Sof tware Motion Pictures

1 Abstract

Software notion pictures is a nethod of generating digital video on
gener al - purpose desktop conputers w thout using special deconpression

har dware. The conpression algorithmis designed for rapid deconpression

in software and generates deternministic data rates for use from CD- ROM and
networ k connections. The deconpression part offers device i ndependence and
integrates well with existing wi ndow systens and application progranmm ng
interfaces. Software notion pictures features a portable, |owcost solution
to digital video playback

2 Introduction

The necessary initial investnment is one of the nmgjor obstacles in naking
video a generic data type, |ike graphics and text, in general-purpose
conput er systenms. The ability to display video usually requires sone
combi nation of specialized frane buffer, deconpression hardware, and a
hi gh- speed net wor k.

A software-only method of generating a video display provides an attractive
way of solving the problens of cost and general access but poses
chal l engi ng questions in terns of efficiency. Although several digita

vi deo standards either exist or have been proposed, their conputationa
conpl exity exceeds the power of npbst current desktop systens.[1] In
addition, a conpression algorithm alone does not address the integration
with existing wi ndow system hardware and software

Software notion pictures (SMP) is both a video conpression algorithmand a
conplete software inplementation of that algorithm SMP was specifically
designed to address all the issues concerning integration with desktop
systenms. A typical application of SMP on a | owend workstation is to play
back color digital video at a resolution of 320 by 240 pixels with a coded
data rate of 1.1 megabits per second. On a DECstation 5000 Model 240 HX
wor kstation, this task uses |less than 25 percent of the overall machine
resour ces.

Together with suitable audi o support (audi o support is beyond the scope of
this paper), software notion pictures provides portable, lowcost digita
vi deo pl ayback.
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3 The SMP Product

Digital supplies SMP in several forns. The npbst conpl ete version of SWP
comes with the XMedia toolkit. This toolkit is primarily designed for

devel opers of multimedia applications who include the SMP functionality

i nside their own applications. Figure 1 shows the user controls as

di spl ayed on a workstation screen. SMP players are also avail able on
Digital's freeware conpact disc (CD) for use with Al pha AXP workstations
runni ng the DEC OSF/ 1 AXP operating system 1In addition, SMP playback is

i ncluded with several Digital products such as the video help utility on
the SPIN (sound picture information networks) application, as well as other
vendors' products, such as the Medial npact multinedia authoring system]|[2]

NOTE

Figure 1 (User Controls as Displayed on the Wrrkstation Screen) is
unavai |l abl e.

In the XMedia toolkit, access to the SMP functions is possible through
X applications, command |line utilities, and C | anguage |libraries. The
applications and utilities support sinple editing operations, frame

capture, conpression, and other functions. Mst of these features are
i ntended for use by producers of sinple file formats called SMP cli ps.

To facilitate flexible but sinple access to entire filnms of SMP franes,

SMP defines SMP clips. Rather than publishing that file format directly,

all applications and wi dgets are accessed through an encapsul ating library.
This method all ows future rel eases to have application-transparent changes

to the underlying file structure and conpletely different ways to store and
obtain SMP franes.

An exanple of the latter is the storage of SMP clips directly in a

rel ati onal database systemin which no files exist, such as SQ. Miltinedia.
The video data is stored directly in database records, and the client
receives the data through the standard renote dat abase access protocols. At
the receiving client, the SMP clip library is used to generate a virtua
SMP clip for the application program by substituting a new read function.

The SMP product also contains image converters that translate to and
fromthe popular PBMPLUS fam |y of image formats, allow ng inport and
export to about 70 different inmage formats, including the Digital Docunent
I nterchange Format (DDIF). This allows the use of al nbst any inage format
as input for creation of SMP clips.

4 Hi storical Background and Requirenents

In 1989 Digital's Distributed Multinmedia Goup experinmented briefly with



an algorithmcalled color cell conpression (CCC) that had been descri bed
in 1986 by Canpbell et al.[3] CCCis a coding nethod that is optimzed for
rapi d deconpression of color imges in software. We built a denonstrator
that rapidly displayed CCC-coded inmages in a loop to create a notion video
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effect. The denopbnstrator then served as our study vehicle to create a
usabl e product for digital video playback

Performng digital video entirely in software would stress the systens

at all levels (1/0O processor, and graphics), so we needed to establish
upper bounds for what we could hope to achieve with our desktop systens and
wor kst at i ons.

From the user's perspective, |large sizes and high frane rates are
desirable. These features need to be balanced with the linitations of

real hardware. We nodel ed the data path through which digital video would
have to flow in the system and nmeasured the avail able resources on the

sl owest system we woul d use, a DECstation 2100. This workstation has a
12. 5-negahertz (MHz) M PS R2000 processor and a sinple, 8-bit color franme
buf fer.

By nmerging this nmeasurenment with user feedback concerning the small est
acceptable imge size and frame rate, we set our performance goal to play
back novi es of size 240 by 320 on the slowest DECstation processor with
an 8-bit display at 15 franes per second. Snmaller view ng sizes are al npst
invisible on a typical high-resolution workstation screen

We settled for a frame rate of 15 frames per second. This rate is
reasonably snmooth: to the human eye, it appears as notion rather than
separate imges. It can be generated easily from 30-franme source materi al
such as standard video used in North America and Japan, by taking every

ot her frame. Consequently, on the DECstation 2100 we woul d have at npst
Thus, we must average no nore than (approxi mately) ten machi ne instructions
to decode and render each pixel to the screen.

In order to set our target for conpression efficiency, we | ooked at the
vol une of data and possible distribution nmethods. CD-ROM | ooked prom sing,
and this data rate was al so chosen by the Mdtion Picture Experts G oup
(MPEG -1 standard.[4] Hence our coded data rate goal was to maintain a
coded data rate for this size and frame rate that would all ow pl ayback
froma CD-ROM To achieve this goal, we limted the coded data rate for
the video conponent to 135 to 142 kil obytes per second for video, |eaving
8 to 15 kil obytes per second for audio. In addition, we had to limt
fluctuations of the coded data rate to all ow sensible use of bandw dth
reservation protocols for playback over a network wi thout conplex buffering
schenes.

More interesting were the issues that becane apparent when we attenpted to
use the prototype for real applications. The digital video naterial had to
be usable on a wi de range of display types, and due to its |arge vol une,
keepi ng speci alized versions for different displays was prohibitive. W
woul d have to adapt the rendition of the coded material to the device-



dependent col or capabilities of the target display at run tine.
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Qur design center used 8-bit col or-mapped di splays. These were (and stil
are) the nost common col or displays, and the denonstrator was based

on them JIntegration of the video into applications in a nultitasking

envi ronnent necessitated that conputational as well as col or resources
were avail able for use by other applications. The system woul d have to
perform cooperative sharing of the scarce color resources on displays with
limted color capabilities.

From the perspective of portability, we needed to conformto existing Xl1
i nterfaces, w thout any hidden back doors into the wi ndow system The X
W ndow System affords no direct way of witing into the frame buffer

Rat her, the M TSHM extension is used to wite an inage into a shared
menory segment, and then the X server nust copy it into the frane buffer.
This method woul d i npact our already strained CPU budget for the codec
operation. W would need to deconpress video in our code and have the X
server perform a copy operation of the deconpressed video to the screen,
again using the main CPU. Quick neasurenents showed that the copy al one
woul d use approxi mately 50 percent of the CPU budget for an 8-bit frane
buffer, and another 5 to 10 percent would be used by reading the coded data
from /O devices.

Wth approximately five clock cycles per pixel yet to be rendered, it
becanme cl ear why none of the standard video algorithnms was of any use for
such a task. We went back to the original CCC algorithmand started the
devel opnent of software notion pictures.

5 Conparison with Other Video Al gorithms

Today (early 1993), a nunber of digital video conpression algorithns are in
use. Al of them are guarded closely as proprietary and therefore cl osed,
and only one al gorithm predates the devel opnent of SMP. Although we could
not build on experiences with these for our work, we believe the interna
wor ki ng on nmost of themis simlar to SMP with sone additions.

A popul ar nethod for video conpression is frame differencing. Rather
than each frame being encoded separately, only those parts of the inmages
that have changed relative to a preceding (or future) frame are encoded
(together with the information that the other blocks did not change).
This method works well for sonme input material, for exanmple, in video
conferences where the canera does not nove. The method fails, however,
on al nost all other video materi al

To enable frame differencing on a wi der range of input scenes, a method
known as notion estimation is used by sone algorithms. The encoder for an
i mmge sequence perforns a search for blocks that have nmoved between franes
and encodes the notion. This search step is conmputationally very expensive
and usually defeats real-tinme encoding, even for special -purpose hardware.
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One of the earliest algorithns was digital video interactive (DVI) from
Intel/IBM It conmes in two variations, real-tine video (RTV) and production
| evel video (PLV). RTV uses an unknown bl ock encodi ng scheme and frane

di fferencing. PLV adds notion estimation to this. RTV is conmparable to SWP
in conpression efficiency, conmputationally nore expensive, and nuch worse
in image quality. PLV cannot be done in software and requires special -

pur pose superconputers for conpression. Conpression efficiency of PLVis
about twice as good as SMP, and image quality is sonewhat better. The nore
recent | NDEO video boards fromlIntel use RTV.

In 1992 Apple introduced QuickTinme, which contains several video
conpression codecs. The initial RoadPizza (RP) video codec uses sinple
frame differencing and a bl ock encoding simlar to CCC, but w thout the
col or quantization step. (This is a guess based on the visual appearance
and performance characteristics.) Conpression efficiency of RP is three
times worse than SMP, and image quality is conparable on 24-bit displays
and rmuch worse than SMP on 8-bit displays. Performance is difficult to
conpare since SMP does not yet run on Maci ntosh conputers.

The newer Conpact Video (CV) codec introduced in QuickTine version 1.5 1is
simlar to CCC with frame di fferencing and has conpression efficiency nuch
closer to SMP. Image quality on 8-bit displays is still lower than SMP, and
conpression tinmes are al nost unusable (i.e., long).

The newest entry into the market for software video codecs is the video 1
codec in Mcrosoft's Video for Wndows product. Very little is known about
it, but it seens to be close to CCCwith frane differencing. Finally, Sun
M crosystens has included CCCwith frane differencing in their upconing
version of the XIL imaging library.

Three wel | -known standards for inmage and vi deo conpressi on have been
established by the Joint Photographic Experts Group (JPEG and the Motion
Picture Experts Group (MPEG committees of the International Organization
for Standardi zation (1SO and by the Conité Consultatif Internationale de
Tél égraphi que et Tél éphoni que (CCITT). These standards are conputationally
too expensive to be performed in software in all but the nost powerfu

wor kst ati ons today.

6 The Algorithm

The SMP algorithmis a pixel-based, |ossy conpression algorithm designed
for mnimm CPU | ocading. It features acceptable inmage quality, medium
conpression ratios, and a totally predictable coded data rate. No entropy-
based or conputationally expensive transform based codi ng techni ques

are used. The downsi de of this approach is a limted image quality and
conpression ratio; however, for a wi de range of applications, SMP quality
is sufficient.
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Bl ock Truncation Codi ng

In 1978, the nmethod referred to as block truncation coding (BTC) was
i ndependently reported in the United States by Mtchell, Delp, and Carlton
and in Japan by Kishimto, Mtsuya, and Hoshida.[3,5,6,7].

BTC is a gray-scale inage conpression technique. The inmage is first
segnmented into 4 by 4 blocks. For each block, the 16-pixel average is found
and used as a threshold. Each pixel is then assigned to a high or a | ow
group in relation to this threshold. An exanple of the first stage in the
codi ng process is shown in Figure 2a, in which the sanple nmean is 101. Each
pi xel in the block is thus truncated to 1 bit, based on this threshold (see
Fi gure 2b).

More intuitively, the bit mask represents the shape of things in the block
and the average |um nance and contrast of the block contents are preserved.
Wth this coding nethod, for blocks of 4 by 4 pixels and 8-bit gray val ues,
a 16-bit mask and two 8-bit val ues encode the 16 pixels in 32 bits for a
rate of 2.0 bits per pixel.

Col or Cell Conpression

Lema and Mtchell first extended BTC to col or by enpl oying a | uni nance-
chrom nance space.[8] However, the direction taken by Canpbell et al. was
conputationally faster for decode.[3] In this approach, a |um nance val ue
is conmputed for each pixel. As in the BTC algorithm the sanple nean of the
| umi nance in each 4 by 4 block is used to segnment pixels into |l ow and high
groups based on | um nance val ues only. The 24-bit col or values assigned to
the I ow and hi gh groups are found by independently solving for the 8-bit
red, green, and blue values. This allows each block to be represented by a
16-bit mask and two 24-bit col or values, for a coding rate of 4 bits per

pi xel .

The 24-bit values are nmapped to a set of 256 8-bit col or i ndex val ues by
nmeans of a hi stogram based pal ette sel ection scheme known as the nedi an

cut algorithm[9] Thus every block can be represented by two 8-bit color

i ndices and the 16-bit mask, yielding 2 bits per pixel; however, each inage
frame nust also send the table of 256 24-bit col or val ues.

Software Motion Pictures Conpression

Wth our goal of 320 by 240 i nage resol ution playback at 15 franmes per
second, straight CCC coding would have resulted in a data stream of nore
than 292 kil obytes per second, which is well beyond the capabilities of
standard CD- ROM drives. Thus SMP needed to inprove the conpression ratio of
CCC approxi mat el y twof ol d.



G ven that we could not apply any of the nobre expensive conpression

techni ques, we | ooked for computationally cheap data-reduction techniques.
Since nost of these techniques negatively inpact imge quality, we needed a
visual test bed to judge the inpact of each change.
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We conputed the imges off-line for a short sequence, frame by frane,

and then prel oaded the inmages into the workstation nenory. The player
program then noved the imges to the frane buffer in a |oop, allow ng

us to view the results as they would be seen in the final version. The

use of this technique provided two advantages. First, we could discover
notion artifacts that were invisible in any individual frame. Second, we
could judge the covering aspects of notion, which tends to brush over sone
defects that | ook objectionable in a still frane.

At first, interframe or frane difference coding | ooked |like a reasonable
techni que for achieving better conpression results w thout sacrificing

i mage quality, but this was highly dependent on the nature of the input
material. Due to the | ow CPU budget, we could not use any of the nore

el aborate notion conmpensation algorithnms, so even slight novenments in

the input video nmaterial largely defeated frame differencing. Typically,
we achieved only 10 percent better conmpression with interframe coding,
whi l e introduci ng consi derable conplexity to the conpressi on and decodi ng
operations. As a result, we dropped interfranme coding and made SMP a pure
intraframe nethod, sinplifying editing operations and random access to
digitized material. At the same tinme, this opened up use of SMP for stil

i mage applications.

To reach our final conpression ratio goal of approximately 1 bit per

pi xel , we settled for a conmbination of two subsanpling techniques. Sinilar
t echni ques have been independently descri bed by Pins, who conducted

an exhaustive search and eval uati on of conpression techniques.[10] His
findings served as a check on our experinents.

Bl ocks with a low ratio of foreground-to-background |um nance (a netric
that can be interpreted as contrast) are represented in SMP by a single
color and no mask. This reduces the coded representation to a single byte
conpared to four bytes in CCC, which anmpunts to a fourfold subsanpling

of such bl ocks. No chromi nance information enters into this decision. It
is surprising, but even very marked chrom nance di fferences in foreground
/ background pairs are readily accepted by the hunan eye.

Wth the introduction of a second kind of block, additional encoding

i nformati on was necessary to distinguish normal (structured) CCC bl ocks
fromthe subsanpled (flat) blocks. In the SMP encoding, this is handl ed by
a bitmap with one bit flaggi ng each bl ock

Because the adaptive subsanpling alone did not yield enough data reduction
for our conpression goal, we added fixed subsanpling for the structured

bl ocks. The horizontal resolution of the structured blocks in SMP is hal ved
relative to CCC by horizontally averagi ng two nei ghboring pixels, which
reduces the number of bits in the nmask from 16 to 8. This reduction |eads
to blurred vertical edges but | ooks reasonable for natural video inages.



Fi xed subsanpling allowed the encodi ng of structured bl ocks with 3 bytes
i nstead of 4 bytes.
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We reapplied these ideas to the original gray-scale block truncation
algorithm W added a variation to the format that does not use a col or

| ook-up table but interprets the foreground and background colors directly
as |um nance val ues. |Inmages conpressed in this format code gray-scal e input
mat eri al nore conpactly (there is no need to transnmit the |eading col or

| ook-up table as in CCC); they also do not suffer fromthe quantization
band effects inherent in the col or quantization used in the CCC al gorithm

We varied the ratio of flat to structured blocks to effect a trade-off
between i mage quality and conpression ratio; however, the range of usefu
settings is relatively small. If too few structured bl ocks are all ocated,
the image essentially is scaled down fourfold, which nmakes the inage | ook
very blocky. If too many structured bl ocks are allocated, regions of the

i mpage that have little detail are encoded with unnecessary overhead. Over
the wi de range of images we tested, allocating between 30 percent and 50
percent of structured bl ocks worked best, yielding a bit rate of 0.9 to
1.0 bits per pixel. For color inmages, the overhead of the color table (768
byt es) nust be added.

7 Deconpression

The nost chal l enging part of the design of the SMP system given the
performance requirenents, is the deconpression step. Efficient rendering
techni ques of bl ock-truncation coding are well known for certain classes
of output devices.[3] SMP inproves on the inplenentations described in
the literature by conplenmenting the raw algorithmw th efficient, device-
i ndependent rendering engines.[3,5,8,10,11] To maxim ze code efficiency,
a separate deconpression routine is used for each display situation,
rather than using conditionals in a nore generic routine. The current

i mpl enentation can render to 1-, 8-, and 24-bit displays.

Deconpressi on of BTC involves filling 4 by 4 blocks of pixels with two
col ors under a mask. Because the size and alignnent of the blocks is
known, a very fast, fully unrolled code sequence can be used. Changes of
bri ght ness and contrast of the inmage can be rapidly adapted to different
vi ewi ng conditions by manipulating the entries of the colormp of the SW
encodi ng. Most of the work lies in adaptation of the color content of the
deconpressed data to the device characteristics of the frame buffer

For displays with full-color capabilities (24-bit true color), the

process is straightforward. The main problemis performng the copy of the
deconpressed video to the screen. Since 24-bit data is usually allocated
in 32-bit words, the ambunt of data to copy is four tinmes the 8-bit case.
Typically, SMP spends 90 percent of the CPU time in the screen copy on
24-bit systens.

The nore common and interesting case is to deconpress to an 8-bit col or



representation. Gven that SMP is an 8-bit, color-indexed fornmat, it would
seem strai ghtforward to downl oad the SMP frame color table to the w ndow
system col or table and fill the inage with the pixel indices directly.
This method is inpractical for two reasons. First, npst w ndow systens
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(including X11) do not allow reservation of all 256 colors in the hardware
color tables. Typically, applications and wi ndow managers use a few of

the entries for systemcolors and cursors. Quantizing down to a smaller
nunber of colors (such as 240) could overconme this drawback to a certain
degree; however, it would nake the SMP-coded material dependent on the
devi ce characteristics of a particular wi ndow system

The second and nmuch nore problematic aspect is that the SMP franmes in a
sequence usual ly have different color tables. Consequently, each franme
requi res a change of color table that causes a kal ei doscopic effect for the
wi ndows of other applications on the screen. In fact, flashing cannot be
elimnated within the SMP wi ndow itself.

Nei t her X11 nor ot her popul ar wi ndow systens such as M crosoft W ndows
allow reload of the color table and the content of an inmage at the sane
time. Therefore, regardl ess of whether the color table or inmage contents is
nodi fied first, a flashing color effect takes place in the SMP w ndow.

It may seemthat the update woul d have to be done in a single screen
refresh tinme as opposed to simultaneously. This is true but irrelevant.

Most wi ndow systens do not allow for such fine-grain synchronization; and
for performance reasons, it was unrealistic to expect to be able to update
the image in a single, vertical blanking period.

Al ternative suggestions to avoid this problem have been proposed in the
literature. One suggestion is to use a single color table for the entire
sequence of frames.[10,11] This method is conputationally expensive

and fails for long sequences and editing operations. Another proposes
quanti zation to less than half of the available colors or partial updates
of the color map and use of plane nmasks.[11l] This alternative is not
particul arly portable between different wi ndow systens, and the use of

pl ane masks can have a di sastrous inpact on performance for sone frame-
buffer inplenmentations such as the CX adapter in the DECstation product
l'ine.

Nei t her of these nethods addresses the issue of monochronme displays or the
use of nmultiple sinmultaneous SMP novies on a single display. (This effect
can be witnessed in Sun Mcrosystens' recent addition of CCC coding to
their XIL library.) To keep device influence out of the conpressed materia
and to enable the use of SMP on a w de range of devices and wi ndow syst ens,
a generic decoupling step was added between the colors in the SMP frame and
t he device colors used for rendition on the screen

A wel | -known technique for nmatching color inmages to devices with a limted
color resolution is dithering. Dithering trades spatial resolution for

an apparent increase in color and |um nance resolution of the display
device. The decrease in spatial resolution is |less of an issue for SMP

i mmges because of their inherently limted spatial resolution capability.



Thus the only chall enge was the conmputational cost of perform ng dithering
inreal tine.
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Fortunately, we found a dithering algorithmthat allowed both good quality
and high speed.[12] It reduces quantization and mapping to a few table

| ook-up operations, which have a trivial hardware inplenentation (random
access nenory) and a reasonable software inplenmentation with a few adds,
shifts, and | oads.

The general software inplenmentation of the dithering algorithmtakes 12
instructions in the MPS instruction set to nap a single pixel to its
out put representation. For SMP decoding, two different colors at npost
are in each 4 by 4 block. Wth this distribution, the cost of dithering
is spread over the 16 pixels in each bl ock

Anot her optimn zation used heavily in the 8-bit decoder is to manipul ate

4 pixels simultaneously with a single machine instruction. This techni que

i ncreases performance for deconpressing and dithering to 3.2 instructions
per pixel in the MPS instruction set, including all |oop overhead,
decodi ng of the encoded data stream and adjusting contrast and brightness
of the image (2.7 instructions per pixel for gray-scale). This efficiency
is achieved by careful nerging of the decodi ng, deconpression, and

di thering phases into a single block of code and avoiding internedi ate
results witten to nenory. The cost of the 1-bit and 24-bit decoders is the
same or lower (3.2 and 2.9 instructions per pixel, respectively).

8 Conpression

The SMP conpressor takes an input inmage, a desired coded i nage size, and an
out put buffer as arguments. It operates in five phases:

o Input scaling (optional)

o Block truncation (lunnance)

o Flat block selection

o Color quantization (color SWMP only)

o Encoding and output writing

Al t hough the initial scaling is not strictly part of the SMP algorithm it
is necessary for different input sources. Fast scaling is offered as part
of both the library and the conmand-line SMP conpressors. Instead of sinple
subsanpling, true averaging is used to ensure maxi muminput inmage quality.
The bl ock truncation phase makes two passes through each 4 by 4 bl ock of
the input. The first pass cal cul ates the |unm nance of each individual pixe

and sunms themto find the average |unm nance of the entire bl ock. The second
pass partitions the pixel pairs into the foreground and background sets and



calcul ates their respective |uni nance and chromi nance averages.

The fl at-bl ock-sel ection phase uses the desired conpression ratio to decide
how many bl ocks can be kept as structured bl ocks and how nmany need to

be converted to flat blocks. The |uminance difference of the blocks is

cal cul ated, and bl ocks in the I owcontrast range are marked for transition

10 Digital Technical Journal Vol. 5 No. 2, Spring 1993



Sof tware Motion Pictures

to flat bl ocks. Because the total average was cal cul ated for each bl ock

in the preceding phase, no additional calculations are needed for the
conversion of blocks, and the nask is thrown away. Colors are entered into
a search structure during this phase.

The col or quantization phase uses a nedian cut algorithm biased to ensure
good coverage of the color contents of the inmage rather than mininmnze the
overall quantization error. The bias nethod ensures that small, col ored
objects are not lost due to |arge, snoothly shaded areas getting the lion's
share of the color allocations. These snall objects often are the inportant
features in notion sequences and have a high visibility despite their small
si ze.

The final encoding phase builds the color table and matches the foreground
/ background col ors of the blocks to the best matches in the chosen col or
t abl e.

The gray-scal e conpression can be much faster because neither the
quanti zati on nor the matching step need be perforned. Al so, only one-
third of the unconpressed video data is usually read in, meking gray-
scal e conpression fast enough to enable real-tine conpression on faster
wor kst ati ons and vi deoconf erenci ng applicati ons.

This speed is partly due to the 8-bit restriction in the mask of each
structured block. This restriction permits the algorithmto store al
intermedi ate results of the block truncation step in registers on typica
reduced instruction set conputer (RISC) nachines with 32 registers. The
entire gray-scal e conpression algorithmcan be done on a MPS R3000 with 8
machi ne i nstructions per input pixel on average, all overhead (except input
scal ing) included.

Unfortunately, for color processing, SMP conpression renmains an off-1line,
non-real -ti me process, albeit a reasonably fast one at 220 instructions

per pixel. A 25-MHz R3000 processor can process nore than 40,000 frames in
24 hours (DECstation 5000 Model 200, 320 by 240 at 15 franes per second,

TX/ PI P as frame grabber), equivalent to 45 nminutes of conpressed video

mat eri al per day. The nore recent DEC 3000 AXP Mbdel 500 workstation

i mproves this nunmber threefold, so special-purpose hardware for conpression
i s unnecessary even for col or SMP.

9 Portability

A crucial part of the SMP design for portability is the placenent of the
original SMP codec on the client side of the X Wndow System This all ows
porting and use of SMP on other systens, wi thout being at the nercy of a
particul ar system vendor for integration of the codec into their X server
or wi ndow system



This placenent is enabled by the efficiency of the SMP deconpression
engi ne, which allows many spare cycles for perfornming the copy of the
deconpressed, devi ce-dependent video to the w ndow system
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Currently, SMP is offered as a product only on the DECstation fam |y of
wor kstations, but it has been ported to a variety of platforns, including

o0 DEC AXP workstations running the DEC OSF/ 1 AXP operating system

o Al pha AXP systens running the OpenVMS operating system

0 DECpc AXP personal conputers running the Wndows NT AXP operating system
o0 VAX systems running the VMS operating system

0 Sun SparcStation

o |BM RS/ 6000 system

o HP/PA Precision system

0 SCO UNI X/Inte

0 Mcrosoft Wndows version 3.1

Generally, porting the SMP systemto another platform supporting the X
W ndow Systemrequires the selection of two paraneters (host byte order
and presence of the M TSHM extension) and then a conpilation. The sane
codec source is used on all the above nmachi nes; no assenbly |anguage or
machi ne-specific optinizations are used or needed.

The port to Mcrosoft Wndows shows that the same base technol ogy can

be used with other wi ndow systens, although parts specific to the w ndow
system had to be rewitten. The codec code is essentially identical, but
the extreme shortage of registers in the 80x86 architecture and the | ack of
reasonabl e handling of 32-bit pointers in C I|anguage under W ndows warrant
arewite in assenbly | anguage on this platform W do not expect this to
be an issue on Wndows version 3.2, due to be released later in 1993.

10 Concl usi on

Software notion pictures offers a cost-effective, totally portable way of
bringing digital video to the desktop without requiring special investnents
for add-on hardware. Combined with audio facilities, SMP can be used to
bring a conplete video playback to nost desktop systens. The al gorithm and
i mpl ementation were designed to be used from CD-ROMs as well as network
connections. SMP seam essly integrates with the existing wi ndowi hg system
software. Because of its potentially universal availability, SMP can serve
an inportant function as the | owest common denom nator for digital video
across nultiple platforns.
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