opcode ‘ X ‘ 0011010110 ‘ s | p ‘
3 5 5 5 10
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dwdst L1or.L2 10010

Opcode Opcode for .S Unit, 1 src

31 29 28 27 23 22 18 17 13 12 1 2 1 0
creg | z ‘ dst src opcode ‘ X ‘ 1111001000 ‘ s | p ‘
3 5 5 5 10
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dwdst S1or.S2 10010

Description  The signed, packed 16-bit, values in src2 are converted to single-precision floating
point values and placed in dst_e and dst_o.

Execution if(cond) {

sp(slsbl6(src2)) -> dst e
sp(smsbl6(src2)) -> dst o

}

else nop
Instruction Type  3-cycle
DelaySlots 2
Functional Unit Latency 1
seeAlso  DPINT, DPTRUNC, INTDP, INTDPU, INTSP, INTSPU, SPTRUNC

Example FADCR== 0x00000000

A2 == 0x19651127
DINTHSP .L A2,Al:A0
Al == 0x45CB2800
A0 == 0x45893800
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FADCR= 0x00000000

;RMODE (0) ; [6501] ->[6501]; [4391]->[4391] ;RMODE (0) ;
FADCR== 0x00000000

A2 == Oxffffffde

DINTHSP .L A2,Al:A0

Al == 0xbf800000

A0 == 0xc2080000

FADCR== 0x00000000
;RMODE (0) ; [-1]1->[-1];[-34]1->[-34] ;RMODE(0)

4-210
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4.93 DINTHSP

4.93 DINTHSP

2-Way SIMD Convert 32-bit Signed Integer to Single Precision Floating Point, Packed
Signed 32-bit

syntax ~ DINTHSP (.unit) src2, dst
unit = .L1, .L2, .S1, or .S2
Opcode Opcode for .L Unit, 1 src
31 29 28 27 23 22 18 17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
creg ‘z| dst scst5 opfield|x‘0‘0‘1|1‘0‘1‘0‘1|1‘0‘5‘p‘
3 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dwdst Llor.L2 10111
Opcode Opcode for .S Unit, 1 src
31 29 28 27 23 22 18 17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
creg ‘z| dst src opfield |x‘1‘1‘1|1‘0‘0‘1‘0|0‘0‘5‘p‘
3 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dwdst S1or.S2 10101
Description  The signed, packed 32-bit, values in src2 are converted to single-precision floating
point values and placed in dst_e and dst_o.
Execution if (cond)

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

SPRUGH7—November 2010

sp(src2_e) -> dst_e
sp(src2_o) -> dst o

else nop

3-cycle
2
1

DPINT, DPTRUNC, INTDP, INTDPU, INTSP, INTSPU, SPTRUNC

TMS320C66x DSP CPU and Instruction Set Reference Guide 4-211

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

4.94 DINTHSPU

4.94 DINTHSPU

13 TEXAS
INSTRUMENTS

www.ti.com

2-Way SIMD Convert 16-bit Unsigned Integer to Single Precision Floating Point

syntax ~ DINTHSPU (.unit) src2, dst
unit = .L1, .L2, .S1, or .S2
opcode  Opcode for .L Unit, 1 src
31 29 28 27 23 22 18 17 13 12 1" 2 1 0
creg | z ‘ dst src2 opfield ‘ X ‘ 0011010110 ‘ s | 9] ‘
3 5 5 5 10
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dwdst L1or.L2 10011
Opcode Opcode for .S Unit, 1 src
31 29 28 27 23 22 18 17 13 12 1" 2 1 0
creg | z ‘ dst src2 opfield ‘ X ‘ 1111001000 ‘ s | p ‘
3 5 5 5 10
Opcode map field used... For operand type... Unit Opfield
src2,dst xop,dwdst .S1o0r.S52 10011
Description  The unsigned, packed 16-bit, values in src2 are converted to single-precision floating
point values and placed in dst_h and dst_l.
Execution if(cond) {

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

sp(ulsbl6(src2)) -> dst e
sp(umsbl6(src2)) -> dst_ o

}

else nop

3-cycle

2

1

DPINT, DPTRUNC, INTDP, INTDPU, INTSP, INTSPU, SPTRUNC

FADCR== 0x00000000
A2 == 0x19651127
DINTHSPU .L A2,Al1:A0
Al == 0x45CB2800

A0 == 0x45893800
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FADCR= 0x00000000

;RMODE (0) ; [6501] ->[6501]; [4391]->[4391] ;RMODE (0) ;
FADCR== 0x00000000

A2 == Oxffffffde

DINTHSPU .L A2,A0

AQ0 == 0x477FFFO00

== 0x477FDEO0OO

FADCR= 0x00000000
;RMODE (0) ; [2716-1]->[2716-1]; [2"16-34]->[2"16-34] ;RMODE (0) ;
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2-Way SIMD Convert 32-bit Unsigned Integer to Single Precision Floating Point,
Packed Unsigned 32-bit

syntax ~ DINTSPU (.unit) src2, dst
unit = .L1, .L2, .S1, or .S2
Opcode Opcode for .L Unit, 1 src
31 29 28 27 23 22 18 17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
creg ‘z| dst scst5 opfield|x‘0‘0‘1|1‘0‘1‘0‘1|1‘0‘5‘p‘
3 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2 ,dst xop, dwdst Llor.L2 10110
Opcode Opcode for .S Unit, 1 src
31 29 28 27 23 22 18 17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
creg ‘z| dst src opfield |x‘1‘1‘1|1‘0‘0‘1‘0|0‘0‘5‘p‘
3 5 5 5
Opcode map field used... For operand type... Unit Opfield
src2, dst xop, dwdst S1or.S2 10001
Description  The unsigned, packed 32-bit, values in src2 are converted to single-precision floating
point values and placed in dst_e and dst_o.
Execution if (cond)

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

4-214
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sp (src2_e)
sp (src2_o)

-> dst_e
-> dst_o

else nop
3-cycle
2

1

DPINT, DPTRUNC, INTDP, INTDPU, INTSP, INTSPU, SPTRUNC
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4,96 DMAX2
2-Way SIMD Maximum, Packed Signed 16-bit
syntax ~ DMAX2 (.unit) srcl, src2, dst
unit =.L1 or .L2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 | dst src2 srcl | X ‘ opfield 110 ‘ s | p‘
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 1000010
Description ~ The DMAX2 performs four maximum operations on packed signed 16-bit values. For
each pair of signed 16-bit values in dwop1 and xdwop2, DMAX2 places the larger value
in the corresponding position in dwdst.
Execution if(Isb16(srcl) >= Isbl6(src2), Isbl6(srcl) -> Isb16(dst)
else Isbl1l6(src2) -> Isb16(dst)
if(msb16(srcl) >= msbl6(src2), msbl6(srcl) -> mshl6(dst)
else msb16(src2) -> msbl6(dst)
if(Isb16(srcl) >= Isbl6(src2), Isbl6(srcl) -> Isbl6(dst)
else Isbl6(src2) -> Isb16(dst)
if(msb16(srcl) >= msbl6(src2), msbl6(srcl) -> msbhl6(dst)

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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else msb1l6(src2) -> msbhl6(dst)

Single-cycle

0

1

MIN2, MAXU4, MINU4
Al == 0x80007fff

A0 == 0x80007fff

A3 == 0x00008000

A2 == 0x00008000

DMAX2 .L Al:A0,A3:A2,A5:Ad
A5 == 0x00007fff

A4 == 0x00007fff

Al == 0x11118001

A0 == 0x11118001

A3 == 0x22228003

A2 == 0x22228003

DMAX2 .L Al:A0,A3:A2,A5:A4
A5 == 0x22228003

A4 == 0x22228003
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Al OXfEEFEFEF
A0 OxfFEFFFEF
A3 Ox7EEEEEEF
A2 == Ox7EfEfffff
DMAX2 .L Al:A0,A3:A2,A5:A4
A5 == Ox7fffffff
A4 == Ox7Effffff
Al == Ox7ffffffe
A0 == Ox7ffffffe
A3 0x8000ffff
A2 == Ox8000ffff
DMAX2 .I Al:A0,A3:A2,A5:A4
A5 == Ox7fffffff
A4 == Ox7Fffffff
Al == OX7fffffff
A0 OxX7EEEEEEF
A3 == Ox7ffffffe
A2 == Ox7ffffffe
DMAX2 .L Al:A0,A3:A2,A5:A4
A5 == Ox7fffffff
A4 == Ox7fffffff
Al == Oxfffeffff
A0 == Oxfffeffff
A3 == 0x7fff7ffe
A2 == Ox7fff7ffe
DMAX2 .L Al:A0,A3:A2,A5:A4
A5 == 0x7fff7ffe
A4 == Ox7fff7ffe
Al == 0x43211234
A0 == 0x43211234
A3 0x23411324
A2 == 0x23411324
DMAX2 .I Al:A0,A3:A2,A5:A4
A5 == 0x43211324
A4 == 0x43211324
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4.97 DMAXU4

4-Way SIMD Maximum, Packed Unsigned 8-bit

4.97 DMAXU4

syntax ~ DMAXU4 (.unit) srcl, src2, dst
unit=.L1 or .L2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 1312 M 5 4 2 0
‘ 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl ‘ X ‘ opfield 110 ‘ s | p ‘
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 1000011
Description ~ The DMAXU4 performs eight maximum operations on packed unsigned 8-bit values.
For each pair of unsigned 8-bit values in dwopI and xdwop2, MAXU4 places the larger
value in the corresponding position in dwdst.
Execution if(ubyteO(srcl_e) >= ubyteO(src2_e), ubyteO(srcl_e) -> ubyteO(dst_e)

Instruction Type
Delay Slots
Functional Unit Latency

See Also
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else ubyteO(src2_e) -> ubyteO(dst_e)

if(ubytel(srcl_e) >= ubytel(src2_e),

else ubytel(src2_e) -> ubyteO(dst_e)

if(ubyte2(srcl_e) >= ubyte2(src2_e),

else ubyte2(src2_e) -> ubyte2(dst_e)

if(ubyte3d(srcl_e) >= ubyte3(src2_e),

else ubyte3(src2_e) -> ubyte3(dst_e)

if(ubyteO(srcl_o) >= ubyteO(src2_o),

else ubyteO(src2_o) -> ubyteO(dst_o)

if(ubytel(srcl_o) >= ubytel(src2_o),

else ubytel(src2_o) -> ubyteO(dst_o)

if(ubyte2(srcl_o) >= ubyte2(src2_o),

else ubyte2(src2_o) -> ubyte2(dst_o)

if(ubyte3(srcl_o) >= ubyte3(src2_o),

else ubyte3(src2_o) -> ubyte3(dst_o)

Single-cycle
0
1

MINU4, MAX2, MIN2

Submit Documentation Feedback

ubytel(srcl_e)

ubyte2(srcl_e)

ubyte3(srcl_e)

ubyteO(srcl_o)

ubytel(srcl_o)

ubyte2(srcl_o)

ubyte3(srcl_o)

->

->

>

I
A\

->

>

->

ubytel(dst_e)

ubyte2(dst_e)

ubyte3(dst_e)

ubyteO(dst_o)

ubytel(dst_o)

ubyte2(dst_o)

ubyte3(dst_o)

TMS320C66x DSP CPU and Instruction Set Reference Guide

4-217


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

4.97 DMAXU4

4-218 TMS320C66x DSP CPU and Instruction Set Reference Guide

Example

Oxbabebeef
Oxbabebeef
Oxbeefbabe
Oxbeefbabe
.L A3:A2,A1
A5 == Oxbeefbeef
A4 == Oxbeefbeef
A3 0x11223344
A2 0x11223344
Al == 0x44332211
A0 == 0x44332211
DMAXU4 .L A3:A2,Al
A5 == 0x44333344
A4 == 0x44333344
A3 == 0x807£f0040
A2 == 0x807f0040
Al == 0x7£801180
A0 == 0x7£801180
DMAXU4 .L A3:A2,Al
A5 == 0x80801180
A4 == 0x80801180
A3 == Oxfffefffe
A2 == Oxfffefffe
Al Oxfefffeff
A0 == Oxfefffeff

DMAXU4 .L A3:A2,Al
A5 == Oxffffffff
A4 == Oxffffffff

0x00000000
0x00000000
OxfEffffff
Oxffffffff
.L A3:A2,Al
A5 == Oxffffffff
A4 == Oxffffffff

0x00f£f00£ff
0x00ff00ff
0xf£f00££00
0xff00££00
.L A3:A2,Al
A5 == Oxffffffff
A4 == Oxffffffff

A3 == Oxabcdefad
A2 == Oxabcdefad
Al == Oxbadcfeda
A0 == Oxbadcfeda
DMAXU4 .L A3:A2,Al
A5 == Oxbadcfeda
A4 == Oxbadcfeda
0x43211234
0x43211234
0x23411324
0x23411324
.L A3:A2,A1
A5 == 0x43411334
A4 == 0x43411334

:AQ,A5

:AQ,A5

:AQ,A5

:AQ,A5

:AQ,A5

:AQ,A5

:AO0,A5

:AQ,A5

A4

:Ad

A4

A4

:A4

A4

A4

:A4

I,

TEXAS
INSTRUMENTS
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4.98 DMIN2
2-Way SIMD Minimum, Packed Signed 16-bit

syntax ~ DMIN2 (.unit) srcl, src2, dst
unit =.L1 or .L2

Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode

31 30 29 28 27 23 22 18 17 13 12 1M 5 4 2 1 0
| 0 ‘ 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X | opfield 110 ‘ s | p ‘
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 1000001

Description ~ The DMIN2 performs four minimum operations on packed signed 16-bit values. For
each pair of signed 16-bit values in dwop1 and xdwop2, DMIN2 places the smaller value
in the corresponding position in dwdst.

Execution if(Isbl6(srcl_e) <= Isbl6(src2_e), Isbl6(srcl_e) -> Isbl6(dst_e)
else Isbl6(src2_e) -> Isbl6(dst_e)
if(msbl6(srcl_e) <= msbl6(src2_e), msbl6(srcl_e) -> msbl6(dst_e)
else msbl6(src2_e) -> msbl6(dst_e)
if(Isbl6(srcl_o) <= Isbl6(src2_o), Isbl6(srcl_o) -> Isbl6(dst_o)
else Isbl6(src2_o) -> Isb16(dst_o)
if(msb16(srcl_o) <= msbl6(src2_o), msbl6(srcl_o) -> msbl6(dst_o)
else msbl6(src2_o) -> msb16(dst_o)

Instruction Type Single-cycle
Delay Slots 0

Functional Unit Latency 1

SeeAlso  MAX2, MAXU4, MINU4

Example A3 == 0x80007fff
A2 == 0x80007fff
Al == 0x00008000
A0 == 0x00008000
DMIN2 .L A3:A2,Al1:A0,A5:A4
A5 == 0x80008000
A4 == 0x80008000
A3 == 0x11118001
A2 == 0x11118001
Al == 0x22228003
A0 == 0x22228003
DMIN2 .L A3:A2,A1:A0,A5:A4
A5 == 0x11118001
A4 == 0x11118001
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A3 OXfEEFEFEF
A2 OxfFEFFFEF
Al Ox7EEEEEEF
A0 OX7EEEEEEE
DMIN2 .L A3:A2,Al:A0,A5:A4
A5 == Oxffffffff
A4 == OxfEffffff
A3 ox7ffffffe
A2 ox7ffffffe
Al 0x8000ffff
A0 == Ox8000ffff
DMIN2 .I A3:A2,Al:A0,A5:A4
A5 == 0x8000fffe
A4 == 0x8000fffe
A3 == Ox7fffffff
A2 OxX7EEEEEEF
Al ox7ffffffe
A0 ox7ffffffe
DMIN2 .L A3:A2,Al:A0,A5:A4
A5 == Ox7ffffffe
A4 == Ox7ffffffe
A3 == Oxfffeffff
A2 == Oxfffeffff
Al == 0x7fff7ffe
A0 == Ox7fff7ffe
DMIN2 .L A3:A2,Al:A0,A5:A4
A5 == Oxfffeffff
A4 == Oxfffeffff
A3 0x43211234
A2 0x43211234
Al 0x23411324
A0 == 0x23411324
DMIN2 .I A3:A2,Al:A0,A5:A4
A5 == 0x23411234
A4 == 0x23411234
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4.99 DMINU4

4-Way SIMD Minimum, Packed Unisgned 8-bit

4.99 DMINU4

syntax ~ DMINU4 (.unit) srcl, src2, dst
unit=.L1 or .L2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 1312 M 5 4 2 1 0
‘ 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl ‘ X ‘ opfield 110 ‘ s | p‘
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 1001000
Description ~ The DMINU4 performs eight minimum operations on packed unsigned 8-bit values.
For each pair of unsigned 8-bit values in dwop1 and xdwop2, DMINU4 places the
smaller value in the corresponding position in dwdst.
Execution if(ubyteO(srcl_e) <= ubyteO(src2_e), ubyteO(srcl_e) -> ubyteO(dst_e)

Instruction Type
Delay Slots
Functional Unit Latency

See Also

SPRUGH7—November 2010

else ubyteO(src2_e) -> ubyteO(dst_e)

if(ubytel(srcl_e) <= ubytel(src2_e),

else ubytel(src2_e) -> ubyteO(dst_e)

if(ubyte2(srcl_e) <= ubyte2(src2_e),

else ubyte2(src2_e) -> ubyte2(dst_e)

if(ubyte3d(srcl_e) <= ubyte3(src2_e),

else ubyte3(src2_e) -> ubyte3(dst_e)

if(ubyteO(srcl_o) <= ubyteO(src2_o),

else ubyteO(src2_o) -> ubyteO(dst_o)

if(ubytel(srcl_o) <= ubytel(src2_o),

else ubytel(src2_o) -> ubyteO(dst_o)

if(ubyte2(srcl_o) <= ubyte2(src2_o),

else ubyte2(src2_o) -> ubyte2(dst_o)

if(ubyte3(srcl_o) <= ubyte3(src2_o),

else ubyte3(src2_o) -> ubyte3(dst_o)

Single-cycle
0
1

MAXU4, MAX2, MIN2
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TMS320C66x DSP CPU and Instruction Set Reference Guide

ubyte3(srcl_e)

ubyteO(srcl_o)

ubyte2(srcl_o)

ubytel(srcl_e) ->

ubyte2(srcl_e) ->

>

I
A\

ubytel(srcl_o) ->

>

ubyte3(srcl_o) ->

ubytel(dst_e)

ubyte2(dst_e)

ubyte3(dst_e)

ubyteO(dst_o)

ubytel(dst_o)

ubyte2(dst_o)

ubyte3(dst_o)
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Example

Oxfffefffe
Oxfffefffe
Oxfefffeff
Oxfefffeff
.L A1:A0,A3
A9 == Oxfefefefe
A8 == Oxfefefefe
Al == 0x00000000
A0 0x00000000
A3 == Oxffffffff
A2 == Oxffffffff
DMINU4 .L Al:A0,A3
A9 == 0x00000000
A8 == 0x00000000
Al == 0xO00ffOOff
A0 == 0Ox00ffO00ff
A3 == 0xff00ffo00
A2 == 0xff00ffo00

DMINU4 .L Al:A0,A3
A9 == 0x00000000

A8 == 0x00000000

Al == Oxabcdefad
A0 == Oxabcdefad
A3 Oxbadcfeda
A2 == Oxbadcfeda
DMINU4 .L Al1:A0,A3
A9 == Oxabcdefad

A8 == Oxabcdefad

Al == 0x43211234
A0 0x43211234
A3 == 0x23411324
A2 == 0x23411324
DMINU4 .L Al:A0,A3
A9 == 0x23211224

A8 == 0x23211224

Al == 0x77665544
AQ 0x77665544
A3 == 0x11223344
A2 == 0x11223344

DMINU4 .L Al:A0,A3
A9 == 0x11223344

A8 == 0x11223344

Al == 0x33445566
A0 == 0x33445566
A3 == 0x77665544
A2 == 0X77665544
DMINU4 .L Al:A0,A3
A9 == 0x33445544

A8 == 0x33445544

:A2,A9

:A2,A9

:A2,A9

:A2,A9

:A2,A9

:A2,A9

:A2,A9

:A8

:A8

:A8

:A8

:A8

:A8

:A8
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4.100 DMPY2
4-Way SIMD Multiply, Packed Signed 16-bit
syntax ~ DMPY2 (.unit) srcl, src2, dst
unit = .M1 or .M2
opcode  Opcode for .M Unit, Compound Results, new opcode space
31 30 29 28 27 23 22 18 17 1312 1m 10 65 2 1 0
‘ 0 | 0 ‘ 0 ‘ 1 dst src2 srcl ‘ X ‘ 0 | opfield 1100 ‘ s | p ‘
5 5 5 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,qwdst .M1 or .M2 00000
Description ~ The DMPY2 instruction performs four 16-bit multiplications between signed packed
16-bit quantities. The values in dwopI and xdwop?2 are treated as signed packed 16-bit
quantities. The 32-bit results are placed in a 128-bit register quad.
Execution Isb16(srcl_e) x Isbl6(src2_e) -> dst O
msbl6(srcl_e) x msbl6(src2_e) -> dst_1
Isb16(srcl_o) x Isb1l6(src2_o) -> dst_ 2
msb1l6(srcl_o) x msbl6(src2_o) -> dst_3

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

SPRUGH7—November 2010
Submit Documentation Feedback

4-cycle

3

1

MPYSU4

A5 == 0x12343497
A4 == 0x6a321193
A9 == 0x21ff50a7
A8 == 0xbl746ca4
DMPY2 .M A5:A4,A9
A3 == 0x026ad5cc

A2 == 0x10917e81

Al == 0xdfé6ab0a8

A0 == 0x0775462c

A5 == Ox7fff7fff
A4 == 0x80018001
A9 == Ox7fff7fff
A8 == 0x80018001
DMPY2 .M A5:A4,A9
A3 == 0x3fff0001

A2 == 0x3fff0001

Al == 0Ox3fff0001

A0 == 0x3fff0001

A5 == 0x7ff£f8001
A4 == 0x3ccdc333
A9 == 0x80017fff
A8 == 0xc333c333
DMPY2

:A8,A3:A2:A1:A0

:A8,A3:A2:A1:A0

.M A5:A4,A9:A8,A3:A2:A1:A0

TMS320C66x DSP CPU and Instruction Set Reference Guide
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A3 == 0XCOOOffff

A2 == 0xcOOO0ffff

Al == 0xf18f43d7

A0 == 0x0e70bc29

A5 == 0x87654321

A4 == 0x80008000

A9 == 0x321089ab

A8 == 0x80008000

DMPY2 .M A5:A4,A9:A8,A3:A2:A1:A0

A3 == 0xe86a3050

A2 == 0xe0f8800b

Al == 0x40000000

A0 == 0x40000000
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4.101 DMPYSP
2-Way SIMD Multiply, Packed Single Precision Floating Point

syntax ~ DMPYSP (.unit) srcl, src2, dst

unit = .M1 or M2

Opcode Opcode for .M Unit, 32-bit, unconditional

31 30 29 28 27 23 22 18 17 13 12 1 7 6 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield 00000 ‘ s | p ‘
5 5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst .M1 or .M2 11100

Description  Special Cases:

1. Ifonesourceis SNaN or QNaN, the result is a signed NaN_out and the NANn bit
is set. If either source is SNaN, the INVAL bit is set also. The sign of NaN_out is
the XOR to the input signs.

2. Signed infinity multiplied by signed infinity or a normalized number (other than
signed zero) returns signed infinity. Signed infinity multiplied by signed zero (or
denormal) returns a signed NaN_out and sets the INVAL bit.

3. If one or both source are signed zero, the result is signed zero unless the other
source is a NaN or signed infinity, in which case the result is signed NaN_out.

4. If signed zero is multiplied by signed infinity, the result is signed NaN_out and
the INVAL bit is set.

5. A denormalized source is treated as signed zero and the DENn bit is set. The
INEX bit is set except when the other source is signed infinity, signed NaN, OR
signed zero. Therefore, a signed infinity multiplied by a denormalized number
gives a signed NaN_out and sets the INVAL bit.

6. If rounding is performed, the INEX bit is set.

Execution srcl_e x src2_e -> dst e
srcl_o x src2_o -> dst o

Instruction Type 4-cycle
Delay Slots 3

Functional Unit Latency 1

See Also MPYDP

Example FMCR== 0x00000000
A5 == 0x3£800000
A4 == 0xb£f800000
A9 == 0xb£f800000
A8 == 0x7£c00000

DMPYSP .M A5:A4,A9:A8,A1:A0
Al == 0xb£f800000
A0 == Oxffffffff
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FMCR= 0x00000002

0x00000000
0xb£f800000
0x3£800000
0x7£c00000
0x3£800000

DMPYSP .M A5:A4,A9:A8,A1:A0

Al == Oxffffffff
A0 == 0x3£800000

FMCR= 0x00000002

0x00000000
0xb£f800000
0x3£800000
0x7£c00000
0x7£c00000

Al == Oxffffffff
A0 == Ox7fffffff

FMCR= 0x00000002

0x00000000
0x3£800000
0xf£c00000
0x3£800000
0xb£f800000

DMPYSP .M A5:A4,A9:A8,A1:A0

Al == 0x3£800000
A0 == Ox7fffffff

FMCR= 0x00000001

0x00000000
0x££c00000
0x3£800000
0xb£f800000
0x3£800000

DMPYSP .M A5:A4,A9:A8,A1:A0

Al == Ox7fffffff
A0 == 0x3£800000

FMCR= 0x00000001

0x00000000
0xf£c00000
0x££c00000
0xb£f800000
0x3£800000

Al == Ox7fffffff
A0 == Oxffffffff

FMCR= 0x00000001

0x00000000
0xb£f800000
0x3£800000
0xb£f800000
0x3£800000

DMPYSP .M A5:A4,A9:A8,A1:A0

Al == 0x3£800000
A0 == 0x3£800000

FMCR= 0x00000000

0x00000000
0x7£900000
0x3£800000
0x7£900000
0x3£800000

DMPYSP .M A5:A4,A9:A8,A1:A0

Al == Ox7fffffff
A0 == 0x3£800000

FMCR= 0x00000013

DMPYSP .M A5:A4,A9:A8,A1:A0

DMPYSP .M A5:A4,A9:A8,A1:A0

I,

TEXAS
INSTRUMENTS

www.ti.com
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0x00000000
0x3£800000
0x7£900000
0x7£900000
0x3£800000
DMPYSP .M A5:A4,A9:A8,A1:A0
Al == Ox7fffffff
A0 == OxX7fffffff
FMCR= 0x00000013
0x00000000
0x7£900000
0x3£800000
0x3£800000
A8 == 0x7£900000
DMPYSP .M AG5:A4,A9:A8,A1:A0
Al == Ox7fffffff
A0 == Ox7fffffff
FMCR= 0x00000013
0x00000000
0x7£900000
0x7£900000
0x7£900000
0xf£900000
DMPYSP .M A5:A4,A9:A8,A1:A0
Al == OX7fffffff
A0 == Oxffffffff
FMCR= 0x00000013
0x00000000
0x3356bf94
0x3£800000
0x43££8000
0x3£800000
DMPYSP .M A5:A4,A9:A8,A1:A0
Al == 0x37d65434
A0 == 0x3f800000
FMCR= 0x00000080
0x00000000
0x3356bf94
0x43f£8000
0x43f£8000
A8 == 0x3356bf94
DMPYSP .M A5:A4,A9:A8,A1:A0
Al == 0x37d65434
A0 == 0x37d65434
FMCR= 0x00000080
0x00000000
0x3£800000
0x3356bf94
0x3£800000
0x43f£8000
DMPYSP .M A5:A4,A9:A8,A1:A0
Al == 0x3f800000
A0 == 0x37d65434
FMCR= 0x00000080
FMCR== 0x00000000
B5 == 0x3356bf94
B4 == 0x3£800000
B9 == 0x43ff8000
B8 == 0x3£f800000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == 0x37d65434
BO == 0x3f800000
FMCR= 0x00800000
FMCR== 0x00000000
B5 == 0x3356bf94
B4 == 0x43ff8000
B9 == 0x43ff8000
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B8 == 0x3356bf94
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == 0x37d65434
BO == 0x37d65434
FMCR= 0x00800000
0x00000000
0x3£800000
0x3356bf94
0x3£800000
0x43f£8000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == 0x3f800000
BO == 0x37d65434
FMCR= 0x00800000
0x00000000
0x7£c00000
0x7£900000
0xb£f800000
0x3f800000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == Oxffffffff
BO == Ox7fffffff
FMCR= 0x00110000
0x00000000
0xb£f800000
0x3f800000
0x7£c00000
0x7£900000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == Oxffffffff
BO == Ox7fffffff
FMCR= 0x00120000
0x00000000
0x7£c00000
0x7£900000
0x££900000
0x3£800000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == Oxffffffff
BO == Ox7fffffff
FMCR= 0x00130000
0x00000000
0x££900000
0x3£800000
0x7£c00000
B8 == 0x7£900000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == Oxffffffff
BO == Ox7fffffff
FMCR= 0x00130000
0x00000000
0x7£c00000
0x3£800000
0xb£f800000
0x7£900000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == Oxffffffff
BO == Ox7fffffff
FMCR= 0x00130000
0x00000000
0x3£800000
0x7£c00000
0x7£900000
0xb£f800000
DMPYSP .M B5:B4,B9:B8,B1:B0
Bl == Ox7fffffff
BO == Oxffffffff
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FMCR= 0x00130000
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4.102 DMPYSU4
4-Way SIMD Multiply Signed By Unsigned, Packed 8-bit
syntax ~ DMPYSU4 (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode Opcode for .M Unit, 32-bit
31 29 28 27 23 22 18 17 13 12 11 10 6 5 4 3 2 1 0
creg ‘ z ‘ dst src2 srcl ‘ X ‘ 0 ‘ opfield | 1| 1‘0‘0‘ s‘p‘
3 5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,qwdst .M1 or .M2 11000

Description  For each 8-bit quantity in dwopl and xdwop2, DMPYSU4 performs a signed 8-bit by
unsigned 8-bit multiply between the value from dwop1l and xdwop2, producing a
signed 16-bit result. The eight signed 16-bit results are packed into a 128-bit register
quad.

This instruction is exactly equivalent to executing two MPYSU4 instructions in parallel

‘ a_7 | a_6 | a_5 ‘ a_4 ‘ a_3 ‘ a_2 ‘ a_l | a_o0 |wp1

MYPSU4 MYPSU4

(o7 [ o6 [ o5 [ oa [ 53] o2 ] o1 | o0 |cxom

‘ a7*b_7 | a6*b_6 ‘ a_5*b_5 ‘ ad4*b_4 | a_3*b_3 a2*b 2 a_1*b_1 a0*b_0
Execution sbyte0 (srcl e) x byte0 (src2 e) -> 1lsblé(dst 0)
sbytel (srcl_e) x bytel (src2_e) -> msblé6(dst_0)
sbyte2 (srcl_e) x byte2 (src2_e) -> 1lsblé6(dst_1)
sbyte3 (srcl e) x byte3 (src2 e) -> msblé(dst 1)
sbyte0 (srcl_o) x byte0 (src2_ o) -> 1lsblé6(dst_2)
sbytel (srcl_o) x bytel (src2_ o) -> msblé(dst_2)
sbyte2 (srcl o) x byte2 (src2 o) -> 1lsblé(dst 3)
sbyte3 (srcl_o) x byte3 (src2_ o) -> msblé(dst_3)

Instruction Type 4-cycle
Delay Slots 3
Functional Unit Latency 1

See Also MPYU4, DOTPU4

Example
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4.103 DMPYU2

4.103 DMPYU2

4-Way SIMD Multiply Unisgned by Unsigned, Packed 16-bit

syntax ~ DMPYU2 (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode Opcode for .M Unit, 32-bit, unconditional
31 30 29 28 27 23 22 18 17 1312 M 76 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield 00000 ‘ s | p ‘
5 5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,qwdst .M1 or .M2 00001
Description ~ The DMPYU?2 instruction performs four 16-bit multiplications between unsigned
packed 16-bit quantities. The values in dwop1 and xdwop2 are treated as unsigned
packed 16-bit quantities. The 32-bit results are placed in a 128-bit register quad.
Execution ulsbl6(srcl_e) x ulsbl6(src2_e) -> dst_ 0

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

SPRUGH7—November 2010
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umsbl6(srcl_e) x umsbl6(src2_e) -> dst_1
ulsbl1l6(srcl_o) x ulsbl6(src2_o) -> dst_2

umsb1l6(srcl_o) x umsbl6(src2_o) -> dst_3

4-cycle

3

1

MPYSU4

A5 == 0x12343497

A4 == 0x6a321193

A9 == 0x21ff50a7

A8 == 0xbl746ca4

DMPYU2 .M A5:A4,A9:A8,A3:A2:A1:A0
A3 == 0x026ad5cc

A2 == 0x10917e81

Al == 0x499cb0a8

A0 == 0x0775462c

A5 == Ox7fff7fff

A4 == 0x80018001

A9 == Ox7fff7fff

A8 == 0x80018001

DMPYU2 .M A5:A4,A9:A8,A3:A2:A1:A0
A3 == 0x3fffo0001

A2 == 0x3fff0001

Al == 0x40010001

A0 == 0x40010001

A5 == 0x7fff8001

A4 == 0x3ccdc333

A9 == 0x80017fff

A8 == 0xc333c333

DMPYU2 .M A5:A4,A9:A8,A3:A2:A1:A0
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A3 == Ox3fffffff

A2 == Ox3fffffff

Al == 0x2e5c43d7

A0 == 0x94d6bc29

A5 == 0x87654321

A4 == 0x80008000

A9 == 0x321089ab

A8 == 0x80008000

DMPYU2 .M A5:A4,A9:A8,A3:A2:A1:A0

A3 == 0x1a7a3050

A2 == 0x2419800b

Al == 0x40000000

A0 == 0x40000000
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4.104 DMPYU4
4-Way SIMD Multiply Unsigned By Unsigned, Packed 8-bit

syntax ~ DMPYU4 (.unit) srcl, src2, dst
unit = .M1 or .M2

Opcode Opcode for .M Unit, 32-bit

31 29 28 27 23 22 18 17 13 12 11 10 6 5 4 3 2 1 0
creg | z | dst src2 srcl | X ‘ 0 ‘ opfield ‘ 1 ‘ 1 | 0 | 0 ‘ s ‘ p ‘
3 5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1, src2, dst dwop1, xdwop2, qwdst M1 or .M2 00100

Description  For each 8-bit quantity in dwop1l and xdwop2, DMPYU4 performs eight unsigned 8-bit
by unsigned 8-bit multiplies between the values from dwop1 and xdwop2, producing
eight signed 16-bit results packed into a 128-bit register quad.

This instruction is exactly equivalent to executing two MPY U4 instructions in parallel.

‘ a_7 | a6| a_5 ‘ a_4‘ a_3 ‘ a_2 ‘ a_l | a_o0 |wp1

MYPU4 MYPU4

(o7 [ o [ o5 [ oa | 53] o2 ] o1 | o0 |cxom

‘ a7*b_7 | a6*b_6 ‘ a_5*b_5 ‘ ad4*b_4 | a_3*b_3 a2*b 2 a_1*b_1 a0*b_0
Execution byte0 (srcl _e) x byte0 (src2 e) -> 1lsblé(dst 0)
bytel (srcl_e) x bytel (src2_e) -> msblé6(dst_0)
byte2 (srcl_e) x byte2 (src2_e) -> lsbl6(dst_1)
byte3 (srcl e) x byte3 (src2 e) -> msbl6(dst 1)
byte0 (srcl_o) x byte0 (src2_o) -> lsbl6(dst_2)
bytel (srcl_o) x bytel (src2_o) -> msblé6(dst_2)
byte2 (srcl o) x byte2 (src2 o) -> lsbl6(dst_ 3)
byte3 (srcl_o) x byte3 (src2_o) -> msblé6(dst_3)

Instruction Type 4-cycle
Delay Slots 3
Functional Unit Latency 1

See Also MPYSU4

Example
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4.105 DMV
Move Two Independent Registers to a Register Pair
syntax DMV (.unit) srcl, src2, dst
unit = .51, .S2, .L1, or .L2
Mnemonic Unit Operand
DMV L,S1orL,S2 op1,xop2,dwdst
Opcode Opcode for .S Unit, 2 src
31 29 28 27 23 22 18 17 13 12 11 10 9 6 5 2 1 0
creg | z | src2 srcl ‘ X ‘ 1 ‘ opfield 1100 ‘ s | p ‘
3 5 5 2 4 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst op1,xop2,dwdst S1or.S2 1011
Opcode Opcode for .L Unit, 1/2 src
31 29 28 27 23 22 18 17 13 12 11 5 4 2 1 0
creg | z ‘ dst src2 srcl ‘ X ‘ opfield 110 ‘ s | p ‘
3 5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srci1,src2,dst op1,xop2,dwdst L1or.L2 1101100
Description  This instruction moves two registers into a register pair. This performs 2 moves at once
and is required when performing large amounts of double word processing
Execution if(cond){
0 + src2_e -> dst_e
0 + src2_o -> dst_ o
else nop
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Instruction Type Single-cycle
Delay Slots 0
Functional Unit Latency 1
See Also
Example A0 == 0x87654321
Al == 0x12345678
DMV .L AO,Al,A3:A2
A3 == 0x87654321
A2 == 0x12345678
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4,106 DMVD
Move Two Independent Registers to a Register Pair, Delayed
syntax ~ DMVD (.unit) srcl, src2, dst
unit = .51, .S2, .L1, or .L2
Opcode Opcode for .S Unit, 2 src fixed hdr
31 30 29 28 27 23 22 18 17 13 12 1 6 5 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 | dst src2 ‘ X | 11 opfield 1100 ‘ s | p ‘
5 5 2 4 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst op1,xop2,dwdst S1or.S2 0011
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 2 1 0
‘0‘0‘0|1‘ dst src2 srcl ‘x‘ 110 ‘s|p‘
5 5 5 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst op1,xop2,dwdst L1or.L2 1101100

Description

Execution

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

This instruction moves two registers into a register pair. This performs 2 moves at once
and is useful when performing large amounts of double word processing. The
writeback is delayed by 4 clocks to reduce register pressure.

if(cond){
0 + src2_e -> dst_e
0 + src2_o -> dst_o

else nop

4-cycle

3

1

Al == 0x87654321
A6 == 0x12345678
DMVD .L Al,A6,A3:A2
A3 == 0x87654321

A2 == 0x12345678
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4,107 DOTP2
Dot Product, Signed, Packed 16-Bit
syntax ~ DOTP2 (.unit) srcl, src2, dst
or
DOTP2 (.unit) srcl, src2, dst_o:dst_e
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 13 12 11 10 6 5 4 3 2 1 0
‘ srcl ‘ X ‘ 0 ‘ op | 1 ‘ 1 ‘ 0 ‘ 0 | s ‘ p ‘
5 1 5 1 1
Opcode map field used... For operand type... ‘ Unit ‘ Opfield
srcl s2 M1, M2 01100
src2 Xs2
dst int
srcl s2 M1, . M2 01011
src2 Xs2
dst sllong

Description  Returns the dot-product between two pairs of signed, packed 16-bit values. The values
in srcl and src2 are treated as signed, packed 16-bit quantities. The signed result is
written either to a single 32-bit register, or sign-extended into a 64-bit register pair.

The product of the lower halfwords of src1 and src2 is added to the product of the upper
halfwords of srcl and src2. The result is then written to the dst.

If the result is sign-extended into a 64-bit register pair, the upper word of the register
pair always contains either all Os or all 1s, depending on whether the result is positive
or negative, respectively.
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31 16 15 0
a_hi a_lo <srcl
DOTP2
b_hi b_lo <«src2
63 32 31 0
\ oorF \ a_hixb_hi+a_loxb_lo | dst_odst_e

The 32-bit result version returns the same results that the 64-bit result version does in
the lower 32 bits. The upper 32-bits are discarded.

31 16 15 0
‘ a_hi ‘ a_lo «srcl
DOTP2
b_hi b_lo «src2
31 0
\ a_hixb_hi+a_loxb_lo dst

B

Note—In the overflow case, where all four halfwords in src1 and src2 are 8000h,
the value 8000 0000h is written into the 32-bit dst and 0000 0000 8000 0000h is

written into the 64-bit dst.

Execution if (cond) (lsblé6 (srcl) x 1lsblé6(src2)) + (msblé(srcl) x msblé(src2)) —dst

SPRUGH7—November 2010
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Pipeline

Instruction Type
Delay Slots
See Also

Examples
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else nop

4.107 DOTP2

Pipeline Stage

E1

E2 E3 E4

Read
Written

Unitin use

srcl, src2

M

dst

Four-cycle
3

DOTPN2
Example 1

DOTP2 .M1 A5,A6,A8

Before instruction

A5 6A321193h 27186 4499
A6 B174 6CA4h -20108 27812

T

Example 2

DOTP2 .M1 A5,A6,A9:A8

Before instruction

A5 6A32 1193h 27186 4499

A6 B174 6CA4h -20108 27812

A9:A8 ‘ XXXX XXxxh ‘ XXXX XXxxh
Example 3

DOTP2 .M2 B2,B5,B8

Before instruction

B2 1234 3497h
B5 21FF 50A7h

4660 13463

8703 20647

4 cycles after instruction

A5 6A321193h
A6 B174 6CA4h
A8 E6DF F6D4h -421,529,900

4 cycles after instruction

A5 6A321193h

A6 B174 6CA4h

A9:A8 ‘ FFFF FFFFh | E6DF F6D4h

-421,529,900

4 cycles after instruction

B2 1234 3497h

B5 21FF 50A7h
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Example 4

DOTP2 .M2 B2,B5,B9:B8

Before instruction

B2 1234 3497h 4660 13463
B5 21FF 50A7h 8703 20647

B9:B8 ‘ XXXX XXxxh ‘ XXXX XXxxh
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B8 12FC 544Dh 318,526,541

4 cycles after instruction

B2 1234 3497h
B5 21FF 50A7h

B9:B8 ‘ 0000 0000h | 12FC 544Dh
318,526,541
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4.108 DOTP4H
Dot Product, Signed by Signed, Packed 16-bit

syntax ~ DOTP4H (.unit) srcl, src2, dst
unit = .M1 or M2

Opcode Opcode for .M Unit, 2 src fixed hdr

31 29 28 27 23 22 18 17 13 12 1 10 6 5 4 5 2 1 0
creg | z | dst src2 srcl | X ‘ 0 ‘ opfield ‘ 1 ‘ 1 | 0 | 0 ‘ s ‘ p‘
3 5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dst M1 or .M2 00110
srcl,src2,dst dwop1,xdwop2,dwdst .M1 or.M2 00111

Description ~ The DOTP4H instruction returns the dot-product between a vector of four 16-bit two
sets of packed 16-bit values.

The values in dwop1 and xdwop?2 are treated as signed packed 16-bit quantities

For each pair of 16-bit quantities in op1 and xop2, the signed 16-bit value from opl is
multiplied with the signed 16-bit value from xop2. The four products are summed
together, and the resulting dot product is written to either a 32-bit result or to a 64-bit
signed result.

For the 32-bit destination form, the result is saturated to 32-bits, and the sat bits are set
in CSR and SSR.

| a3 ‘ a_2 ‘ a_l ‘ a0 ‘ a_3 | a_2 | a_l ‘ a_0 ‘eopl

DDOTP4H

(o7 [ os [ o5 s 63 ] 62 o0 ] o0 ]cmom

| a3*b 3+a 2*b 2+a 1*b_1+a 0*b 0 ‘ «dst
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4242

Execution

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

TBD

4-cycle

3

1

DOTPU4, DOTP2, MPYU4

A3 ==0x321089AB

A2 ==0x321089AB

Al ==0x87654321

A0 ==0x87654321

DOTP4H .M A3:A2,A1:A0,A14:A13
A14 <== 0xFFFFFFFF

Al13 <==0x92C560B6

CSR == 0x10010000
A3 == 0x7FFF7FFF
A2 == 0x7FFF7FFF
Al == 0x7FFF7FFF
A0 == 0x7FFF7FFF

DOTP4H .M A3:A2,A1:A0 ; Maximum Positive inputs .

Al4 <== 0x7FFFFFFF

CSR<== 0x10010200
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4.109 DOTPN2
Dot Product With Negate, Signed, Packed 16-Bit

syntax ~ DOTPN2 (.unit) srcl, src2, dst

unit = .M1 or M2

Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ] o] o] ] o] o] ] ] ] o] o] 5] 5|

Opcode map field used... For operand type... Unit
srcl s2 M1, M2
src2 Xs2

dst int

Description  Returns the dot-product between two pairs of signed, packed 16-bit values where the
second product is negated. The values in srcl and src2 are treated as signed, packed
16-bit quantities. The signed result is written to a single 32-bit register.

The product of the lower halfwords of srcl and src2 is subtracted from the product of
the upper halfwords of srcI and src2. The result is then written to dst.

31 16 15 0
‘ a_hi ‘ a_lo «srcl
DOTPN2
b_hi b_lo <«src2
31 0
\ a_hix b_hi-a_loxb_lo dst

Execution Note that unlike DOTP2, no overflow case exists for this instruction.

if (cond) (msbl6 (srcl) x msbl6(src2)) - (lsbl6(srcl) x lsbl6(src2)) —dst
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Pipeline

Instruction Type
Delay Slots
See Also

Examples
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else nop

Pipeline Stage E1 E2 E3 E4

Read srcl, src2

Written dst

Unitin use M
Four-cycle
3
DOTP2
Example 1
DOTPN2 .M1 A5,A6,A8

Before instruction 4 cycles after instruction

A5 | 3629 274Ah ‘ 13865 10058 A5 ‘ 3629 274Ah ‘

A6 | 325C 8036h ‘ 12892 -32714 A6 ‘ 325C 8036h ‘

A8 | XXXX XXxXXh ‘ A8 ‘ 1E44 2F20h ‘ 507,784,992
Example 2
DOTPN2 .M2 B2,B5,B8

Before instruction 4 cycles after instruction

B2 | 3FF6 5010h ‘ 16374 20496 B2 ‘ 3FF6 5010h ‘

B5 | B1C3 0244h ‘ -20029 580 B5 ‘ B1C3 0244h ‘

B8 | XXXX XXxxh ‘ B8 ‘ EBBE 6A22h ‘ -339,842,526
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4.110 DOTPNRSU2

4.110 DOTPNRSUZ2

Dot Product With Negate, Shift and Round, Signed by Unsigned, Packed 16-Bit

syntax ~ DOTPNRSU2 (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T v [ a0 ol o ] T [ o] o s ]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl s2 M1, M2
src2 Xxu2
dst int
Description  Returns the dot-product between two pairs of packed 16-bit values, where the second

SPRUGH7—November 2010
Submit Documentation Feedback

product is negated. This instruction takes the result of the dot-product and performs
an additional round and shift step. The values in srcI are treated as signed, packed
16-bit quantities; whereas, the values in src2 are treated as unsigned, packed 16-bit
quantities. The results are written to dst.

The product of the lower halfwords of srcl and src2 is subtracted from the product of
the upper halfwords of src1 and src2. The value 21> is then added to this sum, producing
an intermediate 33-bit result. The intermediate result is signed shifted right by 16,
producing a rounded, shifted result that is sign extended and placed in dst.

The intermediate results of the DOTPNRSU?2 instruction are maintained to a 33-bit

precision, ensuring that no overflow may occur during the subtracting and rounding
steps.
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31 16 15 0
sa_hi sa_lo «srcl
DOTPNRSU2
ub_hi ub_lo <src2
31 0
(((sa_hi x ub_hi) - (sa_lo x ub_lo)) + 8000h) >> 16 «dst
Execution if (cond) {
int33 = (smsblé (srcl) x umsblé (src2)) -
(slsbl6 (srcl) x ulsblé(src2)) + 8000h;
int33 >> 16 —dst
}
else nop
Pipeline
Pipeline Stage E1 E2 E3 E4
Read srcl, src2
Written dst
Unitin use M
Instruction Type Four—cycle
Delay Slots 3
See Also DOTP2, DOTPN2, DOTPRSU2
Examples Example 1
DOTPNRSU2 .M1 A5, A6, A8
Before instruction 4 cycles after instruction
A5 ‘ 3629 274Ah ‘ 13865 10058 A5 ‘ 3629 274Ah ‘
signed
A6 ‘ 325C 8036h ‘ 12892 32822 A6 ‘ 325C 8036h ‘
unsigned
A8 ‘ XXXX XXXXh ‘ A8 ‘ FFFF F6FAh ‘ -2310 (signed)
Example 2
DOTPNRSU2 .M2 B2, B5, BS8
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Before instruction 4 cycles after instruction
B2 ‘ 3FF6 5010h ‘ 16374 20496 B2 ‘ 3FF6 5010h ‘
signed
B5 ‘ B1C3 0244h ‘ 45507 580 B5 ‘ B1C3 0244h ‘
unsigned
B8 ‘ XXXX XXXXh ‘ B8 ‘ 0000 2BB4h ‘ 11188 (signed)
Example 3
DOTPNRSU2 .M2 B12, B23, Bll
Before instruction 4 cycles after instruction
B12 ‘ 7FFF 8000h ‘ 32767 -32768 B12 | 7FFF 8000h ‘
signed
B23 ‘ FFFF FFFFh ‘ 65535 65535 B23 | FFFF FFFFh ‘
unsigned
B11 ‘ XXXX XXXXh ‘ B11 | XXXX XXXXh ‘ Overflow occurs;
result undefined
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Dot Product With Negate, Shift and Round, Unsigned by Signed, Packed 16-Bit

syntax ~ DOTPNRUS2 (.unit) src2, srcl, dst

unit = .M1 or M2

Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ] o | o] o] v ] ] ] ] ] o] o] 5] 5]

Opcode map field used... For operand type... Unit
srcl s2 M1, M2
src2 Xxu2

dst int

Description ~ The DOTPNRUS2 pseudo-operation performs the dot-product between two pairs of
packed 16-bit values, where the second product is negated. This instruction takes the
result of the dot-product and performs an additional round and shift step. The values
in srcl are treated as signed, packed 16-bit quantities; whereas, the values in src2 are
treated as unsigned, packed 16-bit quantities. The results are written to dst. The
assembler uses the DOTPNRSU2src1, src2, dst instruction to perform this task.

The product of the lower halfwords of srcl and src2 is subtracted from the product of
the upper halfwords of src1 and src2. The value 21> is then added to this sum, producing
an intermediate 32 or 33-bit result. The intermediate result is signed shifted right by 16,
producing a rounded, shifted result that is sign extended and placed in dst.

The intermediate results of the DOTPNRUS2 pseudo-operation are maintained to a
33-bit precision, ensuring that no overflow may occur during the subtracting and
rounding steps.

Execution if (cond) {
int33 = (smsblé (srcl) x umsblé (src2)) -

(slsbl6 (srcl) x ulsbl6(src2)) + 8000h;
int33 >> 16 —dst
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else nop )
Pipeline

Pipeline Stage E1 E2 E3 E4

Read srcl, src2

Written dst

Unit in use M

Instruction Type Four-cycle
Delay Slots 3

seeAlso  DOTP2, DOTPN2, DOTPNRSU2, DOTPRSU2
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4.112 DOTPRSU2
Dot Product With Shift and Round, Signed by Unsigned, Packed 16-Bit

syntax ~ DOTPRSU2 (.unit) srcl, src2, dst

unit = .M1 or M2

Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ] o] o] ] ] o] ] ] ] o] o] 5] 5]

Opcode map field used... For operand type... Unit
srcl s2 M1, M2
src2 Xxu2

dst int

Description  Returns the dot-product between two pairs of packed 16-bit values. This instruction
takes the result of the dot-product and performs an additional round and shift step. The
values in srcl are treated as signed packed 16-bit quantities; whereas, the values in src2
are treated as unsigned packed 16-bit quantities. The results are written to dst.

The product of the lower halfwords of src1 and src2 is added to the product of the upper
halfwords of src1 and src2. The value 215is then added to this sum, producing an
intermediate 32 or 33-bit result. The intermediate result is signed shifted right by 16,
producing a rounded, shifted result that is sign extended and placed in dst.

The intermediate results of the DOTPRSU2 instruction are maintained to a 33-bit
precision, ensuring that no overflow may occur during the subtracting and rounding
steps.
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Execution
Pipeline

Instruction Type
Delay Slots
See Also

Examples
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31 16 15

4.112 DOTPRSU2

sa_hi sa_lo

DOTPRSU2

ub_hi ub_lo

31

‘ (((sa_hi x ub_hi) + (sa_lo x ub_lo)) + 8000h) >> 16

«srcl

«src2

«dst

Note—Certain combinations of operands for the DOTPRSU2 instruction

results in an overflow condition. If an overflow does occur, the result is

undefined. Overflow can be avoided if the sum of the two products plus the

rounding term is less than or equal to 231 —1 for a positive sum and greater than

or equal to -23! for a negative sum.

The intermediate results of the DOTPRSU?2 instruction are maintained to

33-bit precision, ensuring that no overflow may occur during the adding and

rounding steps.

if (cond) {
int33 = (smsblé (srcl) x umsblé (src2)) +

(slsbl6 (srcl) x ulsbl6(src2)) + 8000h;
int33 >> 16 —dst

}

else nop
Pipeline Stage E1 E2 E3 E4
Read srcl, src2
Written dst
Unitin use M

Four-cycle

3

DOTP2, DOTPN2, DOTPNRSU2
Example 1

DOTPRSU2 .M1 A5, A6, A8

Before instruction 4 cycles after instruction

A5 3629 274Ah 13865 10058 A5 3629 274Ah

signed
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A6 | 325C 8036h ‘ 12892 32822
unsigned
A8 | XXXX XXxxh ‘
Example 2

DOTPRSU2 .M2 B2, B5, B8

Before instruction

B2 | B1C3 0244h ‘ -20029 580
signed
B5 | 3FF6 5010h ‘ 16374 20496
unsigned
B8 | XXXX Xxxxh ‘
Example 3

DOTPRSU2 .M2 B1l2, B23, Bll

Before instruction

B12 ‘ 7FFF 7FFFh ‘ 32767 32767
signed

B23 ‘ FFFF FFFFh ‘ 65535 65535
unsigned

B11 ‘ XXXX XXxXh ‘
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A6 ‘ 325C 8036h ‘

A8 ‘ 0000 1E55h ‘ 7765 (signed)

4 cycles after instruction

B2 ‘ B1C3 0244h ‘ 20029 580
signed

B5 ‘ 3FF6 5010h ‘ 16374 20496
unsigned

B8 ‘ FFFF ED2%h ‘ -4823 (signed)

4 cycles after instruction

B12 ‘ 7FFF 7FFFh ‘

B23 | FFFF FFFFh \

B11 ‘ XXXX XXXXh ‘ Overflow occurs;
result undefined
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4.113 DOTPRUS2
Dot Product With Shift and Round, Unsigned by Signed, Packed 16-Bit

syntax ~ DOTPRUS2 (.unit) src2, srcl, dst

unit = .M1 or M2

Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ] o] o] ] ] o] ] ] ] o] o] 5] 5]

Opcode map field used... For operand type... Unit
srcl s2 M1, M2
src2 Xxu2

dst int

Description ~ The DOTPRUS2 pseudo-operation returns the dot-product between two pairs of
packed 16-bit values. This instruction takes the result of the dot-product, and performs
an additional round and shift step. The values in src1 are treated as signed packed 16-bit
quantities; whereas, the values in src2 are treated as unsigned packed 16-bit quantities.
The results are written to dst. The assembler uses the DOTPRSU2 (.unit) srcl, src2, dst
instruction to perform this task.

The product of the lower halfwords of src1 and src2 is added to the product of the upper
halfwords of src1 and src2. The value 215is then added to this sum, producing an
intermediate 32-bit result. The intermediate result is signed shifted right by 16,
producing a rounded, shifted result that is sign extended and placed in dst.

The intermediate results of the DOTPRUS2 pseudo-operation are maintained to a
33-bit precision, ensuring that no overflow may occur during the subtracting and
rounding steps.

Execution

if (cond) {
int32 = (umsblé (src2) x smsblé (srcl)) +
(ulsbl6 (src2) x slsbl6(srcl)) + 8000h;
int32 >> 16 —dst
}

else nop

if (cond) {
int33 = (umsblé (src2) x smsblé (srcl)) +
(ulsbl6 (src2) x slsbl6(srcl)) + 8000h;
int33 >> 16 —dst
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}
else nop
Pipeline
Pipeline Stage E1 E2 E3 E4
Read srcl, src2
Written dst
Unitin use M
Instruction Type Four-cycle
Delay Slots 3
See Also DOTP2, DOTPN2, DOTPNRSU2, DOTPRSU2
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4.114 DOTPSU4

Dot Product, Signed by Unsigned, Packed 8-Bit

4.114 DOTPSU4

syntax ~ DOTPSU4 (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 1312 i 10 9 8 7 6 5 4 3 2 1 0
T [ sl o] ol ol ol v T ol v 1] o] o] s »]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl s4 M1, M2
sre2 xu4
dst int
Description  Returns the dot-product between four sets of packed 8-bit values. The values in srcI are
treated as signed packed 8-bit quantities; whereas, the values in src2 are treated as
unsigned 8-bit packed data. The signed result is written into dst.
For each pair of 8-bit quantities in srcI and src2, the signed 8-bit value from srcI is
multiplied with the unsigned 8-bit value from src2. The four products are summed
together, and the resulting dot product is written as a signed 32-bit result to dst.
31 24 23 16 15 8 7 0
‘ sa_3 ‘ sa_2 ‘ sa_l | sa_0 | <srcl
DOTPSU4
ub_3 ub_2 ub_1 ub_0 <src2
31 0
(sa_3xub_3)+(sa_2xub_2)+(sa_1xub_1)+ (sa_0x ub_0) «dst
Execution if (cond) {
(sbyteO (srcl) x ubyteO(src2)) +
(sbytel (srcl) x ubytel(src2)) +
(sbyte2 (srcl) x ubyte2(src2)) +
(sbyte3 (srcl) x ubyte3(src2)) —dst
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else nop
Pipeline

Pipeline Stage E1 E2 E3 E4

Read srcl, src2

Written dst

Unit in use M

Instruction Type Four-cycle
Delay Slots 3
See Also DOTPU4
Examples Example 1

DOTPSU4 .Ml

A5,

A6,

Before instruction

A5 ‘6A32‘I193h

A6 ‘ B1746C Adh

A8 ‘ XXXX XXxXh

Example 2

DOTPSU4 .M2

B2,

B5,

Before instruction

B2 ‘ 3F F6 50 10h

BS | C3560244h

A8

| 1065017 -109
signed

| 177116 108 164

unsigned

B8

| 63-1080 16
signed

| 19586268

unsigned

B8 ‘xxxx xxxxh

4-256 TMS320C66x DSP CPU and Instruction Set Reference Guide

4 cycles after instruction

A5 |6A321193h |

A6 | B1746C Adh |

A8 | 0000 214Ah | 8522 (signed)

4 cycles after instruction

B2 | 3FF65010h |

BS | C3560244h |

B8 | 00003181h | 12,673 (signed)
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4.115 DOTPSU4H
Dot Product, Signed by Unsigned, Packed 16-bit

syntax ~ DOTPSU4H (.unit) srcl, src2, dst

unit = .M1 or M2

opcode  Opcode for .M Unit, Compound Results, new opcode space

31 29 28 27 23 22 18 17 13 12 1 10 6 5 4 3 2 1 0
creg ‘ z ‘ dst src2 srcl ‘ X ‘ 0 ‘ opfield | 1 | 1 ‘ 0 ‘ 0 ‘ s ‘ p ‘
3 5 5 5 5
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dst .M1 or .M2 00101
src1,src2,dst dwop1,xdwop2,dwdst .M1 or.M2 00010

Description ~ The DOTPSU4H instruction returns the dot-product between four sets of packed
16-bit values. This is essentially a multiply and add operation. The values in dwop1 are
treated as signed packed 16-bit quantities, whereas the values in xdwop2 are treated as
unsigned packed 16-bit quantities.

For each pair of 16-bit quantities in op1 and xop2, the signed 16-bit value from op1 is

multiplied with the unsigned 16-bit value from xop2. The four products are summed

together, and the resulting dot product is written to either a 32-bit result or to a 64-bit
signed result.

For the 32-bit destination form, the result is saturated to 32-bits, and the sat bits are set

in CSR and SSR
63 48 47 32 31 16 15 0
‘ a_3 ‘ a_2 ‘ a_l ‘ a_0 | «—opl
dotpsu4
‘ b_3 ‘ b_2 ‘ b_1 ‘ b_0 | «xop2
‘ a_3*b 3+a 2*b 2+a_1*b_1+a_0*b_0 | «dst
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Execution

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

DOTPSU4H .M Al:A0,A3:A2,Al11:Al0

TBD

4-cycle

3

1

CSR == 0x00000000
Al == OxX7EEE7Eff
A0 == Ox7Eff7fff
A3 == OxELffffff
A2 == OxEEEfffff
ALl == 0x00000001
A10 == O0xE££a0004

CSR= 0x10010000

CSR == 0x00000000
Bl == Oxffffffff
B0 == Oxffffffff
B3 == Oxffffffff
B2 == Oxffffffff

DOTPSU4H .M B1:B0,B3:B2,B11:B10

Bll == Oxffffffff
B10 == 0xfffc0004

CSR= 0x10010000

CSR == 0x00000000
CSR == 0x00000000
Al == Ox7f£7f£7f7f
A0 == Ox7E£7£7£7f
A3 == Oxffffffff
A2 == Oxffffffff

DOTPSU4H .M Al:A0,A3:A2

All == Ox7fffffff
CSR= 0x10010200 ;

CSR == 0x00000000

1fdfa0204 -> 7fffffff

TMS320C66x DSP CPU and Instruction Set Reference Guide
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4.116 DOTPUS4

4.116 DOTPUS4

Dot Product, Unsigned by Signed, Packed 8-Bit

syntax ~ DOTPUS4 (.unit) src2, srcl, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 1312 i 10 9 8 7 6 5 4 3 2 1 0
T [ ] o] ol ol ol v T ol v ] o] o] s »]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl s4 M1, M2
sre2 xu4
dst int
Description ~ The DOTPUS4 pseudo-operation returns the dot-product between four sets of packed
8-bit values. The values in srcI are treated as signed packed 8-bit quantities; whereas,
the values in src2 are treated as unsigned 8-bit packed data. The signed result is written
into dst. The assembler uses the DOTPSU4 (.unit)srcl, src2, dst instruction to perform
this task (see ).
For each pair of 8-bit quantities in srcI and src2, the signed 8-bit value from srcI is
multiplied with the unsigned 8-bit value from src2. The four products are summed
together, and the resulting dot-product is written as a signed 32-bit result to dst.
Execution if (cond) {
(ubyteO (src2) x sbyteO(srcl)) +
(ubytel (src2) x sbytel(srcl)) +
(ubyte2 (src2) x sbyte2(srcl)) +
(ubyte3 (src2) x sbyte3(srcl)) —dst
}
else nop
Pipeline
Pipeline Stage E1 E2 E3 E4
Read srcl, src2
Written dst
Unitin use M
Instruction Type Four—cycle
Delay Slots 3
See Also DOTPU4, DOTPSU4
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4.117 DOTPU4
Dot Product, Unsigned, Packed 8-Bit
syntax ~ DOTPUA4 (.unit) srcl, src2, dst
unit = .M1 or .M2
Opcode
31 29 28 27 23 22 18
‘ creg ‘ z ‘ dst ‘ src2 ‘
3 1 5 5
17 1312 i 10 9 8 7 6 5 4 3 2 1 0
T [ ] o] ol o v T T ol v v o] o] s »]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl ué M1, M2
sre2 xu4
dst uint
Description  Returns the dot-product between four sets of packed 8-bit values. The values in both
srcl and src2 are treated as unsigned, 8-bit packed data. The unsigned result is written
into dst.
For each pair of 8-bit quantities in srcI and src2, the unsigned 8-bit value from srcl is
multiplied with the unsigned 8-bit value from src2. The four products are summed
together, and the resulting dot-product is written as a 32-bit result to dst.
31 24 23 16 15 8 7 0
‘ ua_3 ‘ ua_2 ‘ ua_1 | ua_0 | <srcl
DOTPU4
ub_3 ub_2 ub_1 ub_0 <src2
31 0
(ua_3xub_3)+ (ua_2xub_2)+ (ua_1xub_1)+ (ua_0 x ub_0) «dst
Execution if (cond) {
(ubyteO (srcl) x ubyteO(src2)) +
(ubytel (srcl) x ubytel(src2)) +
(ubyte2 (srcl) x ubyte2(src2)) +
(ubyte3 (srcl) x ubyte3(src2)) —dst

4-260
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else nop )
Pipeline

Pipeline Stage E1 E2 E3 E4

Read srcl, src2

Written dst

Unit in use M

Instruction Type Four-cycle
Delay Slots 3

See Also DOTPSU4

Example DOTPU4 .M1 A5, A6, A8
Before instruction 4 cycles after instruction

A5 ‘6A321193h ‘1065017147 A5 ‘6A321193h ‘
unsigned

A6 ‘ B1746C Adh ‘ 177116 108 164 A6 ‘B1 74 6C Adh ‘
unsigned

A8 ‘ XXXX XXxxh ‘ A8 ‘ 0000 C54Ah ‘ 50,506 (unsigned)
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4.118 DPACK2
Parallel PACK2 and PACKH2 Operations
syntax ~ DPACK2 (.unit) srcl, src2, dst_o:dst_e
unit =.L1 or .L2
Compatibility
Opcode
31 30 29 28 27 24 23 22t 18
‘ 0 I 0 | 0 | 1 ‘ dst ‘ 0 I src2 ‘
4 5
17 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T v [ a0 ] o] ol v ] o] 5]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl sint L1,.L2
sre2 xsint
dst dint
Description  Executes a PACK2 instruction in parallel with a PACKH2 instruction.
The PACK?2 function of the DPACK?2 instruction takes the lower halfword from src1
and the lower halfword from src2, and packs them both into dst_e. The lower halfword
of srcl is placed in the upper halfword of dst_e. The lower halfword of src2 is placed in
the lower halfword of dst_e.
The PACKH2 function of the DPACK?2 instruction takes the upper halfword from srcl
and the upper halfword from src2, and packs them both into dst_o. The upper halfword
of srcl is placed in the upper halfword of dst_o. The upper halfword of src2 is placed in
the lower halfword of dst_o.
This instruction executes unconditionally.
srcl src2
MSB16 | LSB16 | | msB16 [ LsB16
MSB16 ;ﬁ LSB16
dst o dst_e
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Execution

Instruction Type
Delay Slots

Example
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1sblé (srcl) —msble

1sblé6 (src2) —1lsble

msblé6 (srcl) —msblé (dst
(

msblé (src2) —1lsblé

Single-cycle
0

DPACK2 .L1 A0,Al,A3:A2

Before instruction

A0 ‘ 87654321h ‘

Al ‘ 12345678h ‘

dst_
dst_

dst_

e)
e)
o)
o)

A2

A3

1 cycle after instruction

| 43215678h ‘

| 87651234h ‘

4.118 DPACK2
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4.119 DPACKH2
2-Way SIMD Pack 16 MSBs Into Upper and Lower Register Halves
syntax ~DPACKH2 (.unit) srcl, src2, dst
unit =.L1, .L2, .S1, or .S2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 1312 11 5 4 201 0
‘ 0 | 0 ‘ 0 ‘ 1 | dst src2 srcl ‘ X ‘ opfield 110 ‘ s | p ‘
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0011110
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 201 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield 1000 ‘ s | p ‘
5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 001001
Description ~ The DPACKH2 instruction takes the high half-words from each of the words in dwop1
and xdwop2 and packs them both into dwdst. The upper half-word of each word in
dwop1 is placed in the upper half-word of each word in dwdst. The upper half-word of
each word in xdwop2 is placed in the lower half-word of each word in dwdst
This instruction is useful for manipulating and preparing pairs of 16-bit values to be
used by the packed arithmetic operations, such as ADD2.
63 48 47 31 30 16 15 0
‘ QRSTUVWXYZABCDEF ‘ XXXXXXXXXXXXXXXX ‘ ABCDEFGHIJKLMNOP ‘ XXXXXXXXXXXXXXXX | «—opl
‘ grstuvwxyzabcdef ‘ XXXXXXXXXXXXXXXX ‘ abcdefghijklmnop ‘ XXXXXXXXXXXXXXXX | «—op2
\% \% \% \%
‘ QRSTUVWXYZABCDEF ‘ qrstuvwxyzabcdef ‘ ABCDEFGHIJKLMNOP ‘ abcdefghijkimnop | «dst
Execution msb1l6(src2_e)->Isbl6(dst_e)
msbl6(srcl_e)->msbl6(dst_e)
msbl6(src2_o)->Isb16(dst_o)
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4.119 DPACKH2

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

msb16(srcl_o)->msbl6(dst_o)
Single-cycle

0
1

DPACKL2, DPACKHL2, DPACKHL2

Al == Oxabcdllll
A0 == Oxabcdabcd
A3 == 0xbabe2222
A2 == 0xc0defood
DPACKH2 .L Al:A0,A3:A2,A5:A4
A5 == Oxabcddcba

A4 == Oxabcddab
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2-Way SIMD Pack Four High Bytes Into Four 8-Bit Halfwords

syntax ~DPACKH4 (.unit) srcl, src2, dst
unit =.L1 or .L2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 2 1 0
‘ 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl ‘ X ‘ opfield 110 ‘ s | p ‘
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
src1,src2,dst dwop1,xdwop2,dwdst Llor.L2 1101001
Description ~ The DPACKH4 instruction behaves precisely two PACKH4 instructions executed in
parallel. E.g., the instruction
DPACKH4 A7:A6, A5:A4, A3:A2
is precisely the same as
PACKH4 A7,A5,A3
| | PACKH4 A6,RA4,A2
Execution byte3(srcl_e) -> byte3(dst_e)

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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bytel(srcl_e)
byte3(src2_e)
bytel(src2_e)
byte3(srcl_o)
bytel(srcl_o)
byte3(src2_o)
bytel(src2_o)

Single-cycle

byte2(dst_e)
bytel(dst_e)
byteO(dst_e)
byte3(dst_o)
byte2(dst_o)
bytel(dst_o)
byteO(dst_o)

0

1

DPACKL4, DSPACKU4

A5 == 0Oxbeb55ef55

A4 == 0x44556677

A3 == 0Oxde55ad55

A2 == 0x00112233

DPACKH4 .L A5:A4,A3:A2,A1:A0
Al == Oxbeefdead

A0 == 0x44660022
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4.121 DPACKHL2

2-Way SIMD Pack 16 MSB Into Upper and 16 LSB Into Lower Register Halves

syntax ~DPACKHL2 (.unit) srcl, src2, dst
unit =.S1, .52, .L1 or .L2
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 201 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield 1000 ‘ s | p ‘
5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 001000
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 201 0
‘ 0 | 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opcode 110 ‘ s | p ‘
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0011100
Description ~ The DPACKHL2 instruction takes the high half-words from the words in dwop1 and
low half-words from xdwop2 and packs them both into the words in dwdst. The upper
half-word of each word in dwop1 is placed in the upper half-word of each word in
dwdst. The lower half-word of each word of xdwop2 is placed in the lower half-word of
each word of dwdst.
This instruction is useful for manipulating and preparing pairs of 16-bit values to be
used by the packed arithmetic operations, such as ADD2.
63 48 47 31 30 16 15 0
‘ QRSTUVWXYZABCDEF ‘ XXXXXXXXXXXXXXXX ‘ ABCDEFGHIJKLMNOP ‘ XXXXXXXXXXXXXXXX | «—opl
‘ XXOXXXXXXXXXXXX ‘ grstuvwxyzabcdef ‘ XXXXXXXXXXXXXXXX ‘ abcdefghijkimnop | «—op2
\% \% \% \%
‘ QRSTUVWXYZABCDEF ‘ qrstuvwxyzabcdef ‘ ABCDEFGHIJKLMNOP ‘ abcdefghijklmnop | «dst
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Execution Isb16(src2_e)->Isbl16(dst_e);
msb1l6(srcl_e)->msbl6(dst_e);
Isb16(src2_o)->Isb16(dst _o0);
msb16(srcl_o)->msbl6(dst_o);
Instruction Type  Single-cycle
Delay Slots 0
Functional Unit Latency 1
See Also DPACKL2, DPACKLH2, DPACKH?2
Example A3 == Oxceeallll
A2 == O0xddbabacf
Al == 0x2222bcae
A0 == OxcOdefood
DPACKHL2 .L A3:A2,A1:A0,Al15:A14
Al5 == Oxabefefbe
Al4 == Oxdebafoo0d
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4.122 DPACKL2

4.122 DPACKL2

2-Way SIMD Pack 16 LSBSs Into Upper and Lower Register Halves

syntax ~ DPACKL2 (.unit) srcl, src2, dst
unit = .L1, .L2, .S1, or .S2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 2 1 0
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ opfield 110 ‘ s | p
5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0000000
Opcode Opcode for .S Unit, 2 src fixed hdr
31 30 29 28 27 23 22 18 17 13 12 11 10 9 6 5 2 1 0
‘ 0 | 0 ‘ 0 ‘ 1 ‘ dst src2 srcl ‘ X ‘ 1 ‘ opfield 1100 ‘ s | p
5 5 5 2 4 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 1111
Description ~ The DPACKL2 instruction takes the low half-words from each of the words in dwop1
and xdwop2 and packs them both into dwdst. The lower half-word of each word in
dwop1 is placed in the low half-word of each word in dwdst. The lower half-word of
each word in xdwop2 is placed in the upper half-word of each word in dwdst.
This instruction is useful for manipulating and preparing pairs of 16-bit values to be
used by the packed arithmetic operations, such as ADD2.
63 48 47 31 30 16 15 0
‘ XXXXXXXXXXXXXXXX ‘ QRSTUVWXYZABCDEF ‘ XXXXXXXXXXXXXXXX ‘ ABCDEFGHIJKLMNOP | «—opl
‘ XXOKXXXXXXXXXXXX ‘ grstuvwxyzabcdef ‘ XXXXXXXXXXXXXXXX ‘ abcdefghijkimnop | «—op2
\ \" \% \"
‘ QRSTUVWXYZABCDEF ‘ qrstuvwxyzabcdef ‘ ABCDEFGHIJKLMNOP ‘ abcdefghijklimnop | «dst
Execution Isb16(src2_e)->Isb16(dst_e);
Isb16(srcl_e)->msbl6(dst_e);
Isb16(src2_o)->Isb16(dst_o);
Isb16(srcl_o)->msb16(dst_o);
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Instruction Type Single-cycle
Delay Slots 0
Functional Unit Latency 1
See Also DPACKLH2, DPACKHL2, DPACKH2, DSPACKU4
Example Al == Oxaaaabebe
A0 == Oxdeadbabf
A3 == Oxccccbbaf
A2 == 0Oxc0defood
DPACKL2 .L Al:A0,A3:A2,A5:A4
A5 == Oxcabebeab
A4 == Oxbeefc00d
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4.123 DPACKL4

2-Way SIMD Pack Four Low Bytes Into Four 8-bit Halfwords

4.123 DPACKL4

syntax ~ DPACKILA4 (.unit) srcl, src2, dst
unit =.L1 or .L2

Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode

31 30 29 27 23 22 18 17 5 4 2 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ dst src2 srcl opfield 110 ‘ s | p ‘
5 5 5 3

Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 1101000

Description

Execution

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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The DPACKLA4 instruction behaves precisely two PACKL4 instruction executed in

parallel. E.g., the instruction

DPACKL4 A7:A6, A5:A4, A3:A2

is precisely the same as

PACKL4 A7,A5,A3
|| PACKL4 A6,A4,A2

byte2(srcl e) -> byte3(dst_e);
byteO(srcl_e) -> byte2(dst_e);
byte2 (src2_e) -> bytel(dst_e);
byte0(src2_e) -> byteO(dst_e);
byte2 (srcl_o) -> byte3(dst_o);
byte0(srcl_o) -> byte2(dst_o);
byte2 (src2_o) -> bytel(dst o);
byte0(src2_o) -> byte0O(dst_o);

Single-cycle
0
1

PACKL4, DPACKH4, DSPACKU4

A7 == 0x55de55ad

A6 == 0x89012345

A3 == 0x55beb5ef

A2 == 0x01234567

DPACKL4 .L A7:A6,A3:A2,A1:A0
Al == Oxdeafbacf

AQ0 == 0x01452367
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2-Way SIMD Pack 16 LSB Into Upper and 16 MSB Into Lower Register Halves

syntax ~ DPACKLH2 (.unit) srcl, src2, dst

unit =.L1 or.L2

Opcode Opcode for .L Unit, 1/2 src — same as L2S but fixed hdr, bit 23-msb of opcode

31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 | dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 1 ‘ 0 ‘ s | p ‘
4 5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0011011
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 1 6 4 3 2 1 0
‘ 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl ‘ X ‘ opcode ‘ ‘ 0 ‘ 0 | 0 | s ‘ p ‘
4 5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 010000

Description ~ The DPACKLH2 instruction takes the low half-words from each of the words in dwop 1
and high half-words from each of the words in xdwop2 and packs them both into dwdst.
The lower half-word of dwop1 is placed in the upper half-word of each word in dwdst.
The upper half-word of each word in xdwop2 is placed in the lower half-word of each

word in dwdst.

This instruction is useful for manipulating and preparing pairs of 16-bit values to be
used by the packed arithmetic operations, such as ADD2.

63 48 47 31 30 16 15 0
‘ XXXXXXXXXXXXXXXX ‘ QRSTUVWXYZABCDEF ‘ XXXXXXXXXXXXXXXX ‘ ABCDEFGHIJKLMNOP | «opl
‘ grstuvwxyzabcdef ‘ XXXXXXXXXXXXXXXX ‘ abcdefghijklmnop ‘ XXXXXXXXXXXXXXXX | «op2
v v v v
‘ QRSTUVWXYZABCDEF ‘ qrstuvwxyzabcdef ‘ ABCDEFGHIJKLMNOP ‘ abcdefghijklmnop | «dst
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Execution msb1l6(src2_e)->Isbl16(dst_e)
Isb16(srcl_e)->msbl6(dst_e)
msb16(src2_o)->Isb16(dst_o)
Isb16(srcl_o)->msb16(dst_o)

Instruction Type Single-cycle
Delay Slots 0

Functional Unit Latency 1

seeAlso  DPACKL2, DPACKHL2, DPACKH2

Example Al == Oxaaaabacb
A0 == Oxcbaffabd
A3 == Oxbeefllll
A2 == Oxc0defood

DPACKLH2 .L Al:A0,A3:A2,A5:A4
A5 == Oxabcfefdeb
A4 == OxbabfcOde
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2-Way SIMD Pack High Bytes of Four Half-Words to Packed 8-bit, and Low Bytes Into
Packed 8-bits

syntax ~DPACKLH4 (.unit) srcl, src2, dst
unit =.L1 or .L2
Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode
31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
‘0‘0‘0‘1|dst src2 src1‘x‘opfield‘1‘1‘0‘s|p‘
4 5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst op1,xop2,dwdst L1or.L2 1101010
Description ~ The DPACKH4 instruction behaves precisely as PACKH4 and PACKL4 instructions
executed in parallel on the same data set. E.g., the instruction
DPACKH4 A6, A4, A3:A2
is precisely the same as
PACKH4 A6,A4,A3
|| PACKL4 A6,A4,A2
Execution byte2(srcl) -> byte3(dst_e);

Instruction Type
Delay Slots
Functional Unit Latency

See Also
Example

4-274
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byteO(srcl) ->
byte2(src2) ->
byteO(src2) ->
byte3(srcl) ->
bytel(srcl) ->
byte3(src2) ->
bytel(src2) ->

byte2(dst_e);
bytel(dst_e);
byteO(dst_e);
byte3(dst_o);
byte2(dst_o);
bytel(dst_o0);
byteO(dst_o);

Single-cycle

0

1

DPACKL4, DPACKH4
A4 == 0x44556677

A2 == 0x8899%aabb
DPACKLH4 .L A4,A2,Al1:A0
Al == 0x446688aa

AQ0 == 0x557799bb
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4.126 DPACKX2

4.126 DPACKX2

Parallel PACKLH2 Operations

syntax ~ DPACKX2 (.unit) srcl, src2, dst_o:dst_e
unit =.L1 or .L2
Compatibility
Opcode
31 30 29 28 27 24 23 22 18
‘ 0 ‘ 0 | 0 ‘ 1 ‘ dst ‘ 0 ‘ src2 ‘
4 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ] o] 7 ] ] o] o] ] ] ] ] o] ] 5]
5 1 1 1
Opcode map field used... For operand type... Unit
srcl sint .L1,.L2
src2 xsint
dst dint
Description  Executes two PACKLH2 instructions in parallel.
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One PACKLH2 function of the DPACKX2 instruction takes the lower halfword from
srcl and the upper halfword from src2, and packs them both into dst_e. The lower
halfword of srcI is placed in the upper halfword of dst_e. The upper halfword of src2 is

placed in the lower halfword of dst_e.

The other PACKLH2 function of the DPACKX2 instruction takes the upper halfword
from srcI and the lower halfword from src2, and packs them both into dst_o. The upper
halfword of srcl is placed in the lower halfword of dst_o. The lower halfword of src2 is

placed in the upper halfword of dst_o.

This instruction executes unconditionally.

srcl src2
MSB16 | LSB16 | | MsB16 | LsB16
MsB16 | LsB16 | | msB16 [ LsB16
dst o dst e

TMS320C66x DSP CPU and Instruction Set Reference Guide
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Execution

Instruction Type
Delay Slots

Examples

4-276

dst e

—msbl6 _e)
dst _e)
)
)

— 1sble
— 1sble
—msblée

1sbl6 (srcl)
msbl6 (src2) -
( ) dst_o
( ) dst_o

msblé (srcl
1sblé (src2

Single-cycle
0
Example 1

DPACKX2 .L1 AO0,Al,A3:A2

Before instruction

AO ‘ 87654321h ‘ A2
Al ‘ 12345678h ‘ A3
Example 2
DPACKX2 .L1X A0,B0,A3:A2
Before instruction
A0 | 3FFF8000h ‘ A2
BO ‘ 40007777h ‘ A3

TMS320C66x DSP CPU and Instruction Set Reference Guide
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1 cycle after instruction

| 43211234h ‘

| 56788765h ‘

1 cycle after instruction

| 80004000 \

| 7777 3FFFh ‘
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4.127 DPINT
Convert Double-Precision Floating-Point Value to Integer
syntax ~ DPINT (.unit) src2, dst
unit = .L1 or .L2
Opcode
31 29 28 27 23 22 18 17 16
‘ creg ‘ z ‘ dst ‘ src2 | 0 ‘ 0 ‘
3 1 5 5
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LofolofxfofJofof v ]Jofofo] [ r]o]s]nr]
1 1 1
Opcode map field used... For operand type... Unit
src2 dp L1, .L2
dst sint

Description  The 64-bit double-precision value in src2 is converted to an integer and placed in dst.
The operand is read in one cycle by using the src2 port for the 32 MSBs and the srcI port
for the 32 LSBs.

E

Note—
1) If src2 is NaN, the maximum signed integer (7FFF FFFFh or
8000 0000h) is placed in dst and the INVAL bit is set.

2) If src2 is signed infinity or if overflow occurs, the maximum signed integer
(7FFF FFFFh or 8000 0000h) is placed in dst and the INEX and OVER bits are
set. Overflow occurs if src2 is greater than

231 —1 or less than 231,

3) If src2 is denormalized, 0000 0000h is placed in dst and the INEX and DEN2
bits are set.

4) If rounding is performed, the INEX bit is set.

Execution if (cond) int (src2) —dst
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4.127 DPINT

Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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else nop
Pipeline Stage E1 E2 E3 E4
Read src2_l,src2_h
Written dst
Unitin use L
Four-cycle
3
1

DPSP, DPTRUNG, INTDP, SPINT

DPINT .L1 Al:A0,A4

Before instruction

4 cycles after instruction

AT:A0 | 4021 3333h 33333333h 86 AL:A0 | 40213333h 3333 3333h
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4.128 DPSP
Convert Double-Precision Floating-Point Value to Single-Precision Floating-Point
Value
syntax  DPSP (.unit) src2, dst
unit =.L1 or .L2
Opcode
31 29 28 27 23 22 18 17 16
‘ creg ‘ z ‘ dst ‘ src2 | 0 ‘ 0 ‘
3 1 5 5
15 14 13 12 1 10 9 7 6 5 4 3 2 1 0
Lofof ol x]JofJofof v fofof [ ] 1 ]o]s]os]
1 1 1
Opcode map field used... For operand type... Unit
src2 dp L1, .L2
dst sp
Description  The double-precision 64-bit value in src2 is converted to a single-precision value and

SPRUGH7—November 2010
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placed in dst. The operand is read in one cycle by using the src2 port for the 32 MSBs
and the srcI port for the 32 LSBs.

Note—

1) If rounding is performed, the INEX bit is set.
2) Ifsrc2is SNaN, NaN_out is placed in dst and the INVAL and NAN?2 bits are set.
3) If src2 is QNaN, NaN_out is placed in dst and the NAN2 bit is set.

4) If src2is a signed denormalized number, signed 0 is placed in dst and the INEX
and DEN2 bits are set.

5) If src2 is signed infinity, the result is signed infinity and the INFO bit is set.

6) If overflow occurs, the INEX and OVER bits are set and the results are set as
follows (LFPN is the largest floating-point number):

Overflow Output Rounding Mode
Result Sign Nearest Even Zero +Infinity Infinity
+ +infinity +LFPN +infinity +LFPN
-infinity -LFPN -LFPN -infinity

7) If underflow occurs, the INEX and UNDER bits are set and the results are set

as follows (SPFN is the smallest floating-point number):

TMS320C66x DSP CPU and Instruction Set Reference Guide

4-279


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?

4.128 DPSP

Execution

Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example
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Underflow Output Rounding Mode
Result Sign Nearest Even Zero +Infinity Infinity
+ +0 +0 +SFPN +0
- -0 -0 -0 -SFPN
if (cond) sp(src2) —dst
else nop
Pipeline Stage E1 E2 E3 E4
Read src2_l,src2_h
Written dst
Unitin use L
Four-cycle
3
1

DPINT, DPTRUNC, INTSP, SPDP

DPSP .L1 Al:A0,A4

Before instruction

A1:A0 4021 3333h 33333333h
”
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4 cycles after instruction

86 A1:A0 | 40213333h 33333333h
4109 999Ah 8.6
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4.129 DPTRUNC

Convert Double-Precision Floating-Point Value to Integer With Truncation
syntax ~ DPTRUNC (.unit) src2, dst

unit=.L1 or.L2

Opcode
31 29 28 27 23 22 18 17 16
‘ creg ‘z‘ dst ‘ src2 |O‘O‘
3 1 5 5
15 14 13 12 11 v o9 8 7 6 5 4 3 2 1 0
Lol ofof xfofofofolofof ]t 1tf[o]s]e]

Opcode map field used... For operand type... Unit
src2 dp L1, .L2
dst sint

Description  The 64-bit double-precision value in src2 is converted to an integer and placed in dst.
This instruction operates like DPINT except that the rounding modes in the
floating-point adder configuration register (FADCR) are ignored; round toward zero
(truncate) is always used. The 64-bit operand is read in one cycle by using the src2 port
for the 32 MSBs and the srcI port for the 32 LSBs.

Note—
1) If src2 is NaN, the maximum signed integer (7FFF FFFFh or
8000 0000h) is placed in dst and the INVAL bit is set.

2) If src2 is signed infinity or if overflow occurs, the maximum signed integer
(7FFF FFFFh or 8000 0000h) is placed in dst and the INEX and OVER bits are
set. Overflow occurs if src2 is greater than

231 -1 or less than 231

3) If src2 is denormalized, 0000 0000h is placed in dst and the INEX and DEN2
bits are set.

4) If rounding is performed, the INEX bit is set.

Execution if (cond) int (src2) —dst
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4.129 DPTRUNC

Pipeline

Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

else nop
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Pipeline Stage E1 E2

E3 E4

Read src2_l,src2_h
Written

Unitin use L

dst

Four-cycle

3

DPINT, DPSP, SPTRUNC

DPTRUNC .L1 Al:A0,A4

Before instruction

4 cycles after instruction

AT:A0 | 4021 3333h 33333333h 86 AL:A0 | 40213333h 3333 3333h
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4.130 DSADD
2-Way SIMD Addition With Saturation, Packed Signed 32-bit
syntax ~ DSADD (.unit) srcl, src2, dst
unit = .51, .S2, .L1, or .L2
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 4 3 2 1 0
‘0‘0‘0|1‘ dst src2 src1‘x‘opfield‘1‘0‘0|0|s‘p‘
4 5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 100000

Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode

31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
‘ 0 ‘ 0 ‘ 0 ‘ 1 | dst src2 srcl ‘ X ‘ opfield ‘ 1 ‘ 1 ‘ 0 ‘ s | p ‘
4 5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0010011

Description ~ The DADD instruction performs two saturating 32-bit additions of the packed 32-bit
numbers contained in the two source register pairs. The addition results are returned
as two 32-bit results packed into dwdst.

63 32 31 0
‘ high1 ‘ low1 ‘ «—dwop1
‘ high2 ‘ low2 ‘ «—xdwop2
v v
‘ sat (high1 + high2) ‘ sat (low1 + low2) ‘ «—dwdst

Execution sat(srcl_e + src2_e) -> dst_e
sat(srcl_o + src2_o) -> dst_o
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Instruction Type

Delay Slots

Functional Unit Latency
See Also

Example

Single-cycle

0

1

DADD, SADD, DADD2

@)
s
ouwononou

0x44444444
Ox7EfEfffEff
Oxccccc444
0x00000001

.L Al:A0,A3

0x11110888
Ox7EfEffff

:A2,A15:A14
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4.131 DSADD2
4-Way SIMD Addition with Saturation, Packed Signed 16-bit

syntax ~ DSADD2 (.unit) srcl, src2, dst
unit = .S1, .52, .L1, or .L2
Opcode Opcode for .S Unit, 2 src fixed hdr

31 30 29 28 27 23 22 18 17 13 12 11 10 9 6 5 4 3 2 1 0

‘0|0‘0‘1| dst src2 src1‘x‘1‘1‘opfield‘1|1‘0|0‘s|p‘
4 5 5 5 2 4 4
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst S1or.S2 0000

Opcode Opcode for .L Unit, 1/2 src - same as L2S but fixed hdr, bit 23-msb of opcode

31 30 29 28 27 23 22 18 17 13 12 11 5 4 3 2 1 0
| 0 ‘ 0 ‘ 0 | 1 ‘ dst src2 srcl | X ‘ opfield ‘ 1 ‘ 0 ‘ 0 | s ‘ p ‘
4 5 5 5 7 3
Opcode map field used... For operand type... Unit Opfield
srcl1,src2,dst dwop1,xdwop2,dwdst L1or.L2 0010100

Description ~ The DSADD?2 instruction performs four saturating 16-bit additions of the packed
signed 16-bit numbers contained in the two 64-bit source registers. The addition results
are returned as four signed 16-bit results packed into dst. Results are saturated to within
the range -2/15 to 2/ 15-1.

63 48 47 32 31 16 15 0
‘ A ‘ B ‘ C ‘ D ‘ «—dwop1
‘ w ‘ X ‘ Y ‘ z ‘ «—xdwop2
\' \ \% \
‘ sat (A +W) ‘ sat (B + X) ‘ sat (C+Y) ‘ sat (D + 2) ‘ «—dwdst
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Execution sat(msbl6(srcl_e)
sat(lsbl6(srcl_e)
sat(msbl6(srcl_o)
sat(Isbl6(srcl_o)

msb(src2_e)) -> msbl6(dst_e)
Isb(src2_e)) -> Isbl6(dst_e)
msb(src2_o)) -> msbl6(dst_o)
Isb(src2_o0)) -> Isbl6(dst_o)

++ + +

Instruction Type Single-cycle
Delay Slots 0

Functional Unit Latency 1
See Also DADD, DSADD, DSADD2, ADD2

Example Al == 0x44444444
A0 == Ox7FFF0002
A3 == Oxcccccd44
A2 == Ox7Ff00005
DSADD2 .L Al1:A0,A3:A2,A15:Al14
Al15 == 0x11100888
Al4 == Ox7FFFO007
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4.132 DSHL
2-Way SIMD Shift Left, Packed Signed 32-bit
syntax ~ DSHL (.unit) srcl, src2, dst
unit = .S1 or .S2
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 12 11 6 5 4 3 2 1 0
‘0‘0‘0|1‘ dst src2 src1‘x‘opfield‘1‘0‘0|0|s‘p‘
4 5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
src2, srcl, dst xdwop1, op2, dwdst S1or.S2 110011
src2, srcl dst xdwop1, ucst5, dwdst .S10r.52 110010

Description ~ The DSHL instruction shifts the two 32-bit values in xdwop1 to the right by op2 bits.
Both values are shifted by the same shift count. Bits shifted past bit locations 0 and 32
are lost, and the result is zero extended. Only the lower 6 bits of op2 are used for the
shift count. Bits 6-31 are ignored. A shift count between 32 and 63 will produce the
same result as a shift by 31.

63 32 31 0
ABCDEFGH 1JKLMNOP ‘ QRSTUVWX ‘ YZabcdef ‘ abcdefgh ‘ ijkimnop | qrstuvwx ‘ yzABCDEF ‘ «—xdwop1
(for op2 = 8) P -
— —
“— “—
IJKLMNOP QRSTUVWX YZabcdef 00000000 ijklmnop qrstuvwx yzABCDEF 00000000 «—dwdst
Execution src2_e << srcl_e -> dst e

src2_o << srcl_o -> dst_o
Instruction Type Single-cycle
Delay Slots 0

Functional Unit Latency 1
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See Also SHL, DSHRU, DSHR
Example Al == 0x1234abff
A0 == 0xff333415
DSHL .S Al:A0,16,Al5:Al4
Al5 == 0xabff0000
Al4 == 0x34150000
Al == 0x1234abff
A0 == 0xff333415
A2 == 0x00000010
DSHL .S Al:A0,A2,Al5:Al4
Al5 == 0xabff0000
Al4 == 0x34150000
Al == 0x00000009
A0 == 0x419751A5
A2 == 0x00000020
DSHL .S Al:A0,A2,Al5:Al4
Al5 == 0x00000000
Al4 == 0x00000000
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4,133 DSHL2
4-Way SIMD Shift Left, Packed Signed 16-bit
syntax ~ DSHL2 (.unit) srcl, src2, dst
unit = .S1 or .S2
Opcode Opcode for .S Unit, 1/2 src, unconditional
31 30 29 28 27 23 22 18 17 13 1211 6 5 4 3 2 1 0
‘0‘0‘0|1‘ dst src2 src1‘x‘opfield‘1‘0‘0|0|s‘p‘
4 5 5 5 6 4
Opcode map field used... For operand type... Unit Opfield
src2,srcl1,dst xdwop1,0p2,dwdst S1or.S2 010010
src2,srcl,dst xdwop1,ucst5,dwdst .S10r.52 000110
Description ~ The DSHL?2 instruction performs a left shift on packed 16-bit quantities. The values in
xdwop1 are viewed as four packed 16-bit quantities. The lower four bits of 0op2 or ucst5
are treated as a shift amount. The same shift amount is applied to all four input data.
The results are placed in a signed packed 16-bit format.
For each unsigned 16-bit quantity in xdwop 1, the quantity is shifted left by the specified
number of bits. Bits shifted out of the most-significant bit of each 16-bit quantity are
discarded.
For correct operation bit 4 (the fifth bit) of the constant field (ucst5) or register field
(op2) must be set to 0.
63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0
‘ ABCDEFGH | IJKLMNOP ‘ QRSTUVWX | YZabcdef ‘ abcdefgh | ijkimnop ‘ qrstuvwx | yzABCDEF ‘ «—xdwop1
(for op2 = 8) “— “—
«— «—
— «—
‘ IJKLMNOP | 00000000 ‘ YZabcdef | 00000000 ‘ ijkimnop | 00000000 ‘ yzABCDEF | 00000000 ‘ —dwdst
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Execution smsh16(src2_e) << srcl -> smsbl6(dst_e)
slsb16(src2_e) << srcl -> slsbl6(dst_e)
smsb16(src2_o0) << srcl -> smsbl6(dst_o)
slsb16(src2_o) << srcl -> slsbl6(dst_o)
Instruction Type Single-cycle
Delay Slots 0
Functional Unit Latency 1
See Also DSHL, DSHR2
Example Al == O0xFEDC7A98
A0 == 0x1234fedc
DSHL2 .S Al:A0,4,A3:A2
A3 == 0xEDCOA980
A2 == 0x2340edcO
Al == OXFEDC7A98
A0 == 0x1234fedc
Al == 0x4
DSHL2 .S Al:A0,Al,A3:A2
A3 == 0xXEDCOA980
A2 == 0x2340edcO
Al == OxFEDC7A98
A0 == 0x1234fedc
Al == 0x16
ru .S Al:A0,Al,A3:A2
A3 == 0x00000000
A2 == 0x00000000
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4.134 DSHR
2-Way SIMD