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A Study on the Arithmetic Coding for
Applications to Fax Machines
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ABSTRACT The QM-Coder based on the recommandation of the JBIG committee has been studied for applying
it to G3 FAX. In the point of view of implementation, the QM-Coder is modified to have following properties : 1)
initialized at each start of the new line for protecting the error propagation, 2)1 pixel context for error estimation,
fill bit insertion to meet minimum scan line time of 10 msec. and it is found that the modified QM-Coder is useful for
encoding half tone images for low end G3 FAX machine. For higher compression ration than QM-Coder in encoding
of the image binarized by ordered dither techniques, a rearranging process before applying the QM-Coder 1s used and
the resultant compression ratic was increased 1.13~1.31 times than that of the conventional QM-Coder,
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Compression ratios of  MH CODER and
OM-CODER when the Baver-dithered image 13
reordered. { The template NO.33 shown i fig.2 is
used).
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THE SLEREXE COMPANY LIMITED

SAPORS LANE . BOOLE . DORSET . BH2S 8 ER
TELEPHONE BOOLE (945 13) 51617 - TeLEx 123456

Our Ref. 350/PJC/EAC 18th January, 1972.

Dr. P.N. Cundall,
Mining Surveys Ltd.,
Holroyd Road,
Reading,

Berks.

Dear Pete,

Permit me to introduce you to the facility of facsimile
transmission.

In facsimile a photocell is caused to perform a raster scan over
the subject copy. The variations of print density on the document
cause the photocell to generate an analogous electrical video signal.
This signal is used to modulate a carrier, which is transmitted to a
remote destination over a radio or cable communications link.

At the remote terminal, demodulation reconstructs the video
signal, which is used to modulate the density of print produced by a
printing device, This device is scanning in a raster scan synchronised
with that at the transmitting terminal. As a result, a facsimile
copy of the subject document is produced.

Probably you have uses for this facility in your organisation.

Yours sincerely,

17l
P.J. CROSS
Group Leader - Facsimile Research

Registersd in England:  Na, 2038
Registered Offies: U0 Vissrs  Lane, liford. Essen.
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« Architectural issues. The bits saved in the register
ield of the instruction may be us=d to add more op-
codes or address modes, or to decrease the code size of
an application.

« Softwarc issues. As registers become a scarcer
resource, we become more constrained as to their uses.

o Performance issues. Fewer registers lead to stower
code within a function, with intermediate results
“spilled” to memory more often. But fewer registers
can also mean lower overhead for function calls and
interrupts.

To evaluate proposed changes in an architecture
from a systems perspective is difficult, The effectof the
change must be reflected in the chip, board, hardware
system, compiler, and software system models to under-
stand the impact on the end user. Because designers
find this perspective so hard to achieve, we don’t see
traditional systems that are very well tuned. Even sys-
tems that are tuned at one moment in time quickly
become suboptimal when we add new chips, memory,
and software.

As one simple example, think of the muny recent
attempts to add X Windows and/or Unix to hardware
systems that were not designed for them. In most cases,
these dttempts went through a period of performing
very badly --in some cases, three to 10 times worse than
comparably priced systems running the same applica-
tion. Often, designers needed significant hardware or
software tuning to raisc performance to compelitive
levels.

Trends

In addition to the already discussed decreasing cost
of cycles, a couple of other trends will affect the
opimun Jesiga points for tulure systems.

As chips become faster and more powerful, data
movement increases in importance 4s a critical system
bottleneck. Older systems’ performance was sensitive
to CPU parameters such as the time needed to process
an add or multiply operation. For newer systems, per-
formance may be more sensitive to such parameters as
cache size and structure, memory and bus speeds, and
the quality of register altocation done by the compiler.
Data movement instructions often make up nearly 50
percent of all the instructions that a compiler emits.

Traditional compilers pretty much ignore the data
movement issue. The programming language conven-
tions establish data layout, and the compiler doesn’t
mess with it. The studies that accompanied the early
RISC machines made it ¢lear that intelligent compiter
control of data layout and register allocation could lead
tosignificantly faster programs. Compilersin the 1980s
have increasingly produced optimizations that bring
data into registers, use it, and put it back only when
other parts of the computation need 1o find it. The 1990s

will accentuate this trend. Sophisticated new tools such
as dependency analysis allow data references within
loops to be analyzed, leading to much better register
allocation, cache utilization, and use of special-purpose
instructions such as veclor operations.

Another trend that is developing rapidly is parallel-
ism. We see not only a rapid growth in multiprocessor
systems but also a lot more use of independent
coprocessors for floating-point operations and I/O. The
Intel 1860, for example, contains vectorlike instruc-
tions that let it execute integer and floating-point in-
structions at the same time and process three bus trans-
actions in parallel. Very long instruction word (VLIW)
machines gain their power by controlling several inde-
pendent execution units simultaneously.

Once again, traditional compilers do not address
parallelism. To schedule several operations concur-
rently, compilers must ensure that the data needed by
cach operation not be changed by the concurrent opera-
tions. Dependency analysis develops this information,
and a new generation of compilers uses it to produce
impressive paralle]l performance on traditional
applications.

These trends relate to each other, not only by impact-
ing each other but also by affecting, and being affected
by, the decreasing cost of CPU cycles. At certain price
points and for certain applications, the optimal system
may have a great deal of parallelism. The data move-
ment between independent elements, and the resulting
need for synchronization, may drive a lot of the hard-
ware cost, and may prove to be a major bottleneck
unless carefully designed. Unfortunately, even many of
the newer chips do not provide multiprocessor support,
or their support services only a very narrow range of
potential applications. In some cases, designers at-
tempt to retrofit multiprocessor support into existing
sysiems, with indifferent results. Some real opportuni-
ties exist for new designs that incorporate system-level
multiprocessing support into chips from the beginning
stages of design, including not just cache coherency
and synchronization but also operating system, inter-
rupt, and context-swilching support.

Drying out soggy software

Software productivity has been increasing very
slowly over the last decade. In fact, software develop-
ment techniques could hardly keep up with the historic
1 5-percentimprovement in price/performance per year,
Also, software has been left in the dust by the 50-
percent-per-year improvements that have character-
ized hardware in the last few years.

System developers have watched software become a
larger and larger part of the development budget. the
developmenttime line, and the maintenance work load.
The situation reached crisis proportions in 1989, with
virtually every major software vendor announcing

February 1990 2§
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