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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 1/7th 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
module has been developed for use with an off-the-shelf palm-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 minimized. Research has shown that computer users perform better and
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experience less stress when their applications experience as 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[2]. Thus, the goal
becomes to optimize performance in the average case, rather than all 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”[3]. 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 that is small, easily
portable, and, by extension, less general purpose than 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 summarized
for all various configurations on all three platforms. However. modifications to meet
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. 1ts 256 MB limit on memory is sutlicient 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 VS440F X, 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 capable than the
Penium Pro used by the Intel VS440FX, the Gemini does have built-in support for
Enhanced IDE and PCI cards, providing access to high performance peripherals.
Furthermore, 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 1s 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
IDE, 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 Cardio
Processor Pentium Pro Pentium 486D X4
200 MHz 120 MHz 75 MHz
Max. Memory (MB) 256 256 16
Memory Configuration(s) Tested (MB) 64 16/32 16
L2 Cache Size (kB) 256 256 0
Dimensions (cm) 24.4x30.48x1 5.4x4.9x.42 8.5x5.4x.75H
Power Consumption (W) 30-50 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 mobile 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 Cardio,
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 mechanical 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 (MB/s) | 16.6 (Max. EIDE) | 0.075 (Ave.) .25

8.3 (IDE)
Total Access Latency (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 M'T 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 software. 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 KBMT
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 find 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 be
left. Combining these methods yields an excellent translation accuracy, if there are
sufficient system resources available for concurrent operation of these M'T 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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Figure 1-1: The Structure of the Pangloss MT System

specifically designed to give similar translation accuracy in a smaller package. The
goal in constructing a faster, more efficient Pangloss Lite should be achieved by
following similar examining any major bottlenecks and attempting further reduction
in the number of resources consumed. With a basic understanding of the Pangloss

software, the next section identifies and remove specific bottlenecks.

16



Section 2

Optimizing the
Hardware/Software Interactions

for the Pangloss Lite Software

2.1 Bottlenecks

Using profiling data from a “typical” session of the Pangloss Lite software, the main
procedural bottlenecks are identified. These bottlenecks can be used as a starting
point to reduce processing time. After tracing through the procedures that consumed
the majority of the processing time (about 20-30%) not related to start-up, this time
is dominated primarily by read-disk accesses. By contrast. the relative time spent on
algorithmic processing - e.g., searching a data structure, for example - was minimal.
Therefore, the obvious solution is to find a way to eliminate the need for these disk
accesses or to reduce the time required to read from disk.

The procedures that were responsible for read-disk accesses were searching for
matches in the Example-Based Corpus, such as find_chunks and EBMTIndex::getInstances.
The other bottleneck is accessing the Language Model when assembling these sen-
tences for the output translation contained in load_bic_records which loads up the
data from the language model when completing the translation. The common thread

is that the main cost of processing are the read-accesses to the disk.
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Another bottleneck was found through experimentation. It was observed on the
Gemini Module that substantial time is being spent waiting for accesses to disk to
stop before a response from the computer is returned. The time spent waiting was
more than one would expect simply from the reads being done by the software. By
doubling the memory on the unit from 16 megabytes to 32 megabytes, significant
performance improvement was gained. The bottleneck was indentified as disk reads
and writes to the virtual memory swap space by the operating system (Linux). With
only 16 megabytes of memory, the time spent on swapping accesses dwarfed the time
required to do the read-only data accesses required by the software.

The approach to resolving these bottlenecks requires a combination of (a) reducing
time spent accessing the disk, (b) decreasing swapping, and (c) decreasing the amount
of memory used by the software. The next section describes ways to readuce the first

two bottlenecks.

2.2 Approaches to Minimizing Disk Activity

2.2.1 Reducing Application Disk Accesses

Various approaches were considered when attempting to reduce the time spent on
disk accesses. The most common method 1s to use disk caching to load frequently-
used information into memory, eliminating the need for subsequent disk accesses.
Disk caching works best when there is either spacial or temporal locality. Another
approach is to choose media that requires less time for read-accesses. The evaluation
must decide which media requires less time. If the seek-time of the new medium
is shorter but bandwidth is smaller, than the new medium will only be superior if
there are many small reads, while a longer seek time but larger bandwidth is best
for applications that make large disk-reads. Therefore, choosing secondary storage to
improve application performance must be based on the behavior of the application.
By reducing time spent on disk access through caching methods and faster read access,

overall performance can be improved.



WD Caviar SunDisk Sandisk

21200 (IDE) SDI20 85
Total Access Time(ms) = K1 12 1.1 1.1
ms/byte = K2 .00012 .00154 (Read) | .00083 (Read)

0133 (Write) | .004 (Write)

Table 2.1: Disk Latency Parameters for seek time and transfer time

The disk accesses are loads from the “language model” and the example based
corpus kept by the Pangloss Lite software. These models vary in size from 30-80 MB,
which made it impractical to load them into memory. Furthermore, reading from
the models were random-access, so “pre-fetching” or “look-aheads™ are unlikely to
improve the performance to a significant degree. In addition, the software already
caches previously-accessed parts of the language model in memory. Therefore, us-
ing conventional caching methods to reduce disk-accesses is not likely to yield any

substantial performance improvements.

However, it has been found that applications which make primarily read-only
random-access operations to disk can benefit from the use of solid-state secondary-
storage, as opposed to spinning-disk magnetic media[4]. The access time of solid-state
drives when making disk-reads can be many times faster than spinning drives, though
the read bandwidth is smaller. It is easy to analytically determine the circumstances
in which solid-state drives will give performance benefits over spinning-disk media.
Based on the statistics from Table 1.2, the values in Table 2.1 are derived. If B is
defined as the number of bytes read during a disk access, then a read from solid-state

disk 1s less time consuming if
K ligsh + K250 X B < Klgisk + K240 x B. (2.1)

Solving for B with the given values of K1 and K2 for each drive, the SanDisk 85
yields a benefit when B is less than 15352 bytes. On average, accesses to the language
model or the example corpus by Pangloss Lite are less than 1000 bytes. Therefore, the
solid-state drive reduces the total time spent on disk-read accesses in the application.

The time it takes to write to disk is significant since swapping to the secondary

storage will be done by the operating system. The SunDisk SDI20 would only provide
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a benefit for writes smaller than 827 bytes, while the SanDisk 85 would provide a
benefit for writes of up to 2809 bytes. However, swap transactions are typically
about 4000 bytes long, so solid state media may drag down overall performance.

Also, since the Pangloss Lite MT system is actually a collection of several MTs
acting together to improve accuracy, some work may be duplicated. If one of these
MTs can be removed without sacrificing too much translation accuracy, then it may
be worthwhile to delete an MT in an attempt to improve performance. As mentioned
previously, the Example-Based Corpus of the Pangloss Lite software contains about
90% of the words contained in the glossary. It is possible that disabling the glossary
will result in fewer disk-accesses and improved performance. However, while lack
of a glossary may cause sub-optimal translations to be selected from the EBMT, a
pjurely example-based translation system may give both the desired performance and
reasonable, though reduced, accuracy.

In summary, there are memory limitations and a lack of spacial locality in disk
reads in the Pangloss Lite system. Consequently, the number of disk accesses cannot
be reduced through conventional caching methods. However, since the disk reads are
relatively small-grain, solid-state media should theoretically reduce the time spent on
Pangloss Lite’s disk accesses. Also, the total number of disk accesses can be reduced
by scaling down the size of the Pangloss Lite application itself. The bottleneck that

remains is the time spent swapping.

2.2.2 Reducing OS Swapping

Initial performance experiments on the Gemini Module summarized in Table 2.2
yielded a substantial difference in processing time between the 16 MB configuration
and the 32 MB. A reasonable assumption is that swap space is a major bottleneck
and that swapping consumes a large portion of the processing time. Based on the
data, assuming there is minimal swapping with 32 MB of memory, swapping with 16

MB of memory consumes up to 83% of the translation time.



[ Using Gemini Module Pentium 120 Startup Process 50
with a WD spinning HD Time (sec) | Sentences(sec)
32 MB 12 27
16 MB 19 135

Table 2.2: Timing Experiments with Different Memory Configurations on the Gemini
Module
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Figure 2-1: The runtimes of the software on the Gemini Module with different
amounts of memory

32 MB of memory is sufficient to handle the requirements of an average-sized language
model. However, the 486-based Cardio system is limited to 16 MB of memory, which
is insufficient for the Pangloss software. This limitation results in the need for Linux
to make many accesses to the disk swap space.

Memory is consumed during a translation while searching through the example-
corpus, which is kept in memory when it is read, and while searching through the
glossary to make any final changes. Since memory is filled very quickly, any memory
savings that can be made will result in less swapping and better overall performance.
Therefore, the goal is to not only make disk swapping faster, but also to make fewer

accesses to swap space.

Reducing disk swapping is accomplished by using less memory. Some possible

methods are to reducing the size of data structures to squeeze out of unused space or
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sacrificing algorithmic performance for memory conservation. The search through the
example-corpus uses a large hashtable which is searched in O(1) time but requires
O(2n) memory, performance properties of all hashtables. Changing the hashtable
lookup to a tree search would increase the processing time to O(logon) time, but
would only require O(logan) memory. There is no guarantee that this change will
result in measureable differences, but it is an area for consideration.

Another source of memory reduction is in the code itself. The Pagloss Lite software
utilizes the Framepa(' library written by Ralf Brown[7] which emulates various data
structures in Common LISP. Some variables were created to keep track of classes
which contained other subclasses or parts of subclasses. One of these variables is
called “inverse_relation™, which is a pointer that describes the inverse relationship
between two classes. This variable is not used by Pangloss Lite. Thus, by changing
it to a static variable equal to 0, two bytes will be saved for each instance of the
class using the “inverse_relation” variable. The FrSymbol structure is the most basic
data type in the Pangloss Lite software, used to represent words, chunks of words,
and most other string-related objects. Therefore, there is a large potential benefit in
terms of memory saved. This is another area for performance enhancement.

As indicated in above, in order to reduce disk reads, it was suggested that the
lexical MT could be eliminated with few repercussions in accuracy. This simplification
would not only save on disk-reads, but also reduce the need for megabytes of data.
Less memory consumed results in less swapping.

The storage medium also impacts the time required to access virtual memory.
Section 2.2.1 showed that for reasonably-sized reads, solid state flash disks improve
performance over traditional magnetic disks. However, accesses to swap space are
not read-only. In fact, they contain both reads and writes. Flash-based solid state
disk technology will slow down performance in a system that requires frequent large
disk writes. An alternative is to provide both types of disk, with the Pangloss Lite
software (read only) on a solid-state drive while the swap-space resides on a spinning-
disk (read/write). Even though reading from the swap space will not be as fast as

reading from solid-state disks, it is likely that the performance degradation due to

[S\]
o



solid-state disk writes would more than off-set the gains in read performance.

As seen in Table 2.1, improvements in flash performance mean that it is not
automatically disqualified for swapping. Although performance benefits during a
swap write can only be gained for writes of less than 2809 bytes, this figure does not
necessarily eliminate the SanDisk 85 from use as in swapping. Therefore, a system
using all solid-state technology is also considered.

Swapping can be reduced my minimizing the amount of memory used by the
swap space. Also, in the event that even future solid state disk technology remains
innapropriate as swap space, swap space can be placed on separate magnetic spinning-
disk media.

Performance experiments used different configurations of secondary media. In ad-
dition, these configurations were combined with different methods of memory saving

described above. The results of these experiments are shown in the following section.



Section 3

Experimental Results

3.1 Configurations

Various system configurations were formed from combinations of CPU hardware, sec-
ondary storage, and software. All possible system combinations were not evaluated.
When an obvious inferior configuration was encountered, it was rejected. Further-
more, since the Cardio 486 hardware presented the largest challenge, the most ex-
tensive tests were performed on that platform. Fewer configurations were evaluated
on the Gemini Module. The VS440FX Penium Pro-based system was used only as
a “baseline” demonstration since, from an end user’s point of view, the translations
are faster than the reading speed of the average person.

Table 3.1 summarizs the options explored for hardware, memory, secondary stor-

age, and software.

Hardware Memory Secondary Software
Platform Storage Options
Cardio 16 MB | Spinning Disk None
Gemini Module | 32 MB Solid-State Tree-Search

inverse_relation
declared static
both
Glossary deleted

Table 3.1: Different possible configurations used for experiments
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Startup Process 50
Time (sec) | Sentences (sec)
VS440FX (64 MB) 6 16
Gemini Module (32 MB) 10 23

Table 3.2: Test runs of the standard Pangloss Lite Software on Different Platforms,
using the Glossary

Different combinations of these options are measured. The effects on performance

of individual options are evaluated.

3.2 Experimentation

Evaluation consists of initiating the Pangloss Lite software on each platform and
timing how long it took for the initial prompt to appear, at which time the user
can begin entering sentences to be translated. A file of 50 phrases is sent to the
application, and the time it takes to complete the translation is recorded.

Each platform is described in turn. First, baseline results for the Pentium Pro-
based platform will be examined. Then a series of configurations of the Gemini
Module will be shown, and finally performance results on the Cardio-based system
are given. Predictions about the performance of the forthcoming 32 MB Cardio are

also made.

3.2.1 The VS440FX and Gemini

Using the Pentium Pro system with a spinning disk, there are few limitations on
memory, and the bandwidth of the EIDE-capable interface is beneficial. Once the
initial startup time is past, the system translates at an average speed of 320 ms per
sentence. This is the ideal performance for an interactive system. Thus the Pentium
Pro provides more than adepquate performance.

Table 3.2 compares the Gemini Module with the Pentium Pro. Unsurprisingly,
a the VS440FX with a faster processor and more memory performs better than the

Gemini Module. The Gemini Module translates at an average rate of 460 msec per
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Startup Process 50 |
Time (sec) | Sentences (sec)

Gemini Module (16 MB) 16 134
Gemini Module 12 27
(32 MB) Cardio (16 MB) | 27 157

Table 3.3: Test runs comparing the Gemini Module and Cardio Performance with a
spinning drive using the glossary
sentence, an adequate rate for an interactive system. Note that as memory is reduced,

processing speed will become less important as a portion of the total response time.

3.2.2 The Gemini Module and the Cardio

The Gemini Module has several advantages over the Cardio. Even if the two systems
are compared with identical memory configurations, the Gemini Module uses a more
powerful processor and can take advantage of the EIDE disk interface. Even if the
CPU time required by the Pangloss Lite software is a small fraction of the response
time, better processing performance and disk bandwidth should provide the Gemini
Module an advantage over the Cardio. As shown in Table 3.3, the Gemini Module
has a 15% - 20% advantage over the Cardio. The response time of 3.26 seconds on
average per sentence for the Cardio exceeds the real-time response goal.

Incidently, for future generations of the Smart Module that might make use of
the Gemini Module, any of the optimizations made on the Cardio should be equally

relevant to the Gemini.

3.2.3 Optimizing the Cardio Configuration

With the differences in memory, disk speed, and processing power, the Cardio has an
order of magnitude larger response time than a Pentium Pro-based system. To achieve
“acceptable” performance, the real-time response will have to improve from an average
rate of more than 3 seconds per sentence to less than 1 second per sentence. This
can be done by exploiting the knowledge of the optimizations described in Section 2.

Improvements in the disk reads can be evaluated by changing the secondary storage.
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Figure 3-1: The runtimes of the software on the Gemini Module with different
amounts of memory compared with the Cardio, using the glossary
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Figure 3-2: The runtimes of the software on the Cardio compared, using the glossary.

As illustrated in Figure 3-2, substantial improvement is gained by using the solid-
state media for the read-only aspects of the Pangloss Lite software. With the swap
space on a spinning-disk. the improvement in software-read performance gives the
system an increase of 40% over keeping everything on a spinning disk. By contrast.
an all solid state secondary starage system yields a 33% decrease in performance
compared to the hybrid combination of media for software and swap space.

Modifying the code to save memory can provide small but measurable changes in

SV
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the system. The two memory saving options described in Section 2 were implemented.
The Example-Based MT system was changed to use a tree search instead of a hash-
table lookup, and the code in the FramepaC library was changed to remove unused
class members. It has been established above that placing the Pangloss Lite software
on the solid-state drive and the swap space on a spinning drive yields the best response
time, the memory saving methods will be evaluated on this hardware configuration.

Although data lookups in the EBMT take longer to process with the tree-search
method, this is a small sacrifice for any time saved by saving memory. In addition,
removing the “inverse_relation” in the FramepaC library saves space while not incur-
ring any performance sacrifices as a side effect. However, as can be seen in Figure
3-2, the performance gain is only about 5%. If larger improvements are to be made
in performance, more substantial modifications must be made.

Emprical evidence suggests that relying only on the EBMT causes sub-optimal
translations to be chosen. At the very least, the output translations given by the
Pangloss Lite software with the glossary diverge from the translations given by the
software without it. (Examples are shown in Appendix B)

A system that only used an example-based MT is best for translating short, sim-
ple phrases that are already contained in the EBMT database. This is a conceivable
situation in the case of routine work such as control of the human computer inter-
face or filling in an established form or template. Those planning to translate more
complicated spoken messages or even entire written documents are probably more
willing to sacrifice performance and speed compared to those who are making simpler
requests. Therefore, the actual decrease in accuracy may be tolerable.

The performance of the Pangloss Lite software on the Cardio yields an average
performance of about 830 ms/sentence. This is more than a factor of three improve-
ment over the initial Cardio configuration and meets the goal of less than one second
per sentence.

Given all of this data, it should be possible to make predictions of how new
technology should operate. Creating a mathematical model of the behavior of the

system based on the observed data will make this possible.
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Section 4

Creating A Quantitative Model

For Performance

Predictions of performance as a function of system attributes can be formed from a
multi-linear regression on a subset of the data. First, a model is constructed with
system attributes. The coefficients of these attributes determine the relative contri-
bution of each attribute to the total runtime. Each equation of the linear regression
takes the form of

Total Runtime = boxg + b1z + bozs ... (4.1)

Each term b, represents some attribute of the system that is modified to affect per-
formance, such as the time per instruction or disk latency. It is important to choose
these features such that the regression will return meaningful results. A model must
be constructed that reflects reality and whose terms have a granularity which reflects
the actual configurations.

The performance of the system configurations without any memory saving repre-
sents the data set. Any advantages associated with memory saving could be applied
to the configurations to further improve performance.

One approach to regression analysis is to have attributes that are composites of
several factors such as swap time which is a function of the frequency and size of a
swap. There are no models for the time of an average Linux swap, nor is there data

from the literature on the average number of bytes read by Pangloss Lite during a
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glossary access or EBMT access. A general model for contributors to the runtime of

the Pangloss Lite software is:

Translation Time =
(Overhead + EBMT C'PU time) + (Glossary C'PU time) +
(EBMT Disk Read Time) + (Glossary Disk Read Tvme) +
(Overhead + EBMT Swap Time) + (Glossary Swap Time) (4.2)

FEach term will be defined. CPU time is
time per instruction X number of instructions (4.3)
From Section 2, disk read time is

Time = (Disk Latencyx Number of Accesses)+(time per byte readxTotalBytesRead)
(4.4)
Total time spent on swapping is the similar but also includes the time spent on writes

to disk.

Swap Time = (Disk Latency x Number of Accesses) + (4.5)
(tzme per byte read x Total Bytes Read) +

(time per byte written x Total Bytes Written)

Performance statistics are well known for disks, as seen in Figure 2.1. SPECMarks
are an indication of the number of instructions per second that can be processed.
The traditional correspondence is 1 SPECMark ~ 1 MIPS. Therefore, a term of
(1/SPECMark) can be used in the regression analysis to show the relative contribu-
tion of raw CPU power to the time of translations. SPECMarks are a widely reported
for processors. A Pentium 120 MHz processor has a SPECMark integer rating of 157
while the 486 DX4/75 processor’s rating is about 45.

In an initial regression using the data, time spent on each disk accesses was bro-
ken down into latency, time per byte read, and time per byte written. However, all

three attributes change when the disk media is changed from solid state to spinning.
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Since the data shows that systems with solid state drives perform better than systems
with spinning drives, the regression incorrectly assumed that the this was due to the
lower bandwidth of the solid state drives, rather than the change to a solid state
drive, whose benefits were associated mostly with latency improvements. Thus the
caluculated coefficient for the terms associated with time per byte became negative
(i.e., thus the regression stated that as time per byte increases, processing time de-
creases). The problem is that the system configurations did have have independent
sets of attributes so that attributes like latency and bandwidth could be indepen-
dently changed. Assumptions have to be made about how to combine these separate
attributes into a single term. This is necessary because individual attributes cannot
be changed - an entire subset of attributes is changed when the secondary storage
media is changed. Each factor should represent one changeable attribute of the sys-
tem. This means that one must postulate an appropriate level of model abstraction
in which all of the parameters of a subsystem are combined into one factor such as
an “average” software read and an “average” swap access. These composite factors
will change when a configuration change is made.

It was calculated in Section 2 that solid state media would be less advantageous
when used as swap space because the write bandwidth was substantially lower than
a spinning drive. This appeared to be confirmed in Figure 3-2 which shows that the
performance of the system using solid state media both for swap space and software is
worse than when a solid state drive is used for software and a spinning disk is used for
swap space. Tests were also run using the spinning disk for the software and solid state
media for swap space. This would appear, at first glance, to be a configuration which
would offer the worst performance. As shown in Figure 3-2, performance declines
between when the software and the swap space is on a spinning drive than when the
software 1s moved to a solid state drive. At the same time, performance is worse when
both the software and the swap space are kept on a solid state drive, compared to

when just the software is there.

However, counter to intuition, when software is on the spinning disk and the swap

space is placed on the solid state drive, the runtime is lower than having both swap
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Disk Configuration on Cardio With Glossary Without Glossary
Startup Process 50 Startup Process 50

Time (sec) | Sentences (sec) | Time (sec) | Sentences (Sec)

Software and Swap Space 27 157 24 76

on same spinning drive

Software and Swap Space 24 136 23 63

on separate spinning drives

Software on Spinning drive 33 139 26 66

Swap space on solid-state drive

Table 4.1: Performance results on the Cardio 486DX4/75MHz with software on the
spinning drive, and swap space in different locations

space and software on the spinning drive. One might conclude that swapping on the
solid state drive is faster than on the spinning drive. However, using swap space and
software on a solid state drive conferred a penalty compared to having the swap space
on a separate spinning drive with the software on the solid state disk. Other tests show
that having the swap space on a separate spinning drive than the software confers a
benefit over having both on the same spinning drive. Based on the performance data
in Tables 4.1 and 4.2, it appears that there is a penalty associated with having the
software and swap space on the same drive.

This penalty can be accounted for in two ways. One possibility is that it is a
concurrency problem. Since the swapping accesses performed by the operating system
and the software accesses performed by the application represent different threads,
it is possible that swap commands and software disk read commands are being sent
out onto the IDE bus in succession, before waiting for a response. This could allow
greater data bandwidth. In the example mentioned above, with the swap space on
one separate spinning drive and the software on another spinning drive, swap data
could be loaded into main memory while a transaction was still being processed by
the spinning drive. Another possibility is that the seek latency of the spinning drives
is lower due to locality when software and swapping have dedicated drives. When
the disks accesses are separated according to function, the disk heads stay in their
respective partitions. In addition. the swap partition is very small compared to the

size of the overall disk itself (16 MB vs. 1200 MB). Therefore, the time it takes for



| Software on Spinning-Disk Drive With Glossary Without Glossary
i Startup Process 50 Startup Process 50
Time (sec) | Sentences (sec) | Time (sec) | Sentences (sec)

Separate Swap 16 112 14 52
Spinning Drive (16 MB)
Separate Swap 23 116 17 56
Solid State Drive (16 MB)
Separate Swap 12 27 10 15
Spinning Drive (32 MB)
Separate Swap 12 26 10 15
Solid State Drive (32MB)

Table 4.2: Results of tests on Gemini Module performance with software on spinning
drive, using separate swap space drives

the disk head to go from the software parition to the swap partition will be much
longer than the time it takes for the disk head to move within the swap partition
itself. Since latency is the overriding factor influencing the behavior of the spinning

disk drive performance, this decrease in latency could be a significant factor.

The latter hypothesis is the more likely — namely, the performance bonus in systems
that have two separate drives is caused by locality in the accesses on a spinning
drive. This hypothesis could be tested by running tests on two solid state drives,
cach separately used for swap space and software. However, at the current time,
Linux cannot recognize IDE disk drives with a PCMCIA interface as an IDE slave.
Therefore, this “confirming” test cannot be run at the present time.

Given this data, firm numbers have to be calculated for factors such as “average”
disk reads and swap accesses. An “average” disk read in Pangloss Lite is typically
a read of about 1000 bytes. The time it takes to make an “average” read can be
calculated from Equation 2.1. For a spinning disk with normal latency, this will give
an “average” disk read time to be .01206 seconds for a spinning drive with an EIDE
interface and .01212 seconds for a spinning drive with an IDE interface. For a solid
state drive, it will take .00193 seconds to make an “average” read.

An “average” access to swap space is typically write to disk of 4000 bytes followed

by a read to disk of 4000 bytes. On a spinning drive using EIDE, the time per swap
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access 1s .02448 seconds, while on an IDE interface yields a time of .02496 seconds.
On a solid state drive, the time i1s .02153 seconds. This appears to contradict the
empirical data. After all, use of the solid state drive for swap space confers a penalty
on the system. However, the working hypothesis is that splitting software and swap
space provides an improvement due to locality on the spinning drive. Therefore,
a “separate spinning disk swap” factor will be added to the multilinear regression.
This factor will be “1” when the swap space is held on a separate spinning drive.
The coefficient should be negative when the regression is solved, indicating that the
presence of the factor improves performance of the system.

The multilinear model 1s:

Translation Time = (4.6)
(1/SPECMark)xo + (T'tme for SoftwareRead)x; +
(Glossary Factor)zy + (Memory Factor)xs +
(Time for Swap)rs + (Separate Spinning Disk Swap)zxs
(4.7)

The “Glossary Factor” will be “1” or “0” depending upon whether the glossary is
being used or not. This will show the relative contribution of the use of the glossary
to performance. The “Memory Factor” will be “1” for 16 MB and “2” for 32 MB.
Because there appears to be almost no swapping in systems with 32 MB of memory,
this model will probably be non-linear for systems with more than 32 MB. If there is
no longer any swapping after 32 MB, the “Memory Factor” can never be larger than
2 if the model is to be an accurate predictor.

With this data, equations listed in Appendix C are constructed to use for the
linear regression. Fach factor of equation 4.7 is given a numerical value based on the
system configuration that was tested.

Running those equations through a data regression with Matlab, the values for

the coeflicients are given as:
ro = 947.55 (4.8)
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zy = 1524.5 (4.9)

2 = 42.63 (4.10)
z3 = —60.23 (4.11)
x4 = 4580.9 (4.12)
x5 = —16.84 (4.13)

It is difficult to assign physical significance to these values. For example, x¢ and 1y
seem to indicate the total number of instructions executed (in millions) and number of
disk accesses to the Pangloss Lite software, respectively. However, the actual number
of instructions and disk accesses change according to whether or not the glossary is
present. The same is true for the number of swap accesses that appear to be indicated
by x4. Rather, these figures can only provide an idea of the number of seconds added
or subtracted from translation time when their associated factors are changed in a
new configurataion.

Therefore, the final multilinear model is given as:

Translation Time = (4.14)
947.55(1/SPECMark)
+15424.5[Software Media Latency + 1000 x (1/Read Bandwidth))
+42.63(Glossary Factor) — 60.23(Memory /16 M B)
+4580.9[2 x Swap Media Latency + 4000 x (1/Read Bandw:dth)
44000 x (1/Write Bandwidth)]

—16.84(Separate Spinning Disk Swap Factor)

This analysis yields an R? value of .89 on a 5% confidence interval. When different
secondary storage media are used, the calculated coefficients can be used to predict
the translation time with the new media.

An example of how each part of the system contributes to processing time can be

shown using the test on the Cardio 486DX4/75 (16 MB) with two separate spinning
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Figure 4-1: The observed translation times compared with the times predicted by the
linear regression

drives, without the glossary. Examining each contribution to translation time term

by term:

947.55 x (1/45) = 21.06 (processing time) (4.15)
1524.5 x .01212 = 18.48 (software disk read time)
42.63 x 0 = 0 (Glossary Time)
—60.23 x 1 = —60.23 (Time saved from memory)
4580.9 x .02496 = 114.34 (Swap Time)

—16.84 x 1 = —16.84 (Swap on separate smnning drive)

This yields a value of 76.81 seconds. The observed value given in Figure 4.1 was 63
seconds. In this case, the predicted value was 22% different from the observed value.
The addition of the glossary would predict a translation time of 119.44 seconds,
compared to an actual runtime of 136 seconds, a difference of only 12% from the
observed value.

A clearer idea of the the difference between observed and predicted values from
the model can be given. In Figure 4-1, the observed translation times for each con-

figuration are organized in ascending order. The corresponding predicted translation
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Figure 4-2: The observed translation times of the 32 MB Gemini Module alone,
compared with the times predicted by the linear regression for all the data

time is compared to the observed one. There are obvious places where the predicted
translation times diverge greatly from the observed times. This is most evident at
data points 1-4, 8, and 9. However, much of the model gives a general idea of the
observed values. These points correspond when the Gemini Module is configured with
32 MB of memory, which are focused upon in Figure 4-2.

This suggests that the system already exhibits non-linear behavior when the mem-
ory is configured at 32 MB. Memory affects performance by reducing the amount of
swapping. At some point, sufficient memory will be available, and increases in mem-
ory will no longer correspond to less swapping. At this point, a linear model will
break down. It is possible that this point has been reached and that this is causing
the wide divergings of the linear model from the observed data.

When a new regression is run without the 32 MB Gemini Module and no “memory
factor” (bsz3z mentioned above), the regression yields an R* value of .928.

This work opens itself up to the exploration of new possibilities in regards to
predicting the behavior of new systems and comparing it against observed data. Fur-

thermore, more detailed observations could refine the model even further.
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Section 5

Further Research

In the course of this research, many other issues were uncovered that will be interesting
to examine. First, performance tests with the forthcoming 32 MB Cardio should be
conducted. In addition, the costs of OS-level swapping to secondary storage should
be examined in greater detail. Finally, rigorous tests should be done with potential
end-users to ensure that truly acceptable performance goals have been met.

Given the data mentioned in the Section 3, an estimate of the performance of
the 32 MB Cardio can be made. It was originally stated that with 32 MB, the
amount of swapping done will probably be minimal. Thus, in the case of using all
spinning-disk magnetic media, we can assume that the improvement will be about
the same as that of the Gemini Module — about 83%. This gives a value of about 30
seconds to translate 50 phrases with the Cardio using the glossary. Assuming that
this prediction is accurate, then most of the performance goals will have been met.
However, the linear model predicts a translation time of about 75 seconds. Because
of the problems associated with the model in 32 MB configurations (see Figure 4-1).
this could be innacurate.

In addition, better performance can be gained in the 32 MB Cardio by applying
the previous principles of changing the configuration of the secondary storage. The
improvement in performance should be of similar magnitude as the improvement of
the Gemini Module when using solid state media for the Pangloss Lite software, which

implies about 17 to 18 seconds to translate 50 phrases. The multilinear model predicts
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that the 32 MB system will run in about 35 seconds without the glossary.

Since the 32 MB Cardio was not available, quantified data on this configuration
should be taken in the future and compared with the predictions of the model dis-
cussed in Section 4. The main bottleneck with only 16 MB of memory is the time
spent swapping. It may turn out that having both the software and swap space kept
on the solid-state media is the best configuration. since the penalties associated with
sohd-state swapping will be diminished. It will be interesting to see if the results
will be comparable with the predictions made previously. The 32 MB unit should be
available sometime between the fall and winter of 1997.

Reported OS-level swapping should be studied more thoroughly. The experiments
done here only demonstrate the performance problems caused by swapping through
empirical observation of systems with inadequate primary storage. A finer-grain
examination is necessary. Attempts were made in this work to give precise values as
to the number of bytes accessed in a single read or write to justify different types
of secondary storage. If it can be ascertained precisely how many swap-accesses are
made, how often, and how many bytes are transferred in each access, then a much
more accurate model of which type of secondary storage is most beneficial can be
formed. Another approach is to re-implement the OS-based swapping to optimize it
for use with solid-state disks. For example, the virtual memory handler could attempt
to place small chunks of data in secondary storage while only large-contiguous blocks
of memory would be kept in primary storage. Therefore, bandwidth-intensive reads
of continuous amounts of data would be read and written to the RAM. Time would
be saved by avoiding having these large blocks written to the solid-state media.

Finally, given the coeflicients derived from the regression, new systems using other
types of secondary storage should be tested to confirm the veracity of the model and
ensure that it makes reasonable predictions about translation time performance.

Usability tests also must be conducted with potential end-users of the system.
This work has given some estimates of the performance goals that should be met to
maximize usability. However, no tests for this specific application have been done to

confirm the estimates of performance goals. Even the best-case performance of the
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Cardio system yields an average rate of 800 ms per sentence. However, it is unclear
whether this average response time is “good enough” for a typical end-user or even
whether the average reponse time can be longer in an actual interactive session. These

experiments should be conducted prior to final implementation of the Smart Module.
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Appendix A

Comprehensive Tests on Tested

Platforms
Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 6 16

Table A.1: Baseline Tests on the Pentium Pro/200 MHz VS440F X Motherboard using
a spinning-disk hard drive, with Glossary, 64 MB of Memory
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A.1 Tests on the Cardio 486/DX4 75MHz Sys-

tem

A.1.1 Pangloss Lite Software and swap space on magnetic

spinning-disk drive

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 27 157
Slower Data 27 155
Structures

Static IV=0 27 154

Both Memory 27 152
Saving Methods

Table A.2: Tests on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Software
and swap space on spinning-disk drive, using the Glossary

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 24 76
Slower Data 24 74
Structures

Static IV=0 24 75

Both Memory 24 72
Saving Methods

Table A.3: Tests on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Software
and swap space on spinning-disk drive, without the Glossary
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Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 36 113
Slower Data 34 107
Structures

Static IV=0 34 105

Both Memory 34 101
Saving Methods

Table A.4: Tests on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Software
and swap space on the SanDisk 85 solid state drive, using the Glossary

Startup Process 50

Time (sec) | Sentences (sec)
No Memory Saving 28 60
Slower Data 28 58
Structures
Static IV=0 27 58-59
Both Memory 26 56
Saving Methods

Table A.5: Tests on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Software
and swap space on the SanDisk 85 solid state drive, without the Glossary
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A.1.2 Pangloss Lite Software on SanDisk 85 Solid-State

drive and swap space on magnetic spinning-disk drive

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 25 98
Slower Data 25 95
Structures

Static IV=0 24 93

Both Memory 25 91
Saving Methods

Table A.6: Tests on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Pangloss
Lite Software on SanDisk 85 solid state drive, swap space on spinning-disk drive,
using the Glossary

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 22 438
Slower Data 22 44
Structures

Static IV=0 22 44

Both Memory 21 45
Saving Methods

Table A.7: Tests on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Pangloss
Lite Software on SanDisk 85 solid state drive, swap space on spinning-disk drive,
without the Glossary
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A.1.3 Software and Swap Space on individual different Spin-

ning Drives

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 24 136

L

Table A.8: Test on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Pangloss
Lite Software on one spinning-disk drive, swap space on a separate spinning disk
drive, using the Glossary

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 23 63

Table A.9: Test on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Pangloss
Lite Software on one spinning-disk drive, swap space on a separate spinning-disk
drive, without the Glossary
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A.1.4 Software on spinning-disk drive, swap space on San-

Disk 85
Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 33 139

Table A.10: Test on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Pangloss
Lite Software on spinning-disk drive, swap space on SanDisk 85 solid state drive,
using the Glossary

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 26 66

]

Table A.11: Test on the Cardio 486/DX4 75 MHz with 16 MB of Memory. Pangloss
Lite Software on spinning-disk drive, swap space on SanDisk 85 solid state drive.
without the Glossary
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A.2 Tests on the Gemini Module with Pentium

120

A.2.1 Software and Swap Space on Spinning Drive

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 16 127
Slower Data 17 126
Structures

Static IV=0 17 123
Both Memory 17 122

| Saving Methods

Table A.12: Gemini Module Pentium 120 with 16 MB of Memory. Software and swap
space on spinning-disk drive, using the Glossary

Startup Process 50

Time (sec) | Sentences (sec)
No Memory Saving 14 62
Slower Data 14 53
Structures
Static IV=0 14 58
Both Memory 14 55-56
Saving Methods

Table A.13: Gemini Module Pentium 120 with 16 MB of Memory. Software and swap
space on spinning-disk drive, without the Glossary
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Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 12 27
Slower Data 11 27
Structures

Static IV=0 10 26
Both Memory 10 26

Saving Methods

Table A.14: Gemini Module Pentium 120 with 32 MB of Memory. Software and swap
space on spinning-disk drive, using the Glossary

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 10 16
Slower Data 10 15
Structures
Static IV=0 10 15
Both Memory 10 14-15

Saving Methods

|

Table A.15: Gemini Module Pentium 120 with 32 MB of Memory. Software and swap
space on spinning-disk drive, without the Glossary



Disk Drive

A.2.2 Software on Solid State Drive, Swap Space on Spinning-

Startup Process 50

Time (sec) | Sentences (sec)
No Memory Saving 15 75-76
Slower Data 15 72
Structures
Static IV=0 14-15 72
Both Memory 14 68
Saving Methods

Table A.16: Gemini Module Pentium 120 with 16 MB of Memory. Software on
SanDisk 85 solid state drive, Swap Space on Spinning-Disk Drive, using the glossary

Startup Process 50

Time (sec) | Sentences (sec)
No Memory Saving 12-13 37
Slower Data 12-13 34-35
Structures
Static IV=0 12-13 37
Both Memory 12-13 34
Saving Methods

Table A.17: Gemini Module Pentium 120 with 16 MB of Memory. Software on
SanDisk 85 solid state drive, Swap Space on Spinning-Disk Drive, without the glossary
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Startup Process 50

Time (sec) | Sentences (sec)
No Memory Saving 11 17
Slower Data 11 16-17
Structures
Static IV=0 11 16-17
Both Memory 11 16
Saving Methods

Table A.18: Gemini Module Pentium 120 with 32 MB of Memory. Software on
SanDisk 85 solid state drive, Swap Space on Spinning-Disk Drive, using the glossary

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 10 9-10
Slower Data 10 10
Structures

Static IV=0 10 9-10
Both Memory 10 10
Saving Methods

Table A.19: Gemini Module Pentium 120 with 32 MB of Memory. Software on
SanDisk 85 solid state drive, Swap Space on Spinning-Disk Drive, without the glossary
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A.2.3 Software and Swap Space on Solid State Drive

Startup Process 50

Time (sec) | Sentences (sec)
No Memory Saving 26 86
Slower Data 24 83
Structures
Static IV=0 25 84-85
Both Memory 23 83
Saving Methods |

Table A.20: Gemini Module Pentium 120 with 16 MB of Memory. Software and swap
space on SanDisk 85 solid state drive, using the glossary

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 21 53-54
Slower Data 19 49
Structures

Static IV=0 19 49

Both Memory 18 46

| Saving Methods

Table A.21: Gemini Module Pentium 120 with 16 MB of Memory. Software and swap
space on SanDisk 85 solid state drive, without the glossary
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Startup Process 50

Time (sec) | Sentences (sec)
No Memory Saving 11 15-16
Slower Data 11 16
Structures
Static ITV=0 11 16
Both Memory 11 16
Saving Methods

Table A.22: Gemini Module Pentium 120 with 32 MB of Memory. Software and swap
space on SanDisk 85 solid state drive, using the glossary

Startup Process 50
Time (sec) | Sentences (sec)

No Memory Saving 10 9
Slower Data 10 9
Structures

Static IV=0 10 9

Both Memory 10 9
Saving Methods

Table A.23: Gemini Module Pentium 120 with 32 MB of Memory. Software and swap
space on SanDisk 85 solid state drive, without the glossary



A.2.4 Software on one spinning-disk drive, swap space on

a separate spinning-disk drive

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 16 112

L

Table A.24: Gemini Module Pentium 120 with 16 MB of Memory. Software and
on one spinning-disk drive, swap space on a separate spinning-disk drive, using the
glossary

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 14 52

Table A.25: Gemini Module Pentium 120 with 16 MB of Memory. Software and on
one spinning-disk drive, swap space on a separate spinning-disk drive, without the
glossary
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Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 12 27

Table A.26: Gemini Module Pentium 120 with 32 MB of Memory. Software and
on one spinning-disk drive, swap space on a separate spinning-disk drive, using the
glossary

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving | 10 r 15

Table A.27: Gemini Module Pentium 120 with 32 MB of Memory. Software and on
one spinning-disk drive, swap space on a separate spinning-disk drive, without the
glossary
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A.2.5 Software on spinning-disk drive, swap space on San-

Disk 85 Solid State Drive

Startup Process 50 |
Time (sec) | Sentences (sec)
No Memory Saving 23 116

Table A.28: Gemini Module Pentium 120 with 16 MB of Memory. Software on
spinning-disk drive, swap space on SanDisk 85 solid state drive, using the glossary

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 17 56

Table A.29: Gemini Module Pentium 120 with 16 MB of Memory. Software on
spinning-disk drive, swap space on SanDisk 85 solid state drive, without the glossary



Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 12 26

Table A.30: Gemini Module Pentium 120 with 32 MB of Memory. Software on
spinning-disk drive, swap space on SanDisk 85 solid state drive, using the glossary

Startup Process 50
Time (sec) | Sentences (sec)
No Memory Saving 10 15

Table A.31: Gemini Module Pentium 120 with 32 MB of Memory. Software on
spinning-disk drive, swap space on SanDisk 85 solid state drive, without the glossary
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Appendix B

Actual Software Input/Output

50 test sentences used for translation benchmark:

hello.

what 1s your name?

stop or 1 will shoot.

do you speak english?

get out of the road.

where are the mines?

are you carrying any weapons?
put your gun down.

i do not have any food.

where are your parents?

where is the bathroom?

1 cannot help you right now.

obey the police.

my orders are to clear you out of here.
let the tanks through.

how far away is the nearest city?
stop or the dog will bite you.

let the refugees through.

we are here to protect you.

we are not taking sides.

what is your name?

I am with the United States army.
we are not your enemy.

how to 1 get to the nearest city?
we have to get this person to a hospital.
put down the gun.

come with us.

where does this road lead?

we cannot protect you if you cross the border alone.
Do not copy this document.

A fee is required if you want to use our name.

The problem 1s that we do not have any place to train.
The construction will continue for two more weeks.
This office is closed.

I cannot help you right now.

[ am the commander of this division.

ST



I am not carrying any weapons.

This is a camera. _ _ _ '
Direct all your complaints to my commanding officer in Sarajevo.

Please tell us where the minefield is.

Read this report for your own safety.

If we do not succeed, we 1isk failure.

I cannot answer your questions right now.
Please do not touch the equipment.

It is very sensitive.

We do not accept dinars as currency.

I do not know your cousin in the United States.
How much are these cigarettes?

[ will give you this pack of cigarettes if you stop bothering us.
Turn around and lie on the ground.



Pangloss-Lite (English to Croatian) v1.08.
{loading, please wait) HRlo. Kakva je vaSa ime? Stopati ili ja éu puka?

0. Da )i govorite engleski? Dobi jati

mecati puta. Gospodo, gdje su mina? Su te prenofenje ¥trokav oruZja? CuSati

§ tvoje neoborivi naprijed. MHe mniti ne raspolaZe $trokav Speceraj. Gdje su

£ vasi roditel ja? Gdje je. kupatilo? Mi ne moZe ispomoéi te prave sada. UvaZen

£i policije. Hoj odredba ar. jasno te izvrSem. ovde. Eda. tenkova kroz. Koliko

$daleko od jeste. najbliZe Seher? Zaustave bud pas je ce kriz te. PuStati i

g izbeglice kroz. Hi smo ovde da za¥titi te. Hi smo ne uzimanje strane. Kakva

§ je va¥a ine? Ja sam sa. ujedinjen drZavama mornaricu. Hi smo ne tvoj

# nepri jatel jskog. Gdeno. nas dobijati u najbliZe $eher? Hi raspolaZe. dobio

8 taj eoveeji. nekakav bolnici. d¢usati demolirati. neoborivi. Dodite sa nas. Gd?

£ Jje

£da |i ovaj put provesti? Hi ne moZe Stititi te ako vi coSkast. bordura

£ inokosan. MHniti ne kopiju taj dokument. Mekakav prihvatit je obavezan ako ti

2 hofe da primjeni naSe imena. . problem je to Hi einimo ne imam nekakay

$ razmestiti. voz. . gradenje ée nastaviti i dva viSe sedinice. Taj biro je

f zatvorena. Hi ne moZe ispomoéi te pravo sada. Hi jesam, komandir tu delidba. 2

£ Ja

£ nisan preno3enje $trokav oruzje. To je neki novinskog. Direkt savkolik vase

gusvoje. moja komandni oficir u Parizu. Holim besediti ni gde je |judstvu

g jeste. Proeitati tu crtica za vaSe vlastit bezbednost. Ako Hiﬂbinimo ne

§ dospen. ni hazard neuspeh. Hi ne woZe besediti vaSa pitanja pravo sada. Holin

§da li ne darnuti. opremu. To je vrlo poduhvat. Hi einimo ne prihvacati dinara

$kao novac. He mniti ne znam tvej rodak u sjedinjene drZave. 6djeno grdi ar

£ ovoga cigareta? Ja ¢u da ti to pack. cigareta ako ti zaustaviti bothering

fnas. Faelovati okolo i folirati nadno. teren. Pangloss-Lite shutting down {pl2

§ ease wait)

£ Total run time: 6.94 seconds

Figure B-1: The output translation using the glossary
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