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THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION .QN THE MERITS .IB. CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
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HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 
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request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please dfrect all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORT ANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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CFR 1.363). 

D Change of correspondence address (or Change of Correspondence 
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D "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICA TJON FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE 
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CLASS-SUBCLASS 
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(I) the names of up to 3 registered patent attorneys 
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$1700 

DATE DUE 

10/26/2006 

(2) the name of a single firm (having as a member a 2 _____________ _ 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 3 
listeo, no name will be printed. --------------

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRfNTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual D Corporation or other private group entity D Government 
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D Issue Fee 

D Publication Fee (No small entity discount permitted) 

D Advance Order - # of Copies---------

5. Change In Entity Status (from status indicated above) 

0 a. Applica,:it claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

D A check is enclosed. 

D Payment by credit card. Form PT0-2038 is attached. 
0 The Director is hereby authorized to charge the required fee( s ), any deficiency, or credit any 

overpayment, to Deposit Account Number ( enclose an extra copy of this form), 

Db. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR I .27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. · 

Authorized Signature ____________________ _ _ Date ________________ __ _ 

Typed or printed name ____________________ _ Registration No.------------ ---

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexancfna, Virginia 22313- I :.i50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 2231 J-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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APPLICATION NO. FILING DATE 

10/869,200 06/16/2004 

25235 7590 07/26/2006 
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ONE TABOR CENTER, SUITE 1500 
1200 SEVENTEENTH ST 
DENVER, CO 80202 

FIRST NAMED INVENTOR 

Daniel Poznanovic 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
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ATTORNEY DOCKET NO. CONFIRMATION NO. 

SRC028 5929 

EXAMINER 

THOMAS, SHANE M 

ART UNIT PAPER NUMBER 

2186 

DATE MAILED: 07/26/2006 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be O day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
( 571 )-272-4200. 
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Notice of Allowability 

Application No. 

10/869,200 
Examiner 

Shane M. Thomas 

Applicant(s) 

POZNANOVIC ET AL. 
Art Unit 

2186 

-· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. ~ This communication is responsive to RCE I Amendment filed 6/1512006. 

2. ~ The allowed claim(s) is/are 14-1215-23 (renumbered 1-19). 

3. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some• c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

• Certified copies not received : __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4 . 0 A SUBSTITUTE OATH OR DECLARATION must be submitted . Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

5 . D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted . Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. ~ Notice of References Cited (PT0-892) 

2. D Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. D Information Disclosure Statements (PT0-1449 or PTO/SB/08), 
Paper No./Mail Date __ 

4 . D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application (PT0-152) 

6. D Interview Summary (PT0-413) , 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. ~ Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20060724 
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Application/Control Number: 10/869,200 

Art Unit: 2186 

REASONS FOR ALLOWANCE 

Claims 1,4-12, and 15-23 are allowable over the prior art ofrecord. 

The following is an examiner's statement of reasons for allowance: 

Page 2 

As per independent claims 1, 11, and 17, the prior art of record does not teach or suggest, 

either alone or in combination, the every limitation of each claim. Specifically the prior art of 

record does not teach in combination a reconfigurable processor with a data prefetch unit only 

fetching computational data required by an algorithm in addition to a first memory and the 

prefetch unit being configurable to conform to the requirements (needs) of a particular algorithm 

where the data prefetch unit is configured to match fom1at and location of the in the second 

memory ( claim 1 ). Further regarding claims 11 and 17, the prior art of record does not teach the 

prefetch unit operating independent and in parallel with the logic blocks that are using 

computational data with the data prefetch unit only transferring data necessary for computations. 

Further regarding claim 17, the prior art of record does not specifically teach a computation unit, 

prefetch unit, and data access unit all being configurable in order to conform to the needs of an 

algorithm implemented on the computational unit. 

Gibson et al. (U.S. Patent No. 6,507,898) teaches a reconfigurable cache controller but 

does not teach each limitation of the independent claims of Applicant. 

Howard et al. (U.S. Patent Application Publication No. 2005/0044327) teaches a 

reconfigurable processor that may be reconfigured based on the algorithm being run (~52 and 

~90). 
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Application/Control Number: 10/869,200 

Art Unit: 2186 

Page 3 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee . Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Shane M. Thomas whose telephone number is (571) 272-4188. 

The examiner can normally be reached on M-F 8:30 - 5:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matt M. Kim can be reached on (571) 272-4182. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (rN USA OR CANADA) or 571-272-1000. 

Shane M. Thomas 
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Filing Date 2004-06-16 

INFORMATION DISCLOSURE First Named Inventor I Daniel Poznanovic et al. 

STATEMENT BY APPLICANT 
Art Unit 2186 

( Not for submission under 37 CFR 1.99) 
Examiner Name I Thomas, Shane M. 

Attorney Docket Number SRC028 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s}: 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e}(1 }. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
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Member with respect to the subject matter of the record. 
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requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 
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to the Patent Cooperation Treaty. 
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National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the 
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be 
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which became abandoned or in which the proceedings were terminated and which application is referenced by either a 
published application, an application open to public inspections or an issued patent. 
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Client/Matter No. 80404.0033.001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Serial No. 10/869,200 

Application of: Daniel Poznanovic, David E. Caliga, 
and Jeffrey Hammes 

Art Unit: 2186 

Confirmation No. : 5929 

Customer No.: 25235 Filed: June 16, 2004 

Examiner: THOMAS, Shane M. 

Attorney Docket No. SRC028 

For: SYSTEM AND METHOD OF ENHANCING 
EFFICIENCY AND UTILIZATION OF MEMORY 
BANDWIDTH IN RECONFIGURABLE HARDWARE 
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UNDER 37 C.F.R. § 1.97 
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P.O. Box 1450 
Alexandria, VA 22313-1450 
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Pursuant to 37 C.F.R. § 1.97(i), please place the attached Form PTO/SB/08A of the 
listed patents and non-patent publications in the above-referenced file . In submitting these 
references, no representation is made or implied that the references are or are not material 
to the examination of this application. 

A Notice of Allowance was mailed in this case on July 26, 2006. The Issue Fee is 
due October 26, 2006, but has not yet been paid . 

This Information Disclosure Statement is filed with no request for consideration of 
these references. Accordingly, no fee is believed due. However, any fee associated 
herewith may be charged to Deposit Account No. 50-1123. 

°--~~z.m,; 
Date 
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1200 17th Street, Suite 1500 
Denver, Colorado 80202 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt 
similar to a Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
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National Stage of an International Agglication under 35 U.S.C. 371 
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New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date 
shown on this Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions 
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the 
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Supplemental 
Notice of Allowability 

Application No. 

10/869,200 
Examiner 

Shane M. Thomas 

Applicant(s) 

POZNANOVIC ET AL. 
Art Unit 

2186 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. ~ This communication is responsive to IDS filed 10/6/2006 after Notice of Allowance . 

2. ~ The allowed claim(s) is/are 1,4-12 and 15-23 (renumbered 1-19). 

3. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f) . 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

• Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment I Comment or in the Office action of 

Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 
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Abstract 

Current rtconfigurablt .rysttm.r sufftr from a significant ovtrluad 
dut to the timt it /alas to rtconfigurt their hardwart. In order to 
deal with this ovtrhtad. and incrta.u tht powtr of rtconfigurablt 
.rys ttmJ. ir is important to dtvtlop hardwart and sofrwart systtm.r 
10 rtduct or tliminatt this dtlay. In this paptr wt propou one 
ttchnique for significantly rtducing tht ruonfigurarion lattncy: 
the prtfttching of configurations. By loading a configuration into 
rht rtconfigurablt logic in advanct of when iris nudui. wt can 
ovtrlap tht rteonfiguration with ustful computation. Wt 
dtmonSiralt tht power of this ltchniqut. and propou an 
algorithm for automatically adding prtfttch optralions into 
rtconfigurablt applications. This rtsulrs in a significant 
dtcrtau in IM rtconfiguration ovtrheadfor rheu applications. 

1 Introduction 

When FPGAs were first introduced in the mid 1980s they were 
viewed as a technology for replacing standasd gate arrays for 
some applications. In these first generation systems, a single 
configuration is created for the FPGA. and this configuration is 
the only one loaded into the FPGA. A second generation soon 
followed. with FPGAs that could use multiple configurations. but 
reconfiguration was done relatively infrequenlly [Hauck97a]. In 
such systems, the time to reconfigure the FPGA. was of little · 
concern. 

Many of the most exciting applications being developed with 
FPGAs today involve run-time reconfiguration [Hauck97a]. In 
such systems the configuration of the FPGAs may change 
multi pie times in the course of a computation. reusing the silicon 
re sou recs for several different pans of a computation. Such 
systems have the potential to make more effective use of the chip 
resources than even standard ASICs. where fixed hardware may 
only be used in a portion of the computation. However. the 
advantages of run-time reconfiguration do not come without a 
cost. By requiring multiple reconfigurations to complete a 
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computation. the time it cakes co reconfigure the FPGA becomes a 
significant concern. In most systems the FPGA muse sic idlewhile 
it is being reconfigured. wasting cycles that could otherwise be 
performing useful work. For example. applications on the DISC 
and DISC II system have spent 25% [Withlin96) to 71 % 
[Winhlin95] of their execution time performing reconfiguration . 

h is obvious from these overhead numbers chat reductions in the 
amount of cycles wasted co reconfiguration delays can have a 
significant impact on the performance of run-time reconfigured 
systems. For exasnple. if an application spends 50% of itS time in 
reconfiguration. and we were somehow able to reduce the 
overhead per reconfiguration by a factor of 2. we would reduce 
the application's runtime by at least 25%. In fact. the 
performance improvement could be even higher than this. 
Specifically. consider the case of an FPGA used in conjunction 
with a host processor. with only the most time-critical ponions of 
the code mapped into reconfigurable logic . An application 
developed for such a system with a given reconfiguration delay 
may be unable to take advanuge of some optimizations because 
the speedups of the added functionality ase outweighed by the 
additional reconfiguration delay required to load the functionality 
into the FPGA. However. if we can reduce the reconfiguration 
delay. more of the logic might profitably be mapped into the 
reconfigurable logic. providing an even greater performance 
improvement. For example. in the UCLA ATR work the system 
wastes more than 75% of its cycles in reconfiguration 
[Villasenor96, VillasenorHJ. This overhead has limited the 
optimizations explored with the algorithm. since performance 
optimizations to the computation cycles will yield only limited 
improvement in the overall runtimes. This has kept the 
researchers from using higher performance FPGA families and 
other optimizations which can significantly reduce the 
computation cycles required. 

Because of the potential for improving the performance of 
reconfigurable systems. developing techniques for reducing the 
reconfiguration delay is an imponant research area. In this paper 
we consider one method for reducing this overhead. the 
overlapping of computation with reconfiguration via the 
prefetching of FPGA configurations. 

2 Configuration Pref etch 

Run.rime reconfigured systems use multiple configurations in the 
FPGA(s) in the system during a single computation. In current 
systems the comput.1cion is allowed co run until a configurauon 
that is not currently loaded is required co continue the 
computation. At that point. the computation is stalled while the 
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ncv, configuration is loaded . These stall cycles represent an 
overhead to the computation, increasing run1irncs without 
performing useful work on the actual computation. 

A simple method 10 reduce or eliminate this reconfiguration 
overhead is to begin loading the next configuration before it is 
actually required. Specifically , in systems with multiple contexts 
(Bolotski94] . panial run-time reconfigurability [Hutchings95], or 
11gh1ly coupled processors [DcHon94, Razdan94, Wiuig96 . 
Hauck97b] it is possible 10 load a configuration into all or pan of 
the FPGA while other pans of the system continue computing . In 
this way, the reconfiguration latency is overlapped with useful 
compu1a11ons. hiding the reconfiguration overhead. We will call 
the process of prcloading a configuration before it is actually 
required configuration pref~tching. 

The challenge in configuration prcfctching is determining far 
enough in advance which configuration will be required next. 
Many computations (especially those found in general-purpose 
computations) can have very complex control flows, with multiple 
execution paths branching off from any point in the compuuilion, 
each potentially leading to a different next configuration . At a 
given point in the computation it can be difficult 10 decide which 
configuration will be required next. Even worse. the decision of 
which configuration 10 pref etch may need to be done hundreds or 
thousands of cycles in advance if we wish 10 hide the entire 
reconfiguration delay. In a system where it takes a thousand 
cycles to load a configuration. if we do not begin fetching the 
configuration at least a thousand cycles in advance we will be 
unable 10 rude the entire reconfiguration latency. 

Sot only is it necessary 10 decide which configuration 10 load far 
in ad,·ancc of a configuration ' s actual use, it is also imponant 10 
corrce1ly guess which configuration will be required. In order 10 
load a configuration. configuration data that is already in the 
FPGA must be ovcr,,.: rillcn . An incorrect decision on what 
configuration to load can not only fail to reduce the 
reconfiguration delay, but in fact can greatly increase the 
reconfiguration overhead when compared 10 a non-prcfctching 
system. Specifically, the configuration that is required next may 
already be loaded . and an incorrect prcfctch may require the 
system to have 10 reload the configuration that should have simply 
hccn retained in the F'PGA . adding reconfiguration cycles where 
none were required in the non-pref etch case . 

l\otc that prcfc1ching has already been used successfully in other 
domains Standard processors can use prcfctching to load data 
into the processor's caches . or load data from disk into the 
processor 's memory However. the demands of configuration 
prcfctching are quite different than those of other prcfctching 
domains In the ca,c of pref etching data from disks into mcmol')·. 
or from mcmorv into the processor's cache. the system can look 
for regular· access pancm, in order 10 predict the next required 
data For configurations . the calling pancrn will be extremely 
irregular. Because of this . ncv; algorithms for determining how 10 
t-e st perform prefctching in rcc 0nfigurablc systems must tic 
de, eloped in order 10 make chis a "iablc approach 10 reducing the 
rcconfi?l)rauon overhead. 

In this paper. we u.ill dcmonmacc the potential of prefctchini; for 
rcconfiguratile systems. and present a new algorithm for 
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automatically determining how this prcfctching should be 
performed We first present a simple model of a reconfigurable 
system that can allow us 10 experiment with configuration 
prcfctching We then develop an upper bound on the 
improvements possible from configuration prcfctching under this 
model via an (unachievable) optimal prcfetching algorithm . 
Finally, we present a new algorithm for configuration prcfctching 
which can provide significant decreases in the per-reconfiguration 
latency in reconfigurable systems . To the best of our knowledge . 
this is the f1rs1 configuration prcfctch algorithm developed for 
reconfigurable computing. 

3 Reconfigurable System Model 

In order lo explore the potential of configuration pre fetching . we 
"''ill assume a reconfigurable computing architecture similar 10 
that of the PRISC system fRazdan94] . This system will allow us 
10 easily measure the benefits of configuration prcfctch ...... -hile 
representing one of the most difficult systems for which 10 
develop prcfetching algorithms. In our experiments . we assume 
that the reconfigurable computing system consists of a standard 
microprocessor coupled with a reconfigurable coprocessor. This 
coprocessor is capable of implementing custom instructions for 
arbitrary computations . While the coprocessor can support 
multiple configurations for a given application, we assume that it 
is only capable of holding one computation at a time. In order 10 
use the reconfigurable coprocessor 10 compute a different 
computation a new configuration must be loaded, which takes a 
fixed latency before it is ready for operation. The actual 
reconfiguration latency will be varied in our experiments 10 
demonstrate the sensitivity of prcfctching to reconfiguration 
latency , yet each individual experiment will have a fixed latency 
for all reconfigurations . 

In normal operation, the processor executes instructions until a 
call to the reconfigurable coprocessor is found. These calls 10 the 
reconfigurable coprocessor (RFUOPs) contain the ID of the 
configuration required lo compute the desired function. Ai this 
point, the coprocessor checks to sec if the proper configuration is 
loaded. If it is not, the host processor 1s stalled while the 
configuration is loaded. Once the configuration is loaded /or 
immediately if the proper configuration was already present). the 
reconfigurable coprocessor executes the desired compu1a11on in a 
single clock cycle . Once a configuration is loaded it is retained 
for future executions, only being unloaded u.·hcn some other 
coprocessor call or prcfctch operation specifics ;, different 
configuration . 

In order 10 avoid this latency, a program running on this 
reconfigurable system can insert pref etch operations into the code 
executed on the host processor. These prcfc1ch instructions are 
executed just like any other instructions. occupying a single slot in 
the processor's pipeline The pref etch instruction specific~ the ID 
of a spcc1f1c configura11on that should be loaded into the 
coprocessor If the desired configurauon is already loaded . or is 
in the process of being loaded by some other pre fetch instruction. 
this prefctch instruction becomes a NO-OP If the specified 
configuration is not present. the co;>roccssor trashes the current 
configurauon and begins loadinjl the confi~uration specified . At 
this point the host processor is free co pcrfonn other computations . 
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ld :\fp - Oxl8 l . \oO 
s ubcc \ oO. Oxif, \g O 
b!e Ox)a)c 

~d (\fp - Oxl8J , \oO 
subcc \oO, Oxif , \gO 
ble Ox)a)c 

1 d [ \f p - Ox 18 I . \ o O 
subcc \oO, Oxif . \gO 
ble Ox)a)c 

nop 
ba Ox)a88 
nop 
:d i\fp - Ox14), \oO 
or \;O , \oO, \ol 

nop 
ba Ox)a88 
not · 

ba Cix)a24 
nop 

nop 
ba Ox3a88 
nop 

- ·~ .· >' .. • 

s 11 \o 1. 9, \oO 
sc~h i \h i( OxOI , \o2 
or \o2, Ox.bO. \ol 

ld [\fp - OxlOJ , \oO 
subcc \oO. 0, \gO 

ba Ox3a24 
nop 
l>u:n:TCJI 6 0 

ld [\fp - OxlO J , \oO 
subcc \oO. O, \gO ld [\ fp - OxlBJ. \o2 

or \gO, \o2, \o) 
bg Ox)aao 
nop bg Ox)aaO 

Prefetch 
Insertion 

Simulator 

Figure l. Experimental setup for the prefetch tests. Source code is augmented with calls to the reconfigurable coprocessor 
(RFUOPs) by the RFU picker. This code then has prefetch instructions insened into it. The performance of a given set of 
RFUOPs and PREFETCHes is measured by the simulator. 

overlapping the reconfiguration of the coprocessor with other 
useful work. Once the next call to the coprocessor occurs. it can 
take advantage of the loading performed by pref etch instruction. 
If this coprocessor call requires the configuration specified by the 
last prefetch operation. it will either have to perform no 
reconfiguntion if the coprocessor h.u had enough time to load the 
entire configuration. or only require a shorter stall period .u the 
remaining reconfiguration is done . Obviously. if the pre fetch 
instruction specified a different configuration than was required 
by the coprocessor call, the processor will have to be stalled for 
the entire reconfiguration delay to load the correct configuration. 
Because of this. an incorrect prefetch operation can not only fail 
to save reconfiguration time, it can in fact increase the overhead 
due to the reconfigurable coprocessor. This occurs both in the 
wasted cycles of the useless prefetch operations. as well as the 
potential to overwrite the configuration that is in fact required 
next . causing a stall to reload a configuration that should have 
been retained in the reconfigurable coprocessor. 

For simplicity we assume that the coprocessor can implement 
arbitrary code sequences. but these code sequences must not have 
any sequential dependencies . This is enforced by requiring that 
the code sequences mapped to the reconfigurable coprocessor 
appear sequentially in the executable. have a single entry point 
and a single exit point, and have no backwards edges. Note that 
while assuming a reconfigurable coprocessor could implement 
any such function is optimistic. it provides a reasonable testbed 
with properties similar to reconfigurable systems that ha,·e been 
proposed [Razdan94. Wittig96. Hauck97b]. ' 

4 Experimental Setup 

In order to investigate the impact of prefctching on the 
reconfiguration overhead in reconfigurable systems. we have 
tested prefetching on some standard sortwarc benchmarks from 
the SPEC benchmark suite [Spcc95). No1c that these applications 
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have not been optimized for reconfigurable systems, and may not 
be as accurate in predicting exact performance as would real 
applications for reconfigurable systems. However . such real 
applications arc not in general available for experimentation. 
Also. applications of reconfigurable systems arc tailored to a 
specific system. and can be carefully optimized in reaction to a 
specific reconfiguration overhead . These applications may 
change significantly if they were mapped to a system with a much 
higher or lower reconfiguration delay , with different portions of 
the source code mapped to the reconfigurable logic. Thus, we feel 
that the only feasible way to investigate optimizations to the 
reconfiguration system is to use current. general-purpose 
applications . and make reasonable .usumptions in order to mimic 
the structure of future reconfigurable system. 

In order to conduct these experiments, we must perform three 
steps. First . some method must be developed to choose which 
portions of the software algorithms should be mapped to the 
reconfigurable coprocessor. Second, a prcfctch algorithm must be 
developed to automatically insert prcfctch operations into the 
source code. Third, a simulator of the reconfigurable system must 
be employed to measure the performance of these applications 
Each of these three steps will be described in paragraphs that 
follow. 

The first step in the experiments is to choose which portions of the 
source code should be mapped to the reconfigurable coprocessor 
(these mappings will be referred to as RFUOPs here). As 
mentioned before. in this paper we will assume that arbitrary code 
sequences can be mapped to the reconfigurable logic as long as 
they have a single entry and a single exit point and have no 
backward branches or jumps . This ensures that onl y 
combinational code sequences arc considered . This 1s a somewhat 
conservative assumption. since in many reconfigurable systems it 
is possible to implement loops and other sequential control now 
operations in the reconfigurable logic. 
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One complexity in deciding which portions of the source code 
should be mapped to the reconfigurable logic is to fipd that set of 
mappings that provide the best perfonnance improvement in the 
face of a potentially substantial delay for each reconfiguration. In 
general this is a complex problem. and one we do not attempt to 
solve here. Our solution is to simply find all potential mappings 
to the reconfigurable logic. and then simulate the impact of 
1ncludinr, each candidate. This is done by repeatedly calling the 
reconfigurable system simulator. and assuming optimal 
pref etching (both of which are described later in this paper). Our 
algorithm then greedily chooses the candidate which provides the 
best performance improvement. and retests the remaining 
candidates. These retests examine the impact of including any 
one candidate in with the already chosen candidates. This repeats 
until the simulator determines that there is at most a potential I% 
improvement available in the remaining candidates. In this way a 
reasonable set of RFUOPs can be developed which produces a 
significant performance improvement even when reconfiguration 
delay is taken into consideration. The result of this operation is to 
create a file that specifies which ponion of the source executable 
should be mapped into RFUOPs. and which can be given to the 
simulator to compute the delays seen in the target reconfigurable 
system. 

The simulator we have developed takes in an executable for a Sun 
SPARCstation. a specification of the location of RFUOPs and 
PREFETCH instructions in the executable, and a parameter that 
specifies the number of cycles it takes to reconfigure the 
coprocessor. This simulator is developed from the SHADE 
simulator [Cmelik93a) . This allows us to track the cycle-by-cycle 
operation of the system. and get exact cycle counts. Note that 
only one program can be executed at a lime. and operating system 
calls are not instrumented. so context switch effects and the 
potential to overlap reconfiguration with cycles in the operating 
system are not considered. This simulator reports the 
reconfiguration time and overall performance for the application 
under both normal and optimal prefetching, as well as 
performance assuming no prefetching occurs at all. These 
numbers are used to measure the impact of the various prefetching 
iechniques. 

Note that for simplicity we model reconfiguration costs as a singl~ 
delay constant. Issues such as latency verses bandv.idth in the 
reconfiguration system. conflicts between configuration load and 
other memory accesses in systems which use a ··ffngle memor,; 
port. and other concernS··Bf'C Tgriored ·such effects can be 
considered to simply- increase the average delay for each 
configuration load. and thu~ should not significantly impact the 
accuracy of the results . We consider a very wide range of 
reconfiguration overheads. from l O cycles to 10.000 per 
reconfiguration This delay range should cover most systems that 
are likely to be constructed. including the ver,· long delays found 
1 n current systems. as v.·ell as very short delays that might be 
achieved by future highly cached architectures. 

The remaining component of the experimental setup is the 
prefetch insertion program. This algorithm decides where 
prefetch instructiom should be inserted into the executable given 
the set of RFLlOPs determined by the RFU picker. The specific 
algonthm used v.·ill be dtscribed in a later section . The pref etch 
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insertion program takes in the specification of RFUOPs from the 
RFl! picker. as well as a control now graph for the executable. 
and produces a file for the simulator that specifies the 
PREFETCH locations. Note that in a production system both the 
RFU picker and the prefetch insertion program would directly 
modify the executable. However. in order to allow us to use a 
standard processor simulator to simulate the reconfigurable 
system this information is maintained in a separate file 

S Optimal Pref etch 

In order to measure the potential prefetching has to reduce 
reconfiguration overhead in reconfigurable systems. we have 
developed the Oprimal Puferch concept. Optimal Prefetch 
represents the best any prefetch algorithm could hope to do. given 
the architectural assumptions and choice of RFUOPs presented 
earlier. 

In Optimal Prefetching. instead of choosing specific locations for 
pref etch operations we assume that prefetch operations occur only 
when necessary. and occur as soon as possible. Specifically. 
whenever an RFUOP is encountered in the code. we determine 
what RFUOP was last called . If it was the same RFUOP it is 
assumed that no PREFETCH instruct.ions occurred in between the 
RFUOPs since the correct RFUOP will simply remain in the 
coprocessor. requiring no reconfiguration. If the last RFUOP was 
different than the current call . it is assumed that a PREFETCH 
operation for the current call occurred directly after the last 
RFUOP. This yields the greatest possible overlap of computation 
with recon figural ion . 

?? Plln'l'CJI ?? 
03a2c ble Ox3a28 .. ! . Branch to R.FUOP 56 
03a30 nop 
03a34 ld (\fp - OxlO], %00 
03a38 subcc %00, 0, \gO 
03a3c ble Ox3a60 ! Branch beyond RFUOP 60 
03a40 n~~ 

... . .. 
. fig11r( .2. ,·Ex-ample of (lie ·optimism of the Optimal 
Prcfetch ttctmique:: Once RFUOP 56 in line 3a18 is 
executed. there are ··multiple po~sible next RFUOPs 
which might be encountered. Jf'rhe branch at 3a2c is 
taken. RFUOP 56 is executed ag.ai'n: )nd -n~ 
intermediate pref etch cycle occurs. lf neither the branch 
at 3a2c nor at 3a3c is taken. RFUOP 60 is the next to 
occur. and it is assumed that a PREFETCH 60 occurs 
right after the call of RFUOP 56. overlapping 6 cycles 
of computation with the reconfiguration . No fixed 
prefetching scheme could achieve both result1 for the 
code sequence shown. 

lt is important to realize that the Optimal Prefetch technique . 
while pro\'iding a bound on the potential of prefetchinr,. 
potentially produces results better than what could possibly be 
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Benchmark Latency No Pref etching Optimal Pref etching Ratio 

G:, 10 6,239,090 2,072.560 33.2% 

100 6,860,700 1,031.739 15.0% 

1.000 2.520,000 225.588 9.0% 

10.000 1.030.000 314.3 29 30.5% 

Compress 10 344,840 63.403 18.4% 

100 127,100 46.972 37.0% 

1.000 358,000 289,216 80.8% 

10.000 520,000 12.535 2.4% 

Li 10 6,455.840 958.890 14.9% 

100 4,998,800 66.463 1.3% 

l.000 55.000 21.325 38.8% 

10.000 330.000 43,092 13.1% 

Perl 10 4,369.880 656.210 150% 

100 3,937,600 398,493 10.1% 

1.000 3,419.000 9,801 OJ% 

10,000 20.000 2 0.()% 

Fpppp 10 2,626.180 1,415.924 53.9% 

100 11,707,000 6,927.877 59.2% 

1.000 19,875.000 5,674,064 28.5% 

10.000 370.000 4,485 1.2% 

Swim 10 600.700 265.648 44.2% 

100 10.200 4,852 47.6% 

1.000 91.000 79.905 87.8% 

10.000 330.000 43.019 13.0% 

Cumulative 10 26.2% 

100 16.6% 

1,000 16.5% 

10.000 2.3% 

All 11.4% 

T"hle 1. The results of Optimal Pref etch on the benchmark programs. Each benchmark is tested at four different per, 
reconfiguration <J,;;(4y ,o.tuc,. The "No Pref etch" and ''Optimal Prefetch" columns report the total number of cycles spent stalling 
the processor while the coprocessor is reconfigur""· phJS the number of cyctc, •p,~nt on PREFETCH opcodes. The ratio column 
lists the ratio of Optimal ?,~retching delays to No Prefetching delays. "All" is the average of all benchmarks at all 
reconfiguration delAp considered. 

uone by an '*'"al prefetching algorithm. As shown in Figure 2. 
Opumal Pref etching may assume that a pref etch instruction occurs 
at a given point in the code during some portions of the execution. 
while the same location does not contain a prdetch at other times. 
However, the bound provided by Optimal Prefetching is useful to 
demonstrate the limits of configuration pref etching. 

with a reconfiguration delay of 10.000 cycles Averaged across 
the reconfiguration delays considered, this produces a reduction in 
reconfiguration delay of 88 .6%, or a factor of almost 9. 

It is important to realize that the reductions in reconfiguration 
delay shown in Table I represent only an upper bound on what is 
possible within the architecture described in this paper It 1, 
unlikely rh~r any actual prefetching algorithm will be able co 
achieve improvements quite as good as the Optimal Prefetch 
technique suggests. ln the nexr s.:ction. we ,,,ill present an 
algorithm for configuration prefetch This algorithm determines 

As can be seen in Table I, optimal pref etching has the potential to 
significantly reduce reconfiguration times. This ranges from an 
average factor of almost 4 for reconfigurable systems with a I 0 
cycle reconfiguration delay, to a factor of almost 44 for systems 
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Instruction 01 Instruction 02 Instruction 01 Instruction 02 

Instruction 03 

Instruction 04 Length= 4 Length= 4 

Instruction 05 

Instruction 08 

Instruction 09 

Figurt 3. An example for the pref etch insertion algorithm (left). and the same example with the subroutine at instructions 3.5 
removed (right) . 

specific locations where pref etch instructions should be inserted in 
order to overlap computation with reconfiguration. 

6 Prefetch Insertion 

In the previous sections we have proposed the -concept of 
configuration prefetch. and have demonstrated that this technique 
has the potential to significantly reduce the reconfiguration 
overhead in reconfigurable systems. thus improving the 
performance of these systems. In this section we detail a specific 
algorithm which has the capability to realize some of these 
potential gains . 

The challenge in developing a pref etch algorithm is to statically 
determine which RFUOP is the next to be needed at some point in 
the code. Thi~ decision must be done as far in advance of the 
RFUOP's execution as possible. so that most or all of the 
reconfiguration can be overlapped with useful computations. 
However. the earlier the PREFETCH operation occurs the more 
complicated the control flow between the PREFETCH and the 
RFUOP. increasing the likelihood that the wrong configuration 
will be loaded. In fact. from a given point in the code th~Y• mdY 

be many different RFUOPs 1.ha: r,,igh• occi;r ~,ext. since 
subsequent branches may Jea<l to many different RFUOPs. Thus. 
at best we can hope to make an educated guess as to " 'hat 
configuration should be loaded . hoping that on average this 
prefetch will reduce the reconfiguration overhead as much as 
possible . 

Our prefetch insertion algonthm Stans wnh a control flow graph 
for the benchmark being considered . This graph contains 
in formation on the potential execution paths "'·ithin the program . 
and thus form~ t~ basis for detemuning "-'hich RFUOP will occur 
next In a production system this control flow graph would be 

extracted from the source code . In our experimental system we 
construct the control flow graph from the executable "ia 
information provided by the SpixTools !Cmelik93b] code profiler. 
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as well as some additional information from the simulator. The 
insertion algorithm also taxes the locations of RFUOPs produced 
by the RFU picker. 

The basis of our algorithm is a directed shortest-path algorithm on 
the control flow graph . staning from each RFUOP location. This 
is based upon the belief that the RFU OP that can be reached in the 
least number of clock cycles is the RFUOP configuration that 
should be loaded . We determine for each instructions in the 
executable which RFUOP can be reached in the shortest number 
of steps. Note that we only consider forward arcs in the control 
flow graph from an instruction to an RFUOP. or alternatively 

backward edges from RFUOP to preceding instructions. since this 
corresponds 10 the direction of control flow. This closest RFUOP 
is assumed to own the instruction. in that we will insert 
PREFETCH operations such that that RFUOP " ·ill either be 
present in the coprocessor when that instruction is executed. or 
will begin prefetching it at this time . 

Once we detennine "'hich RFUOP O"-'ns each instr"ct i:'.l!'.. we 
have broken the code ir>•.c ::wnuship • .!iivn ,. ""he,e ~.,h r~!•o,, 
' " "'•<.• ,, ts !he pc rtion ,:,f ,he executable's instructions owned by a 
given 11.rl'O" ror e:::i.,,,,1. in !he code segment in Figure 3 left. 
instructions 01 -06 are in RFUC'f' 1 •• awn~rship region. while 
instructions 08-l Oare in RFUOP 2 ' s owne,: ~11, .. aion The ,,r,, 
step in our prefetch insertion algorithm is to aad ;>?..Et-"'1'CH 
operations before any instruction in one ownership region which 
has a direct predecessor in another ownership region . This 
PREFETCH operation will prefetch whichever RFUOP owns 1ha1 
instruction. Thus. in Figure 3 left we would insen a single 
PREFETCH operations. and that would be a pref etch for RFUOP 
2 just before Instruction 08. Prefetche 5 for RFL'OP I would 
appear somewhere before lnslruction O I and Instruction 02. 
although their nact placement would depend on the exact control 
flow In this v.·ay , we have multiple cycles in which to prefetch 
RFUOP I. while we will change to prefetching RFUOP 2 once it 
becomes clear that that is the next R FUOP to occur. which 
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Benchmark Latency 1'o Pref etching Basic Prefetch (Bas/No) Pruned Prefetch (Pru/No) (Pru!Optl 

G:> 10 6,239,090 3.134.360 50.2% 2,862.128 45.9% 138.1% 

100 6,860,700 4.126.293 60.1% 2,989,912 43 .6% 289 8'lc 

1.000 2,520,000 2.599.305 103.1% 996.300 39.5% 441 .6% 

10.000 1,030,000 5,562.593 540.1% 706,611 68.6% 224.8% 

Compress 10 344,840 86.284 250% 78.284 22.7% 123.5% 

100 127,100 78,821 62 0% 78,821 620% 167.S'l 

1.000 358,000 311.677 87 .1% 311.651 87.1% 107.8% 

10.000 520,000 1,156.939 222.5% 263.213 50.6% 2099.8% 

Li 10 6,455,840 2.043.246 31.6% 1,929.195 29.9% 201.2% 

100 4,998,800 3,209.090 64.2% 2.395.041 47.9% 3603.6% 

1.000 55,000 6,898,414 12542.6% 42.082 76.5% 197.3% 

10,000 330,000 150.720 45 .7% 150.720 45.7% 349.8% 

Perl 10 4,369,880 1,873,472 42.9% 1,579,463 36-1% 240.7% 

100 3,937 ,600 2.241.365 56.9% 1,965.287 49.9% 493 .2% 

1.000 3,419.000 5.616.728 164.3% 2.015.812 59.0% 20567.4% 

10,000 20,000 5.715 28 .6% 5.714 28.6% 285700.0% 

Fpppp 10 2,626.180 1.505.906 57.3% 1,490.467 56.8% 105.3% 

100 11.707,000 7,660.039 65.4% 7,656.892 65.4% 110.5% 

1.000 19,875,000 11,782.888 59.3% 5.805.461 29.2% 102.3% 

10.000 370,000 79,616.610 21518.0% 350,002 94.6% 7803 .8% 

Swim 10 600,700 325.339 54.2% 324,589 54.0% 122.2% 

100 10.200 139.174 1364.5% 5.573 54.6% 114.9% 

1.000 91.000 4,004.510 4400.6% 81.265 89.3% 101.7% 

10.000 330,000 41,995.371 12725.9% 56,126 170% 130.5% 

Cumulative 10 41.8% 38.9% 148.3% 

100 103.3% 53.4% 321.2% 

1.000 411.1% 58.6% 355.2% 

10.000 591.8% 44.0% 1906.5% 

All 180.0% 48.1% 423 .8% 

Table 2. The results of the prefetching algorithm on the benchmark programs . Each benchmark is tested at four different per
reconfiguration delay values . The "Basic Prefetch" and "Pruned Prefetch" columns report the total number of cycles spent 
stalling the processor while the coprocessor is reconfigured. plus the number of cycles spent on PREFETCH opcodes. The ratio 
of pref etch to non-prefetch latency is also reponed . The final column lists the ratio of Pruned Pref etch to Optimal Pref etch. 
"All" is the average of all benchmarks at all reconfiguration delays considered. 

happens when we branch to Instruction 08 . Note that an RFUOP 
is considered to be owned by itself. and thus if Instruction 07 is in 
REFUOP 1 's ownership region we will not waste a PREFETCH 
by inserting it before Instruction 07 , while if Instruction 07 is 
owned b1 some other RFUOP we would insen a PREFETCH for 
that RFUOP at this locatio n. 

There is one refinemen1 to this initial pref etch insertion algorithm 
that can be 1mponant to creating the best pref etching. The issue is 
that subroutine calls may combine multiple different regions of 
the control now graph , creat ing "false paths". Specifically. 
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imagine that Instructions 03 -05 represent a subroutine 1n the 
software, called by Instructions 01 and 02. If we use the 
algorithm just discussed. RFUOP I would be considered to own 
Instruction 02, even though there may be no execution path that 
would lead from Instruction 02 to RFUOP I without passing 
through some other RFUOP . The solution to this is simple : we 

replace moSI subroutine calls in the control now graph with 
control nou.· edges from the instruction jusl before the subroutine 
call to the corresponding instruct ion just after the call. and this 
edge has a "length" (used in the shonest path algorithm) equal to 
the shortest execution path 1hrough that subroutine. Thus. if 
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lns1ruc1ions 03 -05 in Figure 3 lcf1 were in fact a subroutine, we 
would remove these instructions. and replace them with a control 
flow arc from Instruction 01 lo Instruction 06, and another arc 
from lns1ruclion 02 10 lns1ruc1ion 08. wi1h both of them having a 
leng1h of 4 (Figure 3 right) . Normal arcs have a length of 1. In 
this way , Instruction 01 would be O\l.'ned by RFUOP I, and 
Instruction 02 would be owned by RFUOP 2, giving uch of them 
a much longer time 10 prefetch their configurations without 
sacnficing any accuracy in the pref etching decisions . 

In order 10 do 1his simplification of the control flow graph we 
classify procedures as pure or impure. Any subroutine that does 
nol contain an RFUOP. and does nol call any impure subroutines, 
1s considered pure . All others are considered impure . This 
distinction is imponant. because we do not want 10 remove any 
impure subrou1ines from the control flow graph . The reason for 
this is that an impure subroutine will contain RFUOPs which 
should block 1he ou•nership regions of RFUOPs following this 
subroutine call For example , assume 1ha1 Instructions 03-05 in 
Figure 3 left are a subroutine, and Instruction 04 is in fact an 
RFUOP 3 instruction . In this case, it should be clear that 
Instructions 01 and 02 should be owned by RFUOP 3. since that 
will always be the next RFUOP encountered after these 
instructions. However, if we remove this subroutine from the 
control flow graph we would not discover this fact. To deal with 
this, we only remove pure subroutines from the control flow 
graph, leaving all impuu subroutines as is. Our algorithm would 
then properly label Instructions 01 and 02 as being owned by 
RFUOP3 and prefelch accordingly. The classification of 
subroutines as puu or impure can be made by a very simple 
search of the control flow graph. 

As shown in Table 2. the prefelching algorithm as described so far 
(referred 10 here as the "Basic Prcfetch" algorithm) does a 
reasonable job of pref etching in most cases, but can do a poor job 
in others . For example. the Basic Prefetch algorithm reduces the 
reconfiguration overhead by 58% on average for systems with a 
reconfiguration delay of 10 cycles, but can in fact increase the 
reconfiguration delay by a factor of almost 6 for systems with a 
reconfiguration delay of 10.000 cycles. The problem is that the 
algorithm sometimes makes poor decisions for some prefetch 
placemenlS, causing the coprocessor 10 unload the configuration 
1ha1 is in fact the next one needed in the system. Obviously, 
something must be done 10 improve the consistency of the 
algorithm's results . 

Our solution is 10 use a profiler-based pruning of !.he prefelch 
opera1ions . We maintain statistics, on a per PREFETCH 
operation basis, of whether the outcome of that PREFETCH 
operation 11.•as beneficial or not. In those cases where it begins 
loading the confii;uration that is in fact the next RFUOP 10 be 
called. we credit it wuh the number of cycles saved. If ii is the 
f1rn RFUOP 10 overwnae the configuration that is required nex1, 
we reduce i1's benef11 by 1he number of cycles the system has 10 
5aall 11,fole reloading that configuration (note that a subsequent 
PREFETCH of the proper configuration can reduce this penal1y) . 
Finally. we also reduce the PREFETCH' s benefit by the total 
number of times that pref etch operation is executed, since every 
11me a PREFETCH operation is execu1ed the processor must 
waste a cycle performing 1his operation. All of these statistics are 
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easy 10 mainiain, and could be reponed by 1echniques similar lo 
those found in prof, gprof, and other program profilers . 

The information gathered on a per PREFETCH basis musures the 
effect this instruction has on the operation of the system. We £.O 
through these statistics and remove ("prune") any PREFETCH 
instruction that has a nel loss on the operation of the system. This 
operation is similar 10 the performance optimization performed on 
standard software algorithms, with the added benefit that it can be 
easily automated, requiring no user intervention . Note 1ha1 the 
pruning of one PREFETCH operation can cause another 
PREFETCH 10 have a negative impact on !he system operation . 
For example, in between two calls 10 the same RFUOP there may 
be two different PREFETCH operations for other RFUOPs . 
During the first pruning step the first PREFETCH opera1ion 
would be penalized for unloading the RFUOP. and would be 
removed. Al this point, the second PREFETCH is responsible for 
overwriting the RFUOP that should have been retained. Our 
solution is 10 run the pruning process iteratively, continuing 10 
remove PREFETCH operations that have a negative impact on the 
system operation. Note that this lakes al mos! a handful of 
pruning cycles. 

As can be seen in Table 2, when we combine our original pref etch 
insertion algorithm with a pruning step (''Pruned Pref etch"), .we 
get a much more consistent result. This greatly improves the 
perfonnance of the prefetching algori1hm. providing an overall 
52% reduction in reconfiguration overhead when compared lo the 
base case of no pref etching. While this is not nearly as good as 
the 89% improvement suggested by the Optimal Prcfetch 
technique, it is imponanl lo realize that the Optimal Prefetch 
numbers may no1 be achievable by any s1a1ic configuration 
prefetch algorithm. With the algorithm described here. we are 
capable of providing a significant reduction in the reconfiguration 
overhead of reconfigurable systems. As shown in Table 3. this 
speedup has a direct impact on the runtime of the reconfigurable 
system, providing a 10% reduction in overall runtime over the 
case of no pref etching. 

7 Conclusions 

In this paper we have introduced the concept of configura1ion 
prefelch for reconfigurable sys1ems. By adding instructions into 
the code of an application, configurations for a reconfigurable 
coprocessor can be loaded in advance . This a llou·s the 
overlapping of computation and reconfiguration, reducing the 
reconfiguration overhead of reconfigurable systems . We have 
also developed an algorithm which can automatically determine 
the placement of these prefelch opera1ions, avoiding burdening 
the user with 1he potentially difficult task of placing 1hese 
operations by hand. Finally, we have developed the Optimal 
Prefetch technique. which provides a bound on the po1enaial 
improvement realizable via configuration prefe1ch . The resuhs 
indicate 1ha1 these techniques can reduce the reconfiguration 
overhead of reconfigurable systems by more than a factor of 1wo. 
which will have a direct impact on the performance of 
reconfigurable systems. 

We believe that such techniques will become even more critical 
for more advanced reconfigurable systems. When one consider5 
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Benchmark Latency Basic Prefetch Pruned Pr~fetch Optimal Pref etch 

c.o 10 82 .4% 80.8% 76.4% 

100 89.5% 85 .1% 77.6% 

1.000 1003% 93.8% 90.7% 

10.000 118.5% 98 .7% 97.1% 

Compress 10 87 4% 870% 86.3% 

100 97.9% 97.9% 96.5% 

1.000 98 .2% 98.2% 97.3% 

10.000 119.5% 92.1% 84.5% 

Li 10 79.2% 78.7% 74.1% 

100 92.6% 89.2% 79.6% 

1.000 134.3% 99.9% 99.8% 

10.000 99.1% 99.1% 98 .6% 

Perl 10 83.8% 81.9% 75.9% 

100 90.5% 88.9% 80.1% 

1.000 111.6% 92.6% 82.0% 

10.000 99.9% 99.9% 99.9% 

Fpppp 10 79.2% 78.9% 77.6% 

100 80.0% 80.0% 76.3% 

1,000 84.0% 72.2% 72.0% 

10.000 205.~ 100.0% 99.5% 

Swim 10 84.4% 84.4% 81.1% 

100 106.7% 99.8% 99.7% 

1.000 293.3% 99.5% 99.5% 

10.000 1732.8% 89.3% 88.8% 

Cumulative 10 82.7% 81.9% 78.4% 

100 92.5% 89.9% 84.5% 

1.000 124.0% 92.2% 89.6% 

10.000 192.0% 96.4% 94.5% 

All 116.2% 89.9% 86.6% 

Table 3. Relative performance numbers for different prefetch techniques . The numbers represent the ratio of the total runtime 
(execution plus reconfiguration time) under the specified prefetch technique to the delay with no prefetching. "All" is the 
average of all benchmarks at all reconfiguration delays considered . 

techniques such as partial Run -Time Reconfiguration 
[Hutchmgs95] or multiple contexts [Bolotski94J. this greatly 
increases the amount of computation available to overlap with the 
reconfiguration. since prefetching can be overlapped with other 
computations in the reconfigurable logic . We plan to explore the 
application of prefetching to such advanced systems in our future 
work. 
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pertains prior to the filing of the present application based on the invention as described 

in the following publication(s) distributed or the invention as made available to the 

public through electric telecommunication lines in Japan and/or foreign countries prior 

to the filing of the present application, a patent cannot be granted thereto under the 

provision of Paragraph 2 of Article 29 of the Patent Law. 

2. It is recognized that the present application does not satisfy the conditions 

prescribed in Paragraph 6 (ii) of Article 36 of the Patent Law because of the 

defectiveness of the description in SCOPE OF CLAIMS FOR PA TENT on the 

following points. 
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3. It is recognized that the present application does not satisfy the conditions 

prescribed in Paragraph 6 (i) of Article 36 of the Patent Law because of the 

defectiveness of the description in SCOPE OF CLAIMS FOR PA TENT on the 

following points. 

REMARKS 

[LIST OF CITED REFERENCES] 

I. NAKAZATO Gaku et al ., "Architecture and evaluation ofOCHANOMIZ-1", 

Special Interest Group on Information Processing Society of Japan Report, Special 

Interest Group on Computer Architecture Report, Information Processing Society of 

Japan, September 20, 1993, IPSJ SIG Notes 93(71), pp.57-64 

[Ground 1) (Paragraph 2 of Article 29) 

[Claims] 1-8 

[Cited Reference] 1 

[Notes] 

Cited Reference 1 discloses a processor system including a plurality of scalar 

processors, a main memory and an external agent configured by using an FPGA and 

having a Global Structure Pre-Fetch mechanism, wherein said Global Structure Pre

Fetch mechanism included in said external agent is configured to receive information 

about structure data (base address, size, stride, and the like) from the scalar processor, 

obtain data from the main memory based on the provided information and store the data 

in a local buffer memory (see, in particular, the descriptions in 2, 3.1, Figs. I and 2) . 

The scalar processor, the main memory and the local buffer memory in the 

invention disclosed in Cited Reference 1 correspond to "logic block," "first memory" 
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and "second memory" in the invention claimed in claim l of the present application . 

Furthermore, the Global Structure Pre-Fetch mechanism of the external agent in 

the invention disclosed in Cited Reference l corresponds to "data prefetch unit" in the 

invention claimed in claim 1 of the present application because the Global Structure Pre

Fetch mechanism operates independent of and in parallel with the scalar processor to 

prefetch the requested structure data. 

Cited Reference 1 does not disclose the format of the structure data stored in the 

local buffer memory by the Global Structure Pre-Fetch mechanism included in the 

external agent. Those skilled in the art, however, would have readily arrived at 

configuring the structure data format on the local buffer memory to conform to a 

request from the logic block. 

Therefore, the invention claimed in claims 1-8 of the present application would 

have been readily made by those skilled in the art, based on the invention disclosed in 

Cited Reference I . 

[Claims] 9-12 

[Cited Reference] 1 

[Notes] 

The scalar processor, the main memory and the local buffer memory in the 

invention disclosed in Cited Reference 1 correspond to "logic block," "common 

memory" and "second memory" in the invention claimed in claim 9 of the present 

application. 

Therefore, the invention claimed in claims 9-12 of the present application would 

have been readily made by those skilled in the art, based on the invention disclosed in 

Cited Reference 1. 

[Claims] 13-19 

[Cited Reference] 1 
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[Notes] 

The scalar processor and the main memory in the invention disclosed in Cited 

Reference 1 correspond to "computational unit" and "data access unit" and "memory" in 

the invention claimed in claim 13 of the present application. 

Therefore, the invention claimed in claims 13-19 of the present application 

would have been readily made by those skilled in the art, based on the invention 

disclosed in Cited Reference 1. 

[Ground 2] (Paragraph 6 (ii) of Article 36) 

(1) Claim 1 recites "a reconfigurable processor that instantiates an algorithm as 

hardware," "computational data required by the algorithm," "configured to conform to 

needs of the algorithm," and "configured to match format and location of data in the 

second memory." Although these recitations specifies the processor, the data and the 

like in terms of their functions, properties and the like, their concrete structure is not 

clear. 

The same is applied as well to the recitations "data required for computations by 

the algorithm," "configured to conform to needs of the algorithm" and "match format 

and location of data in the second memory" of claim 9. 

The same is applied as well to the recitations "configured to conform to needs of 

an algorithm implemented on the computational unit" and "transfer only data necessary 

for computations by the computational unit" of claim 13. 

(2) Claim 2 recites "transmits only portions of data desired by the data prefetch 

unit." Although, "data desired" specifies the data in terms of its function, property and 

the like, and it is unclear how it is obtained concretely. 

The same is applied as well to "data desired" recited in claims 10 and 15 . 
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(3) Claim 4 recites "the data prefetch unit comprises at least one register from 

the reconfigurable processor." The relationship between "processor" and "at least one 

register" is unclear. 

(4) It is unclear how "processor memory" recited in claim 6 is configured. It is 

noted that "on-processor memory" is found in claim 3. If "processor memory" is the 

same as "on-processor memory" recited in claim 3, the same term should be used. 

The same is applied as well to "processor memory" and "microprocessor 

memory" recited in claims 7 and 8. 

(5) A method recited in claim 13 is unclear in terms of the category of the 

claimed invention. In other words, the method recited in claim 13 includes having a 

hardware configuration of a computational unit, a data access unit and a data prefetch 

unit, as well as transferring data between respective components. It is unclear what 

performs each operation. 

Therefore, the invention claimed in claims 1-19 is not clear. 

[Ground 3] (Paragraph 6 (i) of Article 36) 

(1) Claim 1 recites "first memory" and "second memory." It is unclear which 

components described in the best mode for carrying out the invention in the specification 

of the present application "first memory" and "second memory" correspond to . 

The best mode for carrying out the invention describes "external memory" and 

"memory bank." As described below, it is unclear how these components are related to 

"first memory" and "second memory." 

In other words, based on the recitation of claim I "places the retrieved 

computational data in the first memory" (the recitation "retrieves data from a second 
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memory" is also found in paragraph 19), it can be understood that "first memory" 

corresponds to "memory bank" and "second memory" corresponds to "external 

memory." 

On the other hand, based on the recitation of claim l "the data prefetch unit is 

configured to match format and location of data in the second memory" and the 

recitation of claim 6 "said second memory comprises a processor memory," it can also 

be understood that "first memory" corresponds to "external memory" and "second 

memory" corresponds to "memory bank." 

(2) Claim l recites "retrieves only computational data required by the algorithm." 

The best mode for carrying out the invention in the specification of the present 

application describes a method for reading only data having a certain size into the 

processor and processing the data when it is located in the memory at regular spacings. 

It can be understood that the method described in the best mode for carrying out 

the invention can be applied if an address where the data is located is known before 

executing the algorithm. It is not recognized that the method can be applied in the case 

of any algorithms. 

Therefore, it cannot be said that what the detailed description of the invention 

discloses can be extended and generalized to the extent of the invention claimed in claim 

l. 

The same is applied as well to the recitation of claim 9 "read and write only data 

required for computations by the algorithm" and the recitation of claim 13 "conform to 

needs of an algorithm implemented on the computational unit and transfer only data 

necessary for computations by the computational unit. 11 

(3) The operation recited in claim 5, "the data prefetch unit is disassembled when 

another program is executed on the reconfigurable processor, 11 is not described in the 

best mode for carrying out the invention. 
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Therefore, the invention claimed in claims 1-19 is different from that described in 

the detailed description of the invention. 

If any grounds of rejection are newly found, the grounds of rejection will be 

noticed. 

Record of Search for Prior Art Documents 

* Searched Technical Field IPC G06F 9/30 - 9/38 

Prior Art Documents 

U.S . Patent No. 5941981 

This record of search for prior art documents does not form any grounds of 

rejection. 
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l Introduction 

Ref I 
Architecture and Evaluation of OCHANOMIZ-1 

Architecture and Evaluation of OCHANOMJZ-1 

Many large-scale practical applications have portions where parallelism can be 

easily extracted, and portions where extraction of parallelism is difficult. In the 

portions where parallelism can be easily extracted by the coarse grain, the processing 

speed can be significantly increased if the number of processors for parallel execution is 

large enough. As a result, the portions where coarse-grain parallel processing is 

difficult to become a bottleneck. The use of fine-grain parallelism is essential in order 

to increase the processing speed also in the portions where parallel processing is difficult. 

However, close cooperation of a plurality of processors results in serious overhead for 

data transfer and synchronization between the processors. Reducing such overhead 

and configuring a system having mechanisms for efficient communication and 

synchronization between processors are the keys to the success of the fine-grain 

processing method Moreover, support of an optimization compiler is essential to 

extract fine-grain parallelism, and tightly coupled parallel processing is convenient for 

this purpose. Various computers have been conventionally produced to efficiently 

implement efficient tightly coupled parallel processing [l, 2, 3, 4). However, none of 

the mechanisms installed in these systems are not satisfactory enough. 

This time, we produced OCHANOMJZ- 1 (Omnipotent Concurrency Handling 

Architecture with Novel OptimMIZer-1 ), a general-purpose fine-grain parallel computer 

system using conventional high petfonnance microprocessors as element processors. 

OCHANOMIZ- 1 is a tightly coupled parallel computer system having low overhead 

synchronization mechanisms and communication mechanisms, and capable of efficient 

fine-grain parallel processing. An Elastic Barrier, a global structure pre-fetch 

mechanism., a memory-based data-driven synchronization mechanism, a mechanism for 

switching cache protocols on a page-by-page basis, and the like are installed as fine

grain parallel processing support mechanisms. A general-purpose large-scale parallel 

computer system is implemented by hierarchizing OCHANOMIZ-1 as a cluster. 

Moreover, support of an optimization compiler is essential to extract fine-grain 
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Ref I 
Architecture and Evaluation ofOCHANOMIZ-1 

parallelism. As its name indicates, OCHANOMJZ- l is produced to be used with a 

dedicated optimization compiler [5), and operates on the assumption that codes 

statically scheduled by the compiler are executed. 

The overall architecture of OCHANOMJZ-1 will be described in Section 2. 

Three primary communication/synchronization mechanisms of the fine-grain parallel 

processing support mechanisms implemented on OCH:ANOMIZ-1 will be described in 

Sections 3, 4, and 5, respectively. 

2 Structure of OCHANOMIZ-1 

In the case of performing fine-grain parallel processing by computer systems 

formed by coupling conventional microprocessors, overhead becomes large and 

improvement in performance cannot be expected unless data communication and 

synchronization are supported. It is important to fabricate small-scale prototypes for 

performing fine-grain parallel processing, and to install experimental functions thereon 

to examine their effectiveness. The general-purpose fine-grain parallel computer 

OCHANOMTZ-1 uses conventionaJ high perfonnance microprocessors for 

communication and synchronization between processors with low overhead, thereby 

performing fine-grain parallel processing. Fig. 1 shows the overall structure of the 

system. Four VR4400MC (75 MHi) made by NEC [6, 7)1 are used as element 

processors. The processors are connected to each other via a shared bus. The system 

shared bus is a synchronization bus for performing split processing. Bus arbitration is 

performed by a distributed method. Address buses are 36-bit buses, data buses are 64-

bit buses, and control lines for supporting snoop caches are included. VR4400MC 

includes a secondary cache controller in a chip, and supports invalidate type and update 

type snoop protocols. However, all the control of the secondary cache is performed by 

the processors, and inquiries regarding a cache status2 for snooping, and the like are 

made via the processors, and thus, the response is very slow. Therefore, 

OCHANOMTZ- J performs back.map management of the secondary cache in order to 

reduce the response time. OCHANOMJZ- l ha.ii the same high-speed SRAM as that of 

the secondary cache for backmapping. 
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Ref. I 
Architecture and Evaluation of OCHANOMIZ-1 

Circuits called "external agents" are positioned between the processors and the 

bus. The external agents receive requests from the respective processors to send the 

requests to the bus, and return responses to the respective processors. 

Cache pre~fetch, which is effective to hide latency, is not implemented in 

VR4400MC. Thus, OCHANOMIZ-1 has additional circuits for implementing a pre

f etch mechanism, which are controlled by the external agents. 

A memory controller is positioned between a main memory and the bus. The 

memory controller refreshes the main memory, and accesses the memory so as to satisfy 

requests from the processors and a host. Moreover, the memory controller manages 

synchronization bits implemented by an SRAM. A global synchronizer is provided to 

implement high-speed communication and synchronization between the processors 

without using the shared bus. A barrier-type synchronizer and a shared register file are 

implemented as the global synchronizer. A host computer (a PC-AT compatible 

machine) is connected via a host interface. The host is used to configure an FPGA 

(Field Programmable Gate Array), to write data and programs to the main memory and 

caches, to reset the entire system, and to collect data. 

The external agents, the memory controller, the global synchronizer, and the host 

interface are configured by using FPGA XC4010 (corresponding to 10,000gates) made 

by Xilinx. The operating clock3 of this FPGA is a frequency-divided clock of the 

internal clock of the processors. 

3 Global Stn.icture Pre-Fetch Mechanism 

In principle, in conventional parallel computers using cache memories, 

performance is derived by using locality of reference. Thus, such parallel computers 

are not good at performing processing having essentially no locality. OCHANOMIZ- l 

also uses locality of reference in principle, but has a GSPF mechanism (a Global 

Structure Pre-Fetch mechanism) as a solution to the challenge of efficiently performing 

processing essentially having no locality. This section describes the GSPF mechanism, 

and shows expected performance at the time of design. 
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Petitioners Amazon 
Ex. 1010, p. 359 of 399



3 .1 Structure 

Ref I 
Architecture and Evaluation of OCHANOMIZ-1 

Fig. 2 is a structural diagram of this mechanism. A scalar processor is 

connected to the system shared bus via a system called the "external agent." An 

original job of the external agent is to interpret a command" issued by the processor to 

meet the request of the processor by using the system shared bus. Since 

implementation of the external agent is left to the users, it is possible to include various 

mechanisms in the external agent. This GSPF mechanism is also installed by using the 

external agent. 

Operation of the GSPF mechanism will be described below together with 

limitations upon its installation, and the like. 

1. The processor transmits information on required structure data to a 

corresponding external agent. Various types of the structure are possible, 

but the structure is herein limited to constant strides. Thus, a base address, 

a size, and a stride are enough as the infonnation on the structure5
. 

Transfer of this infonnarion from the processor to the external agent is 

implemented by allocating a part of an address space to a register for 

communication with the external agent, and exchanging information. Note 

that the basic data size is I double word (64 bits) when using the GSPF 

mechanism. 

2. Based on the provided information, the external agent obtains data from the 

main memory via the system shared bus to temporarily store the data in a 

local buffer memory. It should be avoided to cause the state where the 

external agent cannot answer the data request from the processor until the 

external agent obtains all the requested structure data. In this installation, 

infonnation on how much data has been obtained is held in a counter, on the 

assumption that the order in_ which the processor requests data is the same as 

that in which the GSPF mechanism obtains data. Detennination of whether 

data requested by the processor is already present in the local buffer memory 

or not is made based on a comparison with thi~ counter. Tfthe data is 
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Ref. l 
Architecture and Evaluation of OCHANOMIZ-1 

present in the local buffer memory, the external agent immediately sends the 

data to the processor, Otherwise, the external agent keeps the processor 

waiting until the data arrives. 

3. The external agent immediately sends data from the local buffer memory to 

the processor when it receives a data request from the processor. The local 

memory buffer of the external agent is directly mapped in a part of the 

address space of the processor, and data exchange is implemented by 

reading/writing to/from that address. 

This GSPF mechanism has similarities to Decoupled architectures [8], but is 

different therefrom in that it has no command stream for access processors for accessing 

data. Moreover, the Decoupled architectures necessarily use dedicated processors, 

while the GSPF mechanism has an advantage that it can 1.1se commercially available 

microprocessors. On the other hand, the GSPF mechanism is also similar to pre-fetch 

mechanisms having fetch buffers [9], but is different therefrom in that the pre-fetch 

mechanisms having fetch buffers require a code for every pre-fetch, while the GSPF 

mechanism requires no code for pre-fetch any more once setup is completed. 

In the case of using the same struct1.1re data by a pl1.1rality of processors, if the 

plurality of processors separately access the data, the number of times the bus is used 

increases, causing a problem of bus contention. There is a possibility that the number 

of times the bus is used can be reduced if all the relevant processors fetch data flowing 

on the bus during data transfer. There is also a possibility that data can be supplied to 

the plurality of processors by one block transfer, if respective data required by the 

processors is included in data to be transferred in one block transfer, or the like, even if 

the same data is not used by the plurality of processors. 

Thus, in the case where the GSPF mechanism is somewhat expanded so that the 

same structure data is used by a plurality of processors, a GSPF for fetching data was 

prepared for other processors6 in addition to the normal GSPF. This is similar to a pre

fetch version of an all-read protocol in the MISC [10]. However, all-read in the .MISC 

injects data directly to a cache, while, in the GSPF mechanism, the external agent 
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Ref. l 
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temporarily manages data until it receives a data request from the processor 

The system bus protocol was expanded to support all-read in the GSPF 

mechanism, whereby the system bus was able to behave as if requests had issued from 

other processors. The system shared bus will now be described briefly. The system 

bus has signal lines for informing who issued a request via the bus, and there are lines 

respectively corresponding to the processors. In a normal request, a side issuing a 

request activates only the line corresponding to the request-issuing side itself, and a 

responding side responds by activating the same line as that was activated when it 

received the request. This is expanded so that a side issuing an all-read request 

activates also lines corresponding to other processors when issuing the request, whereby 

it is regarded that a plurality of requests were issued by a single request. Since the 

responding side activates the same signal lines as those that were activated when 

receiving the request, other processors can merely receive the response. In this case, 

although the plurality of processors were trying to issue the same request, the 

processors other than the first processor to issue the request need to only receive a 

response without issuing any request. If not all of the data in the received block is used, 

unnecessary data can be skipped when sending the data to the processors. 

3.2 Performance Estimation 

This section shows estimated perfonnance of this mechanism. This section also 

shows a comparison with the case of using cache memories. 

First, sample programs are shown in Fig. 3. For these programs, codes were 

generated at the maximum optimization level by using an optimization compiler8 for 

RJOOO. As a result, loop unrolling was performed, and codes for executing four 

operations and load/store instructions corresponding to the four operations during one 

iteration were output. Code relocation was performed by using a code relocation back 

end of a compiler OP. l [5]9 developed in our laboratory, and estimated performance 

was calculated based on the resultant codes. Performance of a unit stride and a 

constant stride with a stride of 4 when using sample program 1, and performance in the 

case of using all-read by product-sum calculation and the case of using no all-read when 
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Ref. I 
Architecture and Evaluation of OCHANOMIZ-1 

using sample program 2 were calculated, and also compared with corresponding 

performance in the case of caches. 

Design values and some assumption for calculating estimated perfonnance 

values are listed below, Actual values of the processors VR4400 [7] used in 

OCHANOMIZ-1 were used as values such as the number of clocks required to execute 

an instruction. 

• Processors operate at 75 MHz. 

• It is assumed that no cache miss is caused in an instruction stream. 

• Both a primary cache and a secondary cache have a line size of 4 double 

words (32 bytes), and it takes 2 clocks to access the primary cache, and it 

takes 6 clocks to access the secondary cache. 

• It takes 24 clocks to transfer data of one line from the memory to the 

secondary cache. 

• On the bus, until one piece of data (64 bit width) can be supplied to the 

external agent in 2 clocks, and 6 clocks are required to fill the secondary 

cache with data of one line held in the external agent. 

Table t shows a comparison between the case where the GSPF mechanism was 

used and the case where the cache memories were used, based on the above design 

values (and some assumption). lt may not be a fair comparison, since the same codes 

are used both in the case of using the caches and the case of using the GSPF mechanism 

and this can be disadvantageous rather to the caches. However, it is estimated that 

higher performance can be obtained by using the GSPF mechanism than by simply using 

only the caches. 

4 Memory-based Data Driven Synchronization Mechanism 

In fine-grain parallel processing, data communication between processors can 

occur frequently. Thus, it is important to reduce the overhead for data communication 
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and synchronization associated therewith to a low level. Examples of synchronization 

mechanisms that have been conventionally used for producer/consumer synchronization 

include fu!Vempty bits {11) of HEP, and an I-structure memory {12) that has been used 

in data driven computers and the like. However, such mechanisms have not been used 

in parallel computers using von Neumann processors as element processors. However, 

a mechanism [ 1 O] for efficiently processing producer/consumer synchronization, 

implemented by a combination of a snoop cache mechanism and a full/empty bit 

synchronization mechanism was proposed, and such performance has been increasingly 

expected also in von Neumann shared memory, shared bus mutiprocessors. When 

using such a mechanism, synchronization is performed in a data driven manner. Thus., 

there is an advantage that data communication and synchronization can be processed in 

an integrated manner, and no special means is required for synchronization, separately 

from data communication. 

Such a data driven synchronization mechanism is introduced in OCHANOtvnz- I. 

A synchronization bit indicating full/empty is added to every word in the main memory, 

and synchronization is performed by the memory controller and the respective external 

agents of the processors. Moreover, in OCHANOMIZ-1 , a mechanism for configuring 

FIFO queues is provided on the main memory. Each FIFO queue is configured by 

using a memory address as an identifier, and is shared by a plurality of processors by 

accessing the address as an identifier. Actual FIFO management is performed by the 

memory controller independently of the processors. 

Data driven synchronization using the synchronization bits, a method for 

installing the mechanism for configuring the FIFO queues on the memory, and 

estimation of synchronization performance in OCHANOMIZ-1 will be described below. 

4.1 Synchronization Bit Mechanism 

The main memory of OCHANOtvfiZ- I is divided into banks. A 

synchronization bit is added to every word in a memory of each bank. At present, each 

synchronization bit is I bit indicating the presence of data, but a high performance 

memory [ I 3 J can be implemented by expanding the synchronization bits. Each memory 
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bank is associated with a memory controller. In addition to processing normal accesses, 

the memory controller controls the synchronization mechanism together with the 

external agents. 

Jf the synchronization bits are added also to the caches to process the 

synchronization bits on the caches, efficient synchronization can be implemented by a 

combination with a snoop cache protocol (10]. However, for existing multiprocessors 

using processors having embedded caches, such as OCHANOMIZ-1 , there are many 

difficulties in management of the synchronization bits on the caches. Thus, in 

OCHANOMIZ-1, the synchronization bits are added only to the main memory, and 

synchronization is not performed on the caches. Thus, this mechanism can be used in a 

region that is not cached, and synchronization and data communication are implemented 

by the memory controller and the external agents via the main memory. 

When a read request is issued from a processor, the external agent of that 

processor holds an address of that request. The memory controller examines the 

synchronization bit of a corresponding word. If the synchronization bit is in FULL 

state, the memory controller responds to the request with data, but if it is in EMPTY 

state, the memory controller does nothing. The processor that issued the read request 

remains in a wait state until it receives data. The external agent of that processor 

detects a data response from the memory controller, or a write request to the target 

address from another processor. The external agent performs write detection by 

comparing an address of the write request on the bus with the address held in the 

external agent. When the response data arrives, the external agent receives the data, 

and sends the data to the processor. When detecting a write request, the external agent 

fetches write data directly from the bus during write operation to the memory, and sends 

the data to the processor. 

When a write request is issued from a processor, the memory controller writes 

data into the memory, and rewrites the value of a corresponding synchroniutioo bit with 

FULL state. At this time, as described above, if there is any processor that has been 

blocked by a read request to the same address which was issued before the write request, 

the external agent of the blocked processor fetches the data from the bus, and sends the 
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Fig. 4 shows an example of synchronization. Processor B and processor C 

have been blocked since they issued a read request before processor A writes data to 

address X. The external agents of processor B and processor C monitor the bus. If 

processor A writes data to address X, the external agents fetch the data from the bu~ 

and send the data to the respective processors, whereby blocked processors B and C are 

restarted. 

The synchronization bits are set to a value of either EMPTY or FULL, but 

EMPTY and FULL are not fixed to O or I. A synchronization polarity bit [IO] is 

included in a part of an address, and the correspondence between FULL/EMPTY and 

0/1 is determined by the value of the synchronization polarity bit. Thus, reuse of the 

memory after being used for data communication can be implemented at low cost. 

Moreover, as access means, it is necessary to distinguish memory accesses for 

synchronization from normal memory accesses that does not relate to synchronization. 

Thus, these accesses are also distinguished by using a bit as a part of an address. 

4.2 Memory FIFO Mechanism 

Another function on the memory ofOCHANOMIZ-l is a function to configure 

FIFO queues. A total of eight FIFO queues are currently prepared. (A part of) a 

memory address is designated as an identifier of the FIFO queues. The processors can 

access the .frFO queues in the same manner as that of nonnal memory accesses, and an 

address to be accessed is an address used as an identifier. The FIFO queues are 

managed by the memory controller, and FJFOs are configured only in a region that is not 

cached. The memory controller has pointers to the respective FIFO queues, and 

manages the FIFOs by a ring buffer method. 

When a read request to a FIFO queue is issued from a processor, the memory 

controller responds to the request with data if there is data in the queue, and does 

nothing if there is no data in the queue. At this time, the external agent of the 

processor that issued the read request detects if a data response has arrived or another 

processor has issued a write to the same address (i.e., a write to the same FIFO queue). 
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If the external agent receives the data response from the memory, the external agent 

sends the data to the processor. However, if the external agent detects a write, the 

external agent issues a read request to the FiFO queue again. If there is a data ~rite 

from a processor to a FIFO, the memory controller writes data to a corresponding FIFO. 

However, if the FIFO is filled with data, the memory controller retries the write. 

4.3 Estimation of Synchronization Performance 

In this section, perfonnance of data driven synchronization using the 

synchronization bits in OCHANOMJZ-1 is estimated by a simple comparison with 

synchronization using synchronization variables by software. An example of 

performing one-word data communication between processor A and processor B 

(processor A writes data, and processor B reads the data) will be herein considered. 

Table 2 shows a perfonmmce comparison. The values of Table 2 were obtained on the 

assumption that it takes 6 clocks to access the secondary cache, and it takes 24 clocks to 

access the main memory as design values ofOCHANOMJ.Z-l, and that the bus is aJways 

available. 

Condition 1 is the case where processor A wrote data before processor a issued 

a read request. In this case, in the mechanism using the synchronization bits, only one 

memory access is required for data communication. However. in the case of using the 

synchronization variables, the main memory needs to be read for the synchronization 

variables, in addition to the memory access for data communication. Condition 2 is the 

case where processor B issued a read request first, and a write request from processor A 

occurred after the read request. It should be noted that, in this case, the time from the 

data write operation of processor A to completion of data communication was 

compared. In the mechanism using the synchronization bits, data being written to the 

memory by processor A is directly fetched from the bus. However, in the case of using 

the synchronization variables, h is necessary to access the memory after accessing the 

synchronization variables In this case, it is assumed that the synchronization variables 

have been cached, and an update type snoop protocol is used . In the case of using an 

invalidate type protocol, an access to the main memory is required also to access the 
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Note that the comparison was herein made in tenns of the access to the memory. 

However, it is considered that the difference therebetween is further increased if waiting 

due to checking for establishment of synchronization, bus arbitration, and the like are 

considered. 

5 Global Synchonizer 

Shared memory, shared bus type multiprocessor systems perform data 

communication by using shared variables, but the overhead is generated by an increase 

in memory accesses, a waiting time for acquiring the bus, and the like. Although 

OCHANOMJZ-1 has a global structure pre-fetch mechanism, and a memory-based data 

driven synchronization mechanism, the performance of these mechanisms can be 

degraded more than expected if contention occurs in a system shared bus. Thus, 

OCHANOMIZ-1 is provided with hardware that enables direct data exchange with each 

processor, and a mechanism using this hardware was also implemented. A Global 

Synchronizer (GS) is a mechanism for supporting high-speed communication and 

synchronization between processors without using a shared bus. As shown in Fig. S, 

the GS is coMected to each external agent via an 8-bit data bus. 10 By efficiently using 

these buses, the Elastic Barrier and the shared register file was implemented with low 

overhead. 

5. 1 Elastic Barrier 

A barrier type synchronization mechanism is a relatively light synchronization 

mechanism in which all the shreds that belong to the same process queue simultaneously, 

and the hardware thereof can be relatively easily configured. The Elastic Barrier [14] is 

capable of performing synchronization with no overhead if the order in which 

synchronization is generated can be statically determined in a generalized barrier type 

synchronization mechanism. One of objects of OCHANOMTZ-1 is to install this 

Elastic Barrier to examine its effectiveness for applications. Since a prototype had a 

small-scale structure having four processors, the processors were intensively managed 
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by using the GS, instead of providing synchronization controllers for the respective 

processors. Since the GS and the processors cannot directly exchange data with each 

other, the external agent of each processor has three counters (acknowledgement, 

advance notice, and establishment counters) required for the Elastic Barrier to 

implement faster synchronization. Processes that can be processed in the external 

agent are processed in the external agent, and a response is returned to the 

corresponding processor. Thus, the GS operates to mask synchronization signal lines 

and synchronization mask registers which are indicated by each processor, to detect 

establishment of synchronization conditions, and to return Acknowledgement. There 

are two mask registers so as to enable simultaneous barrier synchronization of two 

groups. Each external agent operates to increment and decrement the three counters 

according to the kind of synchronization information, to request activate/negate the 

synchronization signal lines for SL of Lhe GS, and Lo allow the corresponding processor 

to perform continuous execution. 

Regarding the relationship between instructions issued by the processor and the 

Elastic Barrier, the Elastic Barrier is implemented by regarding a LOAD instruction to a 

specific address provided by the processor as synchronization information in the case of 

RREQ, and by regarding a STORE instruction to the specific address as synchronization 

information in the case of APR V and PRRE. 

Since functions are implemented by the FPGA, the external agents and the GS 

are rewritten with a normaJ barrier, a Fuzzy Barrier [ 15], a FIFO queue type Elastic 

Barrier [ 16], whereby their respective effectiveness can be examined. 

5.2 Multiport Shared Register File 

VR4400MC supports invalidate type and update type snoop cache protocols. 

However, this imposes a large load on the external agents and the shared bus, and in 

order to efficiently operate the processors, it is convenient if there is a mechanism 

capable of easily performing data communication. In addition to the barrier-type 

synchronization mechanism, the GS is provided with a multiport shared register file that 

can be accessed by the processors with no delay. 

" 13. 

Petitioners Amazon 
Ex. 1010, p. 369 of 399



Ref l 
Architecture and Evaluation ofOCHANOMIZ-1 

The shared register file has the following two characteristic functions. 

• To always enable read operation by the four processors. 

· To perform exclusive control regarding write operation. 

There are a total of sixteen 32-bit shared registers 11
. In a prototype machine, 

since the data buses between the GS and the external agents are only 8 bits buses, data 

larger than 1 byte needs to be divided into a plurality of parts for transmission. 

An actual (as viewed from the external agents) communication protocol is as 

follows since the number of data buses and the number of control buses are small. 

Read CS is asserted, and read, the data size, and the register arc designated by the 

data bus. Data is read unless Wail is asserted. CS is returned. 

Write CS is asserted, and write, the data size, and the register are designated by the 

data bus. Write data is sent to the data bus unless Wait is asserted. CS is 

returned. 

Not only simple read/write operations, but also indivisible instructions for the 

shared variables, such as "Test·and-Set," can be implemented with no overhead by using 

the shared register file. A processor that successfully "Tested" a certain shared 

variable enters a critical section, that is, can receive data on the data bus, and thus, can 

continue the processing. The GS "Sets" the shared variable from O to I hardware-wise, 

and a processor that failed to read O receives 1 (lock failure) on a control signal line. 

5.3 Perfonnance Estimation 

Table 3 shows estimated performance when the Elastic Barrier and the multiport 

shared register file were implemented by the GS. Tt is herein assumed that the 

parameters have the values as shown in Section 3, and that the FPGA operates at 1/4 of 

the internal clock of the processors. Only 2 clocks 12 for write are required for APR V 

and PREQ of the Elastic Barrier. However, 12 clocks are required for RREQ since the 

instruction is issued fi"om the processor to the external agent, and a response to the 
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instruction is returned to the processor. ln implementation by software, in the case of 

implementing the Elastic .Barrier and the multiport shared register by shared counters, 

shared flags, and flags for each shred, at least 120 clocks are required since each 

processor increments and decrements the shared counters, and the last processor that 

reaches a barrier region inverts the shared flags (96 clocks), and then, each shred checks 

for a match with the flag. 

It is assumed that the data size is 1 byte in read/write to a shared register. 

Provided that no read contention occurs. 16 clocks are required for read to a shared 

register, because the instroction is first issued from the processor to the external agent, 

data is then read from the GS, and the result is returned to the processor via the external 

agent. This value is the same even if there is a read contention to the same register. 

In the software, it takes four times as long as 24 clocks in the worst case. if read to the 

same address occurs simultaneously in the four processors. Provided that no write 

contention occurs, the write is completed in 2 clocks since the instruction need only be 

sent out of the processor. However. it takes 26 clocks in the worst case, if write to the 

same register occurs in the four processors. Write using the shared bus can be 

performed quickly (12 clocks) if a write buffer is used. However, it takes 96 clocks in 

the worst case, as in the case of the read. 

Since "Test&Set" using the shared register file is a Load instruction, it takes only 

16 clocks. In the software, the shared bus needs to be accessed two times, and thus, it 

takes at least 48 clocks 13 if the shared bus can be occupied during these accesses. 

6 Conclusion 

The structure of the general-purpose tine-grain parallel computer, 

OCHANOM!Z-1, was described above. OCHANOMrZ- I is a small-scale 

multiprocessor system using conventional processors, and has a global structure pre

fetch mechanism, a memory-based data driven synchronization mechanism, and a global 

synchronizer, as mechanisms for supporting fine-grain communication and 

synchronization with low overhead. 

At present, OCHANOMIZ-1 has been debugged, hoping to practically operate 
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OCHANOMTZ-1 soon. Moreover, an optimization compiler for OCHANOMIZ-1, 

based on the use of the above synchronization mechanisms, is going to be completed. 

Henceforth, we would like to evaluate the effectiveness of OCHANOMIZ-1 architecture 

by executing various applications, which can be executed in parallel, on OCHANOMIZ-

1. and measuring the perfonnance. 

1 VR4000MC (50 MHz) is currently used for the reason of supply, but is not operated. 
2 The cache status includes "invalid," "clean exclusive," "dirty exclusive," "shared," and 

"dirty shared." 
3 In VR4400MC, the operating clock can be set to up to l/16 of the internal clock 
4 The commands are coded data read/write requests, and various coded processing 

requests for implementing snoop caches. 

) In practice, information for designating an object for fetching data for all-read 

processing described below is also transferred. 
6 To be exact, "external agents" associated with those processors. 
7 To be exact, "each external agent," but description is herein given by using the 

processors. 
8 Since no optimization compiler for R4000 was currently on hand, we had to use an 

optimization compiler for R3000 . 
9 OP .1 is currently capable of outputting no code using the GSPF mechanism. 
10 The data bus size could not be increased any more due to design limitations. 

t1 Two of those are used for the Elastic Barrier. 
12 VR4400MC has a write buffer. 
13 Tt actually takes more time since this is the time required for bus transaction. 

Fig. l : Structural Diagram of OCHANOMIZ-1 

Fig. 2: Structure of GSPF Mechanism 

Fig. 3: Sample Programs 

/* sample program l * / 

/* sample program 2 •1 
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Table 1: Expected Performance of GSPF Mechanism (MFLOPS) 

Sample 1 

GSPF mechanism 

Caches 

Unit stride 

Stride 4 

Sample 2 

all-read used 

No all-read used 

Fig. 4: a synchronization example using synchronization bits 

Table 2: Estimation of Perfonnance of Synchronization Mechanism 

Synchronization bits 

Synchronization variables 

Condition 1 

Condition 2 

Fig. 5: Global Synchronizer (GS) 

Table 3: Estimated GS performance 
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L~ ..................... . 

~.t .. , .. tb~Y,~~CtlCJ.;fc.~ 
D~,,.~~l,k"'-,~-ICP-'/JA,.,C,:,,7$ 
•J"K~ •• ~,~ ... ltC()t,~:v.l't 
o.ltlt"Cffll:"', i J.;'J'-11.,_,,_,,A,.,.,.:;,,. ,.,, 
,~~.tt.ltllar:'J'-,'i',..,.,,,..,.c~~K 
i...-.La~.tt.~'J'-,~~?"C(fa~'t'7~~, 
.,.~ .. l,. 

S,7D•7.,.Pb'J'-.l'()Jl~~b-·ICP-bk 
.,..,,.,.J.&'J'-.l't7""'7.,.ll:lt'T.Ha 
~-•••~OD-t,A,l•~,<7i71t:,'r,-,,,.~ 
07F~~!lllil<O~IC ... ,Ytt,.-cs~'J'-/f, 
~Ltt~,r.,7r~;r.~~"Cllllt.tt.-c 
.;...&. 

COIJSJ'l' .. tt~7-~~?'1'-,.~tC-C~ 
{, .... '/fFt£"t'{,llt,. ·'J'-,7? ;:;r. 'i''R* ~ 7? * :>. 7" 
"',,..,.,011,r,~ ....... -c,111,,. t: br: 0-plod 
Y-~~~.,.~~lt7D"'7 ... ~~M70-,,,,..,.i: 
ll:Nlr6ctr:~•"- OSPl' .. ~t1'llllf~--rt 
v7v•,,..,.t:a:m-:,-i.cc~t•t~~w.«.t•L-c"' 
t.t11,..;..;f't':;, ... ,,. !f-.,.,,. 7ff't()7J:;,.,. 7 !f--191 
I: ... 11:(t,-C,..f,,I:..; 7 .s. ,,,fA,,.;, 7fft07J 7.x ,- '1' 
.. ~~J,s7~(')k~~•-Ft!&JfcTo~~ 
#VC, OS1'1"-l!-&''ki ,7,,.;,"-ilf~lfl.l·:>"' 
,..,~~k~~~-,l:bllll~,..-~ai'.o. 
~~-,~--o7••~~oc"'~• 

~Ch&~M•~,--,t:tPK~?~l!)"t'ttft~~ 
IIU'lltL~~~~c*••cnn~-,191~ff 
~~-c~ot+ICIIIH'S~u~,~,.:,,;r.~~-,..-c 
~o~-,~•,;z,.ic,w.,c;r.OIEJl .. ~~to'IJll1!1; 
j:~6. ·u,:J11Jc,.-,tt!'.lll1-~ < -cc; t D(');,"o 7.?li 
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~"-#~IC~~~hl.)70.,,.,.~l:To,,-, 
~tnJ.~~~1Bo::r'o.,.,19tt10to::r'o~,, 
.,.11:.,--111:u-e•i,~t,1,. 

tt:~GSl'P .. ICIIU'~ltat:M~-C~~"
,t .. V:f••,,.,.~1"oaft~VGSP!'1:~ 
JlitftlO 7 "~ ,,rte ~:F-# t:111: ~»1:-t-o GSPFt: 
,Ut..tt. Ch.It UISO{lllf lUl't:t o ~ ;,' o • "'""J :f' 7 "' 71'.'llC.il:lt ... -C .. o :0t,. MJSC ic.t, o all-,-! 
...... ~,,v .. ir::.:F-11~1"1,,.,~\.... GSPJ>a 
ltt'~7P~7.,..0,.,,,-/J09l~l,~~~S.X
f;"' >' •~IC'ft't'o.fjlJIO: l>o 
mPYllllt..n-od.,.~-}1"olt~IC~X,.A~XV 

7'., • =-.a-a::at!titt.ll!n... :t.ti:l6-'llff11>;,'o..,.,..,...,bl( 
*1:Wl..lt:JW;>J: 5 ~~ c c~to J: ~IC0:?1'.. c 
t~vx,.A .. AXIC? .. -calildltn.6. y~,..~x 
k:~~~C"Clbk1;Wl..k•i:fillb~6•"HI~ 
.. , .. ,&;l' ..... ,,.,..~1,~t..-c..;1, ........ 
,,~~.~~-t:ll!'t'tl~~~~t..~t:7, 
1'471tl..."CJl*t:IIH,, Dttt.U~i,ll:?ll: 
l:tic:7,,.~ ;,'IC.1:?"C .. ~1:lll~t:7,,.." 7'1C.1" 
itl:"C'Pt:1"60 Cft.'t11!1;1,"C, . .n--d.~111 
1'tl,llllltt:W1'111Ceo7R..,,,.,.()5!-t~,~"7'ic 
ToCl:-e--iiroJ,~X>"C'lla:IIOJ?:x,t:1111...11: 
C!IC1"6 ... tif't9ttJl~i,~t:tJll:.,.~t~ 
t•4ttlt:7,,..":>'le.1"oo~v;l'R•,,.,.~ 
ttltllo~~-.... CC>II.. WJl(i'fD-t:7"t'IIJIICJ 
11x,t:W~Sl:t..-C .. ttblt"e~o........,lr::.JI~ 
~•t:l:M'k7"D•.,..,.,Wl.lt,,i~,'tW!~~~ 
~6J:S1Cl...l:t:tfl.ttl:MI:"'- ,c, t..'115t"11l">ll: 
7"·'11~-/J·tl!J!lt..t,,,...i:!., ?'11._,,.,.IC!t 
ttltt,t~l:,.-/Jt:x~.,.;f1"h.~J: ... 

3.2 .... IJ 

*11«teldall~~. IINIC>t'~,, v,..,/, 
JE,J t'Ul..11::at'U>lttt\fft: ~. 
:!'l;f',.IIC.,.>'7N7'aY.,At:~. CAbV:f•~ 

,.IC:#\.."CIQOOO~~~,,A~~M .. "Cttilit 
\.--<k~IC l.."C•- F!ka'tff0:?~ ,,..__70 
7:,o-~*bfl.1Do-r~~-v•Y~Kt~ 
c,aeo-,e:IQ!Jl1"i.o-f.:r.,r~th.o 
,,_ F~~h.~. c.h.1:iiit5til Cjll!\,Jt::r:;,A,f !J 
OP.l(GJ"o::r- nsa,< .. ,?~:, FtJl! .. "C:o-FoR 
•t:ff6;.,.A,,-Ft-'61:IC'ffMtlldlilt..~~ .,.,,;I',._ 
,. .. ,,.r.11:,a .. -r.:1..:.,. '"' ''" ... x .,~ Fll'f 
""""'"•·x ~,~ F,,.._ .,.,,,.,._::r'or, ... 2t: 
J!l"'"C1111118QJ°1.'&II ,...i t-U l..~l:QU .... 
l.>llilt:~ l,,t -t' ,. v • <>lttr<: <0Jtlll:ff-¢"C 
a!ilt..A: • 

.l(l'IC'f~:el .... ltillD-.. llle>aflllltWJl~f:ffllt 
·n,. _.,,"1'7.:•j,.J.,..a,. ,.lli:~l!"o-1:1:a;a;:,, 

'&ICll~t..~1,...,.-<>•>' ,-C .. I, 
'El1CltfHta-~•v•~~•-cc~~~·17.,.tt.."Clt~ .,.,. . ' 

......,_-ut;•YA,(!>_,ti:., ... ~~t 
Jtf'lla*~• .. A.! :>NJIIU:. 

'OP.li:taK- CllffMt--,.f>3-l'l:~tit.._ 

GSl'P'-
....... v ... 

1.:irF-
.... ,,i,,o. 

';., .,.,,,7,.,;,'atr'JA l "{ 

• (I • O; i < N; i++) 
' apJ - l,6J + cf,1; 

••D.Oi . 
ior(l•O;i<H;i++) 

1-+-a(il•l,{!J; 

.,.,,.;I' -"l 

a.~7 rX, ,~ 1" "'''"""' cu 12..5 
Tl 1.8 .,.,, .a-i ___ ... 

I llll-tead••t.."11n 
4U .31.5 
21.C 2U 

• 1: CJBPF M'!'l!!Ml (MFLOl'S) 

~1•~t1J11.1•~~;1'• ..... .,.VJ1M.OOme>lim,,•t:• 
.IIIL.IL 

• .,..x,,-A~J:•••,.v••"'/Ui:Cb~~" 
'tr.. 

•l~••,.~-2lll::••,.~-o,4•9..f~~I!" 
1oe.,.,.r .... ,;-l'(n..<1 ~)~~-•- 1111::• ... 7 

~--07,.xic:~2,o,,,, 2~,t ... ,.v.- { 
C>?",-teXICIU I'•" ,t:.~f.. 

•$•,~bl~ .... ~--01,~,,9~,,_,~ 
ltClk, ..... ,. 

• ... X...t:elt2.,R711C;l1"-P (tM I!>'•">*""* 
£-?~Y~~,a-t'f,~IS-x-9~>'}~ 
61,..f>'~O~-,t:2~,t~7V•K71NTI 
C>IC6, a ,,,t-.e,{~1"6, 

alJU:Ellll'A ~ t-~cic:t..-c .. CSPF 
aat1U111.~tu-t+ ..... ~.,1,~1t:l!Jllt..tt1Hrc 
OJl:ln:ffO:.,.llt60"1.'~6 ..... ,.~.t-«n!L~'II 
CSl'P .. t:t!JIIL.~\"t~-Ft:IV!ll..~~o~ 
~~b•c•~~~.?~•~:fllll~•~"C .. o~IIA~~ 
!17a?"*JtllUt1U.:6:"'•~t..tl.:6:\->;6:.. GSPPU 
'°1J~IC+•?~•C~~ttig1.,.~aft~~\~~ .... ~a.,. 
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4 ~~Y~-Aro,=-9~·-
~~i.,.,.,.~-.IU16tft,:,I: 

c.~~l>k~,,.~,~•c~h1t#,~Mo*-A~,. 
l' t:li't < JJt. o c. 1: jr)Ul"t':f>l,. tii!*. YOU 
~k~ICWJlt~-C~~IIWIIIIJtt.-CttHEPO 
bll/emptyl::7. 1111<!'."'-,DttP•"t'lll,...l!rli.'C 
!"*:J.«tncturc,;1.,e-, !12Jil'&l1bhl,. l..>t.-. '!7,t:V 

J~~Ymo~a~,.~t:IOl:7"~"TCT6Jl111t#a 
~ttc.~~"t'co:,11: .. ltJl! ... ~h~C.~>?~.1..~ 
t.. .,._.Jt-;f"'I'--,. 7 '!,a-c fuil/emp*Y I!,. • IC.l: 1,,rJ 
_.t:11.:r,.~~0111,w-..a<,aa 
"t"l>-IL0) "'1&*·U1.6 ICIU, ::,,; >' J -i """ll'-'~ 
*;l'1!,~A.,._~~~7D1>'~~i,,'C\~~ 
•th1o.1:~1e1:,-ctL c.o.i:,11: .. t:m ... 1otlllll.'! 
il'1'-,11Dl!11Cff~:bn.6~JC>.. 1'-IU UIMl:ti 

- ~ICJll.lte!",.,.-,;aetttJlolQ!o~lt><tl4fJl~.a f t:dtu"'c"'~U#.t>1o. 
.-;srolfc 1 ~icatc.o.l:.,11:,.-,.WMMIINll'IIA 

f!.ti:c ... , • .,r ..r ".,.,., 1ttt'IJ- F'4fli::..,.-Jro fllll/111:11tr 
t::Wrl111111!,..~f!h'C.11tO,JIIMlt;l•J~Y• 

.. D-,.11t.l:0: .. 7D17.,.,,Mlj&:-~ ..... HC.J::~"Cff 
11:bh,lo,*k,•~*l~ICU;l..fY;l#f:J~ICFIFO 
+•-t:ll/lt.T6~t~-c~6. col'IFO+a
tt;l•YY•v"t:aJff-ct.'Clld:•hr.lo~~), 
.. .,7.,.,.~~67rv.,..1t7;•.,..Tl>C 
t1CJ:~~0FIFO+•~•n6l~~6.11111k> F1P0~.,..,~,, • .,_,1e.:?-cY"•"~tu 
ltt1Cfil:btl.f.. 

llt'F~lt.11ti1r#Jj(l~IC.11t~6IIUlll!y•ICJ:61'-la 
.,.._.1:~;1•J~1tFIFO+•-f:111lT6 .. ~ 
'l!Jt.11tJ:~ao.UU Dt:ffll:~. 

4.1 Pl!Mt!'?" ... 

~1 ~;I.{ >'::l-#f:·, tt .... ~,,,ic:t,,l,,fl.-C .. 6. 
&.riY?O;l•J~UV-F'~lllllJl1!7•1Jlfflllt~"C.., 
6.li*e,t!IQlll!7·~,.-,~ll!7,~f> 

• 
l,,t:.,. JIIMl!7 .~-IC.I: OJ&tbl.,t•J (llJ'i:-T 
loCl:\'IIJlll~ll:,.6.,t+J~Y?IC~J••=Yl-D
:,li&Hll1U'l,'C"'i>• .,.., • :,' • D-:,ut111'07'?~.,.. 
IOMll't!'fll:' a..., ...-~-.z.-"•" ), i: 
~11:5. . 
Mt!,. •t:+ ... .-t- .. ilC"fttlit.- IIUII!" •o&& 

~+~,.~-i~ll:5~Slt~tl.t.f,::<~-:,'+~7Y• 
:,'a •= ..... i:oa-&~.,., ....... 111~'16'10) 
"'-..11t~l~OJ::5~,.,.·~7Y•"\?7D 
..... ~~ffi!lt.~·~:,'D ... 7-,..CU+~,.Y .. L~O 
ll;ll!,.."1611Ct11Qh:4,ll#..._~c~,~*l 
~lt.,t,( V;l'll'J~lc.l!Qll:!7 •l'H'Jll8ti.-C•I>, 
+-,.,.y .. ,..1::et11Mtffll:~L,~IC#1l:,-c~11:~. 
co~~~lt+~,.Y••~l!t~~~& 
II, ;l'f:-J :.v 1- ,,_, l:~-.Z,-?&Y I-IC~ I>),(>' J 
1>J1&:1ti.~ i,,-,uilall~t1.,~,1r.11:? 
-c ... 1,. 

J-F'J ?.x::< .,,y.,~,..,.,..·i:.*ff~not·U>:>',, 
.,.,.~tJ..x-vsY •i:::to, ?,...,.. H)7' n,::<~ 

Mo, .,...,,,.,,.1-.,-,q!!l't"l>?-ro;,Qt!,. • 
t:lf-<... FULL:IUl~~~~~-Pov"~"'::<"fft, 
j., EMPTYU"e~tt.tt'il' l.11:"'- ! - n ?;<.;,., 

"·ffL~7D•,.~lt~-,~~~-o~~f>«·IC 
lt .. o. ,{-1)7D~7~-v .. YHi)#f:J:,Y, 
.,-,~bo~-,cv::<~Y::<p..,~o~lt,-¥,.•7 
J".v.7.~0JI07P•,.,t;.bo,-< l-J ?:L::< .~Ill*' 
ff~~. ,~1-~~..,,_-V&Yl-liLr'-7-iO,-<l
J ?.:.:;. · • .,, ..... .,.. i:ut.-c~oi l'v::< to;,Jtlltic: 
~?~ac11:,.fflll.:-9•v•1tv.,.__,,~~-P161al 
.l.kl:'lltt'-P~tt-,:rD17+1C•D,,-<1-t, 
tlllllt.kl:tltJ~,_,,,1l-•IC)~,1C1Jf»tr,r
,"~~~·~::<>b •• »A.>~:>'D17+1Ce6. 

,...,~,..,. ... ~,1•,?:L.,..•~tnocJ~,= 
:,),o~,1t~-POJ'f:J~o,-11-ct,dm.T6III 
lU)t!,. HDat! 1"UU,:tttl1Cll''t1U .. o, C.1.>l:!"..l:EO 
i:•~~-~ic:•C7'F'v.7."'-")J-rJ?.:.::<l-lC~~,.. 
1>7tL'C"'l,:,'D ... ,.-,.~:ht.f,~O:,'D ... 7~~ 
~-v~Y•1t~-,t,~::<~~-p~y.,.,.,..,.1c.~
, f:ltL • . 

M'->-111:IIO::/ltT. ,..,. ... ,...,.al: :,' ... ,..,.c 
ltYD17+A~7'rv.7.XIC~-,t:•<•ic,-r. 
i,;t,t., :f•, ,~fl.-C""6~ :, ..... ,..,.B t:fD ... 711' 
C~-v .. vU%ft~~JIJl?-C•b,:fe.,.,..,.A 
t,:;. F-... ::< :>I; 11!:1'-I' '>Wtil!.+l:'1"6 l:, 4i,ax.-11a 
~~lt~0~~,~~.,._•b-~i!,,ve7D~y~ICJl6C 
t~, 7'D7t\..-C.,..~:fD~,o~Bt:fD1v~CltW 
... h6~ 

1117111! >' Ht n.4P'l'Y· a> o ~ It l'tlLL ID 1! 1> bJW:>a t: 
~6cc1c:~1,~,~~no•1,;>1!1,~•ICl!iltt.'C~ 
"'~"'• 7' f1,.,..f>-tl1Clllllllli!l::1!,. • (10)t:~k'4t, 
lilll:t! >' •,;>Ilic:.? ?-C l"ULLfENPTY I: 0/l o,;,Jlol:~ 
~~~6.Cn.tc..l:b,~~#illCIIC ..... ?k'tt#.);l~Y 
r.>H)lj&& .. ::< ~ ltJlll~ t •• 't 1c; "T ~ .., "'l'lltl: I.. 
-ci111f,;>11111!!:~1.>/~J;,~.,...l:lll.'.lltt'o~P: 
~6~~- C:t\.'I. 7 ...... .,.._o-111)1! :I' • t:1E-,-cm:,i1.,-c ...... 
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u Jl"E:~ FIFOR 

-~~~1~01~,~,.,.,~-?,.,aac1,i:F~o 
....... -1:-·tr,111b:~o. FIFO + .. -ltPtt~ 
1*8VC&6. t:l')l"JPO + ... -t;t.,i~y 7 Fv::,. (f!> 
--9) 1:lllfN: Vdll2U~i>. ,.,,;,.-,.,i.i:,,.,7;-. 
.:r.~SCl~J7;-.;,.c~J:(,T?;.:r.7£7 
r-...:r.WPFf"t'&o, n,:>.~l>h.tfJ:v-. FIPO .,.. __ 
C'.flltt/..,,, .. " ~ ,,_, ltJ: .,,:ffl!l;bh,.., l"Il'O ti: 
.,..~,.v&Ch.~1n1Ql1t>1ni:f!>~~n.o.1~, 
aY~P-,tt•PIFO+a-~o•4Y,11"...,,:a 
§, l"IPO~JfiH:J ,,,-,.,. :>,71tJ: o~a,,,:1,, ,. 
?'P~~~boPIFO.,.. .... --,.,v-,,~~,.~ .. 

co~,l•J»:,~•-,tt+.-c,.-,$~,.
H) v~"1 :,;,, 1:fit:"'- ,-:-,ir ll't:lth.tfiif 1, l,ltln0 

c~~•,~r,,~,..~Lli:?'o-. 7 .,.~
"'"' >' 1-~-.fl'l')l,,.:r.ollY:>.'l(tltP-. .,.,?'.,-. 7'f"> 
E>'-''t7f1,,::,.1c#:N,,4 ~ (ttb1olllt.FIFO ,._ __ 
~,~.)~-h.~>oatll1:"4:5.~Sl'-~a 
>' \.11,<4 J .. (:,,.-,irll'U~n.li: c t'lt~01"-#"t 
7' P 1e :, .,_!Cito ,it.. ' 4 H01lll! !e 1..li: c t' tt311U'll'O 
••--(IP-~llfft"i>.?'o-tr7'f" .. bFIFO
o,.-.fl'o1lt~1c, l~JDY~P-,tt,.-, 
l:aD'1"1 FIPO IC.:Sfli!>Olf'. 'I, L FIFO ii',. __ -etll 
~lh.,:1,,Jl:lttl~l'),4~1:P~,4!~1J:,1t1,,:~ 
o. 

U IIJaldE(l)JUlf, IJ 

CC~t1:>;k)~J~l')IIU)~7•1:ll!JIJ1,li:,.-,II .. 
llllllotla«)Ja'l,•1:1:r~~z71t.l:oJIUIR91:M~ 
~lcla*-lta«:.J:,i:>ea:~."c1,,:?'""'" 
't"Ac7'••,.~BoJl:'t'l7-f~,.,,.-,...-~~ 
j9*(:,'a;:,'f"All',.-,i11:Wt,:,'o-t,7.,_B~~ 
o,.-,Ul~),.,.~1.-..,.,~~21tacr..• 
H'Jtlt.OIC~~.,,:U,>~<nJCl~<t>llltScl,,: 
2•+•7~&7.,•.l<1t6,a~P,;l~Y;l4J7,1e 
:>.IC 1M P "",,.. ... 'I, ,o cl-. il,l!t l,"CA.l< ~ICJI! 
~"C .. 6 \<!>~ l.."-' 
ffllct:,'ir~,..,.A,i... ,.-,. .. ,.-,.11:,;i,- ..-, ?.: 

:r.)-~lffi,l'lfllC.,..-,,.,.t;i..,,.~fft?ll:a~~ 
o. C~, IIUWl!7 ~t.111.,.itlltelt.,..-#_,,ll:: 
Jb~DOJ'.,,.17P·,..,.,,~"t'J: .. ,i.:, ,.._!:JIii"' 
i~11.,..-l~IC.~l011;Jb1C ~;1,f •::, I 
"'' 1: .... lt ... ""*=ttn.11:e: '>tl:v-. ~ 2 f$7V 1,. ,p B 
~IC.J-rfF.:;,.•~flfil,,::,'~1, ... A>bl)' 
.f ~ ,,.::r. .--.1,1:c.,.~t>o."ll::1'1,. cir; 
.. l17D1r•A~,.-,,.,,.f~~Rt?~-•t:* 
IJll: l,. ,{:~ b ,.,.,.._ -'llftT't ~c» .. ll:ll)Jttff,fj 

l:?Jt:~~i,. ll!lill!7 ·•1:JB"'t;~1:t;:fa17-r 
A~>•JIC9til>k~"'6.,..-,~~:r.~bmAlD~~ 
oldltl-. .ll'Wltll:t:Jll"'i~WIMJ ic.~t:-7, 
1.:r.~-t-olfK'>~JIC7P1.:0.l,1C ... a~flJttbt 
... eot.lllllallt11+ ... ~.~n,:n{,\l')c~ ..... 
,.-:,':,'ir•ak~~"Ci,~.,...f.~Jll .. ll::~Otl,,: 
~r..~v.-<J.,..4}11();:fa•nk1:M .. Jt:1Ht~ 

.,,,~ ...... ,.,1c:Jb1ef,;4 ,,.,..~.......,7?1.l<~IC: 
ti. 

I:>, t. C"t"'JJl:;ftlt;l•J '"-IJ7 ?1:r.l)+IC$l l,11i 
'l,l)"t't,ok.._~~r ... ,~ ....... ~,-l!•v
~.~ICJ:~t,a,e~~~(:,1CJIIWll)!fl1Jl;~6 
·u, ~•i. &:tt.1-. 

6~ 
• .,..,,.,~.,. ..... ,.,...~:,'a-.,..,.vx~i"'!11i] 

Wldtf<Jll~,::.,..-,iilil!:ff,~;1.,;,1::,.(!)111*~ 
..,..,...,.H'-'ftt.llfi.t: eic:J: ~ ,.._,. ..... ,, r~c.-c·1, 
t:~ • .-,r.,,:,Jcl'IUJ;;W.1~:r,.,,.,..._ ,_., 
~-,.0'>1'-,ll~llAIL"C .. o,i;.."'~~f, 
~::,.~~X.l<IC.~~k .. lCl:t~ 
ltlf<a:iet~~b~i.~C~~l-lt'e~?' 
a-t,:,~tJDH<-,o•~tD~~•1J:1a:~-,,. 
7~\ ,tT-c, ~t1:t:f1111U:U'4.Jlltl,,t. ~ 
•<GS: Glollel S~)ltM'A.ltf<:lt~a .. -c?'o 
-t: ,~e:H · IIIIM~6.,Jb~:&o. 
IUOJ:' ICJ ?COt!,..,,_-~s,; l- ~ lta'olt o:F-,,... 
.l<"e-:>~~?"C .. 6.ae~bO".l<~IC!lifllLi:"& 
--"'"'7 f"t! Elaaic: Banilr. M'1,,V.x, '7 T.f .-,t'JI! 
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SMALL ENTITY STATUS 

The Patent Office allows "Small Entities" to pay lower Patent Office fees. However, 
improperly claiming small entity status can invalidate your patent. Section A below will help 
you determine if you or your business qualify as a small entity. Section B includes a certification 
for small entity status. If after reviewing the following materials you detem1ine that you qualify 
for small entity status, please complete the certification and return it to us. If we do not receive 
the signed certification from you, we will not claim small entity status for the application 
identified below, and you will not qualify for the lower Patent Office fees. If you do complete 
the certification, we may ask you to confirm your small entity status at various points during the 
prosecution of the application and the life of the issued patent. 

A. Definition of Small Entity 

A small entity means any "person," "small business concern," "nonprofit organization," or 
a combination of these, that holds the rights in the invention and (a) has not assigned or licensed 
the rights to another who is not a small entity, and (b) is not obligated to assign or license the 
rights to another who is not a small entity. 

(1) Person. An inventor or other individuals who hold the rights in an invention. 

(2) Nonprofit organization. A nonprofit organization is either: 

(i) A university or institution of higher education in any country; 

(ii) An organization described in section 501 ( c )(3 ), and exempt from taxation 
under section 50l(a) of the Internal Revenue Code; 

(iii) Any nonprofit scientific or educational organization qualified under a 
state's nonprofit organization statute; or 

(iv) Any nonprofit organization located in a foreign country, that would 
otherwise qualify as a "nonprofit organization" if it were located in the 
U.S.A. 

(3) Small business concern. Any business concern whose number of employees, 
(part-time and full-time), including affiliates, does not exceed 500 persons. 

B. Certification 

Applicant or Patentee: =S=-R'-"C'-=C-=o=m=p=u=te=r=s,'-'L=L=-C=c._ _________________ _ 

Assignee: SRC Computers. LLC 

Application No(s). _S~E=E~E~X=H=IB~IT~A __________________ _ 
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SRC Computers, LLC 

STATEMENT CONCERNING SMALL ENTITY STATUS 

I hereby certify that the owner of the application/patent identified above qualifies for small entity 
status because the owner has not assigned or licensed the rights in the invention to another who is 
not a small entity, and is not obligated to assign or license the rights in the invention to another 
who is not a small entity, and because: 

The owner is a small business concern: 

Business Name SRC Computers. LLC 

Signor's Name Jon Huppenthal 

Title President and CEO 

Signature d . .' ~.,. 
Date 0oµf,4 

=--

Business Address 4240 N. Nevada Avenue, Colorado Springs, CO 80907 
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Electronic Acknowledgement Receipt 

EFSID: 21130575 

Application Number: 10869200 

International Application Number: 

Confirmation Number: 5929 

Title of Invention: 
SYSTEM AND METHOD OF ENHANCING EFFICIENCY AND UTILIZATION OF 
MEMORY BANDWIDTH IN RECONFIGURABLE HARDWARE 

First Named Inventor/Applicant Name: Daniel Poznanovic 

Customer Number: 25235 

Filer: Peter John Meza/Joyce Medrano-Paywa 

Filer Authorized By: Peter John Meza 

Attorney Docket Number: SRC028 

Receipt Date: 06-JAN-2015 

Filing Date: 16-JUN-2004 

Time Stamp: 14:20:38 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1 
Assertion of entitlement to small entity 

status 
DOC037.pdf 

218665 

no 5 
a 1 abf77f811eb797c152ff6bcb 1 c067 efa822 

f22 

Warnings: 

Information: 
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Total Files Size (in bytes) 218665 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/AIA/81A (02-15) 
Approved for use through 01/31/2018. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Panerwork Reduction Act of 1995 no nersons are renuired to resnond to a collection of information unless it disnlavs a valid 0MB control number , Patent Number 7,149,867 PATENT- POWER OF ATTORNEY 

Issue Date 12-12-2006 
OR 

First Named I nve nto r Daniel Poznanovic 
REVOCATION OF POWER OF ATTORNEY 

Title SYSTEM AND METHOD OF ENHANCING 
WITH A NEW POWER OF ATTORNEY EFFICIENCY AND UTILIZATION OF 

AND MEMORY BANDWIDTH IN 

RECONFIGURABLE HARDWARE 

\.. CHANGE OF CORRESPONDENCE ADDRESS Attorney Docket No. ~ 

I hereby revoke all previous powers of attorney given in the above-identified patent. 

DA Power of Attorney is submitted herewith. 

OR I hereby appoint Practitioner(s) associated with the Customer Number identified in the box at right as my/our 

123452 
I 

[8'.] attorney(s) or agent(s) with respect to the patent identified above, and to transact all business in the United 

States Patent and Trademark Office connected therewith: 
OR 

DI hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) with respect to the patent identified above, and to transact 

all business in the United States Patent and Trademark Office connected therewith: 

Practitioner(s) Name Registration Number 

Please recognize or change the correspondence address for the above-identified patent to: 

[8] The address associated with the above-identified Customer Number. 
OR 

I I 
D The address associated with the Customer Number identified in the box at right: 

OR 

[JFirmor 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the: 

[J Applicant. 

OR [8] Patent owner. 

Statement under 37 CFR 3. 73(c) (Form PTO/AIA/96} submitted herewith or filed on 

SIGNATURE of Applicant or Patent Owner 

Signature /Todd Rooke/ I Date I March 3. 2016 

Name Todd Rooke I Telephone I 
Title and Company CEO. SRC Labs. LLC 

NOTE: Signatures of all the applicants or patent owners of the entire interest or their representative(s) are required. If more than one signature 

is required, submit multiple forms, check the box below, and identify the total number of forms submitted in the blank below. 

0Atotalof 1 forms are submitted. 

This collection of information is required by 37 CFR 1.31, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update 
(and by the US PTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is 
estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending 
upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to 
the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

if you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination 
of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of 
records may be disclosed to the Department of Justice to determine whether disclosure of these 
records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in 
the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
(42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that 
agency's responsibility to recommend improvements in records management practices and programs, 
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the 
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine 
use, to the public if the record was filed in an application which became abandoned or in which the 
proceedings were terminated and which application is referenced by either a published application, an 
application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant!Patent Owner: _S_R_C_L_a_b_s_, L_L_C ___________________________ _ 

Application No./Patent No.: _7_,_14_9_,_8_6_7 ________ _ Filed/Issue Date: 12-12-2006 
---------------

Titled: SYSTEM AND METHOD OF ENHANCING EFFICIENCY AND UTILIZATION OF MEMORY BANDWIDTH IN RECONFIGURABLE HARDWARE 

SRC Labs, LLC , a Limited Liability Company 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 037820 , Frame 0147 , or for which a copy 
thereof is attached. 

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

2. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Todd R. Fronek/ March 3, 2016 
Signature 

Todd R. Fronek 
Printed or Typed Name 

[Page 2 of 2] 

Date 

48516 

Title or Registration Number 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35 
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark 
Office may not be able to process and/or examine your submission, which may result in termination of proceedings 
or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is 
required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the 
course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be required 
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
(42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under 
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA 
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the 
public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to 
public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 25097226 

Application Number: 10869200 

International Application Number: 

Confirmation Number: 5929 

Title of Invention: 
SYSTEM AND METHOD OF ENHANCING EFFICIENCY AND UTILIZATION OF 
MEMORY BANDWIDTH IN RECONFIGURABLE HARDWARE 

First Named Inventor/Applicant Name: Daniel Poznanovic 

Customer Number: 25235 

Filer: Todd Ryan Fronek/Kathryn Becker 

Filer Authorized By: Todd Ryan Fronek 

Attorney Docket Number: SRC028 

Receipt Date: 03-MAR-2016 

Filing Date: 16-JUN-2004 

Time Stamp: 17:37:15 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

135744 

1 Power of Attorney 867.pdf no 2 
e5e01686913fc660c1 71 a378ebf41 bbf7f8e 

450a 

Warnings: 

Information: 
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106717 

2 
Assignee showing of ownership per 37 

867 _373c.pdf no 3 
CFR 3.73 

743ecb081c47Sfaf31 aff1 b41 b4f571874ece 
84c 

Warnings: 

Information: 

Total Files Size (in bytes) 242461 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/869,200 06/16/2004 

23452 

Ul\TfED STATES DEPA RTMK\/T OF COMMERCE 
United States Patent and Trademark Office 
Addrnss COMMISSIO'JER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
lN'i'lw.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Daniel Poznanovic 

CONFIRMATION NO. 5929 
POA ACCEPTANCE LETTER 

LARKIN HOFFMAN DALY & LINDGREN, LTD. 
8300 Norman Center Drive I llllllll 111111111111111]~!1]!~1!~1!~11 ~IH!I!~] 111111111111111 IIII IIII 
Suite 1000 
Minneapolis, MN 55437 

Date Mai led: 03/08/2016 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 03/03/2016. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

/rmturner myles/ 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/869,200 06/16/2004 

25235 
HOGAN LOVELLS US LLP - Colorado Springs 
TWO NORTH CASCADE AVENUE 
SUITE 1300 
COLORADO SPRINGS, CO 80903 

Ul\TfED STATES DEPA RTMK\/T OF COMMERCE 
United States Patent and Trademark Office 
Addrnss COMMISSIO'JER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
lN'i'lw.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Daniel Poznanovic 

CONFIRMATION NO. 5929 
POWER OF ATTORNEY NOTICE 

I llllllll 111111111111111]~!1]!~1!~1!~11 ~IH! ~!~] 111111111111111 IIII IIII 

Date Mai led: 03/08/2016 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 03/03/2016. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

/rmturner myles/ 
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