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Abstract

Efficient software for language translation has been developed. These applications
are designed to run on large desktop machines with high performance processors and
large primary memory However, the DIPLOMAT project seeks to port the Pan-
gloss Machine Translation (MT) system onto a dedicated hand-held computer which
would allow users to translate "in the field". Such hand-held computers have lower
processing speed and available storage in order to conserve battery life. By profiling
the behavior of the Pangloss MT system, opportunities to maximize performance by
modifying the configuration of a hand-held computer are identified. Profiling focused
on the way Pangloss uses memory and disk resources makes it easier to find ways
to improve performance. Three processor/memory configurations combined with two
forms of secondary storage are evaluated. Experiments achieve one third the perfor-
mance on a mobile system with one-fourth the memory and about 1/Tth the SPEC-
Mark performance of a desktop Pentium Pro. Experimental evaluation shows that a
system can be much less capable in terms of processing power and available system
resources and still deliver acceptable performance to allow language translation in a
mobile environment.
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Section 1

Overview

1.1 Introduction

In international dealings, language is still a significant barrier to communication. Real

time language translation can help cross this barrier. To ensure that these translators

are easily accessible, it is necessary to place them in an easily-transportable, hand-

held package that can do swift translations at about the same pace as a. conversation.

The Pangloss Machine Translation (MT) software is an interactive sentence-by-

sentence translator. It can be used interactively by a user who enters sentences and

receives a corresponding translation. The software can also be used to translate a

series of sentences from standard input and return translations as they are processed.

A scaled-down version of the Pangloss MT was developed known as Pangloss Lite.

The software is to be packaged in a hand-held "Tactical Information Assistant" unit

to be used "in the field". A dedicated hardware/software Language Translation (LT)

~nodule has been developed for use with an off-the-shelf pahn-top computer to which

the user enters the text intended for translation. The text is transmitted via a serial

connection to the LT module. This LT module performs a text-to-text translation.

Coupled with a speech-to-text and text-to-speech module, the ultimate goal is to

have real-time spoken language translation. Since ultimately this unit will be used

to facilitate normal spoken communication, the time required to translate a sentence

has to be ~nini~nized. Research has shown that computer users perform better and
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experience less stress when their applications experience a.s short, a. response time as

possible, on average. From a user’s point of view, these response times should be

characterized as delays of less than 2 seconds, ideally on the order of milliseconds [1].

This is the goal of the LT module.

In most cases, measurements of user performance are independent of actual re-

sponse time and instead depend directly on mean response time[21. Thus, the goal

becomes to optimize performance in the aver4ge case, rather than 4.11 cases.

In addition, since the final implementation of the unit will make use of a voice-

based, rather than a text-based interface, certain specific goals must be met to make

a voice-based interactive system "usable"Ial. The speech-to-text processing and text-

to-speech processing will add additional overhead that will increase response time.

Thus, optimization of the text-to-text translation process is essential.

Therefore, the performance goals have to be met on a unit th4.t is small, e4sily

portable, and, by extension, less general purpose thegn desktop systems. The major

system bottlenecks must be identified and the system reconfigured to avoid these

bottlenecks. Bottlenecks can be identified either by profiling or brute-force experi-

mentation through modifying system parameters. Both methods are useful, although

changing configuration parameters to find bottlenecks must be done by making one

change at a time to isolate effects of the change.

Several hardware options are available for the processors and secondary storage,

as outlined in the next subsection. Understanding the interactions between the MT

software and the hardware configurations is the goal of this research.

1.2 Hardware Options

1.2.1 Processors

Various processor configurations were evaluated. Profiling tests were performed on

a desktop Windows 95 Pentium Pro to provide a baseline for comparisons between

mobile units. The ’~Linux" variation of the Unix operating system was selected for
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the mobile unit. Two processor options were considered for the mobile unit. The

first is a Pentium/120-based ’~Gemini" motherboard, manufactured by MicroModule

Systems. The second is a 486-based Cardio. Performance profiles are smnmarized

for all various configurations on all three platforms. However, modifications to meel

performance goals were explored most extensively on the Cardio-based system since

it provided the least system resources in terms of memory, cache, and clock frequency,

as depicted in Table 1.1.

The VS440FX Pentium Pro motherboard is a standard model meant for desktop

machines. It is also the most versatile, with the ability to to handle PCI local-bus

cards and Enhanced IDE hard drives. Its 256 MB limit on memory is sutticient for

most single-user applications. The Pentium Pro is the target platform upon which

the Pangloss MT software was designed to run. However, the physical dimensions of

the VS440FX, along with its power consumption and heat generation by the Pentium

Pro Processor chip relegates the system to the desktop and make it inappropriate

for mobile use. It provides a useful "baseline" with which to compare performance

statistics when testing other, less capable platforms.

The Gemini Module is a motherboard built to be used in a mobile environment.

While the Pentium processor used on the Gemini Module is less capat~le than the

Penium Pro used by the Intel VS4401¢X, the Gemini does have built-in support for

Enhanced IDE and PCI cards, providing access to high performance peripherals.

l~urthermore, the range of memory capacity is identical to a standard desktop moth-

erboard. In addition, it has a small footprint and relatively low power consumption,

making it well-suited for use in a mobile or wearable computer. However, since it

uses a Pentium-based processor, heat dissipation is still a large problem.

The SMOS Cardio encloses all the motherboard functions in an extremely small

form factor. The pin-outs from this individual unit control all serial and parallel ports,

hard disk and floppy disk interfaces, video, and an ISA interface. There is also built-

in support for PCMCIA cards. Unfortunately, the hard drive interfaces are standard

[DE, and there is no PCI support available. Since the Cardio uses a 486 processor, the

power consumption is much lower than Pentium-based units. However, the memory is
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Intel MicroModule Systems S-MOS
VS440FX Gemini Module (’,ardio

Processor Pentium Pro Pentium 486DX4
200 MHz 120 MHz 75 Mltz

Max. Memory (MB) 256 256 16
Memory Configuration(s) Tested (MB) 64 16/32 16
L2 Cache Size (kB) 2,56 256 0
Dimensions (cm) 24.4xa0.48xl 5.4x4.9x.42 8.SxS.4x.75
Power Consumption (W) a0-50 5.4 (ave) 3.2

Table 1.1: Various Hardware Platforms for the MT Software Compared

built into the Cardio, which makes it impossible to add additional memory. Current

generations of the Cardio are limited to 16 MB of memory, though 32 MB versions

will be available soon.

Obviously, the size and power consumption of a standard motherboard eliminate

it as an option, despite the large amount of processing capacity. The Gemini Module

is designed for mobile use, but when battery life is a key issue, the Cardio provides

many advatanges, despite its lower performance. The challenge then becomes how to

implement the Pangloss Lite software to yield reasonable performance on the Cardio.

1.2.2 Secondary Storage

Table 1.2 illustrates the options for secondary storage. A standard choice for Pentium

Pro machines and Pentium-based Gemini Modules is a spinning-disk magnetic hard

drive. A Western Digital Caviar 21200 1.2 GB EIDE-based hard drive is used for

the experiments. Although the WDC 21200 hard drive is larger than typical disk

drives used in xnobile applications, it still demonstrates the effects of slower access

times inherent in all types of spinning-disk magnetic secondary storage. There were

few performance problems with the Pentium Pro and Gemini Module. However,

performance considerations were much more critical when using the 486-based C, ardio,

so experiments were also performed with an 85 MB SanDisk solid state hard drive

which has an order of magitude less latency than the WDC 21200.

While the me&anical nature of a spinning magnetic disk results in much longer
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Western Digital SunDisk SanDisk 85
Caviar 21200 EIDE Flash (1994) Flash

Capactity (MB) 1200 20 85
Read Bandwidth (MB/s) 16.6 (Max. EIDE) 0.65 (Ave.) 1.2

8.3 (IDE)
Write Bandwidth (roB/s) 16.6 (Max. EIDE) 0.075 (Ave.) .2,5

s.a
Total Access La.tency (ms) 12 1.1 1.1

Table 1.2: Comparison of Various Secondary Storage Media

latency times than solid-state media, the interface provides extremely good read/write

data bandwidth. The main disadvantages of spinning-drive technology are the poor

latency, the additional power required, and the relatively lower tolerance to shock

compared to solid-state media.

Solid-state flash memory latency characteristics are similar to traditional RAM

for read operations, with a latency of about .1 ms. In addition, there is about a 1 ms

additional overhead from the IDE controller for seek time. However, before a block is

to be written, the block must first be erased. Furthermore, the write operation takes

much longer even after the block has been erased. Consequently~ write operations are

an order of magnitude slower than read operations, and the use of solid state media

can actually hamper overall performance if the application demands a significant

number of writes to secondary storage. Different types of secondary storage have

been considered before when developing other mobile computers[4].

Solid-state technology has improved since these previous studies. Furthermore,

given the trade-off’s associated with Flash memory, it is appropriate to study how

the Pangloss Lite MT software utilizes secondary storage.

1.3 The Pangloss Lite Software

The Pangloss Lite software is simply a modified version of the Pangloss MT system[5].

Language translation latency and accuracy is achieved by combining several different

translation methods to produce the most accurate translation possible. The Pangloss
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Lite software uses fewer individual MT engines than the Pangloss softwe~re. By ex-

amining the resources used by the methods, it can be determined which resources to

scale back in order to improve energy consumption.

The Pangloss software, as depicted in Figure 1-1, uses both a Knowledge-Based

MT (KBMT) system and an Example-Based MT (EBMT) system. The 

breaks sentences into phrases and clauses to decode the intended meaning of each

part of the sentence with the final output being the correct grammatical translation.

Meanwhile, the EBMT takes individual sentence phrases and compares them to a

corpus of examples it has in memory to rind phrases it knows how to translate. The

results of both of these systems are compared and then the best results are chosen.

In addition, a lexical MT (a glossary) translates any unknown words that may 

left. Combining these methods yields an excellent, translation accuracy, if there are

sufficient system resources available for concurrent operation of these MT engines.

The Pangloss Lite software only uses the EBMT engine combined with a glossary [6] .

The EBMT engine translates individual "chunks" of the sentence using the source

language model and then combines them with a model of the target language to en-

sure correct syntax, in the same way as the original Pangloss software. The glossary

is used for any final look-ups of individual words that could not be translated by the

EBMT engine, in the same way as the lexical MT engine functions in the Pangloss

system. It should be noted, however that the vocabulary contained in the EBMT

covers about 90% of the data in the glosslary.

When reading from the EBMT corpus, the system makes several random-access

reads while searching for the appropriate phrase. Since random reads are done multi-

ple times, instead of loading large, continuous chunks of the corpus into memory, the

disk latency times will be far more important than the disk bandwidth. Furthermore,

both the Pangloss and Pangloss Lite software have no self-updating features. There-

fore, all transactions will result in read-only accesses to the software files. When a

sentence is translated, then, a series of non-sequential disk reads are made.

The Pangloss and Pangloss Lite systems are similar in structure and apply the

same principles of translation. However, it should be noted that Pangloss Lite was
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