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Abstract

UNIBRAIN S.A. is a Greek company with main business activities in the following areas:
Design, development and production of hardware/software systems based on the IEEE-
1394 high speed standard.

Design, development and production of the PainterNT product, a PCI controller for the
Windows-NT environment that drives Image-Setters, high resolution printing devices used
in the pre-press industry.

Design and Development of Software Pre-Press applications.

Representation and Distribution of Pre-Press Publishing products (Hardware & Software)
in Greece.

Promotion and Sales of all the company’s products.

Our customers belong to the international electronic publishing market and many of them are
the leading manufacturers of Image-Setters in the Graphics Art industry.
The objective of this FUSE AE was the functional and performance improvement of the
PainterNT product by developing a digital ASIC, in order to incorporate decompression
capability for the huge amount of data that transfers between the host PC and the imaging
devices. Up to now all of our products were commercial IC and microprocessor based and we
had never involved at the past with an ASIC development. The new product, incorporating the
efficient decompression ASIC and the new PCI controller has reduced the number of discrete
components and has given significant functional and performance improvements.

The FUSE AE had a total budget of 100KECUs, started on February 1, 1997 and was

successfully completed on November 30, 1998. The pay-back period for the new Painter-NT

was estimated to be approximately one month. The estimated FUSE Return-On-Investment is
approximately 2150% for a five-year period.

The most important benefits of this new product, are functional and also economical. The new

product is the most competitive in the market and gave our company the possibility to sign

important commercial agreements with two of the biggest companies that construct image-
setters.

Despite the economical benefits, the company has acquired significant technological

knowledge and learned important lessons regarding the project management. Amongst the

others, the lesson of producing a good specification and a proper amount of effort in
simulation and design at the start prior to manufacture, should be emphasised.
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1. Company name and address

Organization Name: UNIBRAIN S.A.
Street Name: ETHNIKIS ANTISTASEOS 84

Post Code: 152 31
City: ATHENS
Country : GREECE
WWW: www.unibrain.com
Tel.: +301-6756320
Contact Person: Mr. E. Tzavaras

2. Company Size

UNIBRAIN S.A. was founded in 1985 as a Limited Company, and in 1990 the legal status
became a Societe Anonym. Its exclusive field of operation since 1989 is the design,
development, adaptation, and production of software and hardware solutions for the Electronic
Publishing field specifically Colour Pre-Press Systems. The last two years UNIBRAIN invests
in the development of systems based on the IEEE-1394. After significant effort and successful
work, UNIBRAIN is considered as one of the leaders worldwide in this field. Company’s
turnover is about 2,5 MECU per year.
Currently the personnel of UNIBRAIN are 16 people with high educational quality. More
speC|f|caIIy, the personnel is partitioned according to the following list:

2 : Management (and R&D) (2 MSc)
: Secretarial (1BSc)
. Accounting (2 BSc)
: Sales (3 BSc)
: Marketing (1BSc)
: Support (1 MSc)
: R&D software and hardware (1 MSc, 3BSc)

AN EFLPOODNMNDN

3. Company Business description

UNIBRAIN’s business activities can be summarized in the following sectors:
Design, development and production of hardware systems based on the IEEE-1394 high
speed standard.
Design, development and production of the PainterNT product, a PCI controller for the
Windows-NT environment that drives Image-Setters, high resolution printing devices used
in the pre-press industry.
Design and Development of Software Pre-Press applications.
Design and Development of Software device drivers and applications for the IEEE-1394
hardware systems.
Localization and Adaptation of foreign Electronic Publishing applications into the Greek
Language.
Representation and Distribution of Pre-Press Publishing products (Hardware & Software)
in Greece.
Design of Greek typefaces.
Promotion and Sales of all the company’s products.

IEEE-1394 Products
FireBoard™ 200 product. This system is a PCIl board interfacing the personal
computer with the IEEE-1394 bus at a high speed of 200Mbits/sec. The IEEE-1394 is
the new emerging high-speed serial protocol, introduced recently as a standard by the
IEEE.
FireBoard™ 400 OHCI product. This system is a PCI board interfacing the personal
computer with six IEEE-1394 bus ports at a high speed of 400Mbits/sec.
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FirePrint™ 400 product. This system is a board that implements the EIO (Extended
Input-Output) and EET (Intelligent Input-Output) protocols as they have been
established by Hewlett-Packard for the new generation high quality and speed laser
printer.

FireAPI™ product. This is an Application Program Interface development suite that
enables professional developers to implement in an easy way IEEE-1394 based
applications.

FireNet™ product. This is a software application that implements LAN network
based on the IEEE-1394 protocol with speed up to 400 Mbits/sec. This is the fastest
network application (faster that Ethernet-100) using as network adapter one of the
FireBoard products.

Electronic Publishing Products
Greek Speaking Markets

TEKNO. This is an application that adds the capability to QUARK Xpress users in
any platform (Windows, Mac, PowerMac) to use Greek.
Greek Typefaces. Unibrain is the first Greek company to produce, market and support
these electronic typefaces for both platforms in all the known forms.
UBWIN 3.x. Support of Greek Monotonic and Polytonic for the Windows 3.x
Operating System. The original English operating system is a prerequisite.
GROS 7.5. Support of Greek Monotonic and Polytonic for the Macintosh 7.5x
Operating System. The original English operating system is a prerequisite.

International Market
PainterNT. A combination of hardware and software components that will print
(,,paint) the bitmap (compressed or not) data of any well known PostScript Interpreter
to a wide range of Image Setters.
RipNT. A Windows NT PostScript level 11 Raster Image Processor that drives more
than 100 ImageSetters.
DrySetterNT. A chemical free PrePress solution consisting of a direct to film
ImageSetter that does not need a film processor and the PostScript level Il RIP,
RIipNT.

4. Company Markets and competitive position at the start of the AE

Two years ago, at the start of the project (February 1, 1997), the company markets were more
reduced and more specific than today. After two year of investment and research, the company
has achieved the expansion of the Electronic Publishing market and the penetration in the new
market of the IEEE-1394.

UNIBRAIN provides complete solutions for the electronic publishing market that include
software applications and hardware devices for the pre-press sector. The main profits come
from the purchase of complete PC based solutions for the interface of Host PCs (that execute
the publishing application) with the Image-Setters, the devices that print in film that designed
artwork. During 1997 UNIBRAIN owned around 10% of the Image-Setters interface solution
worldwide.

According to market studies, most of the existing Image-Setters are driven with old technology
RIP software (Postscript Level One) and old Interfaces (Local bus Architecture). Very few are
driven through new Postscript Level Two RIP software and not necessarily with new
technology interfaces (still use local bus architecture rather than PCI bus architecture).
UNIBRAIN’s product PainterNT is addressed not only to the new type of Image-Setters being
installed but also to the old devices that eventually will need an upgrade of Software and
Hardware as the demand of the market dictates. The leading manufacturers of Image-Setters in
the Graphics Art industry and the Electronic Publishing market are international companies
such as Linotype-Germany, Agfa-Germany, ECRM-USA and Ultre-USA which between them
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share a market share of almost 90%. As our product is compatible with the specifications of
these manufacturers it means that our product can access this high percentage of the existing
and future markets.

UNIBRAIN’s product PainterNT is an intermediate solution for both the software publishing
companies and the hardware manufacturers. In other words the RIP manufacturers needs our
hardware solution to communicate to numerous hardware output devices and the hardware
manufacturers in turn needs our hardware solution to communicate easier and with a standard
to various software applications. PainterNT is therefore a product that after its upgrade can
address a broad market of electronic publishing.

PainterNT product had a market entry in 1994 and the first year its market share was
approximately 4%. Then gradually reached up to 10 % by the year 1997. The new PainterNT
product will increase our market share from the 10% to around 25% while with the old
product we could hardly reach the 12%. This happens due to the improved features,
functionality and performance of the new product and the full compatibility that it can offer
with all the PCI chipsets of the market.

The price of the old PainterNT product is approximately 2.500 USDs while for the new
product will have around 10% price reduction, despite the significant improvement of the new
product.

The companies that design and develop hardware interfaces and software drivers to link output
devices and software are very few. The main reason is that a dedicated as well as a
combination of software and hardware personnel is needed. The overheads in this competitive
market are enormous, hence the hardware and software companies look elsewhere for the vital
missing piece of the communication interface such as PainterNT.

Currently less than a dozen companies are dedicated in the design, development and
production of these interfaces. The basic competitors are Highwater Inc. of the United
Kingdom, and Rip-It in USA. However no one of them or any other competitor worldwide
currently offers to the market a product like the proposed new version of PainterNT featuring
decompression of high volume of data on the PCB card.

On the following table, a comparison of features of the competitive to Painter-NT products is
presented.

Comsg“tors Rip-It | Highwater UNIBRAIN
Features Old version NeW
version
PCI Interface No Yes Yes Yes
(poor)
Number of
different
Image-Setters ~30 ~70 ~100 ~120
driven
Decompression No No No Yes
Host PC OS DOS DOS Windows | Windows
NT NT

As regards the future sales of the former PainterNT (old version without the decompression
feature), it is definite that they will decline due to two main reasons:
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The first factor is the technological evolution of the Image-Setters. More
specifically, those devices will be equipped with new fast interfaces and fast
mechanical parts requiring faster interface devices in order to communicate with
the host PC. The former PainterNT, has been developed to drive the today’s
Image-Setters, but probably will be unable to efficiently communicate with the
new generation.
The second and rather critical factor, is the PCI compatibility of the old PainterNT
with the new PCI chipsets located on the motherboards of the Pentium Pro and
Pentium 1l CPUs. More specifically, the former PainterNT, can not operate with
PCI chipsets such as the FX-440 and newer. This means that our old product could
not be able to operate on the new fast Pentium Il host PC.

The above factor not only would prevent the market growth of the old PainterNT, but probably

would decline or even annihilate the existing market.

The next pie chart depicts the market share of UNIBRAIN as regards the old PainterNT

product along with the main competitors worldwide.

Current Market Sha

Others Unibrain
15% 10%
@ Unibrain
B Rip-It
O HiWater
Rip-It O Others

35%
Hiwater
40%

Figure 1: Market Share of the old Painter NT System.

5. Product to be improved and its industrial sectors

UNIBRAIN’s old product Painter NT was a combination of hardware and software
components that print (paint) bitmap data of standard Postscript Level 1 or Level 2 interpreters
to a wide range of high quality output devices (such as Image Setters also called
Phototypesetters, Typesetters).

This product, which was based on standard 1C components and four ALTERA EPLDs, acted
as an interface between a PCIl bus equipped computer running under the Windows NT
environment and high quality printing devices. Using this hardware configuration the bitmap
data to be printed from the computer to the Image Setter was of the range 50Mb-400Mb per
A4 to A3 size page!

Before proceeding with the detailed description of the system, it is important to present the
complete sequence, from page creation to printing, followed by the DTP (DeskTop Publishing)
professional. Those professionals use a DTP design tool (e.g. Corel Draw, PhotoShop, Quark
Xpress, etc) in order to produce their design work (newspaper pages, magazines, advertising
material, etc.). They save theirs work in PostScript files using the PostScript standard format in
order to be able to interchange this work amongst the various DTP tools. The next step is to
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convert those files to compressed bitmaps. This is done by the RipNT product (Raster Image
Processor) that has as an input a postscript file and produces as an output the respective
compressed bitmap using the UNIBRAIN’s compression algorithm. Finally the compressed
bitmap is sent to the PainterNT card using the NT spooler service for the processing of the
image to film.

The block diagram of the board prior to FUSE, included in Painter NT product, is depicted on
Figure 2 below.

Hbke®ersisiot

| tPr(f:l < > Control Registers
nterface ;

Logic
Logic 9 ~

Painter NT System

=&

FIFO Control

Image Setters
N L —
Logic | I

Status ]
Registers [

Asynchronous
> Serial

Image Setter

Figure 2: Block diagram of the old Painter NT System.

The functionality of this card is to provide the hardware interface for the communication of a
host PC and an Image Setter. The Painter NT system is a PCI plug-in card that transfers
bitmap files from the host DTP application to the specified device.

The board is functionally separated into the following modules:

1. PCI Interface Logic. This module provides the required logic in order to properly
communicate with the host PC application, via the PCI protocol.

2. Image Setters Control Logic. This module provides the required logic for the
interface of the system with the different Image Setters. This interface can be serial
asynchronous or eight bit parallel synchronous. This module includes the Control and
Status Registers in order to transfer commands or status respectively, between the
host and the Image Setter.

3. FIFO Control Logic. This is the logic that controls the existing on board FIFO
memory modules. This FIFO logic is required because of the different data transfer
rate between the PCI part and the Image Setters part of this board. More specifically,
the host PC sends data to the Painter NT card at higher rate than its capability of
transferring data to the Image Setter. This schema with a very fast data source and a
slower data target, requires a queue solution provided by the FIFO logic.

4. Asynchronous Serial Communication. This interface is used optionally, by some
Image Setters in order to interchange initializing control signals between the host PC
and the specific device.
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Using the former hardware configuration the bitmap data to be printed from the computer to
the Image Setter is of the range 50Mb-400Mb per A4 to A3 size page. However if these data
were compressed and the decompression was done on the card, then this will have beneficial
impact on various factors like increased speed, lower traffic on the network, cost and size
reduction, etc.

The old product, although functions properly and is very competitive in the electronic
publishing market, has some disadvantages that could affect its future competitiveness:

1 Due to the amount of data (up to 6 Kbytes) of a single line, the time consumed to fill
the onboard RAM is large ( < 2 ms). This time period depends on the load of the PCI
bus and can be extended significantly. It should be noted that some Image Setters are
unable to stop printing until the complete film is printed and can’t pause between lines.
In heavy loading conditions (such as a print server in LAN), the time gaps between
successive line transfers might not be sufficient - the typical result is a bad printout.

2_ Due to the typical image sizes (in the order of 200 Mbytes), the loading that the board
offers to the PCI bus and the system is enormous. In a typical LAN environment, the
image transfer to the print server from the end users, is time consuming and loads
further the host bus. A compressed image (10 to 1 ratios are typical) would reduce the
time required to transfer the image to the print server hard disk. If the Image Setter
interface board was capable to decompress the image locally, without the host
intervention the system load would be further reduced.

3_ The former board uses more that 30 commercial ICs, 4 large EPLDs and a large
amount of passive components for the Image Setter interfaces. The board space
reduces significantly the possibility to expand the onboard memory/control logic or
add local processing capabilities for image decompression.

4 The former PainterNT board has significant incompatibilities with the FX-440 PCI
chipset (and later) used into the last generation CPU motherboards (Pentium II,
Pentium Pro). Those incompatibilities, reported and discovered during the project
evolution, make impossible the use of this product with the new potential PCs.

According the above mentioned disadvantages of the existing systems and taking into account
the new technological demands, the new Painter NT should satisfy the following improvement
objectives:

1 _The basic objective of the new system is to augment the throughput of the transmitted
data to the Image Setter part by implementing decompression algorithms on board.
The compressed image data, sent by the host PC, should be decompressed on the fly,
just before transmitted to the Image Setter.

2_One other objective is the increase of the throughput of the overall system. This goal
can be accomplished not only by augmenting the throughput at the now weak Image
Setters interface, but also with the increase of the on board buffering memory.

3__The third objective for the new system is the reduction of the number of the discrete
ICs and programmable devices, incorporating some of them in one ASIC. This
reduction of the number of ICs will lead to cost reduction because of the less PCB area
and complexity of the new system.

4 Another objective is the augmented productivity of the system. With the new product,
incorporating the decompression, the user can send more jobs to the PainterNT queue,
without dramatically affecting the host PC performance.

Summarizing the above improvement objectives, it should be emphasized that the main
improvement of the new PainterNT is that incorporates the decompression logic. The bitmap
images are stored and compressed on the Hard Disk of the Local Host. With the old system
those images are decompressed locally by the host, but there is a bottleneck at the PCI bus
where data cannot be sent to the card as fast as can be transmitted to the image-setter. The
hardware decompression on the new card removes this bottleneck and also reduces the
processor overhead because software decompression is no longer required.
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6. Description of the technical product improvements

The main functionality of the new Painter NT system is identical to that of the old product.
This means that the new system is a PCI add-on card that receives imaging data from the host
PC and drive them to the same number of Image Setters. In this new system the imaging data
are compressed bitmap files, in contrast with the old system that received decompressed
bitmap files. This difference is a result of the fact that the new system has the capability of
on-board decompression. This new feature will increase the data throughput between the host
PC and the Painter NT card by a percentage relative to the compression ration of the used
compression/decompression algorithm.

The main advantages of the new system are the increased efficiency and the reduced cost. The
former benefit of the augmented efficiency is achieved by increasing the system throughput
using on-board decompression techniques and bigger buffering FIFOs. The later benefit of the
reduced cost comes off by the reduced PCB size, the less number of ICs, the reduced testing
time of the new system and the lower cost of the incorporated ASIC compared with the
existing EPLDs.

The main modules of the system (depicted in figure 2) are basically the same with the old one
and can be described as follows:

1 _PCI Controller, providing the required logic for the proper communication of the
system with the host PC.

2_FIFOs, for the data buffered queuing.

3__Decompression ASIC. The new feature of Painter NT, that requires local RAM.

4 Image Setters Video Interface, providing the required logic for the interface of the
system with the different Image Setters. This interface can be serial asynchronous or
eight bit parallel synchronous.

5_Asynchronous Serial Communication used by some Image Setters to interchange
initializing control signals and data between the host PC and the specific device.

6_ Synchronization Logic. This module provides the required control signal for the
synchronization of the PCI module and the rest of the system. This module contains
the FIFO Control Logic, the Control and Status Registers and the Control and Status
Registers, used to transfer commands or status respectively, between the host and the
Image Setter.

It is obvious, from the specifications of the new system, that the new architecture includes a
decompression module to improve the performance of the old hardware. This module further
unloads the host CPU and increases the overall system throughput. As regards the
compression/decompression algorithms, it should be noted that there exist two types of such
algorithms; one that maintains data integrity and one that does not. Lossless compression
maintains data integrity, i.e., after compression and decompression, the resulting image is
exactly the same as the initial uncompressed image. Lossy compression does not maintain data
integrity, i.e., the uncompressed image is similar to but not exactly the same as the initial
image. It is obvious that the selected and applied compression/decompression algorithm is
based on lossless methods.

Another characteristic of data compression/decompression methods, that should be taken into
account, is symmetric versus asymmetric. A symmetric method compresses and
decompresses images in the same amount of time. An asymmetric technique might take a long
time to compress an image but the decompression would be rapid. Asymmetric techniques can
achieve much higher data compression ratios than symmetric techniques.

The simplest form of bitmap compression, that is under consideration, is Run Length Encoding
(RLE), in which recurring pixels are stored as a single pixel and a count value. The
compression ratio thus obtained is highly variable and is dependent upon the recurrence of
pixels (e.g. if there is a background of a single color then a very good compression ratio can be
expected, but if the image is highly irregular then it will be much poorer. Several of the major
graphics formats include optional RLE (e.g. PCX and Windows DIB). There are also more
sophisticated compression algorithms that are used by some bitmap file formats such as the
LZW technique that is used by the GIF format.

UNIBRAIN S.A. Page 8 of 30



FUSE Demonstrator Document PainterNT-ASIC

It should be noted that the desired compression/decompression algorithm is a lossless
asymmetric. More specifically, it is lossless because we want to get exactly what we send from
the host PC. Moreover the algorithm is asymmetric with higher decompression speed. This
feature is desirable because while the compression procedure is a batch process that is not time
critical (it is performed once by the user when he stores the bitmap files on the mass storage
device), the decompression process is an real-time process that is performed by the new
Painter NT system as fast as possible.

The decompression is implemented as hardware in the ASIC and cannot be changed in the
future. The choice of the compression technique is therefore a crucial design selection. For this
reason a detailed technical survey has been accomplished in order to specify the performance
of UNIBRAIN’s proprietary algorithm. It should be noticed that this algorithm does not need
any conversion program, since it can be applied in any kind of file. This algorithm has been
compared with three other popular algorithms, the Lebel-Ziv-W, the PKZIP and the JPEG
against three main criteria: compression ration, decompression speed, HW
Implementation/Adaptation. This survey has been done using the same DTP large images and
produced the following table:

Algorithms Compression Decompression HW
VS. Ratio Speed Implementation/Ada
Criteria ptation
Lebel-Ziv-W 1.7 Low High
PKZIP 1:24 Medium Medium
JPEG 1:19 Medium Medium
UNIBRAIN 1:16 High High

Taking into account the above results along with the strong knowledge of our
compression/decompression algorithm, we confirmed the decision of the hardware
implementation of this algorithm.

This decompression module can be considered (see figure 2) as an extension of the buffering
path. So according to figure 3, this module should be an intermediary between the FIFOs and

the Image Setters Video Interface.
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Figure 3: Block diagram of the new  Painter NT System.
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The new PainterNT is subdivided into two functional subsystems: the PCI and Image-Setters
interface and the Generic Decompression Board (GDM) that is a piggyback card containing
the decompression ASIC, the FIFOs and the required auxiliary RAM.

The next figure 4 presents the structure of this board that its main inputs are the compressed
32bit data along the required control signals (fifo_write, reset) and outputs the decompressed
8-bit data each time a read from the back-end FIFO is performed.
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Figure 4: Block diagram of the Generic Decompression Board

This decompression board is a generic decompression module that can be used from any
system that requires huge data transfer. The PainterNT PCI module controls the GDM’s
signals and provides the compressed 32bit data according the correct timing restriction,
required by the GDM. in a similar way, every system that requires the decompression of data
can be interfaced with this GDM provided that implements the correct signal and timing
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interface. This interface is well documented and as is obvious is closely related to the ASIC
timing restrictions.

The PainterNT ASIC is composed basically of two blocks: The Decompression block and the
Bypass block. The path that the incoming data is going to pass is selected by an input signal
that sets the ASIC either on decompression mode or on bypass (transparent) mode. In
decompression mode the process of decompression is executed for the 32-bit words and 8-bit
bytes are generated to the output port of the ASIC. In bypass mode each 32-bit word is
decomposed to four bytes that are passed serially to output port. It can be easily understood
that the basic part of the design development was the decompression module.

The on line decompression hardware is organized as a loosely-coupled pipeline of three
concurrent processes, sharing a bank of auxiliary SRAM by means of a memory arbitration
unit, as shown in Figure 5.

set [
Input Reader/ set ¢ Stack Reader/ i Byte-
valid valid
Code Processor Run-Length Code ?
& Stack Writer |« > Assembler < »| Expander |«
Code Stack Stack Read

|

Memory-Bank Access Arbitration Block

A
\

SRAM Bank

Figure 5: Decompression hardware block level view

The first of these processes reads 32-bit compressed data sourced by the system interface and
performs decoding and regeneration of the original uncompressed data-stream. The decoded
data, which may be interspersed with Run-Length information for RLE decompression, are
written onto a byte-wide stack. A register file (11 positions x 32 bit) is used to hold parameters
and variables required by the decompression algorithm. Two read ports of the register file feed
a 32-bit ALU, the output of which passes through a 32-bit wide barrel-shifter. The shifter is
capable of shifts to either direction of between 0 and 32 positions. Its output drives a number
of registers, used to hold address and data for the auxiliary table channel of the Memory
Access Arbitration Unit, as well as an 8-bit wide word to be written onto the current write
stack. The top-of-stack address is auto-incremented from a set of two fixed base addresses and
therefore do not need to be supplied by the barrel-shifter output port.

The code stack is read by the second process which, for each closure read off the stack,
generates a pair of byte code (8-bit) and a 28-bit block-length count. The Run Length
information is only present onto the stack in the case of the byte codes 00H and FFH. No RLE
information is generated for byte code values other than those two, meaning that the length
information is assembled by the stack reader based on evaluation of the value of each read
code.

The external SRAM module which holds the auxiliary tables, used by the decompression
algorithm, and a twin stack for inter-stage communication (between stage #1 & stage #2, see
below) is accessed through a single bi-directional 16-bit wide data port, and a 14-bit wide
address port, in order to keep the ASIC 1/O pin count to acceptable limits. An arbitration block
is therefore required, to queue and multiplex the read/write requests from the decompressor
pipeline stages that need to access the auxiliary tables (stage #1 for read/write) and the twin
stack (stage #1 for read/write and stage #2 for read only).
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The ASIC has been implemented using a CMOS standard cell technology. AMS 0.8um CMOS
Standard Cell technology it was the one that chosen as it had been used before successfully by
the subcontractor. The AMS libraries of this technology (AMS Design Kit v2.50) had already
used in previous projects with SYNOPSYS synthesis tool and a design flow for SYNOPSYS
was almost ready.

The resulting ASIC has around 40.000 gates and 57 mm? of area.

The resulting new PainterNT product, with the decompression ASIC, is an image-setters driver
with unique features and significant advantages compared with the competitors. The next
paragraphs present the product improvements, mainly in terms of cost, performance and
configurability.

As regards the cost of the new product, it is important to emphasize that there is a significant
cost reduction (around 12%) taking into account the performance of the new system. This cost
reduction is caused mainly by four reasons:

a). the use of common digital components and cheap but fast SRAMs.

b). the use of a medium sized ASIC that implements a complex digital logic, reducing
the PCB cost of any other implementation.

c). the exclusion from the system of any expensive CPU.

d). the reusability of the Generic Decompression Board (GDM). This GDM that
incorporates the ASIC, the required SRAMs and the FIFOs is a general purpose
decompression module that can be used by UNIBRAIN not only for the PainterNT,
but also in the IEEE-1394 product of our company that demand high data transfer
rates. Consequently this GDM has a great level of re-usability that reduces the
initial cost of development.

There are also some other factors that affect the cost reduction of the product. One important is
the testability cost reduction due to the system modularity, because is cheaper to test two small
systems that one large and complex. Another factor affecting the cost is the augmented
quantities of the new product that are going to be produced.

The new product has significant performance improvements that guarantee its success in the
competitive electronic publishing market. Those improvements can be described as follows:

1_ Functionality improvements. The new PainterNT is full compliant with PCI v. 2.1.
while the old product had significant problems with the new PCI chipsets (FX-440
and later).

2_ Speed improvement (at least 50%). The main performance improvement of the
new product is the significant increase of the data throughput will the
simultaneous alleviation of the host PC. Taking into account that the mean
compression rate of a random image is 1:25, it is apparent that the PainterNT
»produces” decompressed data 25 times more that the data received from the host.
So the data transfer between the PainterNT and the image-setter is augmented 25
times. Besides the host PC sends to the PainterNT 25 times less data that in the old
product, alleviating its CPU processing time at about 25 times.

3_ CE Compliance. The new product is CE compliant as regard the radiated and
inducted Electro-Magnetic Interference (EMI).

In figure 6 below, the imaging time for various initially compressed images that are processed
with the old and the new Painter-NT are presented. Please consider that all tests have been
performed on a Pentium 233MHz, with Windows NT 4.
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Figure 6: Performance comparison between the old and the new Painter-NT

Despite the above mentioned product performance improvements, there are two important
usability improvements. The first is related on the host alleviation due to the speed
improvement. Consequently the user can feed more jobs to the process queue without
significant reduction of the host response, augmenting the system productivity. Another
usability benefit is that the software application for the new system is identical to the old one,
as regards the user interface, so the user does not need to be familiar with a new GUI. In other
words, the new features are transparent for the end-user.

Summarizing the main factor that differentiate the new product from the competitors, they can
be listed as follows:

Increased Performance (=50%)

Reduced Cost(~12%)

Re-Configurable Product, with the possibility to be easily updated in order to
support more image-setters

Compliant with PCl v. 2.1.

CE Compliant

The Generic Decompression Module (GDM), has enormous re-usability.

7. Choices and rationale for the selected technologies, tools and
methodologies
Several new technologies and methodologies have been applied during this project evolution
in order to overcome several technological problems and to produce an efficient and reliable
new PainterNT. During the next paragraphs, those methodologies and their rationale will be
presented.
A modular system approach has been selected in order to gain the following benefits:
Convenience in system testability
Construction of the Generic Decompression Board (GDM) that can be applied to a
variety of applications and UNIBRAIN’s products.
Cost reduction in case of errors, because is cheaper to reproduce a part that the
entire system.
Consequently the final system is partitioned in to two main modules (two PCBs):
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The PCI board containing the PCI interface, and the image-setters logic.

The GDM that is an autonomous decompression module that implements the

decompression algorithm.
As regards the overall performance of the new system against the old, it must be presented the
performance improvement of the hardware implementation versus the software
implementation. Initially a theoretical approach is presented and consequently some real
performance measurement figures are given. Lets assume that a compressed file with size S; is
sent to the image-setter via the PainterNT and we must calculate the time between the file read
from the host and the arrival of the last block of the file to the image-setter, taking into account
that the device can immediate process the data. In the old system the T time is the sum of the
time ty for software decompression on the host, the t,s, for the PCI DMA transfer of the data
to the PainterNT, and the t, time between the PCI and the image-setter bus. So

Ts:tsd+tpcis+tp (1)

tsa 1S analogous to the S; and the decompression rate d, and depends, according the algorithm
implementation, on the size of the allocated stack (s).

t= O(Sc*d)O(s) (2)
tocis IS also analogous to the data transferred:
teis=O(Sc*d)  (3)
*the function y=0(n) declares that y is analogous to n
From the types (1), (2), (3) is obvious that T is depended twice the initial file size Sc*d..

Besides the time T, for the new system, is the sum of the ty, the t,y hardware
decompression time and the t, time between the PCI and the image-setter bus. So:

Th=tocintthatty  (4)

Taking into account that tys=d*t,cin and that tys<tyy , as WINDOWS NT is not a real time
operating system (it is also verified by real tests), it is apparent that T, <<T..

According to the initial proposal it was suggested that the decompression algorithm could be
implemented using a micro-controller/micro-processor based embedded system. This system
should be able to interface with both the PCI part and the image-setter interface module. But
this solution has some disadvantages affecting the cost and functionality of the new Painter NT
system card and in general our market orientation. Those disadvantages can be described as
follows:
Inability to follow the demands of our market. In case that we implemented the
decompression algorithm using a micro-controller/micro-processor based embedded
system, it would be very difficult for us to reuse the same module to our new products
that also require decompression capabilities. It is important to emphasize that many
marketing issues have been changed from the time (one year and a half ago) that we
presented our FUSE proposal. On that time we were mainly focusing on the evolution
and improvement of the only hardware product that we had (Painter) without
considering the future. The CPU based decompression solution was exclusively
adapted to Painter. Since the time of our proposal, a lot of things have been changed.
Now Unibrain has two more hardware products and is planning to deliver a new
generation of imagesetter cards based on the emerging IEEE-1394 bus. This extended
market demands the re-usability/replicability that a decompression ASIC in a generic
module can offer much more than a CPU implementation.
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Overall system complexity. This significant increase of the overall system
complexity is derived mainly from the following:
a).Design complexity in order to implement the interface of the
micro-controller/micro-processor system with the PCI, the imagesetter interface
modules and the ASIC.
b).PCB complexity resulting mainly from the augmented number of pins and
connections.
Augmented CPU cost. This cost is justified taking into account that the required CPU
should have significant computing power (more than 80MIPS), high data processing
throughput (around 100Mbytes/sec) and versatile peripheral interface capabilities.
An FPGA solution has been attempted but very soon was rejected. This was a simulation of the
already developed VHDL code using the ALTERA MAX PLUS Il development tool and a
trial to fit the resulting binary to an ALTERA device. The reasons of this rejection are
presented here. First of all, the EPF 10k70 device, that the design fitted, is available on a
package with 240 1/O pin count. This was excessive for our case, where a 120 total (with
power supply pins) I/0 pin count was already enough. Having a chip on a board with the
double package size than the one that is necessary, with the almost half pins unconnected,
would create a number of problems at the system. But the most serious reason that made us to
give up FPGA solution was the dramatic fall of the performance. The maximum clock
frequency in which our design, fitted in the Altera’s device, could operate correctly, did not get
over 5 MHz. This large difference between initial system specifications (with clock at 33
MHz) and the implemented circuit, did not let any margins to continue with FPGA solution.
Besides the above reasons, the cost of this ALTERA device is greater that the ASIC taking into
account volumes of several thousands.
A general comparison between FPGA and ASIC implementation can be presented in the
current paragraph, based on the experience of our company. The FPGA is suggested for rapid
prototyping of small and not very complex designs. When the design contains multiple
pipeline stages, it is recommended the use of ASIC. If the only available solution is the FPGA
then the design should be fragmented to modules and each module should be implemented by
one FPGA. When the clocking rate is essential then the solution should be the ASIC, otherwise
use FPGAs. Finally when the design results in a large number of gates with critical
propagation delay paths then the implementation should be based on ASIC.
Another important issue extracted from the overall system specifications of our new system, is
the differentiation of the hardware modules in two categories: the configurable and the non-
configurable. The former category reflects all those modules that could or should be able to
change during the product life. Those modules are basically the modules that interface with the
imagesetters. The new Painter NT system should have the possibility of modification
(adopting the modified specifications of an imagesetter) and upgrade (including the interface
specifications of a new imagesetter) for the imagesetters interface part.
The non-configurable hardware modules are those that do not need to change after the card
production. Non-configurable module is obviously the decompression module.
According to the previous argument, the new ASIC should incorporate the following
non-configurable modules:

1 FIFO Control Logic. The FIFOs has been decided NOT to be included and
implemented in the ASIC in order to reduce the ASIC size and to have the possibility
for FIFO size change.

2_ Decompression Logic. This non-reconfigurable logic is ideal to be hardwired on ASIC.

The Image Setters Control Logic, is a configurable hardware logic that could be implemented
using re-configurable hardware such as FPGAs or EPLDs. Within this hardware it is required,
for conceptual reasons, that the Control and Status Registers, are also included.
As regards the PCI implementation, it has been adopted the use of a custom controller (AMCC
S5933 PCI MATCHMAKER) in order to overcome significant problems that our old solution
had with the last generation CPU motherboards (Pentium 11, Pentium Pro). Moreover this
system redesign causes the elimination of two FPGAs used on the old system. This FPGA
reduction, comprise a significant reduction of the system complexity, maintenance and cost.
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Because the discussed ASIC has a continuous interchange of data with the auxiliary SRAM
module and the FIFO components during the decompression process, its correct functionality
was verified using SRAM and FIFO configurable VHDL models during the simulation. These
VHDL models were connected in structural VHDL with ASIC VHDL code in an upper
hierarchically VHDL file creating in this way a VHDL test-bench for the ASIC.

The Design Flow that was followed for the development of this ASIC included VHDL
development, Synthesis, Testability Insertion, Synthesized circuit Simulation & Layout
generation.

a). VHDL development

After the final definition of ASIC specifications and the determination of the internal block
structure that given above, the design was described in VHDL at an hierarchical format. The
lower level blocks of that format, such as state machines, were described in behavioral VHDL,
while upper level blocks were described structurally. The VHDL codes were compiled and
simulated each one independently and then all together as a whole until the desired
functionality was achieved. These compilations and simulations were performed using Mentor
Graphics tools (ModelSim and QuickHDL).

Because the discussed ASIC has a continuous interchange of data with the auxiliary SRAM
module and the FIFO components during the decompression process, its correct functionality
was verified using SRAM and FIFO configurable VHDL models during the simulation. These
VHDL models were connected in structural VHDL with ASIC VHDL code in an upper
hierarchically VHDL file creating in this way a VHDL testbench for the ASIC.

b). Synthesis

The results of simulation were satisfying both for the ASIC functionality and the system
performance. So the next step was to go on synthesis procedure. Various fabrication
technologies have been considered for the realization of this application experiment. The most
two realistic alternatives were the FPGA solution and the standard cell implementation.
Initially the first solution was chosen as it would reduce the implementation time of the design.
Altera’s MAX+PLUS Il development tool was already installed and Altera’s Programmable
Logic Devices were available. An already tried design flow for Altera devices, using
SYNOPSYS synthesis tool and MAX+PLUS I, was followed. The large size of the design
made us to map it on Altera FLEX EPF 10k70 device that was the smallest FLEX 10k device
that the specific design could be fitted (with 90% utilization). There was the beginning of the
problems that did not let us to implement the design on FPGA technology.

So we turned in the solution, to implement our design using a CMOS standard cell technology.
AMS 0.8um CMOS Standard Cell technology it was the one that chosen as it had been used
before successfully by the subcontractor. The AMS libraries of this technology (AMS Design
Kit v2.50) had already used in previous projects with SYNOPSYS synthesis tool and a design
flow for SYNOPSY'S was almost ready. Our VHDL code became an input to the synthesis tool
and the design was synthesized and optimized.

c).Testability Insertion

Next step was the insertion of testability. Testing of the ASIC’s digital core is required, in
order to reject chips that, due to manufacturing defects, are not functioning as required. This
testing will be effected by means of the Scan-Path technique, whereby the circuit’s flip-flops
are connected into a number of shift-registers, allowing the excitation of ,burried”
combinatorial blocks (i.e. not connected to the device’s external pins) and the observation of
their response, which must match a predetermined pattern. The insertion of the Scan-Path in
our design carried out using Mentor Graphics DFT-Advisor (all the flip-flops were replaced by
scan flip-flops). One more input pin (sc_en) was added (see table 1), for setting the ASIC
either on function mode or test mode. A SYNOPSY'S recompilation was necessary at this point
in order the <edif> and <db> output files to embody the changes and a new timing analysis to
be created and reported.

d). Synthesized circuit Simulation & Layout generation

The synthesized circuit was almost ready and the only divergence from the specifications was
that the clock frequency had to decreased at 25 MHz in order to have an absolutely correct
behaviour even at the worst environmental conditions. The critical point, that was and the
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basic reason for the clock frequency reduction, was the Input Reader/Code Processor & Stack
Writer datapath (see section 5) which is controlled by an extremely large FSM. Besides these,
the above datapath has also a register file with an expected large number of flip-flops. The
performance of the design was already satisfying and there were margins for decrease in clock
frequency without affecting seriously the performance of the system. Saying it with numbers:
an average output bandwidth of decompression at 33 MHz clock frequency was 2.3 Mbytes /
sec. Now at 25 MHz the analogous bandwidth will be 1.75 Mbytes /sec. These values depend
on a large degree from the specific compressed file. As large the compression ratio is, as better
the decompression output bandwidth will be.

An incremental buffering on the clock tree was necessary in order to eliminate the slope
violation warnings at the clock nets. From now on, all the processes on the synthesized circuit
were carried out on Mentor Graphics tools vB.3 (Design Manager, Design Architect, Design
Viewpoint and Design Check). Simulation of the synthesized circuit performed with Mentor
Graphics simulation tools QuickSim Il and QHpro. After the layout phase, the chip checked
and simulated again with the extracted net capacitance, to verify that the function and timing
were correct (back_annotated results).

For the design of the layout, the Automatic Place and Route tools, from Mentor Graphics vB.3
were used. The Standard Cell layout library was included in the AMS HIT kit v2.50. The
dimensions of the layout are: 7200 x 7800 um?.

8. Expertise and experience in microelectronics of the company and the
staff allocated to the project

Currently the personnel of UNIBRAIN are 16 people with high educational quality. The
personnel allocated to the project along with their respective activities and roles, are described
below:

M.E. Tzavaras (Mr.): Responsible for the Technical Management and the

Dissemination

F. Carrasco (Mr.): Involved in the Training effort, the Specification process and the

System/ASIC design.

G. Zahopoulos (Mr.): Involved at the System/ASIC design.

N. Anagnostopoulou (Mrs): Contribution in the System/ASIC testing procedure.

UNIBRAIN’s hardware design practice and experience (prior to this AE involvement) was
mainly focused on PCB Systems, FPGA design with traditional schematic capture approach
and High Speed Protocols implementation. This orientation has been chosen in order to meet
the challenging and emerging requirements of the Pre-Press Systems.

- PCB Design. UNIBRAIN has significant experience in the design and
development of Board Systems based mainly on popular microcontrollers or
microprocessors. Those designs are implemented with the use of a combined set of
EDA Tools.

Embedded Systems Designs. Those systems are mainly based on the popular 8-bit
or 16-bit Intel microcontrollers and are basically developed using the provided
Evaluation Platforms (In-Circuit Emulators, Evaluation Boards, Development Kits,
etc.). Moreover those embedded systems are programmed using mainly the
provided C compilers.

FPGA Design. Our FPGA design circle is based on the ALTERA’s MAX PLUS II
tool and consists of the design of systems based mainly on the MAX 7000 series.
The Design Entry is mainly based on Graphic Schematics.

Bus Design. UNIBRAIN holds significant experience in the design of systems
based on standardized bus specifications such as ISA and PCIl. The design
methodology is based on the conceptual acceptance that the designed system is
partitioned in two main subsystems: the one implementing the functional
specification of the system and the second providing the interface between the first
system and the host PCI via the bus standard.
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High Speed Protocols. UNIBRAIN is recently investing on the development of
systems based on High Speed Protocols, such as SCSI, IEEE 1394, etc. Those
protocols are of great importance for the demanding Pre-Press market, but also for
the communication systems in general.

All the personnel involved in this AE had a board experience in digital system design and PCB
design and development. It had developed many microprocessor-based projects and had
knowledge and expertise in High speed protocols. Some of the engineers had involved with
FPGA and PLD developments but they had never used VHDL as a design entry method. In
general, the personnel that participated to this AE had limited knowledge in the ASIC design
process and the use of VHDL for the design and simulation of digital systems. One of the
objectives of this project was also to obtain basic knowledge and sufficient background in the
VHDL approach methodology (behavioral, structural VHDL), the synthesis process and the
netlist extraction and simulation before the ASIC manufacture.

9. Workplan and rationale

The work was carried out according to the initial work-plan structure with some timing
deviations based mainly to technical difficulties. The total work-plan is presented in the
following paragraphs.

TASK 1: Project Management

A company's engineer with the assistance of the Greek TTN set-up a detailed planning for the
project. This planning included the whole design procedure up to the fabrication of the ASIC,
testing of the prototypes, development of the PCB and setting-up of the demonstrator.
Consequently UNIBRAIN responsible for the management of the entire experiment. Progress
reports and a final oral presentation by UNIBRAIN were included as deliverables.

TASK 2: Training

This task included training of UNIBRAIN's engineers by the subcontractor’s personnel on the
ASIC design methodologies and ASIC technologies. VHDL uncommitted library's approach
that used by CEM's engineers was also performed, as well as design-for-testability
methodologies and techniques. In addition UNIBRAIN’s engineers had the opportunity to
have a knowledge of the various micro-electronic technologies, use of CAD tools and general
system design methodologies.

TASK 3: Specifications

This task was further sub-divided into the following tasks:

3.1 System Specifications

This subtask included the architectural study of the overall system and definition of the general
functional specifications of the system and was performed by our company. According to the
initial proposal it was suggested that the decompression algorithm could be implemented using
a micro-controller/micro-processor based embedded system. This system should be able to
interface with both the PCI part and the image-setter interface module. But this solution had
some disadvantages affecting the cost and functionality of the new Painter NT system card and
in general our market orientation. Those disadvantages were described on section 7 earlier.

3.2 ASIC Specifications

ASIC specifications subtask was in progress simultaneously with System specifications and a
continuous interaction between our company and the subcontractor was performed. In this
task, it was defined the ASIC blocks functional operation, timing parameters and operating
frequency taking into account the system specifications, the current technological trends and
the available ASIC technologies. Initially the ASIC block include the front and back-end
FIFOs required for the data queuing. But taking into account the ASIC size and the system
configurability, we decided that those FIFO modules should be external of the ASIC. The
effort of subcontractor (9 person days) was adequate and it is felt that more effort will not be
necessary at this stage.

TASK 4: Design - Fabrication

This task contained the following sub-tasks

4.1 High Level System Design
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Based on the functional specifications, this subtask included the definition of the block
diagram of the system and the determination of the appropriate components for high
performance and small size. It was performed by our company. During this task, significant
problems have been presented regarding mainly the PCI interface of the product. The old PCI
specifications was not fully compatible with the new PCI chip-sets (FX-440 and later), used in
the last generation CPU motherboards (Pentium Pro, Pentium Il). So a complete new PCI
specification has been elaborated and new PCI design has been done based on the AMCC
S5933 controller. Moreover during this task the system has been partitioned to the PCI module
and the Generic Decompression Module (GDM).

4.2 ASIC design/layout/fabrication

This subtask included the use of an uncommitted design approach for ASIC design, simulation
and finally synthesis and re-targeting to a specific vendor's library. Automatic test pattern
generation, layout and fabrication of the ASIC prototypes using MPW runs. For the design of
the layout, the Automatic Place and Route tools, from Mentor Graphics vB.3 were used. The
Standard Cell layout library was included in the AMS HIT kit v2.50. The dimensions of the
layout are : 7200 x 7800 um?. The whole design procedure was performed mainly by the
subcontractor which has the responsibility for the correctness of the design, but Unibrain’s
engineers had an active participation at all stages. They had a contact with VHDL and with
the CAD tools that were used for simulation synthesis and testability insertion.

4.3 PCB design/fabrication

This task included the required PCB design modifications to the existing PCB based on the
system and ASIC specifications and the Fabrication of the new PCB that incorporated the
ASIC and the other components of the system. The whole work performed by our company.
TASK 5: Testing

5.1 ASIC Testing

This subtask included the testing of the ASIC packaged prototypes by the subcontractor and
delivery to our company. An engineer of our company was also involved in this subtask.

5.2 System testing

The current subtask included integration of the complete system and its functional testing. The
system testing has been performed by the company into two steps: one for the GDM and the
second test for the entire functional prototype.

TASK 6: Dissemination/Awareness

This task which was performed by Unibrain included the preparation of the appropriate
information material (leaflets etc.), announcements to newsletters/workshops with the
assistance of the local TTN and participation to international fairs.

The next figure 7 presents the work-plan of the entire work along with the initially planned
schedule.
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Figure 7: work-plan of the entire work along with the initially planned schedule
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