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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

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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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B 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, preparing, 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 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, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

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 ofI I&WT O]E: regulation.
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Application No. Applicant(s)
13/653,639 VORBACH ET AL.
: IH i i AlA (First Inventor to
Notice of Allowability /E)E(s?)nE]mE)NlEM ELAMIN 21r t1 elsJ i File) Status
No

-- The MAILING DATE 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. X This communication is responsive to Amendment filed on 10/30/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1 and 47-51. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hifp:/fwww, usplc.govipatents/inil_events/gph/index.jsp or send an inquiry to PPHisedback@usplo.goy .

4. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) Al b)[J Some *c)[] None of the:
1. [X] Certified copies of the priority documents have been received.
2. [ Cettified copies of the priority documents have been received in Application No.
3. [] 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.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 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. [] 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. [0 Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150312
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Application/Control Number: 13/653,639 Page 2
Art Unit: 2116

EXAMINER'S AMENDMENT
1. The present application is being examined under the pre-AlIA first to invent provisions.
2. An examiner's amendment to the record appears below. Should the changes and/or

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.

The application has been amended as follows:

IN THE SPECIFICATION:

Please amend the specification as follows:
On page 1, before "FIELD OF THE INVENTION," insert the following section:
--CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation of U.S. Pat. App. Ser. No. 12/570,984, filed on
September 30, 2009, now US. Patent No. 8,312,301, which is a continuation of U.S. Pat.
App. Set. No. 12/257,075, filed on October 23, 2008, now US. Patent No. 8,099,618,
which is a divisional of U.S. Pat. App. Ser. No. 10/469,909, filed on September 21, 2004,
now US. Patent No. 7,444,531, which is a national phase of int. Pat. App. No.
PCT/EP02/02402, filed on March 5, 2002, which claims priority to German Patent
Application Serial No. DE 101 10 530.4, filed on March 5, 2001, the entire contents of
each of which are expressly incorporated herein by reference thereto.--
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

INTEL - 1004
Page 404 of 635



Application/Control Number: 13/653,639 Page 3
Art Unit: 2116

Allowance."
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ABDELMONIEM ELAMIN whose telephone number is
(571)272-3674. The examiner can normally be reached on MON - THUR 10:00 AM - 6::00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kim Huynh can be reached on 571-272-4147. 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 (IN USA OR CANADA) or 571-272-1000.

/ABDELMONIEM ELAMIN/
Primary Examiner, Art Unit 2116

March 12, 2015
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WEST Search History

DATE: Tuesday, March 10, 2015
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DB=PGPB,USPT; PLUR=YES; OP=ADJ

.....

““““ L13 (12 or 19) and (minimum near3 (clock or frequency))
i1 L12 L10 and ((clock or frequency))

.....
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L L9 5563928 1 5491814 | 5546568 | 5469561 | 5392435 1 5287292 | 5381543 |
5163146 15442774 15586270 | 5319771 | 5490059 | 5408639 | 5325516 |
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.....
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\\\\\\

END OF SEARCH HISTORY

Page 1 of 1

Hit
Count

34

32

20

447

121

INTEL - 1004
http://jupiter8:42900/bin/cgi-bin/srchhist.pl state=5rr9k1.79. 34 & f=ffsearch&useridage.H6 0f/635015



Inventor Name Search Result Page 1 of 3

Day : Thursday
Date: 3/12/2015
Time: 14:32:56

Inventor Name Search Result

Your Search was:

Last Name = BAUMGARTE
First Name = VOLKER

|Applicati0n# Patent#|| PG Pub# Status"Date Filed|| Title Examiner Name Inventor Name
27 £[[20040025005(f 150 |j06/19/2003||PIPELINE ELAMIN,ABDELMONIEM|[BAUMGARTE,
CONFIGURATION [VOLKER
UNIT PROTOCOLS
AND
COMMUNICATION
£359([20040128474{ 150 {|01/20/2004)|LOGIC CELL TAN,VIBOL BAUMGARTE,
ARRAY AND BUS [VOLKER
SYSTEM
i 7444531)120050066213]| 150  |09/21/2004{METHODS AND ELAMIN,ABDELMONIEM|[BAUMGARTE,
DEVICES FOR [VOLKER
TREATING AND
PROCESSING DATA
20070299993| 161 |02/17/2005[|Method and Device for [MAMO,ELIAS BAUMGARTE,
Treating and [VOLKER
Processing Data
10301843 |[32311G8)120060090062f| 150 08/26/2005|RECONFIGURABLE [[VICARY,KEITH BAUMGARTE,
GENERAL PURPOSE [VOLKER
PROCESSOR
HAVING TIME
RESTRICTED
CONFIGURATIONS
10504684 |[8127851)20070150637) 150 [07/14/2006{[BUS SYSTEMS AND [[CLEARY, THOMAS BAUMGARTE,
RECONFIGURATION [VOLKER
METHODS
ad |84 4{[20070050603(f 150 [|08/02/2005|DATA PROCESSING [[THALTUAN BAUMGARTE,
METHOD AND [VOLKER
DEVICE
LA22500 |I3321872[[20050223212f 150  ||05/04/2005||PIPELINE ELAMIN,ABDELMONIEM|[BAUMGARTE,
CONFIGURATION [VOLKER
PROTOCOL. AND
CONFIGURATION
UNIT
COMMUNICATION
§/[20090100286|| 150 [[10/23/2008[[METHODS AND ELAMIN,ABDELMONIEM|[BAUMGARTE,
DEVICES FOR [VOLKER
TREATING AND
PROCESSING DATA
(4G 19[[20090146691(f 150 [|02/13/2009||LOGIC CELL TAN,VIBOL BAUMGARTE,
ARRAY AND BUS [VOLKER
SYSTEM
By i Not [[20090210653|| 30 [[02/19/2009|METHOD AND VICARY,KEITH BAUMGARTE,
Issued DEVICE FOR [VOLKER
TREATING AND
PROCESSING DATA
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Inventor Name Search Result Page 2 of 3
R814590[[20100153654| 150  {j09/30/2009|DATA PROCESSING ||THALTUAN BAUMGARTE,
METHOD AND [VOLKER
DEVICE
& 83123G1[[20100023796|( 150  {|09/30/2009|METHODS AND ELAMIN,ABDELMONIEM|IBAUMGARTE,
DEVICES FOR [VOLKER
TREATING AND
PROCESSING DATA
20100281235)] 30 |06/29/2010[|RECONFIGURABLE [[PETRANEK,JACOB BAUMGARTE,
FLOATING-POINT [VOLKER
AND BIT-LEVEL
DATA PROCESSING
UNIT
547 1593[[20120072699| 150  [|11/04/2011||ILOGIC CELL TAN,VIBOL BAUMGARTE,
ARRAY AND BUS [VOLKER
SYSTEM
Not [[20120151113|f 161 [[12/13/2011}|BUS SYSTEMS AND |[|ICLEARY, THOMAS BAUMGARTE,
Issued METHODS FOR [VOLKER
CONTROLLING
DATAFLOW IN A
FIELD OF
PROCESSING
ELEMENTS
13491884 |8 4[[20120311301ff 150 |j06/08/2012||PIPELINE ELAMIN,ABDELMONIEM|BAUMGARTE,
CONFIGURATION [VOLKER
PROTOCOL AND
CONFIGURATION
UNIT
COMMUNICATION
13653638 Not 20130042137 71  {[10/17/2012/METHODS AND ELAMIN,ABDELMONIEM|BAUMGARTE,
Issued DEVICES FOR [VOLKER
TREATING AND
PROCESSING DATA
i : Not [[20140325175|| 30  [[04/29/2013||PIPELINE ROSSITER,SEAN BAUMGARTE,
Issued CONFIGURATION [VOLKER
PROTOCOL AND
CONFIGURATION
UNIT
COMMUNICATION
Not [[20140359254|| 93  [[05/28/2013||LOGICAL CELL TAN,VIBOL BAUMGARTE,
Issued ARRAY AND BUS [VOLKER
SYSTEM
Not [[20140208143|| 30 [[03/19/2014||Multiprocessor Having [ELAMIN,ABDELMONIEM|BAUMGARTE,
Issued Runtime Adjustable VOLKER
Clock and Clock
Dependent Power
Supply
Not [[20140310466|| 41  [[06/27/2014}|Multi-processor bus MISIURA,BRIAN BAUMGARTE,
Issued and cache VOLKER
interconnection system
Not [[20150033000|| 41 |[[08/21/2014)|Parallel Processing MEHTA,JYOTI BAUMGARTE,
Issued Array of Arithmetic VOLKER
Unit having a Barrier
Instruction
Not [[20150026431|f 41 [[09/29/2014}|Method of Processing [[NGUYEN,THAN BAUMGARTE,
Issued Data with an Array of VOLKER
Data Processors
According to
INTEL - 1004

http://palmapps.uspto. gov/cgi—bin/expo/InVInfo/invquery.pl?FAM_NAM:BAUMB‘I‘&@I"E(.)..8 of/635015




Inventor Name Search Result Page 3 of 3
Application ID
Not 0 41 ||12/16/2014||Data Processing THAIL TUAN BAUMGARTE,
Issued System Having VOLKER
Integrated Pipelined
Array Data Processor
Not 159 |[10/06/2000]|Dataprocessor and S BAUMGARTE,
Issued applications VOLKER

Inventor Search Completed: No Records to Display.

Last Name First Name
Search Another: Inventor

{BAUMGARTE IWOLKER

To Go BACK Use BACK Button on Your BROWSER Tool Bar
Back to PALM | ASSHINMENT | GASIS | Home page
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Search History Transcript Page 1 of 3

WEST Search History

DATE: Thursday, March 12, 2015

Set Hit

.1 o Set
Hide? Name Query Count

DB=USOC,EPAB,JPAB,DWPI,TDBD,FPRS; PLUR=YES; OP=ADJ
= L76 (L75or 174 or‘17i"> or 172) and ((overhea§$4 or thermal$§ or temperature) with
“““ (threshold or limit or level or predetermined or prespecified))
((clock or frequency) same (minimum$4 or maximum$4 or lower$4 or reduc$7
i1 L75 orincreas$4 or adjust$4) same (queu$4) same ((plural7 or multiple) adj 25
process$4 or multi$ 1 process$4))
((clock or frequency) same (minimum$4 or maximum$4 or lower$4 or reduc$7

L74 or increas$4 or adjust$4) same (utilize$4 or usage) same ((plural7 or multiple) 52
adj process$4 or multi$ 1process$4))

\\\\\\

((clock or frequency) same (minimum$4 or maximum$4 or lower$4 or reduc$7

.1 L73 orincreas$4 or adjust$4) same load same ((plural7 or multiple) adj process$4 or 44
multi$ 1 process$4))
((clock or frequency) with (minimum$4 or maximum$4 or lower$4 or reduc$7

i1 L72 orincreas$4 or adjust$4) with load with ((plural7 or multiple) adj process$4 or 17
multi$ 1 process$4))

DB=PGPB,USPT; PLUR=YES; OP=ADJ
L70 and ((overheat$4 or thermal$6 or temperature) with (threshold or limit or
level or predetermined or prespecified))

.t L70 L60andl5 114

\\\\\

L71 45

\\\\\\

166 and ((overheat$4 or thermal$6 or temperature) with (threshold or

W L6 predetermined or prespecified)) 72
\\\\\\ L68 166 and (overheat$4 or thermal$6 or temperature) 139
""" L67 L60 and111 16
i1 L66 L60andl121 240
. L65 L60andI22 55
{4 L64 L60and127 39
““““ L63 L62 83
.l L62 L60and134 83
i1 L61 L60and136 44
\\\\\\ L60 L59 or 158 or 157 31162
L LS9 (713/3$2)![CCLS] 20812
.l L58 ((GO6F1/00).IPCR.) 9260
4 L57 ((GO6F1/3203 1 GO6F1/3237 1 Y02B60/1221 1 Y02B60/32 ).CPC.) 12189
{1 L56 20130042137 and operation 1
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Search History Transcript Page 2 of 3

*3  L55 20130042137 and pending 0
i1 LS54 6311287.pn. and ((clock or frequency) with (max$4 with minimum)) 1
\\\\\\ L53 6311287.pn. and (busy or idle) 1
.1 L52 6311287.pn. and (process$4 or microprocess$4 or cpu) 1
i1 L51 6311287.pn. and (process$4 or microprocess$4 or cpu) 1
\\\\\ L50 6311287.pn. 1
{1 L49 L48notl47 15
““““ L48 146 and ((clock or frequency) with (max$4 with minimum)) 17
i3 L47 146 and (adjust$4 with (clock or frequency) with (max$4 with minimum)) 2
DB=USPT; PLUR=YES,; OP=ADJ

1 L46 ("6311287")[URPN] 04
S L45 (5483102 15287292 1 5189314 15452401 | 5142684 |1 4893271 | 5490059 | 2

5469561)![PN]
Y L44 ("6311287")[PN] 1

DB=PGPB,USPT; PLUR=YES; OP=ADJ
6311287.pn. and (adjust$4 with (clock or frequency) with (max$4 with

““““

= I inimum)) !
\\\\\\ L42 6311287.pn. and (performance) 1
.l L41 6311287.pn. and (task or usage or use or utilize$7) 1
i1 L40 6311287.pn. and operating conditions 1
il L39 6311287.pn. and operat$7 1
{1 L38 6311287.pn. and load$4 1
o L37 L36 same (process$4 or microprocess$4 or cpu) same (overheat$4 or thermal$6 7
or temperature)
i1 L36 adjust$4 with (clock or frequency) with (max$4 with minimum) 1664
i1 L35 L34 and ((clock or frequency) with max$4 with minimum) 23
““““ L34 133 or129 or 127 or 126 or 125 224

DB=USPT; PLUR=YES; OP=ADJ

(5319772 15561792 1 5301306 | 5488715 1 5451892 | 5455931 | 5428746 |
5416434 15142684 |1 5506981 | 5450574 | 4677433 1 5537581 | 5535377 |
13 L33 556392815491814 | 5546568 | 5469561 | 5392435 | 5287292 | 5381543 | 32
5163146 154427741 5586270 1 5319771 | 5490059 | 5408639 | 5325516 |
5420865 | 5487092 1 5291529 | 5579353)![PN]

iy L32 ("5774704")[PN]

\\\\\\

{1 L31 (577470415752011 15781768 | 5490059 | 6141762 | 5502838)![PN] 6
““““ L30 ("6397343")[PN]

i1 L29 6397343[urpn] 30
DB=PGPB,USPT; PLUR=YES; OP=ADJ

““““ L28 127 and 121 1

DB=USPT; PLUR=YES; OP=ADJ
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Tl L27 ("5774704")[URPN] 121
{1 L26 5884233[urpn] 39
\\\\\\ L25 5610453[urpn] 6
DB=PGPB,USPT; PLUR=YES; OP=ADJ
1 L24 L1L23notll8 5
O L23 L22.ti,ab,clm. 5
3 L22 121 same (temperature or overheat$4) 214
load$4 same (process$4 or microprocess$4 or cpu) same ((clock or frequency)
““““ L21 o 1743
near3 (max$4 or minimum))
.l L20 L19not(118orll7) 28
L19 load$4 with (temperature or overheat$4) with ((clock or frequency) near3 30
“““ minimum)
““““ L18 L16 same (process$4 or microprocessor or cpu) 8
{1 L17 Ll6.ti,ab,clm. 2
L16 load$4 with (temperature or overheat$4) with (clock or frequency) with max$7 62
with minimum
...... L15 load$4 with (temperature or overheat$4) with (clock or frequency) with amx$7 0
“““ with minimum
il L14 (5,774,704.pn.) and frequency 1
““““ L13 20130042137 and hysteresis 1
. L12 (7,620,784.pn.) 1
LS5 same (queu$4) same ((plur$7 or multiple) adj process$4 or
L L11 . 125
multi$ 1process$4)
i L9 ((5,774,704.pn. ) and (max$8 or min$8)) 1
L8 ((5,774,704.pn. ) and (max$7 or min$7)) 1
\\\\\\ L7 (5,774,704.pn.) 1
\\\\\\ L6 L5 same ((overheat$4 or thermal$6 or temperature) with (threshold or limit or 16
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150 |[10/08/1997[UNIT FOR LLLIS,RICHARD VORBACT,
PROCESSING MARTIN
NUMERICAL AND
LOGICAL
OPERATIONS FOR
USE IN CENTRAL
PROCESSING UNITS
(CPUS),
MULTIPROCESSOR
SYSTEMS, DATA -
FLOW PROCESSORS
(DSPS), SYSTOLIC
PROCESSORS AND
FIELD
PROGRAMMABLE
GATE ARRAYS
(FPGAS)

{ Not 169 ||10/08/1997||INTERNAL BUS , VORBACH,
Issued SYSTEM FOR DFPS MARTIN

AS WELL AS
MODULES HAVING
TWO OR MULTI
DIMENSIONAL
PROGRAMMABLE
CELL STRUCTURES
FOR MANAGING
LARGE QUNATITIES
OF DATA ENTAILING
A HIGH
NETWORKING
COMPLEXITY

150 ||10/08/1997|\METHOD OF THE BUTLER,DENNIS VORBACH,
SELF- MARTIN
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
UNIT

150 ||10/08/1997||RUN-TIME HECKLER, THOMAS VORBACH,
RECONFIGURATION MARTIN
METHOD FOR
PROGRAMMABLE
UNITS

150 ||10/08/1997\METHOD FOR THE NGUYEN,THAN VORBACH,
AUTOMATIC MARTIN
ADDRESS
GENERATION OF
MODULES WITHIN
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10/08/1997

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA-FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO-OR THREE-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES
(FPGAS, DPGAS AND
THE LIKE)

MALRIJUE

VORBACH,
MARTIN

150

10/08/1997

I/O AND MEMORY
BUS SYSTEM FOR
DFPS AND UNITS
WITH TWO- OR
MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES

RAY,GOPAL

VORBACH,
MARTIN

Not
Issued

168

12/30/1997

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO- OR THREE-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES
(FPGAS, DPGAS, AND
THE LIKE)

MALRIJUE

VORBACH,
MARTIN

150

08/28/1998

INTERNAL BUS
SYSTEM FOR DFPS
AND UNITS WITH
TWO-OR MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES,
FOR MANAGING
LARGE VOLUMES OF
DATA WITH A HIGH
INTERCONNECTION
COMPLEXITY

VO, TIM

VORBACH,
MARTIN

150

04/12/1999

DATA PROCESSING
SYSTEM

WHITMORE,STACY

VORBACH,
MARTIN

150

06/09/1999

RUNTIME
CONFIGURABLE
ARITHMETIC AND
LOGIC CELL

ELLIS,RICHARD

VORBACH,
MARTIN
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PROGRAMMABLE
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VORBACH,
MARTIN

150
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METHOD OF SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
MODULE

HECKLER, THOMAS

VORBACH,
MARTIN

150

01/31/2000

RUN-TIME
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METHOD FOR
PROGRAMMABLE
UNITS

DOLLINGER,TONIA

VORBACH,
MARTIN

150

03/29/2000

METHOD OF SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
UNIT

BUTLER,DENNIS

VORBACH,
MARTIN

150

06/21/2000

METHOD OF
REPAIRING
INTEGRATED
CIRCUITS

LAMARRE,GUY

VORBACH,
MARTIN

150

07/10/2000

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO-OR THREE-
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PROGRAMMABLE
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ARCHITECTURES
(FPGAS,DPGAS, AND
THE LIKE)

MALRIJUE

VORBACH,
MARTIN

150

01/09/2001

METHOD FOR
HIERARCHICAL
CACHING OF
CONFIGURATION
DATA HAVING
DATAFLOW
PROCESSORS AND
MODULES HAVING
TWO-OR
MULTIDIMENSIONAL
PROGRAMMABLE
CELL STRUCTURE
(FPGAS, DPGS, ETC.)--

ELMORE,STEPHEN

VORBACH,
MARTIN

150

01/09/2001

METHOD FOR
DEADLOCK-FREE

KIK,PHALLAKA

VORBACH,
MARTIN
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CONFIGURATION OF
DATAFLOW
PROCESSORS AND
MODULES WITH A
TWO-OR
MULTIDIMENSIONAL
PROGRAMMABLE
CELL STRUCTURE
(FPGAS, DPGAS,
ETC.)
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La077][20020099888

150

07/25/2001

I/O AND MEMORY
BUS SYSTEM FOR
DFPS AND UNITS
WITH TWO- OR
MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES

RAY,GOPAL

VORBACH,
MARTIN

13]120030046607

150

09/28/2001

METHOD FOR
DEBUGGING
RECONFIGURABLE
ARCHITECTURES

LE,DIEU MINH

VORBACH,
MARTIN

Not
Issued

20040015899

161

09/28/2001

Method for processing
data

RAMPURIA,SATISH

VORBACH,
MARTIN

1$]120030056202

150

09/28/2001

METHOD FOR
TRANSLATING
PROGRAMS FOR
RECONFIGURABLE
ARCHITECTURES

INGBERG,TODD

VORBACH,
MARTIN

150

05/29/2002,

METHOD FOR
INTERLEAVING A
PROGRAM OVER A
PLURALITY OF
CELLS

DAO,THUY

VORBACH,
MARTIN

+7][20030135686

150

04/05/2002,

INTERNAL BUS
SYSTEM FOR DFPS
AND UNITS WITH
TWO- OR MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES,
FOR MANAGING
LARGE VOLUMES OF
DATA WITH A HIGH
INTERCONNECTION
COMPLEXITY

VO, TIM

VORBACH,
MARTIN

2 7]|20030056085

150

05/28/2002,

RECONFIGURABLE
MULTIDIMENSIONAL
ARRAY PROCESSOR
ALLOWING
RUNTIME
RECONFIGURATION
OF SELECTED
INDIVIDUAL ARRAY
CELLS

ELLIS,RICHARD

VORBACH,
MARTIN

,
e
.

788/120030074518

150

07/09/2002,

METHOD OF
HIERARCHICAL
CACHING OF

ELMORE,STEPHEN

VORBACH,
MARTIN
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CONFIGURATION
DATA HAVING
DATAFLOW
PROCESSORS AND
MODULES HAVING
TWO-OR
MULTIDIMENSIONAL
PROGRAMMABLE
CELL STRUCTURE
(FPGAS, DPGAS,
ETC.)
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17])20030093662

150

10/07/2002

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO- OR THREE-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES
(FPGAS, DPGAS, AND
THE LIKE)

KNAPP,JUSTIN

VORBACH,
MARTIN

(3120040025005

150

06/19/2003

PIPELINE
CONFIGURATION
UNIT PROTOCOLS
AND
COMMUNICATION

ELAMIN,ABDELMONIEM

VORBACH,
MARTIN

13|20030097513

150

11/26/2002,

L/O AND MEMORY
BUS SYSTEM FOR
DFPS AND UNITS
WITH TWO- OR
MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES

RAY,GOPAL

VORBACH,
MARTIN

12/120040052130

150

02/24/2003

METHOD OF SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
UNIT

BUTLER,DENNIS

VORBACH,
MARTIN

1¢]|20040083399

150

03/04/2003

METHOD OF SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
MODULE

YANCHUS III,PAUL

VORBACH,
MARTIN

$34]120040128474

150

01/20/2004,

LOGIC CELL ARRAY
AND BUS SYSTEM

TAN,VIBOL

VORBACH,
MARTIN

144521|[20050066213

150

09/21/2004,

METHODS AND
DEVICES FOR
TREATING AND
PROCESSING DATA

ELAMIN,ABDELMONIEM

VORBACH,
MARTIN

Not
Issued

20070299993

161

02/17/2005

Method and Device for
Treating and Processing
Data

MAMO,ELIAS

VORBACH,
MARTIN
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(4 S81475/[200500864602]| 150 (|10/29/2004|METHODS AND NGUYEN, THAN VORBACH,
DEVICES FOR MARTIN
TREATING AND/OR
PROCESSING DATA
1777[20040243984( 150 [06/18/2004{{METHOD FOR BROPHY ,MATTHEW VORBACH,
PROCESSING DATA MARTIN
271120050086649|] 150 [[09/20/2004{METHOD FOR THE DAO,THUY VORBACH,
TRANSLATION OF MARTIN
PROGRAMS FOR
RECONFIGURABLE
ARCHITECTURES
121120040249880]| 150 |08/05/2004||PARALLEL TASK KIM,KENNETH VORBACH,
OPERATION IN MARTIN
PROCESSOR AND
RECONFIGURABLE
COPROCESSOR
CONFIGURED BASED
ON INFORMATION IN
LINK LIST
INCLUDING
TERMINATION
INFORMATION FOR
SYNCHRONIZATION
2311200500220062|f 150  [[08/25/2004|METHOD FOR CONTINO,PAUL VORBACH,
DEBUGGING MARTIN
RECONFIGURABLE
ARCHITECTURES
21[120050053056| 150 {[11/02/2004)|ROUTER LIN,SUN VORBACH,
MARTIN
35[[20060245225] 150 |11/29/2004|DEVICE INCLUDING |[[FENNEMA,ROBERT VORBACH,
A FIELD HAVING MARTIN
FUNCTION CELLS
AND INFORMATION
PROVIDING CELLS
CONTROLLED BY
THE FUNCTION
CELLS
10801845 1#]20060090062|[ 150 [[08/26/2005|[RECONFIGURABLE ~ [[VICARY KEITH VORBACH,
GENERAL PURPOSE MARTIN
PROCESSOR HAVING
TIME RESTRICTED
CONFIGURATIONS
Not ]|20050132344{| 161 [|03/01/2005[[Method of compilation ||LOUIE,JUE VORBACH,
Issued MARTIN
31 11][20070150637)| 150 |07/14/2006||BUS SYSTEMS AND ||CLEARY, THOMAS VORBACH,
RECONFIGURATION MARTIN
METHODS
Not [[20060075211) 161 [|06/20/2005|[Method and device for |[GIROUX,GEORGE VORBACH,
Issued data processing MARTIN
10523763 £61[20060248317| 150 ||111/22/2005|METHOD AND DINH,PAUL VORBACH,
DEVICE FOR MARTIN
PROCESSING DATA
(420070050603 150 [J08/02/2005)|DATA PROCESSING  ||[THALTUAN VORBACH,
METHOD AND MARTIN
DEVICE
i 34[120060192586| 150 [[01/09/2006||RECONFIGURABLE  ||ILE,DON VORBACH,
SEQUENCER MARTIN
STRUCTURE
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Not
Issued

Method and device for

data processing MARTIN

|20070011433|| 30 ||08/28/2006

|VICARY,KEITH | VORBACH,|

Last Name First Name
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wobei ein {im folgenden DatenfluBprozessor - DFP - genann-
ter) integrierter Schaltungskreis (Chip) mit einer Vielzahl
insbesondere orthogonal zueinander angeordneter homogen
strukturierter Zellen mit je einer Mehrzahl jeweils logisch
gleicher und strukturell identisch angeordneter Bausteine
vorgesehen ist, dessen Zellen zeilen- und spaltenweise,
gegebenenfalls gruppenweise zusammengefalt, mit Ein-
/Ausgangsanschliissen des integrierten Schaitkreises ver-
bunden sind, ist erfindungsgem4R den Zellen eine Ladelogik
zugeordnet, {ber die sie je fiir sich und gegebenenfalls
gruppenweise zusammengefaBt so programmierbar {konfi-
gurierbar) sind, daB beliebige logische Funktionen und/oder
Vernetzungen untereinander verifizierbar sind, und zwar
derart, da} eine Manipulation der DFP-Konfiguration wih-
rend des Betriebes {oder zur Laufzeit), d. h. die Modifikation
funktioneiler Teile (MACROS) des DFPs erfolgen kann, chne
dal andere funktionelle Teile angehalten werden miissen
oder in ihrer Funktion beeintrachtigt werden.
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1

Beschreibung

Die vorliegende Erfindung bezieht sich auf eine Da-
tenverarbeitungseinrichtung, d. h. eine Hardwareeinheit
zur logischen Manipulation (Verkniipfung) von in bini-
rer Form vorliegenden Daten (Informationen).

Derartige Datenverarbeitungseinrichtungen sind
mittlerweile lange bekannt und sie haben bereits breite
Anwendung und Anerkennung gefunden. Die prinzipiel-
le Aufbau- und Arbeitsstruktur der bekannten Daten-
verarbeitungseinrichtungen ist in etwa so zu definieren,
daB3 eine arithmetisch-logische Verkniipfungseinheit
vorgesehen ist, in der die zu verkniipfenden Daten einer
programmtechnischen Anweisung (Software) zufolge
verarbeitet werden. Die Daten werden dabei tiber ein
Steuerwerk in mehr oder weniger komplexen Adressie-
rungsvorgingen entsprechend abgerufen und zunichst
in Arbeitsregistern bereitgestellt; nach der logischen
Verkniipfung werden dann die neuen Daten in einer
vorgegebenen Speicherstelle wieder abgelegt. Die
arithmetisch-logische Verkniipfungseinheit besteht da-
bei aus logischen Verkniipfungsbausteinen (Gatter,
Glieder), die jeweils so miteinander gekoppelt sind, daB
- die zu manipulierenden Daten der zugrunde liegenden
Software entsprechend den vier Grundrechenarten ge-
méB logisch verarbeitet werden.

Es ist leicht nachzuvollziehen, daB auf der Basis der
bekannten Strukturen relativ viel Rechenzeit dafiir er-
forderlich ist, die zu manipulierenden Daten auszulesen,
und die Arbeitsregister zu iiberfiihren, den spezifischen
Logikbausteinen in der arithmetisch-logischen Ver-
kniipfungseinheit zuzuleiten und schlieBlich wieder ab-
zuspeichern. Es ist ferner einsichtig, daB die Hardware-
Struktur der arithmetisch-logischen Verkniipfungsein-
heit insoweit nicht als optimal betrachtet werden kann,
als schlieBlich die hardwarem#Big vorhandenen inte-
grierten logischen Bausteine stets nur in ein und dersel-
ben Art und Weise im Gesamtsystem aktiv benutzt wer-
den. Ebenso wird durch strikte Hardwarevorgabe ein
Aneinanderreihen von Funktionen in sogenannten Pipe-
lines sehr erschwert oder eingeschréankt, was zwangs-
laufig ein haufiges Registerumladen zwischen Arbeits-
registern und Rechenwerk bedeutet. Derartige Baustei-
ne sind des weiteren nur schlecht kaskadierbar und er-
fordern dann sehr viel Programmierarbeit.

Ein zusitzlicher Vorteil der vorliegenden Erfindung
liegt darin, daB eine iiber einen weiten Raum skalierbare
Parallelitit zur Verfiigung steht. Hierbei wird eine Basis
zumn schnellen und flexiblen Aufbau von neuronalen
Strukturen geschaffen, wie die bis dato lediglich mit
erheblichem Aufwand simuliert werden konnen.

Die der vorliegenden Erfindung zugrunde liegende
Aufgabe besteht darin, eine im folgenden DatenfluBpro-
zessor (DFP) genannte Datenverarbeitungseinrichtung
anzugeben, bei der eine héhere beziehungsweise besse-
re Flexibilitdt der Gesamtstruktur und des Datenflusses
sowie der Pipelining- und Kaskadiermoglichkeiten zu
einer Erhéhung der Rechnerbeziehungsweise Verkniip-
fungsleistung fiihrt.

AuBer dem Einsatz als reiner DatenfluBprozessor,
soll der DFP folgende weitere Aufgaben erfiillen kon-
nen:

— Einsatz als universeller Baustein zum Aufbau
von herkémmlichen Rechnern, wobei der Aufbau
einfacher und billiger werden soll.

— Einsatz in neuronalen Netzen.
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Diese Aufgabe wird dadurch geldst, daB ein integrier-
ter Schaltkreis (Chip) mit einer Vielzahl insbesondere
orthogonal zueinander angeordneter Zellen mit je einer
Mehrzahl jeweils logisch gleicher und strukturell iden-
tisch angeordneter Zellen vorgesehen ist deren Anord-
nung, sowie die interne Busstruktur, zur Erleichterung
der Programmierung duferst homogen ist. Dennoch ist
es denkbar innerhalb eines DatenfluBprozessors Zellen
mit verschiedenen Zellogiken und Zellstrukturen unter-
zubringen, um so die Leistungsfahigkeit zu erhéhen, in-
dem zum Beispiel fiir Speicheransteuerungen andere
Zellen als fiir arithmetische Operationen existieren. Ins-
besondere kann fir neuronale Netze eine gewisse Spe-
zialisierung von Vorteil sein. Den Zellen ist eine Ladelo-
gik zugeordnet, iiber die die Zellen je fiir sich und gege-
benenfalls gruppenweise in sogenannte MACROs zu-
sammengefaBt so programmierbar sind, daB einerseits
beliebige logische Funktionen, andererseits aber auch
die Verkniipfung der Zellen untereinander in weiten
Bereichen verifizierbar sind. Dies wird erreicht indem
jeder einzelnen Zelle ein gewisser Speicherplatz zur
Verfligung steht, in dem die Konfigurationsdaten abge-
legt sind. Anhand dieser Daten werden Multiplexer oder
Transistoren in der Zelle beschaltet um die jeweilige
Zellfunktion zu gew#hrleisten (siehe Fig. 12).

Mit anderen als im Patentanspruch 1 gebrauchten
Worten besteht der Kern der vorliegenden Erfindung
darin, einen DatenfluBprozessor vorzuschlagen, der zel-
lular aufgebaut ist und dessen Zellen iiber eine externe
Ladelogik im arithmetisch-logischen Sinne quasi belie-
big neu konfiguriert werden kénnen. Dabei ist es von
duBerster Notwendigkeit, daB die betreffenden Zeilen
einzeln und ohne Beeinflussung der iibrigen Zeilen oder
gar einer Stillegung des gesamten Bausteins umkonfigu-
riert werden koénnen. Der DatenfluBprozessor gemiB
der vorliegenden Erfindung kann so wihrend eines er-
sten Arbeitszyklus als Addierer und wahrend eines spi-
teren Arbeitszyklus als Multiplizierer “programmiert”
werden, wobei die Anzah! der fiir die Addition bezie-
hungsweise die Multiplikation erforderlichen Zellen
durchaus unterschiedlich sein kénnen. Dabei bleibt die
Plazierung der bereits geladenen MACROs erhalten;
der Ladelogik beziehungsweise dem Compiler obliegt
es, das neu zu ladende MACRO innerhalb der freien
Zellen zu partitionieren (d. h. das zu ladende MACRO
so zu zerlegen, daB es sich optimal einfiigen 148t). Die
Ablaufsteuerung des Programms wird dabei von der
Ladelogik iibernommen, indem sie gemi8 dem momen-
tan ausgefiihrten Programmabschnitt die entsprechen-
den MACROs in den Baustein 14dt, wobei der Ladevor-
gang von der spiter beschriebenen Synchronisationslo-
gik mitgesteuert wird, indem sie den Zeitpunkt des Um-
ladens festlegt. Daher entspricht der DFP nicht der be-
kannten von-Neumann-Architektur, da die Daten- und
Programmspeicher getrennt sind. Dies bedeutet jedoch
gleichzeitig eine héhere Sicherheit, da fehlerhafte Pro-
gramme keinen CODE, sondern lediglich DATEN zer-
storen kdnnen.

Um den DatenfluBprozessor eine arbeitsfihige Struk-
tur zu geben, werden einige Zellen, und zwar unter an-
derem die Eingabe-/Ausgabefunktionen (I/0) und Spei-
chermanagementfunktionen vor dem Laden der Pro-
gramme geladen und bleiben fiir gew&hnlich wihrend
der gesamten Laufzeit konstant. Dies ist erforderlich um
den DatenfluBprozessor an seine Hardwareumgebung
anzupassen. Die iibrigen Zellen werden zu sogenannten
MACROs zusammengefaBt und kénnen wihrend der
Laufzeit nahezu beliebig und ohne Beeinflussung der

INTEL AL0B00276451
Page 454 of 635



DE 44 16 881

Nachbarzellen umkonfiguriert werden. Dazu sind die
Zellen einzeln und direkt adressierbar.

Um die Umstrukturierung (das Umladen) der Zellen
oder MACROs mit der Ladelogik zu synchronisieren,
kann — wo notwendig, da nur Umgeladen werden darf,
wenn die MACROs mit ihrer alten Titigkeit fertig sind
— eine Synchronisationsschaltung als MACRO auf dem
DatenfluBprozessor untergebracht werden, die die ent-
sprechenden Signale an die Ladelogik absendet. Hierzu
kann eventuell eine Modifikation der gewohnlichen
MACROs von Noten sein, da diese dann der Synchroni-
sations-Schaltung Zustandsinformationen zur Verfii-
gung stellen miissen.

Diese Zustandsinformationen signalisieren der Syn-
chronisationstogik fir gewohnlich, daB einzelne MA-
CROs ihre Aufgabe erledigt haben, was aus program-
miertechnischer Sicht zum Beispiel die Terminierung
einer Prozedur oder das Erreichen der Terminierungs-
bedingung einer Schleife bedeuten kann. D.h. das Pro-
gramm wird an einer anderen Stelle fortgesetzt und die
die Zustandsinformation absendenden MACROs kon-
nen umgeladen werden. Zudem kann es von Interesse
sein, daB die MACROs in einer bestimmten Reihenfolge
umgeladen werden. Hierzu kann eine Wertung der ein-
zelnen Synchronisations-Signale durch einen Prioritéts-
dekoder erfolgen. Eine derartige — einfache — Logik
ist in Fig. 13 gezeichnet. Die Logik besitzt sieben Ein-
gangssignale durch die die sieben MACROs ihre Zu-
standsinformation abgeben. In diesem Fall soll 0 fiir "in
Arbeit” und 1 fiir "fertig” stehen. Die Logik besitzt drei
Ausgangssignale, die an die Ladelogik gefiihrt werden,
wobei der Zustand 000 als Ruhezustand gilt. Liegt ein
Signal an einem der sieben Eingédnge an, so findet eine
Dezimal-Bindr-Umsetzung statt, so wird zum Beispiel
Syncé als 110 dargestellt, was der Ladelogik anzeigt, daB
das MACRO, welches Sync6 bedient, seine Aufgabe be-
endet hat. Liegen gleichzeitig mehrere Synchronisa-
tions-Signale am Eingang an, so gibt die Synchronisa-
tionsschaltung das Signal mit der héchsten Prioritit an
die Ladelogik weiter; liegen zum Beispiel SyncQ, Sync4
und Syncé an, so reicht die Syncronistaions-Schaltung
zunichst Syncé an die Ladelogik weiter. Nachdem die
entsprechenden MACROs umgeladen sind und somit
Syncé nicht mehr anliegt wird Sync4 weitergeleitet usw.
Zur Verdeutlichung dieses Prinzips kann der Standard-
TTL-Baustein 74148 in Betracht gezogen werden.

Uber die Ladelogik kann der DatenfluBprozessor je-
weils optimal und gegebenenfalls dynamisch auf eine zu
18sende Aufgabe eingestellt werden. Damit ist zum Bei-
spiel der groBe Vorteil verbunden, daB neue Normen
oder dergleichen einzig und allein durch eine Umpro-
grammierung des DatenfiuBprozessors umgesetzt wer-
den kdnnen und nicht — wie bisher — einen Austausch
mit entsprechendem Anfall von Elektronikschrott be-
dingen.

Die DatenfluBprozessoren sind untereinander kaska-
dierbar, was zu einer beinahe beliebigen Erhdhung des
Parallelisierungsgrades, der Rechenleistung, sowie der
NetzgroBe in neuronalen Netzen fithrt. Besonders wich-
tig ist hier eine klare homogene Verbindung der Zellen
mit den Ein-/Ausgangs-Pins ([O-Pin) der DatenfluBpro-
zessoren, um mdglichst keine Einschrinkungen auf die
Programme zu haben.

In Fig. 14 ist zum Beispiel die Kaskadierung von vier
DFPs gezeigt. Sie erscheinen der Umgebung wie ein
groBer homogener Baustein (Fig. 15). Prinzipiell sind
damit zwei Kaskadierungsmethoden denkbar:
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a) Nur die lokalen Verbindungen zwischen den Zel-
len werden herausgefithrt, was im vorliegenden
Beispiel zwei IO-Pins pro Kantenzelle und vier 1O-
Pins pro Eckzelle bedeutet. Allerdings hat der
Compiler/Programmierer zu beachten, daB die glo-
balen Verbindungen nicht herausgefiihrt werden,
wodurch die Kaskadierung nicht vollstindig homo-
gen ist.(Globale Verbindungen zwischen mehreren
Zellen, fiir gewdhnlich zwischen einer kompletten
Zellenreihe oder -spalte — siehe Fig. 6 —; lokale
Verbindungen existieren nur zwischen zwei Zellen).
Fig. 16a zeigt den Aufbau innerhalb eines DFPs,
Fig. 17a zeigt die daraus resultierende Kaskadie-
rung von mehreren DFPs (drei gezeichnet).

b) Die lokalen und globalen Verbindungen werden
herausgefiihrt, was die Anzahl der bendtigten Trei-
ber/10-Pins und Leitungen drastisch erhoht, in un-
serem Beispiel auf sechs 10-Pins pro Kantenzelle
und zwdif 10-Pins pro Eckzelle. Dadurch ist eine
vollstindige Homogenitdt bei der Kaskadierung
gegeben.

Da die globalen Verbindungen insbesondere bei Ver-
wendung der Kaskadierungstechnik b) sehr lang wer-
den kdnnen, kann der unangenehme Effekt auftreten,
daB die Zahl der globalen Verbindungen nicht ausreicht,
da bekanntlich jede Verbindung nur von einem Signal
genutzt werden kann. Um diesen Effekt zu minimieren,
kann nach einer gewissen Linge der globalen Verbin-
dungen ein Treiber eingeschleift werden. Der Treiber
hat zum einen eine Verstérkung des Signals zur Aufga-
be, die bei langen Strecken und entsprechend hohen
Lasten, unbedingt erforderlich ist; zum anderen kann
der Treiber in Tristate gehen und damit das Signal un-
terbrechen. Dadurch kénnen die Abschnitte links und
rechts, beziehungsweise oberhalb und unterhalb des
Treibers von verschiedenen Signalen genutzt werden,
sofern der Treiber in Tristate ist, ansonsten wird ein
Signal durchgeschleift. Wichtig ist hierbei, daB die Trei-
ber der einzelnen globalen Leitungen auch einzeln an-
gesteuert werden konnen, d. h. ein globales Signal kann
unterbrochen sein, das Nachbarsignal ist jedoch durch-
geschleift. Somit kénnen auf einer globalen Verbindung
durchaus abschnittweise verschiedene Signale anliegen,
wihrend die globale Nachbarverbindung tatsdchlich
global von ein und demselben Signal verwendet wird
(vergleiche Fig, 22).

Zur besseren Kommunikation zwischen den Daten-
fluBprozessoren und der Ladelogik kdnnen sogenannte
Shared-Memories eingesetzt werden. So kénnen zum
Beispiel Programme von einer Festplatte, die im IO-Be-
reich eines DatenfluBprozessors liegt zur Ladelogik
durchgereicht werden, indem die DatenfluBprozessoren
die Daten von der Platte in den Shared-Memory schrei-
ben und die Ladelogik sie dort abholt. Dies ist besonders
wichtig, da hier, wie bereits erwihnt, keine von-Neu-
mann- sondern eine Harvardarchitektur vorliegt. Eben-
so sind die Shared-Memories von Vorteil, wenn Kon-
stanten, die im Programm — das im Speicherbereich der
Ladelogik liegt — definiert sind, mit Daten — die im
Speicherbetrieb der DatenfluBprozessoren liegen —
verkniipft werden soilen.

Weiterbildungen der vorstehend definierten und um-
schriebenen Erfindung sind Gegenstand der Unteran-
spriiche.

Eine besondere Verwendung des erfindungsgemiBen
DatenfluBprozessors ist darin zu sehen, daB er in Ver-
bindung mit geeigneten Ein-/Ausgabe-Einheiten einer-
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seits und einem Speicher andererseits die Basis fiir einen
kompletten (komplexen) Rechner bilden kann. Dabei
kann ein GroBteil der IO-Funktionen als MACROs auf
dem DatenfluBprozessor implementiert werden und es
brauchen momentan lediglich Spezialbausteine (Ether-
net-Treiber, VRAMS ... ) extern zugefiigt zu werden.
Bei einer Norminderung oder Verbesserung mu8 dann
wie bereits angedeutet nur das MACRO softwareseitig
gewechselt werden; ein Eingriff in die Hardware ist
nicht notwendig. Es bietet sich hier an, einen I0-(Einga-
be-/Ausgabe-) Stecker festzulegen, {iber welchen dann
die Zusatzbausteine angeschlossen werden konnen.

Fig. 20 zeigt den stark vereinfachten Aufbau eines
heute iiblichen Rechners. Durch den Einsatz eines DFP-
Bausteins konnen erhebliche Teile eingespart werden
(Fig. 21), wobei die entsprechenden herk&mmlichen
Baugruppen (CPU, Speicherverwaltung, SCSI-, Tasta-
tur- und Videointerface, sowie der parallelen und seriel-
len Schnittstellen) als MACROs in die kaskadierten
DFPs abgelegt werden. Nur die durch einen DFP nicht
nachbildbaren Teile wie Speicher und Leitungstreiber
mit nicht TTL-Pegeln oder fiir hohe Lasten miissen ex-
tern zugeschaltet werden. Durch die Verwendung des
DFPs ist eine giinstige Produktion gegeben, da ein und
derselbe Baustein sehr hiufig verwendet wird, das Lay-
out der Platine ist durch die homogene Vernetzung ent-
sprechend einfach. Zudem wird der Aufbau des Rech-
ners durch die Ladelogik bestimmt, die hier fiir gew&hn-
lich nur zu Beginn der Abarbeitung (nach einem Reset)
das DFP-Array lddt, wodurch eine giinstige Fehlerkor-
rektur- und Erweiterungsméglichkeit gegeben ist. Ein
derartiger Rechner kann insbesondere mehrere ver-
schiedene Rechnerstrukturen simulieren, indem einfach
der Aufbau des zu simulierenden Rechners in das DFP-
Array geladen wird. Zu bemerken ist, daB hierbei der
DFP nicht in seiner Funktion als DFP arbeitet sondern
lediglich ein hochkomplexes und frei programmierbares
Logikarray zur Verfiigung stellt, sich hierbei jedoch von
herkoémmlichen Bausteinen in seiner besonderen guten
Kaskadierbarkeit unterscheidet.

Ein weiteres Einsatzgebiet des Bausteins ist der Auf-
bau groBer neuronaler Netze. Sein besonderer Vorzug
liegt hierbei in seiner hohen Gatterdichte, seiner ausge-
zeichneten Kaskadlerbarkelt, sowie seiner Homogem-
tdt. Ein Lernvorgang, der eine Anderung einzelner axio-
matischer Verbindungen beziehungsweise einzelner
Zellfunktionen beinhaltet ist auf iiblichen Bausteinen
ebenso schlecht durchfiihrbar, wie der Aufbau groBer
homogener und gleichzeitig flexibler Zellstrukturen.
Die dynamische Umkonfigurierbarkeit ermoglicht erst-
malig die optimale Simulation von Lernvorgéingen.

Die vorliegende Erfindung wird im folgenden anhand
der weiteren Figuren nidher erldutert. Insgesamt zeigen

Fig. 1 ein Schaltsymbol fiir einen 8-Bit-Addierer;

Fig. 2 ein Schaltsymbol fiir einen aus acht 1-Bit-Ad-
dierern bestehenden 8-Bit-Addierer nach Fig. 1

Fig. 3 eine logische Struktur eines 1-Bit-Addierers
entsprechend Fig. 2;

Fig.4 eine Zellenstruktur des 1-Bit-Addierers ent-
sprechend Fig. 3;

Fig. 5 einen der Zellenstruktur nach Fig. 1 entspre-
chend aufgebauten 8-Bit-Addierer;

Fig. 6 ein aus vier Zellen bestehendes unprogram-
miertes SUBMACRO X (analog einem 1-Bit-Addierer
gemiB Fig. 4 beziehungsweise Fig. 5) mit den erforder-
lichen Leitungsanschliissen;

Fig. 7 einen Teilausschnitt eines integrierten Schalt-
kreises (Chip) mit einer Vielzahl von Zellen und einem
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separierten SUBMACRO X geméB Fig. 6;

Fig. 8 einen integrierten Schaltkreis (Chip) mit einer
Orthogonalstruktur einer quasi beliebigen Vielzahl von
Zellen und einer extern zugeordneten Ladelogik;

Fig. 9 ein erstes Ausfiihrungsbeispiel einer Mehrzahl
miteinander zu einem Rechenwerk gekoppelter inte-
grierter Schaltkreise (DatenfluBprozessor) nach Fig. 8;

Fig. 10 ein zweites Ausfithrungsbeispiel einer Mehr-
zahl miteinander zu einem Rechenwerk gekoppelter in-
tegrierter Schaltkreise (Datenfluprozessor) nach
Fig. 8;

Fig. 11 ein Ausfilhrungsbeispiel eines MACRO zur
Addition zweier Zahlenreihen;

Fig. 12 einen beispielhaften Aufbau ciner Zelle mit
Multiplexern zur Auswahl der jeweiligen logischen Bau-
steine;

Fig. 13 eine zum Beispiel mit einem Standard-TTL-
Baustein 74148 ausgefiihrte Synchronisationslogik;

Fig. 14 die Kaskadierung von vier DFPs, wobei die
Verbindung zwischen den IO-Pins nur schematisch dar-
gestellt sind (tatséchlich bedeutet eine gezeichnete Ver-
bindung eine Mehrzahl von Leitungen);

Fig. 15 die durch die Kaskadierung erreichte Homo-
genitit;

Fig. 16a die Struktur der E/A-Zellen, wobei die globa-
len Verbindungen nicht herausgefiihrt werden,

Fig. 16b die Struktur der E/A-Zellen, jedoch mit her-
ausgefiihrten globalen Verbindungen;

Fig. 17a die aus Fig. 16a resultierende Kaskadierung,
wobei eine Eckzelle, sowie die zwei mit ihr kommunizie-
renden Treiberzellen der kaskadierten Bausteine (ver-
gleiche hierzu Fig. 14) gezeichnet sind;

Fig. 17b die aus Fig. 16b resultierende Kaskadierung,
wobei eine Eckzelle, sowie die zwei mit ihr kommunizie-
renden Treiberzellen der kaskadierten Bausteine (ver-
gleiche hierzu Fig. 14) gezeichnet sind;

Fig. 18a eine Multiplikationsschaltung (vergleiche
Fig. 11a);

Fig. 18b die interne Struktur des DFPs nach dem La-
den (vergleiche Fig. 11b);

Fig. 19c die Arbeitsweise des DFPs im Speicher, so-
wie die Zustinde der Zihler 47,49;

Fig. 19 eine Kaskadenschaltung, wobei der Addierer
aus Fig. 11 und der Multiplizierer aus Fig. 18 zur Steige-
rung der Rechenleistung hintereinander geschaltet sind;

Fig. 20 den stark schematisierten Aufbau eines her-
kédmmlichen Rechners;

Fig. 21 den moglichen Aufbau desselben Rechners
mit Hilfe eines Arrays aus kaskadierten DFPs;

Fig. 22 einen Ausschnitt mit eingezeichneten (Lei-
tungs-) Treibern eines DFPs.

In Fig. 1 ist ein Schaltsymbol eines 8-Bit-Addierers
dargestellt. Das Schaltsymbol besteht aus einem qua-
dratischen Baustein 1 mit acht Eingéngen A 0...7 fir
ein erstes Datenwort A und acht Eingéangen BO...7 fir
ein zweites (zu addierendes) Datenwort B. Die jeweils
acht Eingénge Ai, Bi werden erginzt durch einen weite-
ren Emgang Uein {iber den dem Baustein 1 gegebenen-
falls ein Ubertrag zugeleitet wird. Der Baustein 1 hat
funktions- und bestimmungsgemaB acht Ausgange SO

. 7 filr bindren Summanden und einen weiteren Aus-
gang Uaus fiir den gegebenenfalls bestehenden Uber-
trag.

Das in Fig. 1 dargestellte Schaltsymbol ist in Fig. 2 als
Anordnung sogenannter SUBMACROS dargestelit.
Diese SUBMACROS 2 bestehen je aus einem 1-Bit-Ad-
dierer 3 mit je einem Eingang fiir die entsprechenden
Bits des Datenworts und einem weiteren Eingang fiir ein
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Ubertragsbit. Die 1-Bit-Addierer 3 weisen dariiberhin-
aus einen Ausgang fiir den Summanden und einen Aus-
gang fir den Ubertrag Uaus auf.

In Fig, 3 ist die bindre Logik eines 1-Bit-Addierers
beziehungsweise eines SUBMACROS 2 nach Fig. 2 dar-
gestellt. Analog zu Fig. 2 weist diese Schaltiogik je ei-
nen Eingang Ai, Bi fir die konjuglerten Bits der zu
verkniipfenden Daten auf; ferner ist ein Eingang Uein
fiir den Ubertrag vorgesehen. Diese Bits werden den
dargestellten Verbindungen beziehungsweise Verkniip-
fungen entsprechend in zwei ODER-Gliedern 5 und drei
NAND-Gliedern 6 verkniipft, so dal am Ausgangsan-
schiuB Si und am Ausgang fiir den Ubertrag Uaus die
einem Volladdierer entsprechenden Verkniipfungser-
gebnisse (Si, Uaus) anstehen.

Die Erfindung setzt da ein, wo es — wie in Fig. 4
dargestellt — darum geht, das in Fig. 3 gezeigte SUB-
MACRO 2 oder eine oder mehrere beliebige Funk-
tion{en) in geeigneter Weise in einer Zellstruktur zu
implementieren. Dies geschieht auf der Grundlage lo-
gisch und strukturell identischer Zellen 10, deren einzel-
ne logische Bausteine der auszufithrenden Verkniip-
fungsfunktion entsprechend miteinander gekoppelt
werden, und zwar mittels der noch zu beschreibenden
Ladelogik. GemaB der in Fig. 4 gezeigten, von der
Schaltlogik nach Fig. 3 abgeleiteten Verkniipfungslogik
fiir einen 1-Bit-Addierer sind je zwei Zellen 10.1, 10.2
beziiglich der logischen Bausteine insoweit gleich, daB
jewells ein ODER-Glied 5 und ein NAND-Glied 6 akti-
viert sind. Eine dritte Zelle 10.3 wird nur als Leitungszel-
le (Leiterbahnzelle) benutzt und die vierte Zelle 10.4 ist
beziiglich des dritten NAND-Gliedes 6 aktiv geschaltet.
Das aus den vier Zellen 10.1 ... 10.4 bestehende SUB-
MACRO 2 steht somit stellvertretend fiir einen 1-Bit-
Addierer, d. h. ein 1-Bit-Addierer einer Datenverarbei-
tungseinrichtung gemiB der vorliegenden Erfindung
wird {iber vier entsprechend programmierte (konfigu-
rierte) Zellen 10.1 ... 10.4 verifiziert. (Der Vollstindig-
keit halber soll angemerkt werden, dal die einzelnen
Zellen ein erheblich umfangreicheres Netzwerk von lo-
gischen Bausteinen, sprich Verkniipfungsgliedern, und
Invertern aufweist, die jeweils dem aktuellen Befehl der
Ladelogik zufolge aktiv geschaltet werden kdnnen. Ne-
ben den logischen Bausteinen ist auch ein dichtes Netz
von Verbindungsleitungen zwischen den jeweils be-
nachbarten Bausteinen und zum Aufbau von zeilen- und
spaltenweisen Busstrukturen zur Dateniibertragung an-
dererseits vorgesehen, so dal3 iber eine entsprechende
Programmierung seitens der Ladelogik quasi beliebige
logische Verkniipfungsstrukturen implementiert wer-
den kénnen).

Der Vollstandigkeit halber ist in Fig, 5 der Zellenauf-
bau eines 8-Bit-Addierers in seiner Gesamtheit darge-
stellt. Die in Fig. 5 gezeigte Struktur entspricht insoweit
der nach Fig. 2, wobei die in Fig. 2 symbolisch als SUB-
MACROS 2 dargestellten 1-Bit-Addierer jeweils durch
eine vier-zellige Einheit 10.1 ... 10.4 ersetzt sind. Bezo-
gen auf den erfindungsgemiBen DatenfluBprozessor
bedeutet dies, daB zweiunddreiBig Zellen der zur Verfii-
gung stehenden Gesamtheit von Zellen einer zellular
mit logisch identischem Layout gefertigten Schaltungs-
platine seitens der Ladelogik so angesteuert und konfi-
guriert beziehungsweise programmiert werden, daB
diese zweiunddreiBig Zellen ein 8-Bit-Addierer bilden.

In der Darstellung nach Fig. 5 ist iiber eine strich-
punktierte Umrahmung ein SUBMACRO "X” zeichne-
risch separiert, das letztlich als aus vier einem 1-Bit-Ad-
dierer entsprechend programmierten Zellen (10 gemiB
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Fig. 4) bestehende Untereinheit zu betrachten ist.

Das in Fig. 5 separierte SUBMACROQ "X” ist in Fig. 6
als Teil eines integrierten Schaltkreises (Chip) 20 ge-
meinsam mit Leitungs- und Datenanschlilssen darge-
stellt. Das SUBMACRO "X” besteht aus den vier Zellen
10 die entsprechend der orthogonalen Struktur je Seite
vier Datenanschliisse (also insgesamt sechzehn Daten-
anschliisse je Zelle) aufweisen. Die Datenanschliisse
verbinden jeweils benachbarte Zellen, so daB ersichtlich
wird, wie beispielsweise eine Dateneinheit von Zelle zu
Zelle durchgeschleust wird. Die Ansteuerung der Zellen
10 erfolgt einerseits tiber sogenannte lokale Steuerun-
gen, das sind lokale Leitungen, die mit allen Zellen ver-
bunden sind, und andererseits iiber sogenannte globale
Leitungen, d. h. Leitungen, die {iber den gesamten inte-
grierten Schaltkreis (Chip) 20 gefiihrt sind.

In Fig.7 ist ein vergroBerter Ausschnitt eines inte-
grierten Schaltkreises 20 dargestellt, der mit einem or-
thogonalen Raster von Zellen 10 belegt ist. Wie in Fig. 7
angedeutet kann so zum Beispiel eine Gruppe von vier
Zellen 10 als SUBMACRO "X” ausgewihlt und dem
1-Bit-Addierer entsprechend Fig.4 gemiB program-
miert beziehungsweise konfiguriert werden.

Ein vollsténdiger integrierter Schaltkreis (Chip) 20 ist
in Fig. 8 dargestellt. Dieser integrierte Schaltkreis 20
besteht aus einer Vielzahl im orthogonalen Raster ange-
ordneter Zellen 10 und weist an seinen AuBenkanten
eine entsprechende Anzahl von Leitungsanschliissen
(Pins) auf, iiber die Signale, insbesondere Ansteuersi-
gnale und Daten zugefiihrt und weitergeleitet werden
kénnen. In Fig, 8 ist wiederum das SUBMACRO *X”
gemiB Fig. 5/Fig. 6 abgegrenzt; dariiberhinaus sind
auch weitere SUBMACROS separiert, die spezifischen
Funktionen und Vernetzungen entsprechend zu Unte-
reinheiten zusammengefaBt sind. Dem integrierten
Schaltkreis (Chip) 20 ist eine Ladelogik 30 zugeordnet
beziehungsweise iibergeordnet, iiber die der integrierte
Schaltkreis 20 programmiert und konfiguriert wird. Die
Ladelogik 30 teilt letztlich dem integrierten Schaltkreis
20 mit, wie er arithmetisch-logisch zu arbeiten hat. Be-
zugnehmend auf die Fig. 1 bis 5 ist in Fig. 8 einerseits
das SUBMACRO "X" entsprechend Fig. 4 und Fig. 5
hervorgehoben; andererseits ist auch ein MACRO "Y”
entsprechend Fig. 1 und Fig. 2 angezeichnet, das als Ein-
heit einem 8-Bit-Addierer entspricht.

Anhand von Fig. 9 beziehungsweise Fig. 10 soll im
folgenden eine Rechnerstruktur beschrieben werden,
die auf den im vorstehenden definierten und erlduterten
integrierten Schaltkreis 20 aufbaut.

Gemi8 dem in Fig. 9 dargestellten ersten Ausfilh-
rungsbeispiel ist — analog zur Anordnung der Zellen —
im Orthogonalraster eine Mehrzahl von integrierten
Schaltkreisen 20 angeordnet, deren jeweils benachbarte
iiber lokale BUS-Leitungen 21 miteinander gekoppelt
beziehungsweise vernetzt sind. Die — beispielsweise
aus sechzehn integrierten Schaltkreisen 20 bestehende
— Rechnerstruktur weist Ein-/Ausgangsieitungen IO
auf, tiber die der Rechner quasi mit der AuBenwelt in
Verbindung steht, d. h. korrespondiert. Der Rechner ge-
méB Fig. 9 weist ferner einen Speicher 22 auf, der dem
dargestellten Ausfithrungsbeispiel entsprechend aus
zwel separierten Speichern, zusammengesetzt aus je-
weils RAM, ROM sowie einem Dual-Ported RAM als
shared memory zu der Ladelogik geschaltet, besteht, die
gleichermalBen als Schreib-Lese-Speicher oder auch nur
als Lese-Speicher realisiert sein kénnen, Der soweit be-
schriebenen Rechnerstruktur ist die Ladelogik 30 zu-
beziehungsweise {libergeordnet, mittels der die inte-
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grierten Schaltkreise (DatenfluBprozessor) 20 program-
miert und koafiguriert und vernetzt werden.

Die Ladelogik 30 baut auf einem Transputer 31, d. h.
einem Prozessor mit mikrocodiertem Befehlssatz auf,
dem seinerseits ein Speicher 32 zugeordnet ist. Die Ver-
bindung zwischen dem Transputer 31 und dem Daten-
fluBprozessor basiert auf einer Schnittstelle 33 fir die
sogenannten Ladedaten, d. h. die Daten die den Daten-
fluBprozessor aufgabenspezifisch programmieren und
konfigurieren und einer Schnittstelle 34 fiir den bereits
genannten Rechnerspeicher 22, d. h. den Shared-Memo-
ry-Speicher.

Die in Fig. 9 dargestellte Struktur stellt so einen kom-
pletten Rechner dar, der iiber die Ladelogik 30 jeweils
fall- beziehungsweise aufgabenspezifisch programmiert
und konfiguriert werden kann. Der Vollstindigkeit hal-
ber sei noch angemerkt, daB — wie in Verbindung mit
der Ladelogik 30 iiber Pfeile angedeutet — mehrere
dieser Rechner vernetzt, d.h. miteinander gekoppelt
werden kénnen.

Ein weiteres Ausfiihrungsbeispiel einer Rechner-
struktur ist in Fig. 10 dargestellt. Im Unterschied zu
Fig. 9 sind dabei neben den lokalen BUS-Leitungen zwi-
schen den benachbarten integrierten Schaltkreisen 20
noch fibergeordnete zentrale BUS-Leitungen 23 vorge-
sehen, um zum Beispiel spezifische Ein- beziehungswei-
se Ausgangsprobleme losen zu kénnen. Auch der Spei-
cher 22 (Shared-Memory) ist {iber zentrale BUS-Leitun-
gen 23 mit den integrierten Schaltkreisen 20 verbunden,
und zwar wie dargestellt jeweils mit Gruppen dieser
integrierten Schaltkreise. Die in Fig. 10 dargestellte
Rechnerstruktur weist die gleiche Ladelogik 30 auf, wie
sie anhand von Fig. 9 erldutert wurde.

In Verbindung mit Fig. 11a soll eine auf erfindungsge-
méBen DatenfluBprozessoren aufgebaute Additions-
schaltung erldutert werden. Ausgegangen wird von zwei
Zahlenreihen An und Bn fiir sdmtliche n zwischen 0 und
9; die Aufgabe besteht darin, die Summe Ci = Ai + Bi
zu bilden, wobei der Index i die Werte 0 <n < 9 anneh-
men kann.

Bezugnehmend auf die Darstellung nach Fig, 11a ist
die Zahlenreihe An in einem ersten Speicher RAMI1
abgespeichert und zwar zum Beispiel ab einer Speicher-
adresse 1000h; die Zahlenreihe Bn ist in einem Speicher
RAM2 an einer Speicheradresse 0dfaOh abgespeichert;
die Surme Cn wird in den RAM1 eingeschrieben und
zwar unter der Adresse 100ah.

Es ist ein weiterer Zidhler 49 zugeschaltet, der ledig-
lich die einzelnen durch die Steuerschaltung freigegebe-
nen Taktzyklen hochzzhlt. Dies soll im Weiteren zur
Verdeutlichung der Umkonfigurierbarkeit einzelner
MACROs ohne Beeinflussung der an der Umkonfigurie-
rung nicht beteiligten MACROs dienen.

Fig. 11a zeigt zunichst die eigentliche Additions-
schaltung 40, die aus einem ersten Register 41 zur Auf-
nahme der Zahlenreihe An und einem zweiten Register
42 zur Aufnahme der Zahlenreihe Bn besteht. Den bei-
den Registern 41/42 ist ein 8-Bit-Addierer entsprechend
dem in Fig. 1 dargestellten MACRO 1 nachgeschaltet.
Der Ausgang des MACRO 1 fiihrt iiber eine Treiber-
schaltung 43 zuriick zum Speicher RAMI. Die Takt-
beziehungsweise Zeitsteuerung der Additionsschaltung
40 erfolgt iiber eine von einem Taktgenerator T ange-
steuerte Zeitsteuerung (STATEMACHINE) 45, die mit
den Registern 41, 42 und der Treiberschaltung 43 ver-
bunden ist.

Die Additionsschaltung 40 wird funktional durch eine
AdreBschaltung 46 zur Generierung der AdreBdaten fiir
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die abzuspeichernden Additionsergebnisse erginzt. Die
AdreBschaltung 46 besteht ihrerseits aus drei MACROs
1 (geméB Fig. 1) zur Bildung der AdreBdaten, wobei
diese MACROs 1 wie folgt geschaltet sind: Uber jeweils
einen Eingang werden die zu verkniipfenden Adressen
fiir An, Bn, Cn zugefiihrt. Diese Adressen werden mit
den Ausgangssignalen eines Zihlers 47 addiert und mit
der Statemachine 45 so verkniipft, dal am Ausgang die
neue Zieladresse ansteht. Der Zihler 47 und der Kom-
parator 48 haben dabei die Aufgabe sicherzustellen, da
jeweils die richtigen Summanden verkniipft werden und
daB jeweils am Ende der Zahlenreihen, d. h. bein = 9
abgebrochen wird. Ist die Addition vollendet, so wird in
der Zeitsteuerung 45 ein STOP-Signal generiert und die
Schaltung passiv geschaltet. Ebenso kann das STOP-Si-
gnal als Eingangssignal fiir eine Synchronisations-Schal-
tung verwendet werden, indem die Synchronisationslo-
gik anhand dieses Signals erkennen kann, daB die Ge-
samtfunktion "Addieren” gem& dem nachfolgend be-
schriebenen ML1 Programm beendet ist und die MA-
CROs somit durch neue ersetzt werden kdnnen (zum
Beispiel konnte STOP das Signal Sync5 sein).

Der Zeitablauf in der Zeitsteuerung 45 (STATEMA-
CHINE) 148t sich dabei wie folgt darstellen, wobei noch
anzumerken ist, daB3 in der Zeitsteuerung 45 eine Verzs-
gerungszeit T (in Form von Taktzyklen) zwischen der
AdreBgenerierung und dem Datenerhalt implementiert
ist:

— Im Zyklus 1 wird jeweils der Zahler 47 um 1
erhoht und im Komparator 48 wird gepriift,obn >
9 erreicht ist; synchron zu diesen Operationen wer-
den die Adressen fiir A, B, C berechnet;

— im Zyklus (T + 1) werden die Summanden A, B
ausgelesen und addiert;

— im Zyklus (T + 2) wird die Summe C abgespei-
chert.

Mit anderen Worten heiBt dies, da8 die Operations-
schleife und die eigentliche Addition gerade ( T + 2)
Taktzyklen erfordert. Im allgemeinen sind fiir T2...3
Takte erforderlich, so da3 verglichen mit den herkdmm-
lichen Prozessoren (CPU), die im allgemeinen 50 bis
mehrere 100 Taktzyklen bedingen, eine ganz wesentli-
che Rechenzeit-Reduzierung méglich wird.

Die anhand von Fig. 11 aufgezeigte Konfiguration
soll im folgenden iiber eine hypothetische MACRO-
Sprache ML1 nochmals erldutert werden:

Es existieren die Zahlenreihen An und Bn

VYn:0<«<n<«9

Es sollen die Summen Ci = Ai + BimitI € N gebildet
werden.

constn = 9;

array A[n]in RAM [1] at 1000h;

array B[n]in RAM[2] at 0dfaOh;

array C[n]in RAM[1]at 100ab;

fori = 0tonwith (A[i], B[i], C[i])

Al;

C=Al=A+B;

next;

RAM1 ist der 1. Speicherblock

RAM2 ist der 2. Speicherblock

at folgt die Basisadresse der Arrays

for ist der Schleifenbeginn

next ist das Schleifenende

with ( ) folgen die Variablen, deren Adressen durch die
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Zzhlvariable i bestimmt werden
A T folgt die Verzdgerungszeit fiir eine Statemachine in

Taktzyklen,
Das Timing der Statemachine sieht demnach folgen-

dermaBen aus:

Zyklus Aktivitit

1 Zghler erhdhen, Vergleich auf > 9(ja >
Abbruch) und Adressen fiir A, B, C,
berechnen

T+1 A, B, holen und addieren

T+2 Nach C speichern

Das heillt — wie bereits erwihnt — die Schleife und die
Addition bendtigen gerade einmal T + 2 Taktzykien,

Fig. 11b zeigt den groben Aufbau der einzelnen
Funktionen (MACROs) in einem DFP. Die MACROs
sind in ihrer etwaigen Lage und GroBe eingezeichnet
und mit den anhand von Fig. 11a erlduterten entspre-
chenden Nummern versehen.

Fig. 11c zeigt den groben Aufbau der einzelnen Funk-
tionen auf die RAM-Blocke 1 und 2: Die Summanden
werden nacheinander in aufsteigender Reihenfolge aus
den RAM-Blocken 1 und 2 ab Adresse 1000h bezie-
hungsweise 0dfaCh gelesen und in RAM-Block 1 ab
Adresse 100ah gespeichert. Zudem sind die Zahler 47
und 49 gegeben, beide zihlen wihrend des Ablauls der
Schaltung von 0 bis 9.

Nach Beendigung des beschriebenen Programms soll
ein neues Programm geladen werden, das die Ergebnis-
se weiterverwertet. Die Umladung soll zur Laufzeit er-
folgen. Das Programm ist im Folgenden gegeben:

Es existieren die Zahlenreihen An und Bn, wobei An
durch das Ergebnis Cn des vorher ausgefiihrten Pro-
gramms gegeben ist:

Yn:0<n<9

Es sollen die Produkte Ci=Ai«Bi mit I & N gebildet
werden.

constn=9

array A[n]in RAM[1] at 100ah

array B[n]in RAM[2] at OdfaCh

array C[n]in RAM[1]at 1015h

for i=0to nwith (A[i], B[i], c[i])

At

C=Al=A+B;

next;

Die Beschreibung der einzelnen Befehle ist bereits be-
kannt,’

+ symbolisiert die Multiplikation.

Die MACRO-Struktur ist in Fig. 18a beschrieben,
Fig. 18b gibt in bekannter Weise die Lage und GrdBe
der einzelnen MACROs auf dem Chip an, besonders zu
beachten ist die GréBe des Multiplizierers 2 in Vergleich
zu Addierer ! aus Fig. 11b. In Fig. 18c ist erneut die
Auswirkung der Funktion auf den Speicher aufgezeigt,
Zzhler 47 zihlt erneut von 0 bis 9, d. h. er wird beim
Nachladen der MACROs zurlickgesetzt.

Besonders zu beachten ist der Zihler 49. Angenorn-
men, das Umladen der MACROs betrigt 10 Taktzyklen.
Dann lduft der Zahler 49 von 9 auf 19, da der Baustein
dynamisch umgeladen wird, d. h. nur die umzuladenden
Teile werden gestoppt, der Rest arbeitet weiter. Das
fiihrt nun dazu, daB der Zihler wihrend des Programm-
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ablaufs von 19 auf 29 hochlauft. (Hiermit soll das dyna-
mische unabhingige Umladen demonstriert werden, in
jedem bisher bekannten Baustein wiirde der Zihler er-
neut von 0 auf 9 laufen, da er zuriickgesetzt wird).

Bei ndherer Betrachtung des Problems stelit sich die
Frage, warum nicht beide Operationen, die Addition
und die Multiplikation in einem Zyklus durchgefiihrt
werden, also die Operation:

Es existieren die Zahlenreihen An und Bn, wobei An
durch das Ergebnis von Cn des vorher ausgefiihrten
Programms gegeben ist:

VY n:0<n<9

Es sollen die Produkte Ci=(Ai+Bi)» Bimit[ € N ge-
bildet werden.

path D;

constn=_9;

array A[n]in RAM[1]at 1000k

array B[n]in RAM[2] at 0dfa0h

array C{n]in RAM[1] at 100ah

fori=0to nwith (A[i], B[i], CTi])

Al;
D=A1=AbB;
C=A1=D+B;
next;

path D definiert einen internen nicht aus den DFP
herausgefiihrten Doppelpfad. Die Operation benotigt
wegen einem zusitzlichen Al einen Taktzyklus mehr als
vorher, ist insgesamt jedoch schneller als die beiden
obigen Programme in Folge ausgefiihrt, da zum einen
die Schleife nur einmal durchlaufen wird, zum zweiten
nicht umgeladen wird.

Prinzipiell kénnte das Programm auch so formuliert
werden:
constn="9;
array A[n]in RAM[1] at 1000h
array B[njin RAM[2] at 0dfaOh
array C[n]in RAM][i] at 100ah
for =0 to n with (A[1], B[i), ([i])

A—1;
C=A2=(A+B)*B;
next;

Sind die Gatterlaufzeiten des Addierers und des Mul-
tiplizierers zusammen kleiner als ein Taktzyklus, kann
die Operation (A+B) = B auch in einem Taktzyklus
durchgefiihrt werden, was zu einer weiteren erhebli-
chen Geschwindigkeitssteigerung fiithrt:
constn=29;
array A[n]in RAM[1]at 1000h
array B[n]in RAM[2] at Odfa0h
array C[n]in RAM[1] at 100ah
fori=0 to n with (A[i], B[i], C[i])

Al;
C=Al=(A+B)+B;
next;

Anhand von Fig. 12 soll ein einfaches Beispiel eines
Zellenaufbaus erldutert werden. Die Zelle 10 umfaBit
zum Beispiel ein UND-Glied 51, ein ODER-Glied 52, ein
XOR-Glied 53, einen Inverter 54 sowie eine Register-
zelle 55. Die Zelle 10 weist daritberhinaus eingangsseitig
zwel Multiplexer 56, 57 mit (den sechzehn Eingéingen
der Zelle entsprechend Fig, 6) zum Beispiel je sechzehn
Eingangsanschliissen IN1, IN2 auf. Uber diesen
(16 : 1)-Multiplexer 56/57 werden jeweils die den ge-
nannten logischen Gliedern UND, ODER, XOR 51 ...
53 zuzufiihrenden Daten ausgewihit. Diese logischen
Glieder sind ausgangsseitig mit einem (3 : 1)-Multiple-
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xer 58 gekoppelt, der seinerseits mit dem Eingang des
Inverters 54, einem Eingang der Registerzelle 55 und
einem weiteren (3 : 16)-Multiplexer 59 gekoppelt ist.
Der letztgenannte Multiplexer 59 ist zusitzlich mit dem
Ausgang des Inverters 54 und einem Ausgang der Regi-
sterzelle 55 verbunden und gibt das Ausgangssignal
OUT ab.

Der Vollstandigkeit halber sei angemerkt, daB die Re-
gisterzelle 55 mit einem Reset-Eingang R und einem
Takteingang gekoppelt ist.

Dem im vorstehenden erlduterten Zellenaufbau, d. h.
der Zelle 10 ist nun eine Ladelogik 30 {ibergeordnet, die
mit den Multiplexern 56, 57, 58 und 59 verbunden ist und
diese den gewiinschten Funktionen entsprechend an-
steuert.

Sollen zum Beispiel die Signale A2 mit B5 verundet
werden, so werden die Multiplexer 56, 57 den Leitungen
*ZWEI” beziehungsweise "FUNF” entsprechend aktiv
geschaltet; die Summanden gelangen dann zum UND-
Glied 51 und werden bei entsprechender Aktivierung
der Multiplexer 58, 59 am Ausgang OUT abgegeben.
Soll zum Beispiel eine NAND-Verkniipfung durchge-
fithrt werden, so schaltet der Multiplexer 58 zum Inver-
ter 54 und am Ausgang OUT steht dann das negierte
UND-Ergebnis an.

Patentanspriiche

1. Datenverarbeitungseinrichtung, wobei ein (im
folgenden DatenfluBprozessor — DFP — genann-
ter) integrierter Schaltungskreis (Chip) mit einer
Vielzah!l insbesondere orthogonal zueinander an-
geordneter homogen strukturierter Zellen mit je
einer Mehrzahl jeweils logisch gleicher und struk-
turell identisch angeordneter Bausteine vorgese-
hen ist, dessen Zellen zeilen- und spaltenweise, ge-
gebenenfalls gruppenweise zusammengefaft, mit
Ein-/Ausgangsanschliissen des integrierten Schalt-
kreises verbunden sind, dadurch gekennzeichnet,
daB den Zellen eine Ladelogik zugeordnet ist, iiber
die sie je fiir sich und gegebenenfalls gruppenweise
zusammengefaBt so programmierbar (konfigurier-
bar) sind, daB beliebige logische Funktionen und/
oder Vernetzungen untereinander verifizierbar
sind, und zwar derart, daB eine Manipulation der
DFP-Konfiguration wahrend des Betriebes (oder
zur Laufzeit), d.h. die Modifikation funktioneller
Teile (MACROS) des DFPs erfolgen kann, ohne
daB andere funktionelle Teile angehalten werden
miissen oder in ihrer Funktion beeintrichtigt wer-
den.

2. Datenverarbeitungseinrichtung nach Anspruch 1,
dadurch gekennzeichnet, da8 die Ladelogik mit
Speichermitteln gekoppelt ist, iiber die die Konfi-
guration der Zellen spezifizierbar ist.

3. Datenverarbeitungseinrichtung nach einem der
Anspriiche 1 bis 2, dadurch gekennzeichnet, daf die
Ladelogik aus einem Prozessor besteht, der den
gesamten Programmablauf auf der Grundlage von
in verschiedenen Speichern abgelegten Daten und
Programmen im Sinne einer Harvard-Struktur ver-
waltet.

- 4, Datenverarbeitungseinrichtung nach Anspruch 3,
dadurch gekennzeichnet, daB die Ladelogik ibrer-
seits aus Zellen mit je einer Mehrzahl jeweils lo-
gisch gleicher und strukturell identisch angeordne-
ter Bausteine aufgebaut ist.

5. Datenverarbeitungseinrichtung nach einem der
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Anspriiche 1 oder 4, dadurch gekennzeichnet, daB
die Zellen dynamisch wihrend eines Programmab-
laufs umkonfigurierbar sind, ohne daB die zu bear-
beitenden Daten selbst beeinflult werden.

6. Datenverarbeitungseinrichtung, wobei ein (im
folgenden DatenfluBprozessor — DFP — genann-
ter) integrierter Schaltungskreis (Chip) mit einer
Vielzahl insbesondere orthogonal zueinander an-
geordneter homogen strukturierter Zellen mit je
einer Mehrzahl jeweils logisch gleicher und struk-
turell identisch angeordneter Bausteine vorgese-
hen ist, dessen Zellen zeilen- und spaltenweise, ge-
gebenenfalls gruppenweise zusammengefaBt, mit
Ein-/Ausgangsanschliissen des integrierten Schalt-
kreises verbunden sind, dadurch gekennzeichnet,
dall eine Mehrzahl von ihnen in Kaskadenform
koppelbar sind.

7. Datenverarbeitungseinrichtung nach einem der
Anspriiche 1 bis 6, gekennzeichnet durch, die Zu-
ordnung geeigneter Daten-Ein-/Ausgabe-Einhei-
ten und mindestens eines Speichers zum Aufbau
eines (komplexen, kompletten) Rechenwerks.

8. Datenverarbeitungseinrichtung nach einem der
Anspriiche 1 bis 7, dadurch gekennzeichnet, daB die
Funktionen der Ein-/Ausgabeeinheiten partiell im
integrierten Schaltkreis (Chip) implementierbar
sind.

Hierzu 11 Seite(n) Zeichnungen
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(54) Title: AN IMPROVED SYSTEM LOGIC CONTROLLER FOR DIGITAL COMPUTERS

(587) Abstract

The present invention is a system logic controller ("SLC") (24)
specially adapted for reducing and regulating a personal computer’s
("PC’s") (10) electrical power consumption. The PC (10) includes a
CPU (12) and a direct port access buffer (82) between which the SLC
(24) exchanges data that regulates the PC’s power consumption, The SLC
(24) reduces power consumption by low-power timed interval interrupt
generators (142a, 142b through 142n). If the PC (10) enters a low-
power “suspend” operating mode in which the CPU (12) is turned off,
the SLC (24) permits quickly resuming normal operation. If the PC (10)
incorporating the improved SLC (24) includes a super I/O chip (54) and/or
PCMCIA sockets (72), the SLC (24) permits higher speed operation both
of a hard disk connected to the super 1/O chip (54), and/or of high speed
PCMCIA cards. Furthermore, the SLC (24) prevents the application of an
excessively high voltage to PCMCIA cards if the PC enters its "suspend"
operating mode.
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AN IMPROVED SYSTEM LOGIC CONTROLLER FOR DIGITAL COMPUTERS

Technical Field

The present invention relates generally to the technical
field‘of digital computers and, more particularly, to an im-
proved, low-power system logic controller which provides facili-
ties that permit easily regulating a computer's electrical power
consumption, while concurrently permitting high performance.

Background Art

Present personal computers include an integrated circuit
("IC") central processing unit ("CPU") that is coupled by a high
speed CPU bus having both CPU address lines and CPU data lines
to various other ICs included in the computer. Such personal
computers conventionally also include a slower speed I/O0 bus for
exchanging signals with I/O cards that may be installed in the
computer. Between the high-speed CPU bus and the slower-speed
I/0 bus these computers generally incorporate a system logic
controller ("SLC") IC which performs various functions essential
to the computer's operation including interfacing between the
high-speed CPU bus and ,the slower speed 1I/0 bus. More specifi-
cally, in the instance of IBM Personal Computers and clone
personal computers which utilize Intel X86 IC microprocessors,
the high-speed bus may be called a VESA Local Bus ("VLB"), and

.the slower speed I/0 bus is generally either an Industry Standard

Architecture ("ISA") bus or an Extended Industry Standard
Architecture ("EISA"Y) bus.

A systenm logic controller included in such a personal
computer is coupled to the CPU address lines, CPU data lines, and
CPU control lines included in the VLB, and to analogous signal
lines in the I/O bus. Accordingly, the system logic controller
includes a CPU interface controller for exchanging signals with
the CPU bus. Usually, the system logic controller also includes
a DRAM controller for generating RAS and CAS‘signals which are
required to access dynanic random access memory ("DRAM") included
in the computer, and for periodically refreshing the data stored
in the DRAM. The system logic controller also includes an I/O
bus controller which exchanges with I/0 cards signals that are
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required to effect data transfers between an I/0 device and the
system logic controller and/or the DRAM. A system logic control-
ler also includes a peripheral controller which performs a
variety of functions also required to effect data transfers
betweén the system logic controller and/or DRAM and I/O devices
such as hard and floppy disk drives. The functions performed by
the peripheral controller include receiving and storing inter-
rupts, and effecting direct memory access ("DMA") data transfers

between I/0 devices and the DRAM. The peripheral controller also

includes a clock into which the current date and time are stored
when the computer is initialized, and by which the computer
subsequently keeps time. The peripheral controller included in
the system logic controller IC also includes counters which
provides timing signals required for the DRAM controller's
periodic refreshing of data stored in the DRAM. Frequently, a
system logic controller also includes a battery powered, real-
time clock which the personal computer reads upon initialization,
i.e. "booting"”, in order to obtain the date and the time which
is then stored into the clock within the peripheral controller.
A book entitled "Intel's SL Architecture, Designing Portable
Application" by Desmond Yuen, copyright 1993 by McGraw-Hill,
Inc., which is hereby incorporated by reference, provides a more
thorough and detailed description of various facilities provided
by and the various operation performed by a system logic control-
ler.

The traditional way of monitoring a number of different
timed events in a digital computer is to assign a different timer
for timing each different event. For example, one timer is
assigned for timing keyboard events, a second timer is assigned
for timing parallel port events, a third timer is assigned for
timing display events,’ etc. In such a computer system, each
separate timer begins counting upon being enabled by a computer
program's execution. When the count in the timer reaches a
preset value, the timer generates an interrupt which notifies the
computer program that some type of timed event needs to be
serviced. For example, a timed event may turn off a portion of
a battery powered computer to conserve electrical power. The
disadvantage of this scheme is that as many timers are required
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as there are different events to be timed. Since, comparatively
speaking, a timer consumes a significant amount of electrical
power, every additional timer increases the computer's power
consumption merely for counting an interval of time. The amount
of power consumed by timers becomes substantial as the number of
timed events increases.

To facilitate controlling power consumption in portable
personal computers, Intel's 386 SL and 486 SL Enhanced IC
microprocessors provide a System Management Mode ( "SMM") of
operation. SMM in these microprocessors provides a separate
environment for the execution of power management routines that
is completely independent of the environment in which the
operating system and application programs execute. For such
microprocessors, a special system management interrupt (“SMI")
activates the SMM environment. When an SMI interrupt occurs, the
microprocessor pauses execution of the current program, saves the
internal data and states of the CPU to a preestablished memory
location, e.g. 3000:0000h to 3000:FFFFh, enters SMM, and begins
executing SMI routines stored in a dedicated system management
random access memory ("SMRAM"). For Intel's 386 SL and 486 SL
microprocessors, power management routines executed in SMM in
response to specific SMIs may cause the personal computer to
enter a "Suspend" mode of operation in which the computer
consumes a lesser amount of electrical power because certain
parts of the personal computer are turned off, e.g. the display
and any backlighting for the display, the hard disk, the moden,
etc. Subsequently, the microprocessor's execution of a resume
operation restores power to, and thereby once again fully.
activates, the personal computer. In a particular "Suspend" mode
of operation in which the CPU receives no electrical power,
restoring the application program that was executing prior to
commencing the "Suspend" operating mode is delayed until a hard
disk drive included in the computer becomes fully,operational,'
and data essential to resuming application program execution has
been read from the hard disk.

There presently exist two different classes of IDE hard
drives used in perscnal computers, those which are designed only
to operate on the slower ISA Bus, and those which are designed
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to operate on the faster speed VILB. Present notebook computers
frequently employ a single super I/0 IC chip which provides elec-
tronic circuits for a serial port, a parallel port, a floppy disk
controller, and an interface for an IDE hard disk drive. How-
ever, since such super I/O0 IC chips connect to the slower ISA
bus, an IDE hard disk drive connected to the super I/O0 IC chip
operates only at the slower ISA speeds, and cannot operate at the
faster VLB speeds.

In addition to incorporating super I/O chips,‘ present
notebook computers frequently offer a Personal Computer Memory
card International Association ("PCMCIA") socket for receiving
various different types of peripheral devices, e.g., modems, hard
disk drives, "Flash" random access memory ("RAM") cards, etc.
PCMCIA cards may operate at either five (5) volts or at three (3)
volts. Each such PCMCIA card includes a Card Detect ("CD") pin
and a 3V/5V pin. The CD pin permits a computer to detect
insertion of a PCMCIA card into a PCMCIA socket. Upon insertion
of a PCMCIA card into a computer's PCMCIA socket, a PCMCIA
controller immediately interrogates the card's 3V/5V pin to
determine whether the PCMCIA card being inserted operates at
either 3 volts or 5 volts, and then provides the proper voltage
to the PCMCIA card. However, if a notebook computer begins
operating in its low power Suspend mode as described above, its
PCMCIA controller is disableqd. Consequently, if after the
computer begins operating in Suspend mode the PCMCIA card is
changed from a 5 volt card to a 3 volt card, the computer cannot
sense this change. Under such circumstances, when the computer
resumes operating in its higher power mode it will apply 5 volts,
rather than the proper 3 volts, to the PCMCIA card. If 5 volt
electrical power is appiied to a 3 volt PCMCIA card, it is almost
certain that the PCMCIA card will permanently damaged.' Since
PCMCIA cards are comparatively expensive, e.g. $250.00 for a
modem which plugs into a PCMCIA socket, owners of PCMCIA cards '
can lose a significant financial investment if an excessively
high voltage is applied to their PCMCIA card. Moreover,
conventional PCMCTA controllers connect to the slower ISA Bus
rather than the faster VLB. Consequently, the operating speed
of any PCMCIA card plugged into a PCMCIA socket is limited to
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that of the ISA bus. However some of the devices, e.g. ROM or
Flash memory, that are presently being incorporated into PCMCIA
cards are capable of operating at the higher speed of the VIB.
Presently, manufacturers of personal computers are experi-
encing a continuing need to reduce electrical power consumption
both for desk top computers and for notebook computers.
Moréover, manufacturers are also experiencing a continuing demand
for . low-power notebook computers that provide performance
equalling that of desktop computefs. Since it is essential that
any system logic controller capable of providing such improve-
ments remain compatible with existing computer programs, the
facilities which a system logic controller provides for managing
the computer's electrical power consumption while concurrently
facilitating construction of higher performance computers must
remain compatible with facilities already present in contemporary
personal computers, while at the same time solving technical
problems which personal computer manufacturers encounter.

Disclosure of Invention

The present invention provides an improved system 1logic
controller having facilities that permit easily controlling a
computer's electrical power consumption, while at the same time
permitting assembly of higher performance computers.

An object of the present invention is to provide an easy way
to access a direct port access buffer which stores data that
regulates a computer's electrical power consumption.

Another object of the present invention is to provide a
system logic controller integrated circuit chip having as few
pins as practical.

Another object of the present invention is to provide a
system logic controller which permits assembling both a simpler
and a more compact personal computer, while concurrently reducing
the computer's manufacturing cost.

Another object of the present invention is to provide:a
system logic chip having low power consumption in those circuits
which are necessary for effectively and efficiently regulating
the computer's electrical power consumption.
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Another object of the present invention is to provide a
Suspend mode of operation for the personal computer which
consumes a small amount of power while swiftly resuming full
operation.

Another cbject of the present invention is to facilitate
construction of a notebook computer capable of high performance.

Another object of the present invention is to provide an
interface to PCMCIA cards which under all circumstances prevents
application of an excessively high voltage to the PCMCIA card.

Yet another object of the present invention is to provide
a system logic controller that facilitates assembly of an energy
efficient personal computer offering high performance.

Briefly the preferred embodiment of the present invention
is a digital computer which includes an improved system logic
controller having an electrical power management unit. The power
management unit generates a variety of different power management
signals used in regulating electrical power consumed by the
personal computer. To regulate electrical power consumption, the
personal computer includes a direct port access buffer and the
power management unit includes a direct port access controller
for supplying direct port access control signals to the direct
port access buffer. Signals supplied to the direct port access
buffer by the direct port access controller cause power manage-
ment data to be stored into or read from the direct port access
buffer. ) '

To effect a transfer of power management data between the
personal computer's microprocessor and the direct port access
buffer, upon receiving an I/O command from the microprocessor
central processing unit ("CPU") that specifies an I/0 operation
between the CPU and the direct port access buffer, the system
logic controller transmits a hold control signal to the CPU
which requests that the CPU halt operation. In response to this
halt reguest, the CPU halts operation and tristates all the CPU
address lines. After the CPU has tristated all the CPU address
lines, the direct port access controller transmits a direct port
access control signal to the direct port access buffer which
causes an exchange of data between the direct port access buffer
and the system logic controller over the CPU address lines.
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After the power management data has been exchanged between the
direct port access buffer and the system logic controller, the
system logic controller transmits a signal to the CPU which
causes the CPU to resume operating.

To provide low-power generation of timed interrupts which
activate execution of power management routines by the CPU, the
system logic controller includes a plurality of power management
unit comparators each one of which respectively generates an
independent power management timed interrupt. All of these power
management unit comparators simultaneously receive the same
timing signals generated by a single continuously running master
clock which can be read by a computer program executed by the
CPU. Furthermore, each of the power management unit comparators
also includes a time data storage register into which the CPU may
store time data represénting a specific moment in time at which
the power management unit comparator is to generate a power
management timed interrupt. To generate the various power
management interrupts at the proper times, each power management
unit comparator continuously compares the timing signals which
it receives from the master clock with the time data stored in
the time data storage register, and generates a power management
timed interrupt when the stored time data equals the timing
signals.

A system logic controller in accordance with the present
invention is also coupled to DRAM address lines, and the personal
computer also includes DRAM that is coupled to the CPU data lines
and to the DRAM address lines. In response to an initial SMI
that specifies a particular Suspend mode of operation, the system
logic controller provides a memory address to a first physical
memory SMI data storage area in the DRAM for storage of all CPU
internal data and states. After the CPU internal data and states
have been stored into the first physical memory SMI data storage
area, the system logic controller requests that the CPU execute
a power management routine which first disables the first
physical memory SMI data storage area so data cannot be stored
into that area of the DRAM. The power management routine then
establish a memory address to a second physical memory SMI data
storage area into which CPU internal data and states will be
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stored in response to a subsequent system management interrupt.
Finally, the power management routine preserves within the system
logic controller SMI state information indicating that the systen
logic controller has caused the CPU internal data and states to
be stored into the first physical memory SMI data storage area,
and that the second physical memory SMI data storage area has
been established for storage of CPU internal data and states in
response to a subsequent system management interrupt. The system
logic controller then places the personal computer in a power
Suspend mode of operation in which it removes electrical power
from the CPU while continuing to supply electrical power to the
DRAM, and continuing to refresh the DRAM while awaiting an
occurrence of a resume event. In response to a resume event, the
systenm logic controller restores electrical power to the CPU, and
resumes execution of the power management routine which detects
the SMI state information preserved in the system logic control-
ler. When the power management routine detects that SMI state
information has been preserved in the system logic controller,
it directs the system logic controller to generate a fake SMI to
the CPU which causes the then existing CPU internal data and
states to be stored into the second physical memory SMI data
storage area, and initiates execution of the SMI routine. After
the CPU internal data and states have been stored into the second
physical memory SMI data storage area and upon the power
management routine's detection that SMI state information has
been preserved within the system logic controller, the power
management routine disables the second physical memory SMI data
storage area so data cannot be stored into or retrieved from that
area of the DRAM. The power management routine then reestablish-
es the memory address to the first physical memory SMI data
storage area into which CPU internal data and states were stored
in response to the initial system management interrupt. The
Suspend mode of operation is then terminated immediately after
which continued execution of the power management routine
restores the CPU internal data and states to that previously
stored into the first physical memory SMI data storage area.

If the personal computer incorporating the improved system
logic controller in accordance with the present invention
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includes a super I/O0 chip, the I/0 bus includes a first section
over which the system logic controller and super I/O0 chip
exchange signals, and a second section over which the system
logic controller exchanges signals with I/O0 cards that may be
included in the personal computer. A bidirectional I/0O bus
section isolation buffer, located between the first and second
sections of the I/0 bus, selectively isolates the second section
of the I/0 bus from the first section in response to an I/O bus

isolation control signal generated by the system 1ogicbcontrol—

ler. The system logic controller includes a hard disk access
detection circuit for detecting I/O accesses to the super I/O
chip's hard disk drive interface, and for transmitting the I/O
bus isolation control signal to the I/0 bus section isolation
buffer. In response to the I/0O bus isolation control signal,
during access to the hard disk drive interface the I/O bus
section isolation buffer isolates the second section of the I/O

' bus from the first section of the I/0 bus. Thus, while the I/O

bus section isolation buffer isolates the second section of the
I/0 bus from the first section, the system logic controller
exchanges signals via the I/O bus with the super I/O0 chip at a
faster speed so the personal computer may use a high speed rather
than a slow speed IDE hard disk drive.

The improved system logic controller in accordance with the
present invention incltdes a PCMCIA controller for exchanging
data with a PCMCIA card inserted into a PCMCIA socket included
in the personal computer. During normal operation of the
personal computer, the power management unit included in the

‘system logic controller generates power management signals which
turn off the PCMCIA controller to reduce electrical power

consumption, and subsequently generates power management signals
which turn on the PCMCIA controller. These power management
signals dinclude a PCMCIA power restoration control signal
transmitted from the power management unit to the PCMCIA
controller which within the PCMCIA controller simulates an
occurrence of the CD signal. Thus, every <time the power
management unit restores power to the PCMCIA controller, the
PCMCIA controller determines if any PCMCIA card then present in
the PCMCIA socket operates at the first lower voltage or at the
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second higher voltage. Furthermore, the improved system logic
controller permits the PCMCIA controller to operate either at the

' speed of the I/O bus, e.g. ISA bus speed, or at a higher speed

which can approach that of the CPU bus, e.g. the VLB speed.

These and other features, objects and advantages will be
understood or apparent to those of ordinary skill in the art from
the following detailed description of the preferred embodiment
as illustrated in the various drawing figures.

Brief Description of Drawings
FIG. 1 is a functional block diagram depicting a digital

computer that incorporates a system logic controller in accor-
dance with the present invention, and which illustrates PCMCIA
sockets preferably included in such a digital computer;

FIG. 2 1is a functional block diagram depicting wvarious
functional wunits included in the system logic controller
illustrated in FIG. 1 including a power management unit;

FIG. 3 is a functional block diagram illustrating several
timed interrupt generators included in the power management unit
illustrated in FIG. 2; and

FIG. 4 is a functional block diagram depicting PCMCIA
sockets illustrated in FIG. 1.

Best Mode for Carrying Out the Invention
FIG. 1 is a functional block diagram depicting a digital

computer identified by the general reference character 10. The
computer 10 includes an IC CPU 12 that is coupled to a high speed
CPU bus 14, e.g. a VLB, having both CPU address lines 16 and CPU
data lines 18. The CPd bus 14, which also includes CPU control
signal 1lines 22, couples the CPU 12 to a IC system logic
controller 24. The CPU address lines 16 of the CPU bus 14 also
couple the CPU 12 to a DRAM 26. A DRAM address and control bus
32, which includes both DRAM address lines 34 and DRAM control
signal lines 36, couples the system logic controller 24 to the
DRAM 26.

I/0 bus data lines 42 and I/O bus control signal lines 44
couple the system logic controller 24 to a first section 46 of
an I/0 bus 48, e.g. an ISA bus. A buffer 52 included in the
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computer 10 couples signals directly between the CPU address
lines 16 and CPU data lines 18 of the CPU bus 14 and the first
section 46 of the I/O bus 48. A single IC super I/O chip 54,
which provides electronic circuits for a serial port, a parallel
port, a floppy disk controller, and an interface for an IDE hard
disk drive (none of which are illustrated in FIG. 1), is also
coupled to the first section 46 of the I/O bus 48. A
bidirectional I/0 bus section isolation buffer 56 couples the
first section 46 of the I/0 bus 48 to a second section 58 of the

I/O bus 48 to which I/O cards (not illustrated in FIG. 1) may be

coupled. The I/O bus control signal lines 44 also couple the
system logic controller 24 to an IC keyboard controller 62 and
to an IC read only memory ("ROM") BIOS 64. The keyboard
controller 62 and the ROM BIOS 64 are also coupled to the second
section 58 of the I/0 bus 48.

To reduce electrical power consumption within the computer
10, those circuits within the system logic controller 24 which
do not interface directly with the I/O bus data lines 42 and the
I/0 bus control signal lines 44 of the I/O bus 48 operate with
only three (3) volts of electrical power. Conversely, those
circuits within the system logic controller 24 which interface
directly with the I/0 bus data lines 42 and the I/O bus control
signal lines 44 of the I/0 bus 48 operate with five (5) volts of
electrical power. To permit achieving an even greater reduction
in electrical power consumption, the computer 10 preferably
includes a 3V/5V buffer 66 that is coupled between the second
section 58 of the I/0 bus 48 and a 3V extension 68 of the I/0 bus
48.

The computer 10 also includes PCMCIA sockets 72 that are
coupled to the system logic controller 24 by the first section

46 of the I/0 bus 48, and by a PCMCIA control signal bus 74.

To facilitate regulation of electrical power consumption by
a computer program executed by the CPU 12, the computer 10
includes a direct port access buffer 82 that is coupled to the
system logic controller 24 by the CPU address lines 16 of the CPU
bus 14, and by direct port access control sighal lines 84. A
plurality of electrical power control signal lines 86 couple the
direct port access buffer 82 to various other units of the
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computer 10 such as a display and any backlighting for the
display, a hard disk, a floppy disk, a modem, etc. By storing
appropriate data into the direct port access buffer 82, a
computer program executed by the CPU 12 may turn such units of
the computer 10 on or off thereby regulating electrical power
consumption by the computer 10.

Referring now to the block diagram of FIG. 2 which illus-
trates various functional units included in the system 1logic
controller 24, the system logic controller 24 includes a CPU
interface controller 102 that is coupled to the CPU address lines
16, to the CPU data lines 18, and to the CPU control signal lines
22 of the CPU bus 14. The system logic controller 24 also
includes a DRAM controller 104 that is coupled to the DRAM
address lines 34 and to the DRAM control signal lines 36. The
I/0 bus control signal lines 44 are coupled to an ISA bus
controller 106 included in the system logic controller 24, while
the I/0 bus data lines 42 are coupled to a ISA bus address/data
buffer 108. The system logic controller 24 includes a peripheral
controller 112, and preferably includes a real-time clock 118 in
accordance with the descriptions set forth herein above. A
PCMCIA controller 122 included in the system logic controller 24
is coupled to the PCMCIA control signal bus 74, while a direct
port access controller- 126 included in a power management unit
128 of the system logic controller 24 is coupled to the direct
port access control signal lines 84.

Within the system logic controller 24, SLC data lines 132
and SLC address 1lines 134 couple signals between the CPU
interface controller 102 and the ISA bus address/data buffer 108,
while SLC control 1lines 136 couple signals between the CPU
interface controller 102 and the ISA bus controller 106. The SLC
address lines 134 couple signals from the CPU interface control-
ler 102 to the DRAM controller 104, while the SLC data lines 132
couple signals between the CPU interface controller 102 and both
the real-time clock 118 and the peripheral controller 112. Thus,
for example, the CPU 12 may read the date and time from the
real-time clock 118 and then store them into memory locations
within the DRAM 26. Analogously, via the SLC data lines 132 and
the SLC control lines 136, the peripheral controller 112 may
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DRAM 26 into which the time data has been stored. The SLC
control lines 136 also couple signals between the CPU interface
controller 102 and the peripheral controller 112 to permit
transmission of interrupts from the peripheral controller 112 to
the CPU 12, and to permit the computer program executed by the
CPU 12 tovcontrol the operation of the peripheral controller 112.
Periodically, the peripheral controller 112 transmits a timing
signal to the DRAM controller 104 over a DRAM refresh timing
signal line 138 which causes the DRAM controller 104 to refresh
data stored in the DRAM 26. The SLC control lines 136 and the
SLC data 1lines 132 couple signals between the CPU interface
controller 102 and the-power management unit 128 including the
direct port access controller 126. The SLC control lines 136
couple control signals between the CPU interface controller 102
and the PCMCIA controller 122 as does an extension of the I/0 bus
control signal lines 44 that is located within the system logic
controller 24.

Direct Port Access
The power management unit 128 included in the system logic

controller 24 provides a variety of functions which facilitate
power reduction within the computer 10. For example, in addition
to other features disclosed in greater detail herein, the power
management unit 128 supports CPU clock modulation, detects if the
CPU bus is idle, includes an analog-to-digital converter for
monitoring battery voltage in a battery powered computer 10, and
shadows write only registers. Specifically with regard to the
direct port access buffer 82, the power management unit 128
provides a cost-effective method by which a computer program
executed by the CPU 12 may store non time-critical power
regulation data into or read non time-critical power regulation
data from the direct port access buffer 82. '

| To store non time-critical power regulation data into the
direct port access buffer 82, I/0 Management Software ("IMS") for
the direct port access buffer 82 executed by the CPU 12 transmits
to the system logic controller 24 via the CPU bus 14 a write
command for the address of the direct port access buffer 82. The
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system logic controller 24 receives the write command from the
CPU 12, and latches the data value present on the CPU data lines
18 into a register within the system logic controller 24 (Not
illustrated in FIG. 2.). The system logic controller 24 then
asserts a HOLD control signal transmitted from the system logic
controller 24 to the CPU 12 thereby requesting that the CPU 12
suspend its operation. After the CPU 12 suspends its operation,
the CPU 12 transmits a HLDA (Hold Acknowledge) signal back to the
system logic controller 24. Furthermore, concurrently with
transmitting HLDA to the system logic controller 24, the CPU 12
tristates the CPU address lines 16. Upon receiving the HLDA
signal, the system logic controller 24 then takes over the CPU
address lines 16 to send the data from the register in the system
logic controller 24 over the CPU address lines 16 to the direct
port access buffer 82. To store the data from the system logic
controller 24 into the direct port access buffer 82, the direct
port access controller 126 first transmits a signal wvia the
direct port access control signal lines 84 to the direct port
access buffer 82 which cause the direct port access buffer 82 to
receive the data from the CPU address lines 16. After the direct
port access buffer 82 receives the data, the direct port access
controller 126 transmits a pulse via the direct port access
control signal lines 84 to the direct port access buffer 82 which
causes the data on the CPU address lines 16 to be loaded into a
register (Not separately depicted in FIG. 1) in the direct port
access buffer 82 from which such data is transmitted via the
electrical power control signal lines 86 to other units in the
computer 10. After the data has been thus stored into the direct
port access control signal lines 84, the system logic controller
24 removes the data from the CPU address lines 16 and negates the
HOLD signal to the CPU 12 which then resumes operating.

To retrieve non ti@e-critical power regulation data from the
direct port access buffer 82, IMS for the direct port access
buffer 82 executed by the CPU 12 transmits to the system logic
controller 24 via the CPU bus 14 a read command for the address
of the direct port access buffer 82. Upon receiving the read
command from the CPU 12, the system logic controller 24 immedi-
ately asserts an AHOLD control signal transmitted from the system
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logic controller 24 to the CPU 12. Upon receiving the AHOLD
signal, the CPU 12 immediately suspends the current CPU cycle,
and tristates the CPU address lines 16. The system logic
controller 24 then takes over the CPU address lines 16 so it may
read from the direct port access buffer 82. To retrieve data
from the direct port access buffer 82 to the system 1logic
controller 24, the digect port access controller 126 transmits
control signals to the direct port access buffer 82 wvia the
direct port access control signal lines 84 which cause the direct
port access buffer 82 to place the data present in the direct
port access buffer 82 onto the CPU address lines 16. The system
logic controller 24 then reads the data from the CPU address
lines 16 and latches the data into a register within the systenm
logic controller 24 (Not illustrated in FIG. 2.). The system
logic controller 24 then transmits control signals to the direct
port access buffer 82 via the direct port access control signal
lines 84 which cause the direct port access buffer 82 to
disconnect from the CPU address lines 16. The 5ystem logic
controller 24 then negates AHOLD, and at the same time places the
data that has been stored in the register onto the CPU data lines
18 from which it will be read by the CPU 12. The system logic
controller 24 then transmits a READY control signal to the CPU
12 thereby causing the CPU 12 to read the data from the CPU data
lines 18. The CPU 12 then finishes the current cycle for the CPU
bus 14, and resumes operating.

The direct port access buffer 82 of the present invention
exchanges data with the system logic controller 24 over the CPU
address lines 16 rather than the CPU data lines 18 of the CPU bus
14 to avoid placing any additional electrical load on the CPU
data lines 18. Because the CPU data lines 18 carry high speed
signals particularly between the CPU 12 and the DRAM 26, any
additional electrical load resulting from an extension of the CPU
data lines 18 to the direct port access buffer 82 could increase
the difficulty of designing the computer 10. VConversely, signals
present on the CPU address lines 16 are not as sensitive to
additional electricdl loading as those on the CPU data lines 18.
Therefore, by using the. CPU address lines 16 for exchanging data
between the system logic controller 24 and the direct port access
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buffer 82, the system logic controller 24 eases the difficulty
of designing the computer 10. By using the CPU address lines 16
for exchanging data with the direct port access buffer 82, the
system logic controller 24 also avoids increasing the number of
pins‘on its IC package.

Low Power Timed Interval Interrupt Generators
The power management unit 128 included in the system logic

~controller 24 is capable of generating a number of independently

timed interrupts that may be used in regulating electrical power
consumption by the computer 10. FIG. 3 is a block diagram
depicting several timed. interval interrupt generators 142a, 142b
thru 142n in accordance with the present invention. Each of the
timed interval interrupt generators 142a, 142b thru 142n receives
timing signals from a continuously running master clock 144 via
a timing signal lines 146. The master clock 144 has a compara-
tively long interval, e.g. one hour or longer, and a computer
program executed by the 12 may read the timing signals that are
present on the timing signal lines 146 via the SLC data lines 132
included in the system logic controller 24. In addition to
receiving timing signals from the master clock 144, each of the
timed interval interrupt generators 142a, 142b thru 142n includes
a timed interrupt output signal lines 148a, 148b thru 148n over
which the timed interrupt generator 142a, 142b -:: 142n may
transmit an interrupt to the CPU 12.

Within each of the timed interval interrupt generators 142a,
142b thru 142n, the timing signals present on the timing signal

- lines 146 are supplied to a first input of a timed event

comparator 152. - An output of each timed event comparator 152 is
coupled to the timed interrupt output signal line 148a, 148b - -
148n of the timed interrupt generator 142a, 142b --- 1l42n to
which the timed event comparator 152 belongs. Each of the timed
interval interrupt generators 142a, 142b thru 142n also includes
an interrupt time register 154 into which a computer program
executed by the CPU 12 may store a numerical value via the SLC
data lines 132 included in the system logic controller 24. 1In
particular, the computer program executed by the CPU 12 stores
a numerical value into the interrupt time register 154 which
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represents an instant in time at which the timed interrupt

‘generator 142a, 142b - -~ 142n is to generate an interrupt. Each

interrupt time register 154 supplies the numerical value which
it holds to a second input of the timed event comparator 152 with
which the interrupt time register 154 is associated. Each timed
event comparator 152 continuously compafes the number which it
receives from its associated interrupt time register 154 with the
timing signals that it receives from the master clock 144 via the
timing signal lines 146. If the numerical value which the timed
event comparator 152 receives from the interrupt time register
154 equals the timing signals that the timed event comparator 152
receives from the master clock 144, then the timed event
comparator 152 transmits an interrupt signal on the timed
interrupt output signal line 148a, 148b °-°* 148n to which it is
coupled. .

To set the instant at which one of the timed interval.
interrupt generators I42a, 142b thru 142n is to generate an
interrupt, a computer program executed by the CPU 12 first reads
the timing signals present on the timing signal lines 146 and
adds to that time value the dQuration of a timed interval after
which an interrupt is to occur. The computer program executed
by the CPU 12 then stores the number thus computed into the
appropriate interrupt time register 154 in a particular timed
interrupt generator 142a, 142b ‘- 142n. When the timing signals
from the master clock 144 equal the numerical value stored in the
interrupt time register 154, the timed interrupt generator 142a,
142b --- 142n generates an interrupt which ultimately arrives at
the CPU 12.

For example, if it were necessary to concurrently monitor
both a hard disk drive and a parallel port in the manner summa-
rized in the following table, then the sequence of operations set
forth below performs that monitoring function.

Sequence Hard Disk Parallel Port Comment

Startl 00:15 00:15
Endil 00:45 : 00:50 Service
Start2 00:46 Done
End2 , 00:26 ( Rippled ) Service
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A timer service routine executed by the CPU 12 receives a
request to monitor both the hard disk and the parallel port

to determine if any hard disk events occur during the next
30 minutes, or any parallel port events occur during the

‘next 35 minutes.

The timer service routine executed by the CPU 12 first
reads the master clock 144 which in the preceding example
generates timing signals representing the time 00:15.

The timer service routine then: '

a. adds 30 minutes to the numerical value which it read
from the master clock 144 to compute the instant at
which a hard disk drive interrupt will occur, which in
the preceding example is 00:45, and stores this
numerical value into the interrupt time register 154
for a particular timed interrupt generator 142a, 142b

142n; and

b. adds 35 minutes to the numerical value which it read
from the master clock 144 to compute the instant at
which a parallel port interrupt will occur, which in
the preceding example is 00:50, and stores this
numerical value into the interrupt time register 154
for a differént timed interrupt generator 142a, 142b

142n.

The operating system executed by the CPU 12 then waits for

an interrupt from the timed interval interrupt generators,

e.g. 1l42a and 142b.

When the numerical value of the timing signals transmitted

from the master clock 144 reach 00:45, the timed event

comparator 152 receiving that numerical wvalue from its
associated interrupt time register 154 generates a hard

disk interrupt that is transmitted to the CPU 12.

Upon receiving the hard disk interrupt, the operating

system calls a hard disk interrupt service routine to

service the interrupt.

During execution of the hard disk interrupt service rou-

tine, that routine calls the timer service routine to set

a 40 minute interval for the next hard disk interrupt.
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8. The timer service routine again reads the master clock 144
which is presently generating a numerical value represent-
ing the time 00:46.

9. The timer service routine adds 40 minutes to the numerical
value read from the master clock 144 to compute the value
01:26, and then stores the value 00:26 into the interrupt
time register 154 of the timed interrupt generator 142a,
142b --- 142n that is generating timed interrupts for the
hard disk. The value 00:26 is stored into that interrupt
time register 154 rather than the value 01:26 because in
this example the period of the master clock 144 is only one
hour long.

10. The operating system then resumes waiting for the next
interrupt from the timed interrupt generator 142a, 142b - --
142n.

11. When the numerical value generated by the master clock 144
reaches 00:50, the timed event comparator 152 receiving
that numerical value from its associated interrupt time
register 154 generates a parallel port interrupt that is
transmitted to the CPU 12.

12. Upon receiving the parallel port interrupt, the operating
system calls a parallel port interrupt service routine to
service the interrupt.

13. When the numerical value generated by the master clock 144
reaches 00:26, the timed event comparator 152 receiving
that numerical value from its associated interrupt time
register 154 genérates a second hard disk interrupt that is
transmitted to the CPU 12.

The timed interval interrupt generators 142a, 142b thru 142n
as described above that are included in the system logic
controller 24 consume a lesser amount of electrical power than
an equal number of independent timers because a CMOS IC consumes
electrical power in proportion to the number of circuits which
change state (i.e. change from a 0 to a 1 or from a 1 to a 0)
during some interval of time. Conversely, a modern CMOS IC
maintaining a state consumes virtually no power. If separate
timers were used for each event, then because each timer must
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continuously keep incrementing in order to keep time, each timer
continuously consumes power. Conversely, in the present
invention each of the timed interval interrupt generators 142a,
142b thru 142n consumes electrical power only when the timer
service routine stores a numerical value into the interrupt time
register 154, and when the timed event comparator 152 generates
an interrupt because it detects coincidence between the numerical
value that it receives from the master clock 144 and from its
associated interrupt time register 154. Accordingly, the timed
interval interrupt generators 142a, 142b thru 142n significantly
reduce electrical power consumption by a system logic controller
24 which is concurrently timing a number of different events.
To facilitate generating a succession of interrupts each of
which are separated by the same duration in time from the immedi-
ately preceding and from the immediately succeeding interrupt,
each of the timed interval interrupt generators 142a, 142b thru
142n preferably includes an interrupt interval register 156. Via
the SLC data lines 132, a computer program executed by the CPU
12 may store a numerical value into the interrupt interval
register 156 that represents a duration of time between succes-
sive interrupts. Each of the timed interval interrupt generators
142a, 142b thru 142n also preferably includes an adder 158 having
a first input which receives the numerical value present in the-
interrupt interval register 156. The interrupt time register 154
in each of the timed interval interrupt generators 142a, 142b
thru 142n supplies the numerical value which it holds to a second
input of the adder 158. The adder 158 in each of the timed
interval interrupt generators 142a, 142b thru 142n stores the
result of any addition operation back into the interrupt time
register 154 from which it receives a numerical value. Each
timed event comparator 152 supplies its output signal as a
trigger signal to the adder 158 included in the timed interval
interrupt generators 142a, 142b thru 142n to which it belongs.
Accordingly, when a time a timed event comparator 152 generates
an interrupt, the adder 158 with which it is associated adds
together the numerical values present both in the interrupt
interval register 156 and in the interrupt time register 154, and
then stores the result of that addition back into the interrupt
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time register 154. Thus, if the numerical value stored in the
interrupt interval register 156 is greater than zero, the timed
interrupt generator 142a, 142b °*- 142n automatically generates
a succession of interrupts each one of which follows the
immediately preceding interrupt by a duration of time specified
by the numerical value present in the interrupt interval register
i56.

Two different methods may be employed with the timed
interval interrupt generators 142a, 142b thru 142n for determin-
ing which of several timed interrupt generator 142a, 142b ---
142n generated an interrupt. The present invention is compatible
with the traditional method employed with conventional multiple
timer systems. 1In such a traditional system, the power manage-
ment unit 128 includes a timed interrupts register 162 which
receives the output signals from all of the timed interval
interrupt generators 142a, 142b thru 142n via the timed interrupt
output signal lines 148a, 148b thru 148n. With this alternative
strategy for identifying the source of an interrupt, when a timed
interrupt occurs, an interrupt service routine executed by the
CPU 12 reads the state of all the timed interval interrupt
generators 142a, 142b° thru 142n from the timed interrupts
register 162 via the SLC data lines 132 to determine which one
of several timed interval interrupt generators 142a, 142b thru
142n generated an interrupt. Alternatively, a specific device
to be serviced in response to a timed interrupt may be identified
if the timer service routine also stores the numerical value
present in each interrupt time register 154 into a table which
correlates the numerical value of an interrupt time with a device
to be serviced at the specified time. When an interrupt occurs,
the interrupt service routine first reads the value from the
master clock 144 and compares it with the time values stored by
the timer service routine into the table, and then services the
devicé whose interrupt time value matches the time value read
from the master clock 144.

11/

A1

/1/
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suspend Mode Operation
In addition to a normal full-power operating mode, the

system logic controller 24 is capable of placing the computer 10
into any one of three successively lower power operating modes
to donserve electrical power. In the first power conservation
mode called "sleep mode," the system logic controller 24 blocks
the transmission of clock signals to all of the computer 10
except to the peripheral controller 112, the DRAM controller 104,
and the real-time clock 118 included in the system logic
controller 24, and to the DRAM 26. In the next lower power
consumption operating mode called "5V Suspend, " the system logic
controller 24 also turns off electrical power to all of the
computer 10 except to the peripheral contreoller 112, the DRAM
controller 104, and the real-time clock 118 included in the
system logic controller 24, and to the DRAM 26. Thus, in the 5V
Suspend operating mode, the CPU 12 and the PCMCIA controller 122
receive no electrical power, and therefore loose all information
about the state of the computer 10 which existed immediately
before power is turned off. In the lowest power consumption
operating mode called "0V Suspend," the system logic controller
24 turns off everything in the computer 10 except the real-time
clock 118 included in the system logic controller 24. A computer
program executed by the CPU 12 causes the system logic controller
24 to place the computer 10 into one of these three power
conservation operating modes in response to an appropriate SMI
interrupt. )

The system logic controller 24in accordance with the present
invention permits the operating system controlling the operation
of the computer 10 to quickly resume operating after entering the
5V suspend mode of operation in which electrical power is removed
from the CPU 12. To permit quickly resuming operation of the
computer 10, if a SMI interrupt occurs that specifies the 5V
Suspend mode of operation, then the system  logic controller 24
stores all CPU internal data and states to a first preestablished
area in the DRAM 26, e.g. A000:XXXXh. After the CPU internal
data and states have been stored into this first physical memory
area, the system logic controller 24 transmits signals to the CPU
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12 which request that a power management routine ("PMR") executed

by the CPU 12:

1. disable the first physical memory area so data will no
“longer be stored into that area of the DRAM 26; and

2. establish an address to a second preestablished area in the

DRAM 26, e.g. 3F000:XXXXh, into which the system logic

controller 24 will store CPU internal data and states in

response to a subsequent SMI that specifies a suspend mode

of operation.
Then the PMR stores information, e.g. sets a single bit, in the
system logic controller 24 which records the occurrence of the
preceding change in physical memory areas. After the PMR has
stored this SMI state information into the system logic control-
ler 24, the system logic controller 24 through data stored into
the direct port access_buffer 82 turns off electrical power to
the CPU 12 and other units included in the computer 10 while
continuing to supply electrical power to the peripheral control-
ler 112, to the DRAM controller 104, to the real-time clock 118,
and to the DRAM 26, and while continuing to refresh the DRAM 26
while awaiting the occurrence of a resume event, e.g. opening of
a notebook computer case or typing on the keyboard of the
domputer 10.

Upon the occurrence of a resume event, the system logic
controller 24 restores electrical power to the CPU 12 thereby
ultimately causing the CPU 12 to resume execution of the PMR.
When the PMR which 1is executed in response to reapplying
electrical power to the CPU 12 detects that the SMI state

- information has been stored in the system logic controller 24,

that PMR then requests the system logic controller 24 to generate
a "fake" SMI to the CPU 12 that specifies a suspend mode of
operation. This "fake" SMI causes the then existing internal
data and states of the CPU 12 to be stored into the second
preestablished area in the DRAM 26, e.g. 3F000:XXXXh. After the
system logic controller 24 has stored the CPU internal data and
states into the second preestablished area in the DRAM 26 in
response to the "fake" SMI, the PMR executed in response to the
"fake" SMI detects that SMI state information has been presefved
within the system logic controller 24. Upon detecting the SMI
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state information has been stored in the system logic controller
24, the PMR being executed by the CPU 12 in response to the
"fake" SMI disables the second preestablished area in the DRAM
26, e.g. 3F000:XXXXh so data cannot be stored into or retrieved
from that area, and .the PMR then reestablishes the first
preestablished area in the DRAM 26, e.g. A000:XXXXh, into which
CPU internal data and states were stored in response to the
initial SMI. Upon reestablishment of the first preestablished
area in the DRAM 26, the system logic controller 24 terminates
the 5V Suspend mode of operation immediately after which
execution of the PMR by the CPU 12 restores the CPU internal data
and states to that previously stored in the first preestablished
area in the DRAM 26 in response to the initial SMI.

By permitting the establishment of the second area in the
DRAM 26 for the storage of the CPU internal data and states in
response to the "“fake" SMI, the system logic controller 24
permits restoring the operating state of the CPU 12 with only a
few computer program instruction in comparison with the many
computer program instructions that must be executed to retrieve
CPU internal data and states stored on a hard disk. Furthermore,
the use of the second preestablished area for the storage of CPU
internal data and states when resuming operation avoids any need
to save the first CPU internal data and states to a hard disk.
By eliminating any need to access a hard disk for saving and
restoring the CPU internal data and states, the 5V Suspend mode
of operation disclosed above permits operation of the CPU 12 to
be restored more gquickly, and consumes a lesser amount of
electrical energy in saving and restoring the CPU internal data
and states. Finally, the present invention avoids any possibili-
ty that there might be insufficient space available on the hard
disk to store the initial CPU internal data and states.

High Speed IDE Hard Disk I/O

Referring now to FIG. 1, the system logic controller 24 of
the present invention operates in conjunction with super I/0 chip
54 to provide both an ISA bus speed interface to an IDE hard disk
drive (Not depicted in any of the FIGs.), or a higher speed
interface to the IDE hard disk drive which approaches the speed
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of the VLB. To provide the higher speed interface to an IDE hard
disk drive, the system logic controller 24 monitors the I/fO

device address to which a computer program executed by the CPU -
12 attempts to read or write. If the CPU 12 attempts to access

~the IDE hard disk drive through the super I/0 chip 54, then the

system logic controller 24 exchanges signals between the CPU bus
14 and the I/O bus 48 at the higher speed rather than at the
slower ISA bus speed. Since the super I/O chip 54 is capable of
operating at the higher speed, the super I/O chip 54 passes the
higher speed operation’‘of the I/0 bus 48 directly onto the IDE
hard disk drive. To prevent the higher speed signals present on
the first section 46 of the I/O bus 48 from reaching I/0 cards
attached to the I/O bus 48, before accessing the IDE drive at
higher speeds the system logic controller 24 transmits a control
signal to the I/0 bus section isolation buffer 56 which causes
the I/0 bus section isolation buffer 56 to isolate the second
section 58 of the I/0O bus 48 from the first section 46 of the I/0O
bus 48 while the system logic controller 24 operates the first
section 46 of the I/0 bus 48 at the speed of the CPU bus 14.

PCMCIA Over-~Voltage Protection
Referring now to FIG. 2, because the system logic controller

24 of the present invention includes both the power management
unit 128 and the PCMCIA controller 122, it can prevent damage to
a PCMCIA card inserted into the PCMCIA sockets 72 when the
computer 10 incorporating the system logic controller 24 chip
resumes operating after having entered a 5V Suspend mode of
operation such as that described herein above. The power
management unit 128 included in the system logic controller 24
prevents the PCMCIA controller 122 from applying an excessively

"high voltage to the PCMCIA card by providing the PCMCIA control-

ler 122 with a control signal when the computer 10 resumes
operating in its higher power mode that is électrically equiva~
lent to the signal provided to the PCMCIA controller 122 by the
PCMCIA card's CD pin. Accordingly, immediately upon resuming
operation in the higher power mode the control signal provided
by the power management unit 128 to the PCMCIA controller 122
causes the PCMCIA controller 122 to interrogate the PCMCIA cards
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3V/5V pin to determine the PCMCIA card's operating voltage, after

which the PCMCIA controller 122 applies the proper voltage to the
PCMCIA card.

High Bpeed Operation For PCMCIA Cards
Conventional PCMCIA controllers connect to the I/0O bus 48.

Consequently, the operating speed of any PCMCIA card plugged into
a PCMCIA socket connected to such a PCMCIA controller is limited
to the operating speed of the I/0 bus 48. However some of the
devices, e.g. Flash memory solid state disks, that are being
incorporated into PCMCIA cards are capable of operating at much
higher speeds than the speed of the I/0O bus 48.

Fig. 4 depicts the preferred embodiment of the PCMCIA
sockets 72 included in the computer 10. The PCMCIA sockets 72
preferably includes a'Type 2 PCMCIA socket 172 and a Type 3
PCMCIA socket 174 either of which may receive an appropriate
PCMCIA card (Not illustrated in any of the FIGs.). The PCMCIA
control signal bus 74 connects directly in parallel to the PCMCIA
sockets 172 and 174 for exchanging control signals therewith.
Conversely, the first section 46 of the I/0 bus 48 connects
through bidirectional PCMCIA buffers 176 and 178 respectively to
the PCMCIA sockets 172 and 174 for exchanging data signals
therewith. Control signals supplied to the PCMCIA buffers 176
and 178 via the PCMCIA control signal bus 74 enable one or the
other of the PCMCIA buffers 176 or 178 for exchanging signals
between the I/0 bus 48 and a PCMCIA card plugged into the PCMCIA
socket 172 or into the PCMCIA socket 174.

To permit effective utilization of PCMCIA cards having a
capacity to operate at speeds higher than the ISA bus speed, the
ISA bus address/data buffer 108 detects the presence of such a
PCMCIA card in either of the PCMCIA sockets 172 and 174. If the
PCMCIA controller 122 detects that a PCMCIA card capable of
operating only at the slower ISA bus speed is inserted into the
PCMCIA sockets 72, then the PCMCIA controller 122 selects signals
supplied to it by the system logic controller 24 to operate the
PCMCIA card at the ISA bus speed. However, if the PCMCIA
controller 122 detects that a PCMCIA card inserted in the PCMCIA
sockets 72 is capable of operating at a higher speed, then the
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PCMCIA controller 122 selects signals supplied to it by the
system logic controller 24 to operate the PCMCIA card at a faster
bus speéd, while the system logic controller 24 concurrently
transmits a control signal to the I/O bus section isolation

5 buffer 56 which causes the I/0 bus section isolation buffer 56
to isolate the second section 58 of the I/O bus 48 from the first
section 46 of the I/0 bus 48.

Industrial Applicability
10 By including the 3V/5V buffer 66 and the 3V extension 68 of

the I/O bus 48, +the computer 10 may further reduce powver
consumption by using three (3) volt ICs for the keyboard
controller 62 and the ROM BIOS 64 which connect to the 3V
extension 68 of the I/O bus 48 (Not illustrated in FIG. 1)
15 instead of the five (5) volt ICs that are depicted in FIG. 1.

An essential element in the 5V Suspend operating mode
provided by the system logic controller 24 is that after all the
internal data and states of the CPU 12 have been stored into the
first preestablished area in the DRAM 26 in response to the first

20 SMI interrupt, the system logic controller 24 prevents overwrit-
ing the data stored in that area of the DRAM 26 in response to
a second fake SMI interrupt. While the preferred embodiment of
the present invention prevents overwriting the data through the
technique of providing a second preestablished area in the DRAM

25 26 for storage of the internal data and states of the CPU 12, the
5V Suspend operating mode disclosed herein is compatible with any
alternative technique that prevents overwriting the internal data
and states of the CPU 12 stored in the first preestablished area
of the DRAM 26.

.30 Depending upon details of the design of the system logic
controller 24, the master clock 144 may be a separate circuit
included in the power management unit 128. Alternatively, if the
system logic controller 24 includes the real-time clock 118 as
in the preferred embediment depicted in FIG. 2, then the

35 real-time clock 118 ma&'provide the timing signals via the timing
signal 1lines 146 to each timed event comparator 152. The
~interrupt time register 154 included in each of the timed
interval interrupt generators 142a, 142b thru 142n is preferably
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eight bits 1long. To permit generation of interrupts by the
system logic controller 24 at intervals of time which differ by
more than a factor of two hundred and fifty six (256), lower
order bits in the timing signals generated by the master clock
144 are supplied to the timed event comparator 152 included in
some of the timed interval interrupt generators 142a, 142b thru
142n, while higher order bits in the timing signals are supplied
to the timed event comparator 152 included in other timed
interval interrupt generators 142a, 142b thru 142n. Thus, the
timed interwval interrupt generators 142a, 142b thru 142n which
receive the lower order bits of the timing signals may be used
to generate interrupts for which the time interval is compara-
tively short, while those timed interval interrupt generators
142a, 142b thru 142n which receive the higher order bits of the
timing signals are used to generate interrupts for which the time
interval is comparatively long.

In current practical application, the system logic control-
ler 24 may operate an IDE drive through the super I/0 chip 54 or
may operate a PCMCIA card through the PCMCIA controller 122 at
a clock speed between 12 and 24 WMHz which is specified by
configuration data supplied to the system logic controller 24.

Although the present invention has been described in terms
of the presently preferred embodiment, it is to be understood
that such disclosure is purely illustrative and is not to be
interpreted as limiting. Consequently, without departing from
the spirit and scope of the invention, various alterations,
modifications, and/or alternative applications of the invention
will, no doubt, be suggested to those skilled in the art after
having read the preceding disclosure. Accordingly, it is intended
that the following claims be interpreted as encompassing all -
alterations, modifications, or alternative applications as fall
within the true spirit and scope of the invention.
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The Claims
What is claimed is:
1. An improved system logic controller for use in a

digital computer that includes a central processing unit which
is coupled to a CPU bus having CPU addtess lines and CPU data
lines, said system logic controller being coupled to the CPU
address lines and to the CPU data lines, and including a CPU
interface controller, a DRAM controller, a I/O bus controller,
and a peripheral controller; wherein the improvement comprises:

a direct port access buffer included in the digital computer
that is coupled to the CPU address lines and which stores data
for regulating electrical power consumption by the digital
computer; ’

a power management unit included in said system logic
controller for generating power management signals used in
regulating electrical power consumption by the digital computer,
said power management unit including a direct port access
controller for supplying direct port access control signals to
the direct port access buffer; said system logic controller, upon
receiving an I/0 command from the central processing unit that
specifies an I/O operation between the central processing unit
and the direct port access buffer, transmitting a hold control
signal to the central processing unit requesting that the central
processing unit halt operation; the central processing unit, upon
receiving the hold control signal from said system logic
controller, ‘halting operation and tristating the CPU address
lines; after the central processing unit has tristated all the
CPU address lines, the direct port access controller transmitting
a direct port access control signal to the direct port access
buffer which causes an exchange of data between the direct port
access buffer and said system logic controller over the CPU
address lines; and after data has been exchénged between the
direct port access buffer and said system logic controller, said
system logic controller transmitting a signal to the central
processing unit which causes the central processing unit to
resume operation.
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2. The improved system logic controller of claim 1 wherein
the I/0 command received by said system logic controller from the
central processing unit is a write command; upon said system
logic controller receibing the write command from the central
processing unit, said system logic controller reading and storing
data placed on the CPU data lines by the central processing unit
before said system logic controller transmits the hold control
signal to the central processing unit; after said system logic
controller transmits the hold control signal to the central
processing unit and before said system logic controller exchanges
data with the direct port access buffer, said system logic
controller receiving a hold acknowledge signal from the central
processing unit notifying said system logic controller that
central processing unit operation has halted and that all the CPU
address 1lines have been tristated; and said system 1logic
controller then placing the data received from the central
processing unit onto the CPU address lines while said direct port
access controller transmits the direct port access control signal
to the direct port access buffer which causes the direct port
access buffer to latch the data present on the CPU address lines

into the direct port access buffer.

3. The improved system logic controller of claim 1 wherein
the I/0 command received by said system logic controller from the
central processing unit is a read command; said system logic
controller upon receiving the read command from the central
processing unit, transmitting the hold control signal from said
system logic controller to the central processing unit which
causes the central processing unit to immediately halt operating
and tristate the CPU address 1lines; the direct port access
control signal transmitted by the direct port access controller
to the direct port access buffer causing the direct port access
buffer to place data fthen present in the direct port access
buffer onto the CPU address lines from which said system logic
controller then reads and stores the data present on the CPU

-address lines; after said system logic controller has stored the

data read from the CPU address lines, said system logic control-
ler placing the data onto the CPU data lines and releases the
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hold control signal transmitted from said system logic controller
to the central processing unit thereby permitting the central
processing unit to read the data from the CPU data lines.

4. The improved system logic controller of claim 1 wherein
said power management unit further includes a plurality of low-
power timed interval interrupt generators each timed interval
interrupt generator being adapted for generating a power
management timed interrupt for transmission from said systen
logic controller to the central processing unit, each timed
interval interrupt generator including:

a timed event comparator which respectively generates
the power management timed interrupt, all of said timed
event comparators in said power management unit simulta-
neously receiving timing signals generated by a single
continﬁously running master clock, said system 1logic
controller also permitting a computer program executed by
the central processing unit to read the timing signals
generated by the master clock; and

an interrupt time register into which a computer
program executed by the central processing unit may caused
to be stored time data representing a specific moment in
time at which said timed event comparator is to generate a
power management timed interrupt, each timed event
comparator continuously comparing the timing signals
received from the master clock with the time data stored in
the interrupt time register and generating a power manage-
ment timed interrupt when the stored time data eguals the
timing signals.

5. The improved system logic controller of claim 4 wherein -
said system logic controller is also coupled to DRAM address
lines; the digital computer also including a dynamic random
access memory that is coupled to the CPU data lines and to the
DRAM address lines; the central processing unit in response to
a system management interrupt that specifies a suspend mode of
operation, storing all CPU internal data and states to a
preestablished area in the dynamic random access memory and then
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removing electrical power from the central processing unit; and
in response to a resume event, restoring electrical power to the
central prdcessing unit after which the central processing unit
executes another system management interrupt; wherein the
improvement further comprises:
upon the occurrence of an 1initial system management
interrupt which specifies the suspend mode of operation said
system logic controller:
a. providing a memory address to a first physical memory
SMI data storage area in the dynamic random access memory
for storage of the CPU internal data and states in response
to the initial system management interrupt, after the CPU
internal data and- states have been stored into the first
physical memory SMI data storage area, the central process-
ing unit executing a SMI power management routine which:
i. alters dynamic random access memory addressing by
the system logic controller so the CPU internal
data and states stored in the first physical
memory SMI data storage area cannot be overwrit-
ten; and
ii. preserves within said system logic controller SMI
state information indicating that said system
logic controller has caused the CPU internal data
and states to be stored into the first physical
memory SMI data storage area,;
b. placing the digital computer in a power suspend mode
of operation in which said system logic controller removes
electrical power from the central processing unit while the
system logic controller continues to supply electrical
power to the dynamic random access memory and continues to
refresh the dynamic random access memory while awaiting an
occurrence of a resume event;
c. after a resume event occurs, festoring electrical
power to the central processing unit thereby resuming
execution of a power management routine which, upon detec-
ting that SMI state information has been stored in said
system logic controller, directs said system logic control-
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ler to generate a fake system management interrupt to the
central processing unit;
4a. said system 1logic controller generating the fake
- system management interrupt thereby causing the central
processing unit to resume executing the SMI power manage-
ment routine which, upon detecting that SMI state informa-
tion has been preserved within said system logic control-
ler, restores dynamic random access memory addressing by
the system logic controller to the first physical memory
SMI data storage area into which CPU internal data and
states were stored in response to the initial system
management interrupt; and
e. terminating the power suspend mode of operation
immediately after which execution of the SMI power manage-
ment routine by the central processing unit restores the
CPU internal data and states to that previously stored in
the first physical memory SMI data storage area.

6. The improved system logic controller of claim 5 wherein
the digital computer also includes a super I/0 chip that includes
electronic circuits for providing a hard disk drive interface;
said system logic controller being coupled by a first section of
an I/0 bus to the super I/0 chip for exchanging signals with the
super I/O chip, and being adapted for being coupled by a second
section of the I/0 bus for exchanging signals with other I/O
cards that may be included in the digital computer, said system
logic controller exchanging signals via the I/O bus with the

- super I/0 chip and with other I/0 cards that may be included in

the digital computer at a slower I/0 bus speed; wherein the
digital computer further includes:

a bidirectional I/O bus section isolation buffer disposed
in the I/O bus between the first section of the I/0 bus and the
second section of the'I/O bus for selectively isolating the
second section of the I/0 bus from the first section of the I/0
bus in response to an I/O bus isolation control signal generated
by said system logic controller; and

wherein the improvement in said system logic controller
further comprises:
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a hard disk access detection circuit for detecting I/0O
accesses by a computer program executed by the central processing
unit to the hard disk drive interface included in the super I/O
chip; said system logic controller during I/O accesses to the
hard'disk drive interface transmitting the I/O bus isolation
control signal to the I/0 bus section isolation buffer for
isolating the second section of the I/O0 bus from the first
section of the I/O bus; and while the I/O bus section isolation
buffer isolates the second section of the I/0O bus from the first
section said system logic controller exchanging signals via the

I/O0 bus with the super I/O0 chip at a faster CPU bus speed.

7. The improved system logic controller of claim 6 wherein
said system logic controller further comprises a PCMCIA control-
ler; the PCMCIA controller being adapted for exchanging PCMCIA
control signals with a PCMCIA card inserted into a PCMCIA socket
included in the digital computer; while the PCMCIA controller is
operating, the PCMCIA controller, in response to a CD signal
generated upon insertion of a PCMCIA card into the PCMCIA socket,
interrogating the PCMCIA card to determine if the PCMCIA card
operates at a first lower voltage or at a second higher voltage;
said power management unit included in said system logic
controller generating power management signals which turn off the
PCMCIA controller to reduce electrical power consumption by the
digital computer, and subsequently generating power management
signals which turn on the PCMCIA controller, such power manage-
ment signals including a PCMCIA power restoration control signal
transmitted from said power management unit to the PCMCIA
controller which within the PCMCIA controller simulates an
occurrence of the CD signal, whereby the PCMCIA controller deter-
mines if any PCMCIA card then present in the PCMCIA socket
operates at the first lower voltage or at the second higher
voltage every time the power management signals turn the PCMCIA

controller on.

8. The improved system logic controller of claim 7 wherein
said system logic contrepller is coupled by a first section of the
I/0 bus to the PCMCIA socket for exchanging PCMCIA data signals
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with a PCMCIA card inserted in the PCMCI2A socket; said PCMCIA
controller detecting whether a PCMCIA card inserted into the
PCMCIA socket possesses a speed capability for operating at the
faster CPU bus speed of the CPU bus or is limited to operating
at the slower I/0 bus speed of the I/O bus; said system logic
controller supplying signals to said PCMCIA controller which
permit said PCMCIA controller to selectively operate a PCMCIA
card inserted into the PCMCIA socket either at the slower I/O bus
speed of the I/0 bus or at the faster CPU bus speed of the CPU
bus depending upon the speed capability of the PCMCIA card; said
system logic controller including a PCMCIA card access detection
circuit for detecting I/O accesses by a computer program executed
by the central processing unit to a PCMCIA card inserted into the
PCMCIA socket, and for transmitting the I/0 bus isolation control
signal to the I/0 bus section isolation buffer for isolating the
second section of the I/O bus from the first section of the I/0
bus if said PCMCIA controller operates the PCMCIA card at the
faster CPU bus speed.

9. The improved system logic controller of claim 1 wherein
said system logic controller is also coupled to DRAM address
lines; the digital computer also including a dynamic random
access memory that is coupled to the CPU data lines and to the
DRAM address lines; the central processing unit in response to
a system management interrupt that specifies a suspend mode of
operation, storing all CPU internal data and states to a
preestablished area in the dynamic random access memory and then
removing electrical power from the central processing unit; and
in response to a resume event, restoring electrical power to the
central processing unit after which the central processing unit

" executes another system management interrupt; wherein the

improvement further comprises:
upon the occurrence of an initial  system management
interrupt which specifies the suspend mode of operation said
system logic controller:
a. providing a memory address to a first physical memory
SMI data storage area in the dynamic random access memory
for storage of the CPU internal data and states in response
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to the initial system management interrupt, after the CPU
internal data and-. states have been stored into the first
physical memory SMI data storage area, the central process-
ing unit executing a SMI power management routine which:
1. alters dynamic random access memory addressing by
the system logic controller so the CPU internal
data and states stored in the first physical
memory SMI data storage area cannot be overwrit-
ten; and
ii. preserves within said system logic controller SMI
state information indicating that said system
logic controller has caused the CPU internal data
and states to be stored into the first physical
memory SMI data storage area,;
b. placing the digital computer in a power suspend mode
of operation in which said system logic controller removes
electrical power from the central processing unit while the
system logic controller continues to supply electrical
power to the dynamic random access memory and continues to
refresh the dynamic random access memory while awaiting an
occurrence of a resume event;
c. after a resume event occurs, restoring electrical
power to the central processing unit thereby resuming
execution of a power management routine which, upon detec-
ting that SMI state information has been stored in said
system logic controller, directs said system logic control-
ler to generate a fake system management interrupt to the
central processing unit;
a. said system 1logic controller generating the fake
system management interrupt thereby causing the central
processing unit to resume executing the SMI power manage-
ment routine which, upon detecting that SMI state informa-
tion has been preserved within said system logic control-
ler, restores dynamic random access memory addressing by
the system logic controller toc the first physical memory
SMI data storage area into which CPU internal data and
states were stored in response to the initial system
management interrupt; and
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e. terminating the power suspend mode of operation
immediately after which execution of the SMI power manage-
ment routine by the central processing unit restores the
CPU internal data and states to that previously stored in
the first physical memory SMI data storage area.

10. The improved system logic controller of claim 1 wherein
the digital computer also includes a super I/0 chip that includes
electronic circuits for providing a hard disk drive interface;
said system logic controller being coupled by a first section of
an I/0 bus to the super I/0 chip for exchanging signals with the
super I/0 chip, and being adapted for being coupled by a second
section of the I/0O bus for exchanging signals with other I/O
cards that may be included in the digital computer, said system
logic controller exchanging signals via the I/0 bus with the
super I/0 chip and with other I/O cards that may be included in
the digital computer at a slower I/0 bus speed; wherein the
digital computer further includes:

a bidirectional I/O bus section isolation buffer disposed
in the I/O0 bus between the first section of the I/0 bus and the
second section of the I/0 bus for selectively isolating the
second section of the f/o bus from the first section of the I/O
bus in response to an I/O bus isolation control signal generated
by said system logic controller; and

wherein the improvement in said system logic controller
further comprises:

'a hard disk access detection circuit for detecting I/0
accesses by a computer program executed by the central processing
unit to the hard disk drive interface included in the super I/O
chip; said systém logic controller during I/O0 accesses to the
hard disk drive interface transmitting the I/O bus isolation
control signal to the I/0 bus section isolation buffer for
isolating the second section of the I/O bus from the first
section of the I/0 bus, and while the I/O bus section isolation
buffer isolates the second section of the I/0 bus from the first
section said system logic controller exchanging signals via the
I/0 bus with the super I/0 chip at a faster CPU bus speed.
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11. The improved system logic controller of claim 1 wherein
said system logic controller further comprises a PCMCIA control-
ler; the PCMCIA controller being adapted for exchanging data with
a PCMCIA card inserted into a PCMCIA socket included in the
digital computer; while the PCMCIA controller is operating, the
PCMCIA controller, in response to a CD signal generated upon
insertion of a PCMCIA card into the PCMCIA socket, interrogating
the PCMCIA card to determine if the PCMCIA card operates at a
first lower voltage or at a second higher voltage; said power
management unit included in said system 1logic controller
generating power management signals which turn off the PCMCIA
controller to reduce electrical power consumption by the digital
computer, and subsequently generating power management signals
which turn on the PCMCIA controller, such power management
signals including a PCMCIA power restoration control signal
transmitted from said power management unit to the PCMCIA
controller which within the PCMCIA controller simulates an
occurrence of the CD signal, whereby the PCMCIA controller
determines if any PCMCIA card then present in the PCMCIA socket
operates at the first lower voltage or at the second higher
voltage every time the power management signals turn the PCMCIA
controller on.

12. The improved system logic controller of claim 1 wherein
said system logic controller is adapted for being coupled by a
first section of an I/Q bus to a PCMCIA socket included in the
digital computer for exchanging PCMCIA data signals with a PCMCIA
card inserted in a PCMCIA socket, and is also adapted for being
coupled by a second section of the I/0 bus for exchanging signals
with other I/0 cards that may be included in the digital computer
with which said system logic controller exchanges signals via the
I/0 bus at a slower I/O bus speed; and wherein the digital
computer further includes: _

a bidirectional I/O bus section isolation buffer disposed
in the I/0 bus between the first section of the I/0 bus and the
second section of the I/O0 bus for selectively isolating the
second section of the I/0 bus from the first section of the I/0
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bus in response to an I/0 bus isolation control signal generated
by said system logic controller;

said system logic controller further comprising a PCMCIA
controller adapted for exchanging PCMCIA control signals with a
PCMCIA card inserted into the PCMCIA socket; said PCMCIA
controller detecting whether a PCMCIA card inserted into the
PCMCIA socket possesses a speed capability for operating at a
faster CPU bus speed of the CPU bus or is limited to operating
at the slower I/O bus speed of the I/0 bus; said system logic
controller including a PCMCIA card access detection circuit for
detecting I/0 accesses by a computer program executed by the
central processing unit to a PCMCIA card inserted into the PCMCIA
socket, and supplying signals to said PCMCIA controller which
permit said PCMCIA controller to selectively operate a PCMCIA
card inserted into the PCMCIA socket either at the slower I/0 bus
speed of the I/0O bus or at the faster CPU bus speed of the CPU
bus depending upon the speed capability of the PCMCIA card; said
system logic 'controller transmitting the I/O bus 1isolation
control signal to the I/0 bus section isolation buffer for
isolating the second section of the I/0 bus from the first
section of the I/O0 bus if said PCMCIA controller operates the
PCMCIA card at the faster CPU bus speed. '

13. An improved system 1logic controller for use in a
digital computer that includes a central processing unit which
is coupled to a CPU bus having CPU address lines and CPU data
lines; said system logic controller being coupled to the CPU
address lines and to the CPU data lines, and including a CPU
interface controller, a DRAM controller, a I/0 bus controller,
and a peripheral controller; wherein the improvement comprises:

a power managément unit included in said system 1logic
controller for generating power management signals used in
regulating electrical power consumption by the &igital computer,
said power management unit including a plurality of low-power
timed interval interrupt generators each timed interval interrupt
generator being adééted for generating a power management timed
interrupt for transmission from said system logic controller to
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generator including:

a timed event comparator which respectively generates
the power management timed interrupt, all of said timed
event comparators in said power management unit simulta-
neously receiving' timing signals generated by a single
continuously running master clock, said system logic
controller also permitting a computer program executed by
the central processing unit to read the timing signals
generated by the master clock; and

an interrupt time register into which a computer
program executed by the central processing unit may caused
to be stored time data representing a specific moment in
time at which said timed event comparator is to generate a
power management timed interrupt, each timed event
comparator continuously comparing the timing signals
received from the master clock with the time data stored in
the interrupt time register and generating a power manage-
ment timed interrupt when the stored time data equals the
timing signals.

14. The improved system logic controller of claim 13
wherein said power management unit includes the master clock that
supplies the timing signals received by all said timed event

comparators.

15. The improved system logic controller of claim 13
wherein said system logic controller includes a real time clock
that supplies the timing signals received by all said timed event
comparators.

16. The improved system logic controller of claim 13
further comprising a timed interrupts register that may be read
by a computer program executed by the central processing unit,
said timed interrupts register concurrently storing the several
power management timed interrupts generated by all said timed
event comparators included in said timed interval interrupt

generator.
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17. The improved system logic controller of claim 13
wherein each timed interval interrupt generator further includes:

a plurality of interrupt interval registers into which a
computer program executed by the central processing unit may
cause to be stored time data representing a duration of time
between immediately successive power management timed interrupts;
and

an adder having a first input which receives from said
interrupt interval registers the data representing a duration of
time between immediately successive interrupts, said adder also
having a second input which receives from said interrupt time
register the data representing a specific moment in time at which
said timed event comparator is to generate a power management
timed interrupt, said adder also having an adder output which
supplies a result of any addition performed by said adder to said
interrupt time register, said adder also receiving a trigger
signal from said timed event comparator every time said timed
event comparator generates the power management timed interrupt
in response to which said adder adds together the data present
in said interrupt interval registers and in said interrupt time
register and stores the result of such addition back intoc said
interrupt time register, whereby said timed interval interrupt
generator generates a succession of power management timed
interrupts each immediately successive pair of which are
separated by the same Quration of time.

18. An improved system 1logic controller for use in a
digital computer that includes a central processing unit which
is coupled to a CPU bus having CPU address lines and CPU data
lines; said system logic controller being coupled to the CPU
address lines, to the CPU data lines and to DRAM address lines,
and including a CPU interface controller, a DRAM controller, a
I/0 bus controller, and a peripheral controller; the digital
computer also including a dynamic random access memory that is
coupled to the CPU data lines and to the DRAM address lines; the
central processing unit in response to a system management
interrupt that specifies a suspend mode of operation, storing all
CPU internal data and states to a preestablished area in the
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dynamic random access memory and then removing electrical power
from the central processing unit; and in response to a resume
event, restoring electrical power to the central processing unit
after which the central processing unit executes another system
management interrupt; wherein the improvement comprises:

upon the occurrence of an initial system management
interrupt which specifies the suspend mode of operation said

~system logic controller:

a. providing a memory address to a first physidal memory
SMI data storage area in the dynamic random access memory
for storage of the CPU internal data and states in response
to the initial system management interrupt, after the CPU
internal data and states have been stored into the first
physical memory SMI data storage area, the central process-
ing unit executing a SMI power management routine which:
i. alters dynamic random access memory addressing by
the system logic controller so the CPU internal
data and states stored in the first physical
memory SMI data storage area cannot be overwrit-
ten; and
ii. preserves within said system logic controller SMI
state information indicating that said system
logic controller has caused the CPU internal data
and states to be stored into the first physical
memory SMI data storage area,;
b. placing the digital computer in a power suspend mode
of operation in which said system logic controller removes
electrical power from the central processing unit while the
system logic controller continues to supply electrical
power to the dynamic random access memory and continues to
refresh the dynamic random access memory while awaiting an
occurrence of a resume event;
c. after a resume event occurs, restoring electrical
power to the central processing unit thereby resuming
execution of a power management routine which, upon detec-
ting that SMI state information has been stored in said
system logic controller, directs said system logic control-
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ler to generate a fake system management interrupt to the
central processing unit;

d. said system 1logic controller generating the fake
system management interrupt thereby causing the central
processing unit to resume executing the SMI power manage-
ment routine which, upon detecting that SMI state informa-
tion has been preserved within said system logic control-
ler, restores dynamic random access memory addressing by
the system logic controller to the first physiéal memory
SMI data storage area into which CPU internal data and
states were stored in response to the initial system
management interrupt; and '

e. terminating the power suspend mode of operation
immediately after which execution of the SMI power manage-
ment routine by the central processing unit restores the
CPU internal data and states to that previously stored in
the first physical memory SMI data storage area.

19. The improved system logic controller of claim 18

wherein said system logic controller:

a. alters dynamic random access memory addressing by
establishing a memory address to a second physical
memory SMI data storage area into which CPU internal
data and states will be stored in response to a
subsequent system management interrupt thereby pre-
venting overwriting of the CPU internal data and
states stored in response to the initial system
management interfupt; and ,

b. upon the occurrence of the fake system management
interrupt, causing the then existing CPU internal data
and states to be stored into the second physical
memory SMI data storage area.

20. An improved system logic controller for use in a
digital computer that includes a central processing unit which
is coupled to a CPU bus having CPU address lines and CPU data
lines, the digital computer also including a super I/0 chip that
includes electronic circuits for providing a hard disk drive
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interface; said system logic controller including a CPU interface
controller, a DRAM controller, a I/O bus controller, and a
peripheral controller, and said system logic controller being
coupled to the CPU address lines and to the CPU data lines, and
also being adapted for being coupled by a first section of an I/0
bus to the super I/0 chip for exchanging signals with the super
I/O chip, and also being adapted for being coupled by a second
section of the I/0 bus for exchanging signals with other I/0
cards that may be included in the digital computer; said system
logic controller exchanging signals via the I/O bus with the
super I/0 chip and with other I/0 cards that may be included in
the digital computer at a slower I/0 bus speed; wherein the
digital computer further includes:

a bidirectional I/0O bus section isolation buffer disposed
in the I/O0 bus between the first section of the I/0 bus and the
second section of the I/0 bus for selectively isolating the
second section of the I/0 bus from the first section of the I/0O
bus in response to an I/0 bus isolation control signal generated
by said system logic controller; and

wherein the improvement in said system logic controller

comprises:
» a hard disk access detection circuit for detecting I/0
accesses by a computer program executed by the central processing
unit to the hard disk drive interface included in the super I/0
chip; said system logic controller during I/0 accesses to the
hard disk drive interface transmitting the I/0 bus isolation
control signal to the I/O bus section isolation buffer for
isolating the second section of the I/O bus from the first
section of the I/O bus, and while the I/O bus section isolation
buffer isolates the second section of the I/O0 bus from the first
section said system logic controller exchanging signals via the
I/0 bus with the super I/0 chip at a faster CPU bus speed.

21. The improved system logic controller of claim 20
wherein the hard disk drive interface included in the super I/0

chip is an IDE hard disk drive interface.
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22. An improved system logic controller for use in a
digital computer that includes a central processing unit which

'is coupled to a CPU bus having CPU address lines and CPU data

lines; said system logic controller being coupled to the CPU
address lines and to the CPU data lines, and including a CPU
interface controller, a DRAM controller, a I/O bus controller,
and a peripheral controller; wherein the improvement comprises:

both a power management unit and a PCMCIA controller
included in said system logic controller; the PCMCIA controller
being adapted for exchanging data with a PCMCIA card inserted
into a PCMCIA socket included in the digital computer; while the
PCMCIA controller is operating, the PCMCIA controller, in
response to a CD sighal generated upon insertion of a PCMCIA card
into the PCMCIA socket, interrogating the PCMCIA card to
determine if the PCMCIA card operates at a first lower voltage
or at a second higher voltage; said power management unit
generating power management signals which turn off the PCMCIA
controller to reduce electrical power consumption by the digital
computer, and subsequently generating power management signals
which turn on the PCMCIA controller, such power management
signals including a PCMCIA power restoration control signal
transmitted from said power management unit to the PCMCIA
controller which within the PCMCIA controller simulates an
occurrence of the CD signal, whereby the PCMCIA controller
determines if any PCMCIA card then present in the PCMCIA socket
operates at the first lower voltage or at the second higher

- voltage every time the power management signals turn the PCMCIA

controller on.

23. An improved system logic controller for use in a
digital computer that includes a central processing unit which
is coupled to a CPU bus having CPU address lines and CPU data
lines; said system logic controller being coupled to the CPU
address lines and to the CPU data 1lines, and including a CPU
interface controller, a DRAM controller, a I/O bus controller,

~and a peripheral controller; wherein the improvement further

comprises:
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said system logic controller being adapted for being coupled
by a first section of an I/O bus to a PCMCIA socket included in
the digitai computer for exchanging PCMCIA data signals with a
PCMCIA card inserted in a PCMCIA socket, and also being adapted
for being coupled by a second section of the I/O bus for
exchanging signals with other I/0 cards that may be included in
the digital computer with which said system logic controller
exchanges signals via the I/0 bus at a slower I/O0 bus speed; and
wherein the digital computer further includes:

a bidirectional I/0 bus section isolation buffer disposed
in the I/0 bus between the first section of the I/O bus and the
second section of the I/0 bus for selectively isolating the
second section of the I/0 bus from the first section of the I/O
bus in response to an I/0 bus isolation control signal generated
by said system logic controller;

sajid system logic controller further comprising a PCMCIA
controller adapted for exchanging PCMCIA control signals with a
PCMCIA card inserted into the PCMCIA socket; said PCMCIA
controller detecting whether a PCMCIA card inserted into the
PCMCIA socket possesses a speed capability for operating at a
faster CPU bus speed of the CPU bus or is limited to operating
at the slower I/0 bus speed of the I/O bus; said system logic
controller including a PCMCIA card access detection circuit for
detecting I/0 accesses by a computer program executed by the
central processing unit to a PCMCIA card inserted into the PCMCIA
socket, and supplying signals to said PCMCIA controller which
permit said PCMCIA controller to selectively operate a PCMCIA
card inserted into the PCMCIA socket either at the slower I/0 bus
speed of the I/O bus or at the faster CPU bus speed of the CPU
bus depending upon the speed capability of the PCMCIA card; said

" system logic controller transmitting the I/0 bus isolation

control signal to the I/0 bus section isolation buffer for
isolating the second section of the I/O'bus from the first
section of the I/0 bus. if said PCMCIA controller operates the
PCMCIA card at the faster CPU bus speed.

24. An improved digital computer that includes a central
processing unit which is coupled to a CPU bus having CPU address
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linesuand CPU data lines, said digital computer also including
a syétem logic controller that is coupled to the CPU address
lines and to the CPU data_lihes, the system logic controller
including a CPU interface controller, a DRAM controller, a I/0

bus’ controller, and a peripheral controller, wherein the

imﬁrovement comprises:
‘a direct port access buffer that is coupled to the CPU
address lines and which stores data for regulating electrical

~ power consumption by the digital computer; and

a power management unit included in said system logic
controller for dgenerating power management signals used in
regulating electricalipowef consumption by the digital computer,
said pbWer management unit including a direct port access
controller for supplying direct port access control signals to
the direct port access buffer; said system logic controller, upon
receiving an I/O command from the central processing unit that
specifies an I/O operation between the central processing unit
and the direct port access buffer, transmitting a hold control
signal to the central processing unit regquesting that the central

.processing unit halt operation; the central processing unit, upon

receiving the hold control signal from said system 1logic

‘controller, halting operation and tristating the CPU address

lines; after the central processing unit has tristated all the
CPU address lines, the difect port access controller transmitting
a direct port access control signal to the direct port access
buffer which causes an exchange of data between the direct port
access buffer and said system logic controller over  the CPU
address lines; and after data has been exchanged between the
direct port access buffer and said system logic controller, said
system logic controller transmitting a signal to the central
processing unit which causes the central processing unit to
resume operation.

25. The improved digital computer of claim 24 wherein the
I/0 command received by said system logic controller from the
central processing unit is a write command; upon said system
logic controller receiving the write command from the central
processing unit, said system logic controller reading and storing
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data placed on the CPU data lines by the central processing unit
before said system logic controller transmits the hold control
signal to the central processing unit; after said system logic
controller transmits the hold control signal to the central
procéssing unit and before said system logic controller exchanges
data with the direct port access buffer, said system logic
controller receiving a hold acknowledge signal from the central
processing unit notifying said system logic controller that
central processing unit operation has halted and that all the CPU
address 1lines have been tristated; and said system logic
controller then placing the data received from the central
processing unit onto the CPU address lines while said direct port
access controller transmits the direct port access control signal
to the direct port access buffer which causes the direct. port
access buffer to latch the data present on the CPU address lines
into the direct port access buffer.

26. The improved digital computer of claim 24 wherein the
I/0 command received by said system logic controller from the
central processing unit is a read command; said system logic
controller upon receiving the read command from the central
processing unit, transmitting the hold control signal from said
system logic controller to the central processing unit which
causes the central processing unit to immediately halt operating
and tristate the CPU address lines; the direct port access
control signal transmitted by the direct port access controller
to the direct port access buffer causing the direct port access
buffer to place data then present in the direct port access
buffer onto the CPU address lines from which said system logic
controller then reads and stores the data present on the CPU
address lines; after said system logic controller has stored the
data read from the CPU address lines, said system logic control-
ler placing the data onto the CPU data lines and releases the
hold control signal transmitted from said system logic controller
to the central processing unit thereby permitting the central
processing unit to read the data from the CPU data lines.
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27. The improved digital computer of claim 24 wherein said
power management unit further includes a plurality of low-power
timed interval interrupt generators each timed interval interrupt
generator being adapted for generating a power management timed
intefrupt for transmission from said system logic controller to
the central processing unit, each timed interval interrupt
generator including:

a timed event comparator which respectively generates
the power management timed interrupt, all of said timed
event comparators in said power management unit simulta-
neously receiving timing signals generated by a single
continuously running master clock, said system logic
controller also permitting a computer progrém executed by
the central processing unit to read the timing signals
generated by the master clock; and

an interrupt time register into which a computer
program executed by the central processing unit may caused
to be stored time data representing a specific moment in
time at which said timed event comparator is to generate a
power . management timed interrupt, each timed event
comparator continuously comparing the +timing signals
received from the master clock with the time data stored in
the interrupt time register and generating a power manage-
ment timed interrupt when the stored time data eguals the
timing signals.

28. The improved digital computer of claim 24 wherein said

. system logic controller is also coupled to DRAM address lines;

the digital computer also including a dynamic random access
memory that is coupled to the CPU data lines and to the DRAM

"address lines; the central processing unit in response to ‘a

system management interrupt that specifies a suspend mode of
operation, storing all CPU internal data and states to a
preestablished area in the dynamic random access memory and then
removing electrical power from the central processing unit; and
in response to a resume event, restoring electrical power to the
central processing unit after which the central processing unit
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executes another system management interrupt; wherein the
improvement further comprises:
upon the occurrence of an initial system management
interrupt which specifies the suspend mode of operation said
5 system logic controller:
a. providing a memory address to a first physical memory
SMI data storage area in the dynamic random access memory
for storage of the, CPU internal data and states in response
to the initial system management interrupt, after the CPU

10 internal data and states have been stored into the first
physical memory SMI data storage area, the central process-
ing unit executing a SMI power management routine which:

i. alters dynamic random access memory addressing by
the system logic controller so the CPU internal

15 data and states stored in the first physical

memory SMI data storage area cannot be overwrit-
ten; and

ii. preserves within said system logic controller SMI
state information indicating that said systen

20 logic controller has caused the CPU internal data

and states to be stored into the first physical
memory SMI data storage area,;
b. placing the digital computer in a power suspend mode
of operation in which said system logic controller removes

25 electrical power from the central processing unit while the
system logic controller continues <to supply electrical
power to the dynamic random access memory and continues to
refresh the dynamic random access memory while awaiting an
occurrence of a resume event;

30 c. after a resume event occurs, restoring electrical
power to the central processing unit thereby resuming
execution of a power management routine which, upon detec-
ting that SMI state information has been stored in said
system logic controller, directs said system logic control-

35 ler to generate a fake system management interrupt to the

- central processing unit;
d. said system 1logic controller generating the fake
system management- interrupt thereby causing the central
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processing unit to resume executing the SMI power manage-—
ment routine which, upon detecting that SMI state informa-
tion has been preserved within said system logic control-
~ler, restores dynamic random access memory addressing by
the system logic controller to the first physical memory
SMI data storage area into which CPU internal data and
states were stored in response to the initial system
management interrupt; and

e. terminating the power suspend mode of operation
immediately after which execution of the SMI power manage-
ment routine by the central processing unit restores the
CPU internal data and states to that previously stored in
the first physical} memory SMI data storage area.

29. The improved digital computer of claim 24 wherein the
digital computer also includes a super I/O chip that includes
electronic circuits for providing a hard disk drive interface;
said system logic controller being coupled by a first section of
an I/0 bus to the super I/0 chip for exchanging signals with the
super I/0 chip, and being adapted for being coupled by a second
section of the I/O0 bus for exchanging signals with other I/O
cards that may be included in the digital computer, said system
logic controller exchanging signals via the I/O bus with the
super I/O chip and with other I/0 cards that may be included in
the digital computer at a slower I/O0 bus speed; wherein the
digital computer further includes:

a bidirectional I/0 bus section isolation buffer disposed
in the I/0 bus between "the first section of the I/O bus and the
second section of the I/O0 bus for selectively isolating the
second section of the I/O bus from the first section of the I/O _
bus in response to an I/0 bus isolation control signal generated
by said system logic controller; and
, wherein the improvement in said system logic controller
further comprises:

a hard disk access detection circuit for detecting I/O
accesses by a computer program executed by the central processing
unit to the hard disk drive interface included in the super I/O
chip; said system logic controller during I/0 accesses to the
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hard disk drive interface transmitting the I/0 bus isolation
control signal to the I/O bus section isolation buffer for
isolating the second section of the I/0 bus from the first
section of the I/0 bus, and while the I/0 bus section isolation
buffer isolates the second section of the I/0 bus from the first
section said system logic controller exchanging signals via the
I/0 bus with the super I/O chip at a faster CPU bus speed.

30. The improved digital computer of claim 24 wherein said
system logic controller further comprises a PCMCIA controller;
the PCMCIA controller being adapted for exchanging data with a
PCMCIA card inserted into a PCMCIA socket included in the digital
computer; while the PCMCIA controller is operating, the PCMCIA
controller, in response to a CD signal generated upon insertion
of a PCMCIA card into the PCMCIA socket, interrogating the PCMCIA
card to determine if the PCMCIA card operates at a first lower:
voltage or at a second higher voltage; said power management unit
included in said system. logic controller generating power
managenment signals which turn off the PCMCIA controller to reduce
electrical power consumption by the digital computer, and
subsequently generating power management signals which turn on
the PCMCIA controller, such power management signals including
a PCMCIA power restoration control signal transmitted from said
power management unit to the PCMCIA controller which within the
PCMCIA controller simulates an occurrence of the CD signal,
whereby the PCMCIA controller determines if any PCMCIA card then
present in the PCMCIA socket operates at the first lower voltage
or at the second higher voltage every time the power management
signals turn the PCMCIA controller on.

31. The improved digital computer of claim 24 wherein said
system logic controller is adapted for being coupled by a first
section of an I/0 bus to a PCMCIA socket included in the digital
computer for exchanging PCMCIA data signals with a PCMCIA card
inserted in a PCMCIA socket, and is also adapted for being
coupled by a second section of the I/O bus for exchanging signals
with other I/0O cards that may be included in the digital computer
with which said system logic controller exchanges signals via the
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I/O0 bus at a slower I/O bus speed; and wherein the digital
computer further includes:

a bidirectional I/0O bus section isolation buffer disposed
in the I/O bus between the first section of the I/O bus and the
second section of the I/0 bus for selectively isolating the
second section of the I/0 bus from the first section of the I/O
bus in response to an I/0 bus isolation control signal generated
by 'said system logic céntroller;

said system logic controller further comprising a PCMCIA
controller adapted for exchanging PCMCIA control signals with a
PCMCIA card inserted into the PCMCIA socket; said PCMCIA
controller detecting whether a PCMCIA card inserted into the
PCMCIA socket possesses a speed capability for operating at a
faster CPU bus speed of the CPU bus or is limited to operating
at the slower I/O0 bus speed of the I/O bus; said system logic
controller including a PCMCIA card access detection circuit for
detecting I/O accesses by a computer program executed by the
central processing unit to a PCMCIA card inserted into the PCMCIA
socket, and supplying signals to said PCMCIA controller which
permit said PCMCIA controller to selectively operate a PCMCIA
card inserted into the PCMCIA socket either at the slower I/0 bus
speed of the I/O bus or at the faster CPU bus speed of the CPU
bus depending upon the speed capability of the PCMCIA card; said
system logic controller transmitting the I/0 bus isolation
control signal to the I/O0O bus section isolation buffer for
isolating the second section of the I/0 bus from the first
section of the I/0 bus if said PCMCIA controller operates the
PCMCIA card at the faster CPU bus speed.
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In Claim 1, column 15, line 8:

delete "cells" and insert --units--
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1301 Avenue of the Americas, New York, NY 10019-6022
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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
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individual has requested assistance from the Member with respect to the subject matter of the
record.

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).

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.

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)).

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.

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.

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Letters Patent of : Scientia Sol Mentis AG

Patent No. : 9,075,605

Issue Date : July 7, 2015

For : METHODS AND DEVICES FOR TREATING AND
PROCESSING DATA

I hereby certify that this paper (along with any paper referred to as
being attached or enclosed) is being transmitted via the Office
electronic filing system in accordance with 37 CFR § 1.6(a)(4).
Dated: December 5. 2018

Signature: /Fatieza Juman/
Farieza Juman

REQUEST FOR CERTIFICATE OF CORRECTION AND A REQUEST FOR
EXPEDITED ISSUANCE OF CERTIFICATE OF CORRECTION
PURSUANT TO 37 C.E.R. §1.323

Attention: Certificate of Correction Branch

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Commissioner:

Please correct the typographical error in Claim 1 of the above-identified Letters Patent as

shown below.
Please correct the error in the first sentence of Claim 1
from

“A method for operating a multiprocessor system comprising a plurality of data processing
cells, each of the plurality of data processing units (a) including at least one Arithmetic Logic Unit
(ALU) and a register unit and (b) being adapted for sequentially processing data, the method

comprising:”
to

--A method for operating a multiprocessor system comprising a plurality of data
processing units, each of the plurality of data processing units (a) including at least one
Arithmetic Logic Unit (ALU) and a register unit and (b) being adapted for sequentially

processing data, the method comprising:--

73762874.1 1
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Transmitted herewith is a proposed Certificate of Correction form PTO/SB/44 effecting
such amendment. Patentee respectfully solicits the expedited granting of the requested Certificate

of Correction.

The Certificate of Correction fee of $150.00 set forth in 37 C.F.R. § 1.20(a) is being
charged to the Deposit Account of Norton Rose Fulbright US LLP Deposit Account number 50-
0624,

The Commissioner is also hereby authorized to charge payment of any other fees or credit

any overpayment associated with this paper to the deposit account of Norton Rose Fulbright US
LLP Deposit Account number 50-0624.

Dated: December 5, 2018 By: /Aaron Grunberger/
Aaron Grunberger (Reg. No. 59,210)
NORTON ROSE FULBRIGHT US LLP
1301 Avenue of the Americas
New York, New York 10019-6022
Tel: (212) 318-3000
Fax: (212) 318-3400
CUSTOMER NO. 24972
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,075,605 B2 Page 1 of 1
APPLICATION NO. : 13/653639

DATED cJuly 7, 2015

INVENTOR(S) : Martin Vorbach and Volker Baumgarte

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

In Claim 1, Column 15, Line 8:
Delete “cells” and insert --units--

Signed and Sealed this
First Day of January, 2019

Andrei lancu
Director of the United States Patent and Trademark Office
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