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Traditional, CPU-based Search Application

Options for hardware-based Search Device
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t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15
a a c g g a t g a g g g t a t

p1 a 9 9 -9 -9 -9 9 -9 -9 9 -9 -9 -9 -9 9 -9
p2 t -9 0 0 -18 -18 -9 18 0 -9 0 -18 -18 0 -9 18
p3 c -9 -18 9 -9 -27 -27 0 9 -9 -18 -9 -27 -18 -9 0
p4 g -9 -18 -9 18 0 -18 -18 9 0 0 -9 0 -18 -27 -18
p5 g -9 -18 -27 0 27 9 -9 -9 0 9 9 0 -9 -27 -36
p6 a 9 0 -18 -18 9 36 18 0 0 -9 0 0 -9 0 -18
p7 a 9 18 0 -18 -9 18 27 9 9 -9 -18 -9 -9 0 -9
p8 t -9 0 9 -9 -27 0 27 18 0 0 -18 -27 0 -18 9
p9 g -9 -18 -9 18 0 -18 9 36 18 9 9 -9 -18 -9 -9

p10 g -9 -18 -27 0 27 9 -9 18 27 27 18 18 0 -18 -18
p11 g -9 -18 -27 -18 9 18 0 0 9 36 36 27 9 -9 -27
p12 t -9 -18 -27 -36 -9 0 27 9 -9 18 27 27 36 18 0
p13 a 9 0 -18 -36 -27 0 9 18 18 0 9 18 18 45 27
p14 t -9 0 -9 -27 -45 -18 9 0 9 9 -9 0 27 27 54
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Reset_l=0 /

OpCode=No O P ; soc_out<=0
tcaff_out<=0 ; data_out<=0

enable<=0 ; Data_Read_en<=0
Pace_count<=0 ; streaming<=0

Reset_l=1 /
soc_out<=soc_in

tcaff_out<=tcaff_in
data_out<=data_in

Reset

Start
soc_in=0 OR

 (soc_in=1 & no control cell)  OR
(soc_in=1 & control cell & tcaff_in=0)

& NOT ((OpCode=Dump OR
Streaming=1) & Data_Ready=1) /

pace_count<=0

ControlCell_W1

IDECell_w00

IDECell_w0

IDECell_w1

IDECell_pace

 soc_in=1 & 
control cell &
tcaff_in=1 /

OpCode<=No OP

 soc_in=0 & 
tcaff_in=1 & 

Data_Ready=1 &
(OpCode=Dump OR 

Streaming=1) / 
tcaff_out<=0

Data_Read_en<=1

ControlCell w12

(null) /
soc_out<=soc_in

tcaff_out<=tcaff_in
data_out<=data_in

(null) /
soc_out<=1

data_out<=ATM Header 1

(null) /
soc_out<=0

data_out<=ATM Header 2

IDECell_w1

(null) /
data_out<=Data_out_b

IDECell_w2

(null) /
data_out<=Data_out_b

(null) /
Data_Read_en<=0

data_out<=Data_out_b
IDECell_w12

...
IDECell_w13

(null) /
data_out<=Data_out_b

(null) /
Pace_count++

Pace_count>Pace_val /
Pace_count++

Pace_count=Pace_val /
soc_out<=soc_in

tcaff_out<=tcaff_in
data_out<=data_in

Pace_count<=0

Process Control Cell:
Read OpCode and control  

params from cell.
Set values: streaming, 

pace_val, enable.
 Write control acks to cell.
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É6V
Reset_l=0 /

Reset_ack_l<=1
Write_en_a<=0
Data_in[0:1]<=0

Reset_l=1 /
Reset_ack_l<=0
Write_en_a<=0

Reset

Idle

Monitor

Dstrobe_neg

Dstrobe_pos

Dstrobe_pos_sample

Dstrobe_neg_sample

Dstrobe_pos_pause

Dstrobe_neg_pause

Dstrobe_pos_
sample_pause

Dstrobe_neg_
sample_pause

 Write_en=0 /
(null)

 Write_en=1 /
(null)

 Write_en=1 &
NOT (Dstrobe=1 & Dmarq=1 &

Dmack=0 & Hdmardy=0 & Stop=0) /
(null) Dstrobe=1 & Dmarq=1 &

Dmack=0 & Hdmardy=0 &
 Stop=0 / (null)

 Write_en=0 /
(null)

Dstrobe=1 & Dmarq=1 &
Dmack=0 & Hdmardy=0 &

 Stop=0 / (null)

Dstrobe=0 & Dmarq=1 &
Dmack=0 & Hdmardy=0 &

 Stop=0 /
Write_en_a<=1

Dstrobe=1 & Dmarq=1 &
Dmack=0 & Hdmardy=1 &

 Stop=0 / (null)

Dstrobe=1 & Dmarq=1 &
Dmack=0 & Hdmardy=0 &

 Stop=0 /
Write_en_a<=1

Dstrobe=0 & Dmarq=1 &
Dmack=0 & Hdmardy=0 &

 Stop=0 / (null)

(null) /
Write_en_a<=0

Dstrobe=0 & Dmarq=1 &
Dmack=0 & Hdmardy=1 &

 Stop=0 /
Write_en_a<=1

Dstrobe=1 & Dmarq=1 &
Dmack=0 & Hdmardy=1 &

 Stop=0 /
Write_en_a<=1

(null) /
Write_en_a<=0

(null) /
Write_en_a<=0

(null) /
Write_en_a<=0Dstrobe=1 & Dmarq=1 &

Dmack=0 & Hdmardy=0 &
 Stop=0 / (null)

Dstrobe=0 & Dmarq=1 &
Dmack=0 & Hdmardy=0 &

 Stop=0 / (null)

Dstrobe=1 & Dmarq=1 &
Dmack=0 & Hdmardy=1 &

 Stop=0 / (null)

Dstrobe=0 & Dmarq=1 &
Dmack=0 & Hdmardy=1 &

 Stop=0 / (null)

Dmarq=0 OR Dmack=1 OR
Stop=1 / (null)

Dstrobe=0 & Dmarq=1 &
Dmack=0 & Hdmardy=0 &

 Stop=0 / (null)
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Å6ÆeêjÄ)Â?Å6ÆSÝbÂ�Ø�ßSà)Æ±Û å Û % Ôr>GÔ'ÐEÕ[Ö6Ù"ÆSÎeÂ�õ)ÎSÑ|ßaÂ?ÍGØ�ögÉG÷3ø�â3ßSà)Â�Ö % ��Ë Þ Ñ3ÖªØ]Í�ß±Â�ØaßaÆSØ]Ý)ÆSÝ�Ó�Í3ÅXÑGÎHßSÄ)ÑGÌ?Ìgé
Â�Ø]ÂgßaÂ?Ñ�ßSÂ�Ø)ÃqÑ3Ø�étÔ'ÐEÕvä)Ä]Ö�ßSÅ6Ñ3Ø)Ö6Ñ3ÎHßaÂ?ÍGØ)Ö
M,ÒDÆSÑGØ)Â?Ø)Ã�Âgß Þ Í3Ä)Ì�Ý®Ø)ÆHídÆeÅEÝ)Å6Â�ídÆkÎSÄ)ÅHÅ6ÆSØaß_Â�ØaßaÍzßSà)Æ
Ô'ÐEÕcä)Ä)Ö3N6È å à�Ä)Ö6â ßaà)Æbà)Â�Ã3à�Â?Ø)Ù)Ä3ß�Â�ÒDÙ"ÆSÝ)ÑGØ]ÎSÆ�Í3Ó~ßaà)Æ�ídÍGÌ�ßaÑGÃ3ÆUßSÅ6ÑGØ]Ö6Ì�Ñ|ßaÂ?ÍGØ�ä]Ä)ã"ÆSÅ6Ö�ßSÄ)Å6Ø]ÆSÝ
ÍGÄ�ßqßaÍ®ä"Æ�ÆSØ)Í3Ä)ÃGàmßSÍxÆSÌ?ÆSÎHßaÅHÂ�ÎSÑ3Ì�Ì�étÂ�Ö6Í3Ì�Ñ|ßaÆDßSà)Æ % ��Ë¹Ó�ÅHÍGÒ ßaà]Æ�Ô'ÐEÕ�ä)Ä)ÖHÈ¿Ô'Ø)Ý)ÆeÆSÝ)â½ßaà)Â?Ö
ÆSÌ?ÆSÎHßaÅHÂ�ÎSÑ3Ì�Â?Ö6Í3Ì�Ñ�ßSÂ�Í3Øxà)ÑGÖbä"ÆSÆSØ®ÆSÒnÙ]Â�Å6Â?ÎSÑGÌ?Ìgé�ídÆSÅHÂ�õ)ÆSÝ[Ó�Í3Å�Ô'ÐEÕZä]Ä)Ö�ÖHÙdÆeÆSÝ)Ö�Ä]Ù�ßSÍ�ïGô[Ü[ð�ñSâ
Þ à)Â?Î&à Þ Ñ3ÖLßaà)Æ
Ä)Ù]ÙdÆeÅ±ÖHÙdÆeÆSÝ�Ì�Â�ÒDÂgßEÝ)ÆSõ)Ø]ÆSÝ�Â�Ø�ögÉ3÷Gø$ÑGÖUÍGÓ ßaà]Â�Ö Þ Å6Â�ßaÂ?Ø)ÃGÈ

!EØ]Ó�ÍGÅ,ßSÄ)Ø)Ñ|ßaÆSÌ�éëâAÌ�Â?ÒnÂ�ßaÑ�ßSÂ�Í3Ø)Ö$ÍGÓ²ßaà]Æªà]ÑGÅ6Ý Þ ÑGÅHÆ�Ä)Ö6ÆeÝUßaÍUÂ�ÒDÙ)Ì?ÆSÒnÆeØ�ß~ßaà)ÆXË�Ä)Ö!×)Ø)ÍAÍ3ÙdÆeÅ6â
ÆSÖHÙdÆeÎSÂ�Ñ3Ì�ÌgécÂ�Ö6ÖHÄ)ÆSÖ Þ Â�ßaàcÖ{é	Ø)Î�à)ÅHÍGØ)Â?ñSÑ�ßSÂ�ÍGØ Þ ÂgßSàmßaà)Æ�ÔMÐ�Õ ä)Ä]Ö6â�Ù]Å6ÆHídÆSØaß�Âgß�Ó�Å6Í3Ò Þ ÍGÅ6Ï�Â�Ø]Ã
Ù"ÆSÅ6Ó�ÆeÎHßaÌ�éëÈ°×)Ù"ÆSÎeÂ�õ)ÎSÑ3Ì�Ì�éëâ²ßaà)Æ
Á % 1
ÛvÑGÅ6Î�à)Â�ßaÆSÎHßSÄ)Å6ÆUÍGÓ ßaà]ÆhÚUÛEÐvÍGØ]Ìgé Ñ3Ì�Ì�Í Þ Ö�Ì?ÍGÃGÂ?Î
Ö6ÆSØ)ÖHÂgßSÂgídÆ
ßaÍmÖ6Â�Ø]ÃGÌ�ÆMæsÆSÝ]ÃGÆSÝwÎSÌ�ÍAÎ�ÏjÖHâEÒDÆSÑGØ)Â?Ø)Ã®ÑGØcÑGÖ{é	Ø]Î&à)ÅHÍGØ)Í3Ä)ÖqÎSÂ?Å6ÎSÄ]Âgß�Ý)ÅHÂgídÆSØwä�é�Ý]Ä)ÑGÌ�æsÆSÝ]ÃGÆ[Ý)Ñ|ßaÑ
ÎSÌ?ÍAÎ&ÏUÐE× å Ú # Ë�Õ�ÎeÍGÄ)Ì?Ý)Ø�Sgß�ä"ÆªÂ?ÒnÙ]Ì�ÆSÒDÆSØaßaÆSÝ)È å à�Ä)Ö6âaßaà)ÆL×)Ø)ÍAÍGÙ"ÆSÅLà)ÑGÖ]édÆHß~ßaÍ Þ Í3Å6ÏUÅ6ÆSÌ?Â�ÑGä]Ìgé



ÇGÉ

Á�Â�Ã3Ä)Å6Æ
Ç3È.WGÊ å Â?ÒnÂ?Ø)ÃkÐEÂ?ÑGÃGÅHÑGÒ�Ó�ÍGÅ�Ð�Ñ�ßaÑ}Ë�Ä)Å6Ö{ß % ÑGÄ)ÖHÆ
Ó�Å6ÍGÒìÔMÐ�ÕcðEÑGÅHÝ�Ð�Å6ÂgídÆkögÉG÷3ø

Ñ�ßbßaà)Æ}ïGô[Ü[ðEñDÔ'ÐEÕvä)Ä)Ö�ÖHÙ"ÆSÆSÝxÒDÆSØaßaÂ�Í3Ø)ÆSÝ®ÑGä"ÍsídÆSÈxÔ'Ø®ÑGÝ)Ý)Â�ßaÂ?ÍGØ)âLßSà)Æqà)Ñ3Å6ÝxÝ)ÅHÂgídÆDÂgßSÖ6ÆSÌ?Ó
Ù)ÅHÍ ídÆeÝ�Ä)Ø]ÑGä)Ì?Æ
ßSÍ�Ö6Ä]Ö,ßaÑ3Â�ØrÑ�Ý]Ñ�ßaÑ_ßaà)ÅHÍGÄ)Ã3à)Ù)Ä3ß�Ñ3ä"Í ídÆ:4GôGÈ?ï�Ü[Ë$>3Ö6ÆSÎSÈ�óEÆHídÆSÅ{ßaà)ÆeÌ�ÆSÖHÖ6â~ßSà)Æ
×)Ø)ÍAÍ3Ù"ÆSÅkà)ÑGÅHÝ Þ Ñ3Å6Æ�Â�Ø®ÂgßSÖ�ÎSÄ]Å6Å6ÆeØ�ßnÖ,ßSÑ�ßSÆqÝ)ÍAÆSÖ Þ ÍGÅ6Ï®Å6ÆeÌ�Â�Ñ3ä)ÌgéxÑ�ß�Ì?Í Þ ÆSÅ
Ô'ÐEÕvä)Ä)Ö�ÖHÙ"ÆSÆSÝ)ÖHÈ
×)Â?Ø)ÎSÆ�ßaà]Æk×)Ø)ÍAÍGÙ"ÆSÅ Þ Ñ3ÖhÎeÍGØ)Ö{ßaÅ6Ä]ÎHßaÆSÝ®Ó�ÍGÅ
Æ3*¸Ù"ÆSÅ6Â?ÒnÆeØ�ßSÑ�ßaÂ?ÍGØ�ÑGØ)Ý®Ù)Å6ÍAÍ3Ó�ÍGÓ�ÎSÍGØ)ÎeÆSÙ3ßaâdßaà)ÆSÖHÆ
Ì�Â?ÒnÂ�ßaÑ|ßaÂ�Í3Ø)Ö¸Â?ÒnÙ"Í3Ö6ÆSÝbä�éEßSà)ÆXÝ)ÆHídÆSÌ?ÍGÙ)ÒDÆSØaß�ÑGØ)Ý�ßaÆSÖ{ßaÂ�Ø]Ã±ÆSØaí¸Â�Å6Í3Ø)ÒDÆSØ�ß�Ñ3Å6Æ°Ñ3ÎSÎSÆSÙ�ßaÑGä]Ì�Æ~ßSÍXßSà)Æ
ÑGÄ�ßaà)Í3Å6È2B$Ñ�ßaÆeÅ!ídÆSÅHÖ6Â�Í3Ø)ÖXÍGÓ]ßSà)Â�Ö�à)ÑGÅHÝ Þ Ñ3Å6ÆSâ~ÍGÓ$ÎSÍ3Ä)Å6ÖHÆSâ Þ Â�Ì�Ì"ÍsídÆSÅHÎSÍGÒDÆLßaà)ÆeÖ6ÆEÂ?ÒnÙ"ÆSÅHÓ�ÆSÎHßaÂ?ÍGØ)ÖHâ
ä)Ä3ß�ßSà)Ñ�ß�Â�Ö�Í3Ä3ßaÖHÂ�Ý)Æ¾ßSà)Æ
Ö6ÎSÍ3ÙdÆbÍGÓ~ßSà)Â�ÖLßSà)ÆSÖHÂ�Ö6È



ÇGÇ

Á�Â�Ã3Ä)Å6Æ
ÇGÈXVGÊ å Â�ÒDÂ�Ø)ÃkÐ�Â�ÑGÃ3Å6Ñ3Ò¹Ó�ÍGÅUÐEÑ�ßSÑnË�Ä]Å6Ö,ßhÕXØ)Ý�Ó�Å6Í3Ò¹Ô'ÐEÕPðEÑ3Å6Ý�ÐEÅ6Â�ídÆ_ögÉ3÷Gø

40pin IDE
Connector

RAD Test connector #2

74AC245 Octal Buffers (VCC=3.3v)
for 5.0V-3.3V conversion

Decoupling
Capacitor (1.01uF)

RAD Test connector #1

Á�Â�Ã3Ä)Å6Æ
ÇGÈ ò�ô3Ê±Ü[Ñ3Ö6ÏqÓ�Í3Åw��Ä)Ö{ßaÍ3Òat±Í3ÌgßaÑ3ÃGÆ å Å6ÑGØ]Ö6Ì�Ñ|ßaÂ?ÍGØ % ��Ë�ÍGÓ�Ô'ÐEÕwË�Ä)Ö�×)Ø)ÍAÍ3Ù"ÆSÅ



Ç64

xy]?z {}|~mo��|yf+m��

IDE Snooper
FPX

BioComp
FPX

String
Matching

FPX

FPX with
other Search

Function

WUGS Switch
 Fabric (1.2Gbps)

Search
Results

Control

Host Workstation

Á�Â?ÃGÄ)ÅHÆ�4GÈ ò�ÊUÁ %�' Ñ3Ö å ÆSÖ{ßaä"ÆSÝ�Ó�ÍGÅUðEÑGÅHÝ Þ Ñ3Å6ÆHæ6ä)Ñ3Ö6ÆSÝ�×)ÆSÑGÅHÎ&à]Â�Ø)Ã

ÛEÖ�Æ3*	Ù]Ì�ÑGÂ?Ø)ÆSÝ�Â�Ø ��à)Ñ3Ù3ßaÆSÅ�ÉGâ	ßaà)ÆkÁ %�' ögÉ3îAø�ÑGØ)Ý:/�!�1h×tö�Ç6VAø�Â?Ø)Ó�Å6Ñ3Ö,ßSÅ6Ä)ÎHßSÄ)Å6ÆbÙ)Å6Í|æ
í¸Â�Ý)ÆSÖLÑGØqÆ3*¸ÎSÆSÌ?Ì�ÆSØaß$ßaÆeÖ,ßaä"ÆSÝDÓ�ÍGÅXÝ)ÆMídÆSÌ�Í3Ù)Â�Ø)Ã�ÑGØ)ÝqÂ?ÒnÙ]Ì�ÆSÒDÆSØaßaÂ�Ø]Ã�Ö,ßaÅHÆSÑGÒ³æ6Ö6ÆSÑ3Å6Î�à)Â�Ø)Ã
Ñ3Ù)Ù)Ì�Â?ÎSÑ�æ
ßaÂ?ÍGØ)Ö�Â�Ø[à)Ñ3Å6Ý Þ ÑGÅ6ÆeÈ å à)Æk×)ÒDÂgßSà3æ�/PÑ�ßSÆSÅ6ÒDÑGØ[Ì?ÍAÎSÑGÌLÑGÌ�Â?ÃGØ)ÒDÆSØaßzÑ3Ì�Ã3ÍGÅ6Â�ßaà)ÒÀögÇ3ïGø�â Þ à)Â�Î�à Þ Ñ3Ö
ÑGÌ?Ö6Í
Æ3*¸Ù)Ì�Ñ3Â�Ø)ÆeÝkÂ�Ø���à)Ñ3Ù3ßaÆSÅXÉ3â Þ ÑGÖXÎ�à)ÍGÖHÆSØkÑGÖXÑGØDÆ3*¸ÑGÒDÙ)Ì�Æ�ÖHÆSÑGÅHÎ&àkÑ3Ù)Ù)Ì?Â�ÎSÑ|ßaÂ�Í3Ø�ßaÍ
Â�Ì?Ì�Ä)Ö{ßaÅHÑ�ßaÆ
ßaà]ÆhÑ3Ý3íjÑGØaßaÑ3ÃGÆSÖEÍ3Ó�Ä)ÖHÂ�Ø)Ã³ßaà)ÆbÁ %�' Ó�ÍGÅUÖ6Ä)Î�à�Ý)ÆHídÆSÌ?ÍGÙ)ÒDÆSØaßaâ"ä"ÆSÎSÑGÄ]Ö6ÆUßSà)Æ�Ñ3Ì�Ã3ÍGÅ6Â�ßaà)ÒìÌ�ÆSØ)Ý]Ö
ÂgßSÖ6ÆSÌ?Ó"êjÄ)Â�ßaÆ Þ ÆSÌ?Ì3ßaÍbÍGÙ3ßSÂ�ÒDÂ�ñSÑ|ßaÂ?ÍGØ³ßaà)ÅHÍGÄ)Ã3àqÙ)ÑGÅHÑGÌ?Ì�ÆSÌ?Â�Ö6Ò�Ñ3Ø)ÝqÙ)Â?Ù"ÆSÌ�Â?Ø)Â�Ø)Ã3È å à)Â�Ö�Î&à)Ñ3Ù3ßaÆeÅ Þ Â?Ì�Ì
Ý)ÆHßSÑGÂ?ÌAßSà)ÆUÝ)ÆSÖ6Â?ÃGØqÑ3Ø)Ý�Â�ÒDÙ)Ì�ÆeÒnÆSØaßaÑ|ßaÂ?ÍGØ�Í3Ó$ÑGØqÁ %�' ÒnÍAÝ)Ä]Ì�ÆSâ²ßaà]ÆEË�Â�Ís��ÍGÒDÙnÜ[ÍAÝ)Ä]Ì�ÆSâëßaà)Ñ|ß



ÇGï
Â�Ö�ä)ÑGÖHÆSÝ[ÍGØ�ßaà)Æb×)ÒDÂgßaà�æ�/PÑ�ßSÆSÅ6ÒDÑGØ[Ñ3Ì�ÃGÍ3Å6Â�ßaà)ÒDÈ å à]ÆkÓ�ÍGÌ�Ì?Í Þ Â�Ø)ÃDÖ6ÆSÎMßaÂ�Í3Ø)Ö Þ Â?Ì�Ì!Ù)Å6ÆSÖHÆSØaß±ßSà)Æ
ÑGÅHÎ&à]ÂgßaÆeÎHßaÄ)ÅHÆ
ÍGÓ!ßSà)ÆkË�Â�Ís��ÍGÒDÙ[ÒnÍAÝ]Ä)Ì�ÆSâ!Ý)ÆHßSÑGÂ?Ì�Â�Ø]ÃqÂgßSÖEÂ�ØaßaÆSÅHØ)ÑGÌ!ÎSÍ3ÒnÙ"ÍGØ]ÆSØ�ßSÖ6â Þ Â�ßaà[ÑqÖHÙ"ÆHæ
ÎSÂ?ÑGÌ)ÆSÒDÙ)à)Ñ3Ö6Â?ÖªÍ3Ø
ßSà)Æ�Ö,é¸Ö,ßSÍGÌ?Â�ÎUÑGÅ6ÅHÑsé�Â�Ø³ßaà]Æ�ÒnÍAÝ)Ä]Ì�Æ?S?ÖªÎeÍGÅ6ÆLßSà)Ñ�ß±ÎSÍ3ÒnÙ]Ä3ßaÆSÖ	ßSà)Æ±Ð % ÒnÑ|ßaÅHÂ�*
ÆSÌ?ÆSÒnÆeØ�ßSÖ6È°Ûvõ)Ø]ÑGÌ$Ö6ÆeÎHßaÂ?ÍGØ Þ Â�Ì?Ì¸ÑGÌ?Ö6ÍDÙ)Å6ÆeÖ6ÆSØaßhÑnÖHÂ�ÒDÙ)Ì�Æeâ�/PÆSä3æ6ä)Ñ3Ö6ÆSÝ�Ä)Ö6ÆSÅUÂ�ØaßaÆeÅ6Ó�ÑGÎeÆEÓ�ÍGÅLßSà)Æ
Ë�Â�Ís��ÍGÒDÙ�ÒnÍAÝ)Ä]Ì�Æ¾ßaà)Ñ|ßzÅHÄ)Ø)Ö�Í3ØDßaÍ3Ù�Í3Ó~ßaà)Æ
Á %�' ÎeÍGØaßaÅ6Í3Ì$Ö6Í3Ó ß Þ ÑGÅHÆ�ó���ðEÛ�Ú$1hÕèö�É64Gø?È

Sequence 
Matcher

Control
Module

Snapshot
Manager

In from NID:
ATM Cells with
control info, and 
search data.

Out to NID:
ATM Cells with
control command
responses, and  
snapshot/match info.

 Pattern - 32

 Threshold - 16

 A - 16

 B_match - 16

 B_nomatch - 16

 Pattern_num - 16

 Base4x - 32

 Snapshot_head1 - 32

 Snapshot_head2 - 32

 Snapshot_seq - 32

 d_biocomp_int - 32

 Snapshot

 soc_biocomp_int

 tca_biocomp_int

Match Shift_out - 16
 d_mod_in - 32

 soc_mod_in

 tca_mod_in

 d_out_mod - 32

 soc_out_mod

 tca_out_mod
 Snapshot_count - 32

Shift

 Base_en

 Pattern_length - 16

ÁLÂ�ÃGÄ]Å6Æ�43È�ÉGÊUÐEÂ?ÑGÃGÅHÑGÒ�ÍGÓ!Ë�Â�Ís��ÍGÒDÙ�ÔMØaßaÆeÅ6Ø)Ñ3Ì���ÍGÒDÙdÍ3Ø)ÆSØaßaÖ

Á�Â?ÃGÄ)ÅHÆ 4GÈ?ÉtÖHà)Í Þ Ö�Ñrä)Ì?ÍAÎ&ÏwÝ)Â�Ñ3ÃGÅ6Ñ3Ò ÍGÓ�ßSà)Æ}ßaà)ÅHÆSÆ[Â�ØaßaÆeÅ6Ø)Ñ3ÌEÎSÍGÒDÙ"ÍGØ)ÆeØ�ßSÖ�Í3ÓUßSà)Æ
Ë�Â�Ís��ÍGÒDÙèÁ %�' ÒDÍAÝ)Ä)Ì�ÆeÊrßSà)Æ�×]ÆSêjÄ]ÆSØ)ÎSÆ[Ü[Ñ|ßaÎ�à)ÆSÅ�ÎSÍGØaßaÑ3Â�Ø)Â?Ø)Ãáßaà)Æ®Ö,é¸Ö,ßSÍGÌ?Â�Î[ÑGÅHÅ6Ñséëâ�ßSà)Æ
��ÍGØaßaÅHÍGÌ�Ü[ÍAÝ)Ä)Ì�ÆeâªÑ3Ø)Ý�ßSà)Æn×]Ø)ÑGÙ)ÖHà)Í�ß�Ü[Ñ3Ø)ÑGÃ3ÆSÅ6È�� å à)Æ~��ÍGØaßaÅ6Í3Ì°Ü[ÍAÝ)Ä]Ì�ÆDÑ�ß�Ì?ÆSÓ ß_ÅHÆSÎSÆSÂ�ídÆSÖ
Â�Ø]ÎSÍGÒDÂ�Ø)Ã}ÎSÆSÌ�Ì?Ö±Ó�ÅHÍGÒìßSà)ÆkóEÔ'ÐEâ�Ù)ÅHÍAÎSÆSÖHÖ6ÆSÖ
ÎSÍ3Ø�ßSÅ6ÍGÌLÎSÆSÌ�Ì?ÖXßSÍ�Æ3*jßSÅ6Ñ3ÎHß_Å6Ä]Ø�ßSÂ�ÒDÆ�Ù)Ñ3Å6ÑGÒDÆHßSÆSÅ6ÖHâ
ÑGØ]ÝtÅHÍGÄ3ßSÆSÖ�ßaà]ÆqÙ)Ñsé	Ì?ÍGÑ3ÝxÍGÓ½ßaÑ3Å6ÃGÆMß�Ý)Ñ�ßSÑ[ÎSÆSÌ�Ì?Ö¾ßaÍ}ßaà]Æq×)ÆSê�Ä)ÆSØ)ÎeÆnÜ[Ñ|ßaÎ�à)ÆSÅ6È®Ô'ØxÑGÝ]Ý)ÂgßSÂ�ÍGØ]â
ßaà]Æ
��ÍGØaßaÅHÍGÌ°Ü[ÍAÝ]Ä)Ì�ÆqÍsídÆSÅHÖ6ÆSÆeÖ�ßSà)ÆqÍ3ÙdÆeÅ6Ñ�ßSÂ�Í3ØtÍ3ÓLßaà)Æ}×)ÆSê�Ä)ÆSØ)ÎSÆDÜ[Ñ�ßSÎ&à]ÆSÅ
ÑGØ)Ýr×)Ø)Ñ3Ù)Ö6à]Í�ß
Ü[ÑGØ]ÑGÃGÆeÅ6â!Ö6Ä)Ù)Ù]Ìgé¸Â�Ø)ÃkÆSÑ3Î&à Þ Â�ßaà�ÅHÄ)ØaßaÂ�ÒDÆEÙ)Ñ3Å6Ñ3ÒnÆHßSÆSÅ6ÖUÆ3*�ßaÅHÑGÎHßSÆSÝqÓ�Å6Í3Ò�ÎSÍGØaßaÅHÍGÌ$ÎSÆSÌ?Ì�ÖHÈ å à)Æ
×)Ø)Ñ3Ù)Ö6à]Í�ß�Ü[ÑGØ)Ñ3ÃGÆSÅDÑ�ßkßSÍGÙrÅ6Â?ÃGàaß�à)ÑGØ)Ý]Ì�ÆSÖ�ßSà)Æ�Æ3*jßSÅ6Ñ3ÎHßaÂ?ÍGØxÍ3Ó±ÖHØ)ÑGÙ)ÖHà)Í�ßSÖqÍGÓ½ßaà]Æ�Ö{é	Ö{ßaÍ3Ì�Â�Î
ÑGÅHÅ6ÑsétÑGØ]Ý�ÒDÑ�ßSÎ&à[ÅHÆSÖ6Ä)Ì�ßaÖ
Ó�Å6Í3Òìßaà)Æk×]ÆSêjÄ]ÆSØ)ÎSÆkÜ[Ñ|ßaÎ�à)ÆSÅ6âLÑGØ)Ý�ßaà)ÆeØ�Ù)Ñ3Î&Ï�Ñ3ÃGÆSÖ¾ßaà]ÍGÖ6ÆDÝ)Ñ|ßaÑ
Â�ØaßaÍ�Û å Ü ÎeÆSÌ�Ì?ÖEÓ�ÍGÅ¾ßaÅHÑGØ)ÖHÒnÂ?Ö6ÖHÂ�ÍGØmÍGÄ3ßbßaÍzßaà)ÆDóEÔ'ÐEÈ å à)ÆD×)ÆSê�Ä)ÆSØ)ÎeÆkÜ[Ñ�ßaÎ�à)ÆSÅ
Ñ|ß}ä"Í|ß6ßaÍ3Ò
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íjÑGÌ?Ä)ÆSÖ�ÑGØ]Ý�ÆHíjÑGÌ?Ä)Ñ�ßSÆ
ÙdÍ|ßaÆSØaßaÂ?ÑGÌ$ÒDÑ�ßSÎ&à)ÆeÖ6È

Û¹Ä]Ø)Â�ê�Ä)Æ�Ó�ÆSÑ�ßSÄ)Å6Æ}ÍGÓ�ßSà)Â�ÖkÂ?ÒnÙ)Ì?ÆSÒDÆSØ�ßSÑ�ßSÂ�ÍGØ®ÍGÓ½ßaà]Æ�×]ÒnÂ�ßaà3æ�/ Ñ|ßaÆSÅHÒnÑ3ØrÑGÌ�Ã3ÍGÅHÂgßaà]Ònâ
ÎSÍ3ÒnÙ)Ñ3Å6ÆSÝhßaÍUßSà)ÍGÖHÆEÒDÆSØ�ßSÂ�Í3Ø)ÆSÝDÂ�Ø
��à)Ñ3Ù3ßaÆeÅ°ÉGâ~Â�Öçßaà)Ñ|ß°ßaà]ÆEË�Â�Ís��ÍGÒDÙqÜ[ÍAÝ)Ä)Ì?ÆEÑGÎSÎeÆSÙ3ßaÖXÙ)Ñ|æ
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����ö��V��÷~ö6ñ.ñ�÷~ò�ü�è`��ó?ö��?è.òsû$��÷~ö6ü�ì&ì?ñ`��ì"�\��ì«ë�ì&è.û�����ìj÷~ò�ü�ê�ñ.ì���ö���ì&û�ò~ì��=ì?ó"�jò6û¦����ì&ò���ì?ë�ösñ.ñ
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ì�Q �?ö6û��´ñ.è	�Øì?ë3ö��?ê�ë�ì�òsû
����ì�S���m�ý���i�IJó?òsûW�?ë�ò6ñ<��òsøÔ����ö6ë3ì�è.ûw75í*>`�]7�@sí*>`�]7�@�s*>`�Dö6û�ü57	E*{�>.î�jvö & ñXì�í6îÕ8�é6è���ì0�"öV� þ�û�ò6ú$�3è��
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 �èXû�ó?ì�����ìXS���m�ý���i\IFó«ò6û��Øë�òsñ9ó«ì?ñ.ñvøÃò6ë3÷Óö��oò6û�ñ5þÜösñ.ñ.ò��\���,Q�ì?ü,���0èXü����L��ì«ñ.ü$�"�.����ì�ùUö��"�Øì?ë3û
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��ê & ��ì"�jò6øvè����$ö6ë3ë�öÿþdh`�$ë�ò��\�]�Øò~ú�ë�ì"��ì«ûW�wë�ì«ú�òsëM�?è.û�é~ú=ò*�!�3è & ñXìjøÃösñ���ì&÷~ö��?óG��ì0��î

j���ì� �û�ö6ú$�"��ò���ùUì?ë3è.ò�üX��ú=ì?ó«è���ì�������ì$û�ê�÷ & ì?ëUòsø��?ö6ë3é6ì"�wó���ö6ë3ö6ó"�?ì?ë!�<����ö��wú�ö��!� & ì?øÃò6ë3ì
����ì\�$òsûW�?ë�òsñD¡ ò�ü�ê�ñ.ìY�Øì?ñXñ��e����ìl �û�ö6ú
�!��ò���¡ ösû�ö6ésì?ëJ�?òÓòsê��Øú�ê��cö'��û�ö6ú$�"��ò��oòsø<����ì\� þd�%�Øòsñ.è.ó
ö6ë3ë�öÿþ îÖ �è.û�ó«ì#����ìÆ �ì���ê�ì?û�ó«ìL¡ ö��Øó���ì?ë:÷�ê$�M����ösñ��eó?ò6÷~ú�ê��?ö��?è.ò6ûäøÃò6ëÉöF��û�ösú$�!��ò��o�?ò & ì
ì"Q¢�Øë3ö6ó"�?ì?ü@øÃë�òs÷ è����)����ì«ë�ì & þ ösü�ü�èXû�é ò���ì?ë!��ì«ö6ü@ösû�ü(ü�ì«ó?ë�ì?ö���èXû�é'����ìÉð$è.ò*�$òs÷Óúy÷Óò�ü�ê�ñ.ì�h`�
�Øösë�ésì"� ü�ö��Øö¦����ë3ò6ê�é���ú�ê����$è.ü�ì?ösñd��ösñ.ê�ì0�0øÃòsë�����ìK �û�ö6ú$�"��ò��^ù±ì?ë�èXò�ü=��ò6ê�ñXü & ìB��ê�è��?ì�ñ.ösë�é6ì0�
ì?îXé6î���ò6ø<����ì&ò6ë3ü�ì?ë\8�/G×cò6ë$ésë�ì?ö��Øì?ë3î



í6í

jvö & ñ.ì&í6îÕ8uï�S���m�ý���i�IN�$ò6÷~÷Óösû�ü$�2øÃò6ë$ð$èXò*�$ò6÷~úo�$òsûW�?ë�òsñC¡ ò�ü�ê�ñ.ì
 �ì"�0òsë���ê�ì?ë þ»øÃòsñ.ñXòO�0èXû�é�ë�ê�ûW�?è.÷~ì�ú�ö6ë3ö6÷~ì"�Øì«ë!��ï
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ü�ì0�M�ØèXû�ö��?è.òsû^èXû=�M�0è��?óG�ÉøÃö & ë�èXó�1
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Reset_l=0 /

soc_biocomp_int<=0 ; tca_mod_in<=0  
snapshot<=0 ; base_en<=0 ; start<=0

{data_biocomp_int,base4x,pattern,pattern_num
pattern_length, threshold, b_match, b_nomatch, a,
snapshot_seq, snapshot_count,snapshot_period

snapshot_head1, snapshot_head2} <= 0

Reset_l=1 /
soc_biocomp_int<=soc_in

tca_mod_in<=tca_biocomp_int
data_biocomp_int<=d_mod_in

Reset

Startsoc_in=0 OR
 (soc_in=1 & no control cell)  OR

(soc_in=1 & control cell &
 tca_biocomp_int=0) OR start=0 / 

soc_biocomp_int<=soc_in
tca_mod_in<=tca_biocomp_int
data_biocomp_int<=d_mod_in

base_en<=0 ; snapshot<=0

Pad_CTRL_Cell

 soc_in=1 & 
tca_biocomp_int=1

control cell & /
soc_biocomp_int<=1

tca_mod_in<=tca_biocomp_int
data_biocomp_int<=d_mod_in

Process Control Cell:
Read OpCode and control

 params from cell.
Set values: start, pattern, 
pattern_length, threshold, 
b_nomatch, b_match, a,

snapshot_period, snapshot_head1,
snapshot_head2.

 Write control acks to cell.

Chk_CTRL_Cell

(null) /
soc_biocomp_int<=soc_in

(null) /
soc_biocomp_int<=soc_in

tca_mod_in<=tca_biocomp_int
data_biocomp_int<=d_mod_in

 Pad_Data_Cell

 soc_in=1 & data cell
tca_biocomp_int=1&start=1 /

soc_biocomp_int<=0
tca_mod_in<=tca_biocomp_int

data_biocomp_int<=0

 Data_Cell1

Start=1 /
base_en<=1; base4x<=d_mod_in

 if (snapshot_count >= snaphost_period) 
etc.

 Data_Cell12

Start=1 /
base_en<=0
snapshot<=0

(null) /
base_en<=1; base4x<=d_mod_in

 if (snapshot_count >= snaphost_period) 
 then { snapshot<=1;

snapshot_count -= snapshot_period ;
snapshot_seq += 1}

else { snapshot_count += 4; snapshot<=0 }

Start=0 / base_en<=0
snapshot<=0

...
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ATM Header 1

ATM Header 2

. .
 .

32bits

Target Data Cell

Data Word 0

Data Word 1

Data Word 2

Data Word 3

Data Word 4

Data Word 5

Data Word 6

Data Word 7

Data Word 8

Data Word 11
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Reset_l=0 /

soc_out_mod<=0 ;
 tca_biocomp_int<=0  

d_mod_out<=0 ; shift<=0
waitcounter<=0 ; EoD<=0

shift_count<=0 ; match_found<=0

Reset_l=1 /
soc_out_mod<=soc_biocomp_int
tca_biocomp_int <= tca_out_mod
d_out_mod <= data_biocomp_int

Reset

Start
Snapshot=0 OR (Snapshot=1 &

tca_out_mod=0) / 
soc_out_mod<=soc_biocomp_int
tca_biocomp_int <= tca_out_mod
d_out_mod <= data_biocomp_int

shift<=0

Waiting

Snap_a0

Snapshot=1 & tca_out_mod=1 & 
soc_biocomp_int=0 / 

WaitCounter<=0 
tca_biocomp_int<=0

 WaitCounter < WaitLength / 
WaitCounter ++  WaitCounter = WaitLength / 

WaitCounter <= 0

Snap_a1

 (null) / Soc_mod_out <= 1
d_out_mod <= snapshot_head1

Snap_a2

 (null) /  Soc_mod_out <= 0
d_out_mod <= snapshot_head2

Snap_a3

 (null) / 
d_out_mod <= snapshot_seq

Snap_a4

 (null) / 
d_out_mod <= snapshot_count

Snap_a5

 (null) / shift <= 1; EoD <= 0
 d_out_mod <= match_found

shift_count <= 0
Snap_a13

 (null) / 
d_out_mod <= shift_out

if (shift_count < shift_length) 
{ data_out <= shift_out ;

shift_count++ ; shift <= 1 }
else { match_found <= 0 ;

shift <= 0 ; EoD <= 1 ;
d_out_mod <= 0 } ...

Snap_b0

Snap_b2

 (null) / Soc_mod_out <= 1
d_out_mod <= snapshot_head1

 (null) /  Soc_mod_out <= 0
d_out_mod <= snapshot_head2

Snap_b3

(null) / 
d_out_mod <= shift_out

if (shift_count < shift_length) 
etc.

Snap_a13

...
EoD=0 / 

d_out_mod <= shift_out
if (shift_count < shift_length) 

etc.
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EoD=1 / 
d_out_mod <= shift_out

if (shift_count < shift_length) 
etc.
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ATM Header 1

ATM Header 2

Snapshot Sequence #

Snapshot Delta

Match Found Flag

Cell 31Unused

Cell 30Unused

Cell 29Unused

Cell 28Unused

Cell 27Unused

Cell 26Unused

Cell 23Unused

. .
 .

ATM Header 1

ATM Header 2

Cell 19Unused

Cell 18Unused

Cell 17Unused

Cell 16Unused

Cell 15Unused

Cell 14Unused

Cell 11Unused

. .
 .

Cell 20Unused

Cell 21Unused

Cell 22Unused

16bits 16bits

1st Snapshot Cell Proceeding Snapshot Cell(s)

ATM Header 1

ATM Header 2

Cell 7Unused

Cell 6Unused

Cell 5Unused

Cell 4Unused

Cell 3Unused

Cell 2Unused

Cell 8Unused

Cell 9Unused

Cell 10Unused

Cell 1Unused

Cell 0Unused

Unused
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grep execution time vs. number of matches, 10 char query

∆ − 1 match, est. rate 3.6549e+07 bytes/sec

o − 50 matches, est. rate 3.3973e+07 bytes/sec

+ − 100 matches, est. rate 3.6381e+07 bytes/sec

x −  200 matches, est. rate 3.3954e+07 bytes/sec

* −  300 matches, est. rate 3.3982e+07 bytes/sec
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grep IDE throughput vs. number matches, 10 char query

∆ − 1 match, weighted avg. 3.6603e+07 bytes/sec
o − 50 matches, weighted avg. 3.3828e+07 bytes/sec
+ − 100 matches, weighted avg. 3.4320e+07 bytes/sec
x − 200 matches, weighted avg. 3.3766e+07 bytes/sec
* − 300 matches, weighted avg. 3.3842e+07 bytes/sec

♦ − ideal throughput 4.0495e+07 bytes/sec
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grep execution time vs. query length, 300 false matches

∆ − 10 char query, est. rate 3.1554e+07 bytes/sec

o − 20 char query, est. rate 3.2710e+07 bytes/sec

+ − 30 char query, est. rate 3.1509e+07 bytes/sec

x − 40 char query, est. rate 3.2794e+07 bytes/sec

* − 62 char query, est. rate 3.1892e+07 bytes/sec
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grep IDE throughput vs. query length, 300 matches

∆ − 10 char query, weighted avg. 3.2117e+07 bytes/sec
o − 20 char query, weighted avg. 3.2602e+07 bytes/sec
+ − 30 char query, weighted avg. 3.1410e+07 bytes/sec
x − 40 char query, weighted avg. 3.2680e+07 bytes/sec
* − 62 char query, weighted avg. 3.2167e+07 bytes/sec

♦ − ideal throughput 4.0495e+07 bytes/sec
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biocomp execution time vs.pattern length, 1 match

∆ − 4 char pattern, est. rate 4.6589e+06 bytes/sec
o − 8 char pattern, est. rate 2.4478e+06 bytes/sec
+ − 16 char pattern, est. rate 1.5116e+06 bytes/sec
x − 32 char pattern, est. rate 8.5443e+05 bytes/sec
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biocomp IDE throughput vs.pattern length, 1 match

∆ − 4 char pattern, weighted avg. 4.6394e+06 bytes/sec

o − 8 char pattern, weighted avg. 2.4501e+06 bytes/sec

+ − 16 char pattern, weighted avg. 1.4931e+06 bytes/sec

x − 32 char pattern, weighted avg. 8.5220e+05 bytes/sec
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biocomp target data throughput vs. pattern length

∆ − Regression line, slope 1.7160e+07, intercept 3.5721e+05
o − Measured throughput
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