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Digital, MIPS Add Multimedia Extensions

Digital Focuses on Video, MIPS on 3D Graphics; Vendors Debate Differences

p {"'t_;i by Linley Gwernnap

‘M Support for multimedia data types has be-
e | F  come ncarly pervasive, as Alpha and MIPS
' have joined the throng of instruction-sct
ar-.hltm:turﬁ with multimedia extensions. At last month's
_.]'u-'[h:mp{ru..ﬁﬁnr Forum, Digital announced its motion-video
instructions { MVT), which will first appcar in the 21 164PC
and 21264 processors next year. Also at the conference, MIPS
Technologics rolled out two sets of multimedia extensions.
The first, MIPS V, supports parallel floating-point opera-
tions and will mainly benefit 31 graphics. A scparate set of
instructions called MDMX (MIPS digital media extensions)

provides broader support for parallel integer operations.
The MIPS ¥V extensions allow two single-precision
opcrands to be stored in a double-precision floating-point
register using the new paired-single (PS) format. Several new
instructions can then operate on this data in parallel, effec-
tively doubling performance in this mode. Since many 3D
graphics applications, as well as some scientific software, usc
single-precision FP, most of these applications could sec a
hoost from MIPS V. The company would not discuss what

processors will implement MIPS V, but we expect the follow-
on to the R10000, code-named HI, will do s0.

MDMX, also known as Mad Max, is an optional sct of

instructions similar to Intels MMX [see 100301 PDF ) in that

they define a st of media registers that is mapped onto the
FP registers, new data types that store 8- and 16-hit data in
parallel in the media registers, and instructions that operate
on this data in parallel. MDMX's unique twist is its 192-bit
accumulator that allows integer multiplication and accumu-
lation to ocour without any overflows or loss of precision.
D¥igital's additions are morc spare, in kecping with the
minimalist nature of the Alpha instruction sct. Digital engi-
necr Pete Bannon argued that current Alpha processors are
tast cnongh to handle relatively simple tasks like andio mix-

ing and video decoding without any instroction-sct exten-
sions, so why add new instructions that could slow the

decoders or the execution units? To mect a 2-ns cycle time,
simplicity is a requircment. The new instructions are de-
signed to speed video encoding, a much harder problem,
without slowing the CPU on other tasks.

These two vendors join HE, Intel, and Sun in adding
multimedia extensions to their instruction sets. Large per-
formance gains on multimedia applications, coupled with
the relatively small incremental hardware cost, have led to

this widespread adoption. Of the major desktop processors,
only PowerPC: now lacks such extensions, an incredible over-

sight given Apple’s focus on multimedia.

MIPS V Boosts FP Performance
Muost of these extensions aim to improve performance when
handling &- and 16-hit integers. These data types are com-
mon in audio, video, and graphics applications, yet tradi-
tional ALLs can operate on only onc integer at a time. With
most processors now implementing 64-bit data paths, up to
scven-cighths of this data path is wasted when operating on
small integers. Packing four or cight small integers into a sin-
ahe 64-bit register and operating on them in parallel using a
SIMD (single instruction, multiple data) approach greatly
increases thronghput.

MIPS realized a similar opportunity exists on the float-

ing-point side, yet no other vendor has moved to seize it.
Modern microprocessors are optimized to handle double-
precision floating-point data, meaning that a 64-bit data
path cxists in the FPUL Yet single-precision floating-point
data is common in many applications, including 31 graphics
and signal processing; these applications waste half of the FP
data path. The same SIMD approach can double throughput
on single-precision data

MIPS V does just that. The new PS format pairs two
single-precision values in cach FP register. Table 1 lists the

At the Microprocessor Forum, several instruction-set architects gaﬂ'-ered tin dlsq:us.:'. extersions for multimedia processing, incleding (1 to )
Pete Bannon of Digital, Earl Killian of MIPS Technologies, Ruby Lee of HP, Ur Weiser of Intel, and Marc Tremblay of Sun Microelectronics.
AL right is moderator Linley Gwennap of MicroDesign Besources.
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Maodified Instructicns Muodified Inskructions
ADD, SUB, MUL, ABS, MOV, NEG || Basic compulational operafions ADD, SUB, MUL, MIN, MAX, M5GN Saluraling arithmetic
C.cond Faralkd compare ALMI, ALNY Alipn vecor
MOVT, MOVT Condilional rrstene CEC, CLT, C.LE Compare byles,

Mew Insbruclions Mew Insbructions

LUXCA, SUXC1 Load B byles wilhoul alignment SHFLop Shul [ byles
ALNV Reafign dala PMCKEF, PCKT Cornbine veclors
PLL, PLU, PUL, PUUL Remrange PS dala ADDH, SUBL, MULL, MULSL Sore resull m ACC
CVT.PS.5 Cormved lodTrien PS5 lonmal ADDA, SUBA, MULA, MULS Operale on ACC
Table 1. MIPS V modifies existing FP instructions to use the new RZL. RNAU. RNEU, RIS, RNAS, RNES Round ACC
paired-single (P5) data type and adds a few new instructions for RAC. WAL Read/weile ACC

packing, rearranging, and unpacking 1”5 data.

cxisting FP instructions that accept PS5 operands in MIPS V;
these include the basic arithmetic operations. Note that the
product of two single-precision operands is still a single-
precision value, with the exponent adjuosted accordingly.
Thus, multiplying two paired-single operands results in a
paired-single product.

The table also lists a foew new instructions in MIPS V.
The LUKCT and SUXCT instructions (don't try to pronounce
them!) load and store 64 bits at a time regardless of the align-

ment of the address; that is, the lowest three bits of the
address are simply ignored. These FP instructions help boad
pairs of single-precision operands when the operands are
part of a vector that is not aligned to a 64-bit boundary. The
ALNV instruction can then properly align the data.

The Paox instructions arc useful for copying the upper or
lower half of a PS value to the upper or lower half of another
PS5 value. Finally, a new convert (CVT) instruction creates a
PS5 value from two single-precision values. This instruction
takes two FI* registers as source operands.

These instructions will add a small amount of circuitry,

particularly when compared with the size of a high-perfor-
mance double-precision FPU, yet they will provide a big per-
tormance boast on some frequently used algorithms, such as
fast Fouriér transform (FFT) and matrix multiplication.

MDMX Goes Beyond Intel's MMX

The hasic featares of MIPS' MDMX are similar to those of
Intel’s MMX. MDMX creates a new set of 32 media registers,
cach 64 bits wide. To reduce storage requircments, they are

mapped onto the fleating-point registers. Intel uses the same
strategy for its MMX registers, but since x86 has only cight
FP registers, there arc also only cight MMX registers. MDMX
adds a sct of cight single-bit condition flags, which map onto
the MIPS FP condition flags.

The new registers support two data formats: oct byte
(0B) and quad half {QQH). For the jargon-impaired, the for-
mer refers to cight 8-hit valucs packed into a single 64-bit
register, while the latter consists of four 16-bit valoes. Like
MMX, MDMX can boost performance on many multimedia
algorithms by 2—4 -

Tahle 2 lists the standard MIPS instructions that are
modified to operate on the media registers using cither the
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Table 2. The MIPS BADMX extensions modify several instructions
to use the new vector data types and add several new instructions

for accessing the 192-bit accurnulator and for arranging data.

(OB or (JH format specifier. These include arithmetic, logical,
shift, and minfmax instructions. The new variations always
operate in saturating mode, where overflows and underflows
arc clamped at the maximuom and minimuom vahaes, respec-
tively. This mode is usctul when operating on pixcl or ampli-
tude data. These features are also found in MMX.

MIPS calls these operations “vector-to-vector™ arith-
mictic. MDMX also supports a vector-to-scalar mode. In this
made, a single byte (or haltword) selected from any part of a
media register is combined with cach byte of the second
source register, as Figure 1h shows. A third mode allows the
scalar value to be specified as a 5-bit immediate valuc.

The vector-to-scalar modes come in handy when mul-
tiplying a vector by a constant value, which occurs in inverse
discrete cosine transformation (IDCT) and many signal-
processing algorithms. These modes are also uscful for
motion estimation and other multimedia algorithms.

MNew Instructions Arrange Bytes

The shuffle (SHFL) instruction, similar to MMX's PUNPACE,
performs cight different byte rearrangements. It can convert
data between OB and (QH formats with signed and unsigned

options and can interleave bytes from two registers. Unlike
the PERMUTE instruction in HP's MAX2 (sce sidchar, page

4), SHFL does not perform arbitrary reorganization.
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Fgure 1. MDWUE instractions operate in (a) vector-to-vector mode,
(b} wector-to-scalar made, and (©) vector-to-immediate mode.
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For More Information

For more information on these multimedia instruc-
tion-set extensions, check the following Web pages. For
MIPS WV and MDMEX, www. mips. comSI5AV index. himi.
For MAXZ, www hp.comy/wsg/strategies/strategy. htmi.
For MMX, www.intel com/pc-supp/multimed/mmx f
index_ftm_ For V1%, www_sun. com/sparc/vis. (Mo Web
information is yet available for Digital’s MVL)

(rther MDMX instructions go beyond the capabilitics
of MMX. The align (ALMx) instructions can cxtract cight
bytes out of a sequence of bytes in two different source regis-
ters. These instructions can realign bytes from an arbitrarily

aligned data stream.
Three compare (Cacx) instroctions perform a parallel

comparison and sct the condition flags. There are eight con-
dition flags defined, so cach corresponds to a single byte in
(OB format {only four are used in QH format).

The FICK instructions can then be used to combine the
individual values in two registers depending on the contents
of the condition bits. If a condition bit is set, the correspond-
ing byte is copicd from the first source register; otherwise it
is taken from the sccond source register. The G instruction
is similar to the parallel compare (PCMPxx) instruction in
MMX, but MMX requires a sequence of three instructions to
do the same task as a single PICK.

MDMX Adds Wide Accumulator

The wide accumulator is a completely different approach to

mubltiplication than used in other instruction sets. The fun-
damental problem: when two integers are multiplied, the

product may have twice as many significant hits as the
operands. For example, it takes 16 bits to hold the product of
two arbitrary 8-hit valucs. The problem gets worse for a mul-
tiply-accumulate operation, common in many signal-pro-
cessing algorithms. Accumulating, say, one hundred 16-hit
products could require 23 bits to avoid any possible overflow.

In MMX, 16-hit data is “promoted” to 32 bits by the
multiply-accumulate (PMADDWWD) instruction. This restricts

the available paralldlism once the data is promoted and still
docsn’t provide enough bits to avoid overflows. Also, there is

no corresponding MMX instruction for 8-bit multiply-add.

MDMX solves all of these problems with its 192-bit
accumulator. This special register can be partitioned into
cight 24-hit values or four 48-bit values, corresponding to
the OB and QH formats. In the former case, cach 24-bit
vahie can accumulate the product of 256 multiplicsof 8 - 8
bits cach. In QH mode, the accumulator can handle the sum
of 65,536 multiplics of 16 - 16 bits cach. In both cases, there

is no loss of precision and no possibility of overflow,
Tablke 2 lists several new instructions that use this acco-

mulator. Vector data can be added, subtracted, and multi-
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plicd, with the result placed in the accumulator with no loss
of precision. While this is most useful for multiplication, wec-
tor data can be added and subtracted in nonsaturating
mode, with potential overflows and underflows captured in
the accumulator for further processing.

Vector data can also be added directly to the accumula-
tor register, or multiplied and accumulated. There are several
instructions that shift and round the final result. Finally, the
RAC and WAC instructions move data between the accumu-
lator and the media registers, where it can be copied to mem-
ory. These instructions, which access the accumulator in
three 64-hit chunks, are used for saving state.

Single Accumulator Can Be a Bottleneck

At the Forum, MIPS architect Earl Killian said the accumula-
tor obviated the need for a parallel 32-hit data type, which is
supported in MMX and Sun's VIS. This data type is mainly
used to provide adequate precision when operating on 16-hit
values; the MDMX accumulator provides the same function.
A few algorithms, such as Dolby Digital AC-3 audio, require
data with more than 16 bits of precision { AC-3 uscs 20 bits);
MDMX comes up short for these algorithms, although a
MIPS V processor can double throughput if the algorithm is
converted to single-precision FP' data.

While the accomulator provides the advantages noted
above, only one sct of calculations can wse the accomulator
at a time. Other architectures can unroll koops and accumu-
late into several general-purpose registers at once. Thus, the
single accumulator can be a bottlencck. Another problem
with the acocumulator is that the operating system must be
modified to save additional state, which could be a problem
in an embedded system using an off-the-shelf real-time 05,

The MDMX extensions are more extensive than the
MIPS V instructions and will require somewhat more hard-
ware to implement. If the floating-point registers and data
path are leveraged, however, the impact is still fairly small.
The 192-bit accumulator must be added, but the other
changes require only a few extra buses and multiplexers
along with minor tweaks to the arithmetic and shift units.

Although MDMX is optional, MIPS expects it to be
uscd in a varicty of processors for computer systems and
embedded products. A fow specialized embedded processors
may not implement MDMX for cost reasons.

Digital Boosts Motion Video

The high native performance of Digital’s 21164 processor
allows it to perform full DVD decoding ( MPECG-2 video and
AC-3 andio), as well as a varicty of lesser tasks, in software
without any special instructions. The only significant re-
maining hurdle, according to Digital’s Bannon, is MPEG-2
viden encoding, which overwhelms even a 21164, Analysis of
MPEG-2 encoding software showed that a single task, mo-
tion cstimation, consumes more than 70% of the CPU
cycles. Improving performance on this one task would solve

the encoding problem for Digital.
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