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Abstract

In September of 2001, Blue Mug assembled a PC prototype to measure the potential performance of a flash memory / CD writer according to initial specifications from BigCo. This document analyzes those measurements and comments on the initial specifications.
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1. Introduction

Blue Mug has received a draft specification from BigCo for an “Image Converter” product concept. We understand that BigCo is considering the use of a CPU similar to ZFMicro's MachZ CPU. We are concerned that the performance of a 486-class processor would not be sufficient, particularly for CD writing at 4x speed.  Also, significant image manipulation (e.g. thumbnail index creation) and music encoding (a possible feature for Replaceable CPU Controller mentioned in the spec) may also call for a more powerful processor. We assembled a 486-based device prototype using standard PC components to evaluate its performance more closely.

Here are the main goals of the tests:

· Determine whether a 486-class CPU is able to provide a sustained data stream to a CD writer at 4X speed (600kb/s) and collect basic CPU utilization statistics under Linux.

· Determine whether JPEG thumbnail generation can be performed on a 486-class CPU with reasonable performance under Linux.

· Determine whether MP3 audio encoding can be performed on a 486-class CPU with reasonable performance under Linux.
2. Test Environment

The hardware and software used to perform the various operations characterize the test environment.  Due to the limited time available for testing, only a rapid prototype approximating the performance of the hardware listed in the initial specification could be assembled. 

2.1 Hardware Setup

The hardware chosen was a Dell Dimension 486 desktop with the following specifications:

	CPU
	Intel i486 DX2 66MHz
	Hard Disk Drive
	Quantum Trailblazer

	Internal Cache
	8KB
	Access Mode
	IDE / PIO

	External Cache
	256KB
	Capacity
	850MB

	Math Coprocessor
	Present
	Average Seek
	14ms

	
	
	Throughput
	16.67MB/s

	Data Bus Width
	32 bits
	
	

	Address Bus Width
	32 bits
	CD-Writer
	HP 9100B 

	
	
	Interface
	Internal IDE

	Memory
	16MB SIMM
	Speed W / RW / R
	8x / 4x / 32x

	Access Time
	70ns
	Cache
	1024KB

	
	
	
	


Appendix A lists the links for detailed hardware specifications on the web.

One major deviation from the original specifications document is the use of an IDE hard disk drive instead of a flash memory card slot. This is due to limited time available to acquire a flash memory card adapter for a desktop PC. Since the performance bottleneck of many operations in the tests are mainly on the CPU’s processing power, the throughput difference between a HDD and a flash memory card adapter should not significantly affect test results.

2.2 Software Setup

Linux was chosen as the software test platform. Various open-source command line driven applications are used for the test operations and measurements:

	OS Kernel
	Linux 2.2.19
	Supports USB (via patch), IDE-SCSI emulation and etc.

	CD Writing
	cdrecord 1.19
	Records audio and data to a CDR / CDRW.

	ISO Image Creation
	mkisofs 1.13
	Creates the ISO file system image for source data files.

	MP3 Encoding
	lame 3.89
	Encodes MP3 audio format files from source wave files.

	JPEG decoding
	djpeg v6b
	Decodes JPEG images into raw bitmaps.

	JPEG encoding
	cjpeg v6b
	Encodes JPEG images from source bitmap files.


Appendix A lists the links for the software web sites.

Appendix B lists the command line options used for testing.

3. Measurements and Analysis

This section describes the tests performed and analyzes the resulting measurements

3.1 CD Writing

In this test cdrecord is used to write two different sets of files to a CDR at various speed. For each test, two methods of CD writing are used:

I. Non-Streaming Write

   Create ISO image data with mkisofs first, and then write to CD with cdrecord.

1. mkisofs –R –o cdimage.iso [source files]
2. cdrecord –v speed=[1,2,4] dev=[SCSI ID] fs=[buffer size] cdimage.iso

II. Streaming Write

Pipe the ISO image data from mkisofs directly to cdrecord for a “streaming” write.

1. mkisofs –R [source files] | cdrecord –v speed=[1,2,4] dev=[SCSI ID] fs=[buffer size] –
Method ( I ) allows each process to occupy the entire CPU but is slightly slower then Method ( II ), where the two processes share the CPU cycles. Note that Method ( I ) requires temporary storage for the entire ISO image in memory. Therefore this method is not likely to be viable on the intended device with 16MB of total memory.

3.1.1 Regular JPEG Files Test

This test measure the performance of the device writing a typical set of digital camera JPEG files of various resolution and size. A set of 13 JPEG files ranging from 50K (digital camera’s “email / web” settings) to 2MB (3.3 megapixels, low compression) is used. 12 copies of this set are made and are placed into 3 directories totaling 125MB. A write buffer of size 8MB is used.

	Non-Streaming Write

	Test #1
	Test #2

	Write Speed
	2X (300KB/s)
	Write Speed
	4X (600KB/s)

	Result
	Success
	Result
	Success

	Average CPU Usage
	28%
	Average CPU Usage
	67%

	Max CPU Usage
	39%
	Max CPU Usage
	85%

	Min Write Buffer Level
	96%
	Min Write Buffer Level
	92%


	Streaming Write

	Test #1
	Test #2

	Write Speed
	2X (300KB / s)
	Write Speed
	4X (600KB / s)

	Result
	Success
	Result
	Failure

	Average CPU Usage
	42%
	Average CPU Usage
	85%

	Max CPU Usage
	81%
	Max CPU Usage
	93%

	Min Write Buffer Level
	89%
	Min Write Buffer Level
	0%


This test shows that 4X writing is only possible on the prototype using the non-streaming method. However, this method requires a very large memory buffer to hold the ISO file. A number of alternative solutions are discussed in Section 4 of this document.
3.1.2 Linux Source Files Stress Test

This test measure the performance of the device in writing a set of very small files ranging from 3kb to 120kb, totaling 97MB, distributed in a complex directory tree structure. Writing such files usually demands more CPU power in the ISO image generation stage. The test results give a good idea of the device’s performance under stressing conditions. A write buffer of size 8MB is used.

	Non-Streaming Write

	Test #1
	Test #2

	Write Speed
	2X (300KB/s)
	Write Speed
	4X (600KB/s)

	Result
	Success
	Result
	Success

	Average CPU Usage
	29%
	Average CPU Usage
	68%

	Max CPU Usage
	34%
	Max CPU Usage
	79%

	Min Write Buffer Level
	95%
	Min Write Buffer Level
	96%


	Streaming Write

	Test #1
	Test #2

	Write Speed
	2X (300KB / s)
	Write Speed
	4X (600KB/s)

	Result
	Failure
	Result
	Failure

	Average CPU Usage
	87%
	Average CPU Usage
	84%

	Max CPU Usage
	91%
	Max CPU Usage
	92%

	Min Write Buffer Level
	0%
	Min Write Buffer Level
	0%


This test shows that the nature of the source files has minimal impact for the non-streaming method. On the other hand, due to significant higher CPU cycles demand from the mkisofs, streaming tests failed even at 2X. Again a number of alternative solutions are discussed in Section 4 of this document.
CD writing at single speed could not be tested due to Linux driver issues with the particular CD writer we used. We expect a single speed streaming write to succeed in the conditions specified in this section.

3.2 JPEG Thumbnail Generation

3.2.1 JPEG Image Scaling

This test measures the performance of the device in resizing JPEG images.  Several JPEG images of various resolutions are scaled down to 1/8 of original size using Independent JPEG group’s free image library.

1. djpeg –fast –scale [scale factor] –pnm –dct fast [src file name] | cjpeg –dct fast > [dest file name]
	Image Resolution
	Source File Size
	486 DX2-66
	Pentium Pro 200

	640 x 480
	196 KB
	1.5s
	0.1s

	1024 x 768
	836 KB
	4s
	0.3s

	2048 x 1536
	1.44 MB
	8s
	1.0s

	2048 x 1536
	2.53 MB
	12s
	1.5s


This test shows that image scaling performance on the prototype machine is acceptable but dramatically slower than a typical low-end desktop PC. The JPEG encoding quality level does not have a noticeable impact on performance in scaling images.
3.2.2 Thumbnail Index Generation

This test measures the performance of the device in generating a thumbnail HTML index page. A set of 13 JPEG files ranging from 50K (digital camera’s “email / web” settings) to 2MB (3.3 megapixels, low compression) is used. 4 copies of this set are made and placed into the “source” directory for processing.

	Image Count
	Source File Size
	486 DX2-66
	Pentium Pro 200

	52
	42 MB
	4 minutes 17 seconds
	20 seconds


For a typical 128MB flash memory card full of images, the prototype device will take approximately 13 minutes to generate a thumbnail HTML index page versus 1 minute for a low-end desktop PC.

3.3 MP3 Encoding

MP3 audio file encoding is mentioned on the BigCo specification document as a possible add-on feature. This simple test measures the performance of the device in encoding a typical length CD audio track into a MP3 file.

1. lame –b [bitrate] [input wav file name] [output mp3 file name]
Track Length 4:26, 42.3MB WAV file, Stereo

	Encoding Bit Rate
	MP3 File Size
	486 DX2-66
	Pentium Pro 200

	32 bps
	1.04 MB
	16 minutes 55 seconds
	1 minute 24 seconds

	64 bps
	2.08 MB
	34 minutes 57 seconds
	2 minutes 48 seconds

	128 bps
	4.16 MB
	47 minutes 17seconds
	2 minutes 19 seconds


MP3 encoding speed, even at a very low bit rate, is unacceptable on the prototype device. Most portable devices use dedicated hardware for MP3 playback and encoding purposes.

4. Conclusions and Recommendations

The results of the performance measurements indicate that a 486-class CPU is capable of supporting a reliable streaming data transfer rate from flash memory to a CDR for all types of data of 1X (150KB/s). Reliable data rates of 2X (300KB/s) were found to be possible only for larger files (50K and up) stored in flat or simple directory structures, such as would be typical of JPEG pictures as written to a flash memory card by a typical digital camera.

Overall operation times for a hypothetical usage scenario, of the transfer of 128MB of images from a flash memory card to a CDR, based on our prototype hardware and test methods, are estimated as follows:

	Task
	Device Settings
	Estimated Time

	1. Transfer 128MB of images from flash memory to a CDR
	2X Streaming Write
	0 h 9 m

	2. Create a HTML thumbnail index of 128MB of images
	1/8 Scaling Factor
	0 h 13 m


Thus, a total of 22 minutes would be required to create an HTML thumbnail index for and transfer all images from a 128MB flash card full of images to a CDR on a device with a 486-class CPU and a relatively small memory buffer. This is a long time, but could be performed independent of all user interaction other than a single press of a “Copy to CD” button. 

If a higher level of performance is required, we recommend:

1. Choosing a more powerful CPU

As demonstrated in section 3.2 and 3.3 in this document, a more powerful CPU could dramatically increase device performance. Blue Mug has extensive experience in working with embedded processors and will be able to assist in the selection of a chip as necessary to meet specific performance requirements for HTML thumbnail index generation and data transfer rates. As an example, one inexpensive candidate worth testing would be the Cirrus Logic EP7211
, which uses an ARM7 core.

If achieving a 4X data transfer rate by itself is important (without improving the HTML thumbnail index generation times) a number of additional options are available for exploration:

2. Using a “Burn-Proof” CD writer

In 1999 Sanyo released their “Burn-Proof” chipsets for CD-Writers to eliminate buffer under-run problems. Using CD writers equipped with this technology, now employed by a number of other manufacturers, may allow a 486-class CPU to write at up to 4X speed.

This web site discuss this “Burn-Proof” technology in greater detail:

http://www.roxio.com/en/support/recorders/burnproof.html
3. Variable rate CD writing

It may be possible for the device to analyze the directory structure and file sizes of the source media and choose a safe CD writing speed (1X, 2X or 4X). For example, the device will recognize typical large digital camera image files and proceed with 4X write. However this feature will require significant modifications to the Linux ISO creation utility mkisofs.
4. Incremental multi-session CD writing

A set of images can be divided into smaller subsets. Each of these are then written using the non-streaming method as individual sessions on the CDR. This will allow higher speed CD writing with a small amount of memory. However, there is an overhead of 15MB per session written on the CDR. This means only 20 sessions, each holding 16MB of data, can be written to a single disc. This solution also requires significant modifications to the Linux CD writing utility cdrecord.

This web site discuss the use of multi-session writing and its limitations:

http://www.mscience.com/faq67.html
5. Packet writing

Packet writing allows an unlimited number of sessions to be written on a CDR. However widespread support for packet writing and the UDF file system, which packet writing requires, are not available yet. Older CD-ROM drives are not equipped to read CDs created with this technology. In addition, packet writing and UDF file system support is still in an experimental stage for Linux.


Web sites on Linux support of packet writing:

CD Packet Writing Support

http://packet-cd.sourceforge.net
UDF File System Support

http://www.trylinux.com/projects/udf/index.html
Lastly, the performance of a 486-class CPU for the encoding of MP3 audio files was found to be very poor.  For example the encoding of 74 minutes of music is estimated to take over 12 hours:

	Task
	Device Settings
	Estimated Time

	3. Encode a 74 minutes audio CD to a flash memory card
	128 Bit Per Second
	12 h 57 m


Thus, MP3 encoding speed, even at a very low bit rate, is unacceptable using 486-class CPU, and in fact impractical on most low-end general purpose CPUs.  Most portable devices use dedicated hardware for MP3 playback and encoding purposes, and we would recommend the same for this application.

Appendix A.


Links to Hardware Specs and Software Sources

Dell Dimension 466V

http://docs.us.dell.com/docs/dta/PWREDGE/00000001.htm
HP CD-Writer Plus 9100 Internal Drive

http://www.hp.com/cposupport/prodhome/hpcdwriter18530.html
cdrecord 1.9 – Linux CD writing utility

http://www.fokus.gmd.de/research/cc/glone/employees/joerg.schilling/private/cdrecord.html
mkisofs 1.13 – Linux ISO image creation utility

http://freshmeat.net/redir/mkisofs/6481/url_homepage/
Independent JPEG group image library

http://www.ijg.org/
lame 3.89 – Linux MP3 encoder

http://www.mp3dev.org/mp3/
Appendix B.
Additional Useful Tests 

Due to time and equipment constraints, we could only perform the relatively simple performance prototyping described in this report. However, several additions to both the testing process and equipment setup could be useful for further prototyping and pinpointing of system performance bottlenecks:

1. Using a PC Card desktop reader together with a flash memory adapter in place of the HDD.

While the most probable bottleneck in the test operations is with the CPU, there might be performance impact from the use of an actual PC Card reader. For example, the zero seek time property of flash media may improve the reading of small files such as lower resolution JPEG images. On the other hand, the sequential reading throughput of flash media through adapters may be lower than that of a HDD.

2. Printing from flash memory / PC card to an ink-jet printer.

Printing images on inkjet printers requires rasterization performed on the host computer’s CPU. We should investigate whether a 486-class CPU produces acceptable performance especially when printing high-resolution images.

3. Single-speed CD writing.

Further testing can be done to test the feasibility of single-speed streaming writes using an appropriate Linux CD writer driver.

� This web site describes an inexpensive System-On-Chip offering from Cirrus Logic:


� HYPERLINK "http://www.cirrus.com/design/products/overview/index.cfm?ProductID=110" ��http://www.cirrus.com/design/products/overview/index.cfm?ProductID=110�
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