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6,584,482 (U.S. Appl. No. 09/377,182) Examiner Interview Sum-
mary dated Jan. 16, 2003.

6,584,482 (U.S. Appl. No. 09/377,182) First Office Action Response
filed Feb. 4, 2003.

6,584,482 (U.S. Appl. No. 09/377,182) Notice of Allowance and
Fee(s) Due dated Feb. 28, 2003.

6,584,482 (U.S. Appl. No. 09/377,182) Supplemental Notice of
Allowability dated Mar. 5, 2003.

6,584,482 (U.S. Appl. No. 09/377,182) Notice of Ex Parte Reexami-
nation dated May 4, 2005 U.S. Appl. No. 90/007,532.

6,584,482 (U.S. Appl. No. 90/007,532) Reexam Request filed May 4,
2005.

6,584,482 (U.S. Appl. No. 90/007,532) Office Action Granting
Reexam dated Jun. 13, 2005.

6,584,482 (U.S. Appl. No. 90/007,532) First Office Action dated Jul.
3, 2006.

6,584,482 (U.S. Appl. No. 90/007,532) First Office Action Response
filed Sep. 5, 2006.

6,584,482 (U.S. Appl. No. 90/007,532) Second Office Action dated
Sep. 18, 2007.

6,584,482 (U.S. Appl. No. 90/007,532) Second Office Action
Response filed Nov. 19, 2007.

6,584,482 (U.S. Appl. No. 90/007,532) Final Office Action dated
Apr. 1, 2008.

6,584,482 (U.S. Appl. No.90/007,532) Final Office Action Response
filed Jun. 2, 2008.

6,584,482 (U.S. Appl. No. 90/007,532) Notice of Intent to Issue dated
Jun. 17, 2008.
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6,725,356 (U.S. Appl. No. 09/922,319) Continuation Application
filed Aug. 2, 2001.

6,725,356 (U.S. Appl. No. 09/922,319) First Office Action dated Sep.
23, 2002.

6,725,356 (U.S. Appl. No. 09/922,319) First Office Action Response
filed Mar. 24, 2003.

6,725,356 (U.S. Appl. No. 09/922,319) Craig Hansen Declaration of
Incorporated Subject Matter filed Mar. 24, 2003.

6,725,356 (U.S. Appl. No. 09/922,319) Supplemental Amendment
filed May 21, 2003.

6,725,356 (U.S. Appl. No. 09/922,319) Second Supplemental
Amendment filed May 29, 2003.

6,725,356 (U.S. Appl. No. 09/922,319) Notice of Allowance and
Issue Fee(s) Due dated Jun. 26, 2003.

6,725,356 (U.S. Appl. No. 09/922,319) Comments in Response to
Reasons for Allowance filed Jul. 10, 2003.

6,725,356 (U.S. Appl. No. 09/922,319) Notice of Inter Partes Reex-
amination dated Jun. 28, 2005 (U.S. Appl. No. 95/000,100).
6,725,356 (U.S. Appl. No. 95/000,100) Reexam Request Filed Jun.
28, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) Office Action Granting
Reexam dated Sep. 8, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) First Office Action dated Sep.
8, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) Supplement to First Office
Action dated Sep. 26, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) First Office Action Response
filed Dec. 8, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) Dr. John Moussouris Decla-
ration dated Dec. 7, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) Ronald Alepin Declaration
dated Dec. 7, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) Korbin Van Dyke Declaration
dated Dec. 5, 2005.

6,725,356 (U.S. Appl. No. 95/000,100) Second Office Action dated
May 3, 2006.

6,725,356 (U.S. Appl. No. 95/000,100) Second Office Action
Response filed Jun. 30, 2006.

6,725,356 (U.S. Appl. No. 95/000,100) Dr. John Moussouris Decla-
ration dated Jun. 30, 2006.

6,725,356 (U.S. Appl. No. 95/000,100) Korbin Van Dyke Declaration
dated Jun. 30, 2006.

6,643,765 (U.S. Appl. No. 09/534,745) Continuation Application
filed Mar. 24, 2000.

6,643,765 (U.S. Appl. No. 09/534,745) First Office Action dated Sep.
23, 2002.

6,643,765 (U.S. Appl. No. 09/534,745) First Office Action Response
filed Mar. 21, 2003.

6,643,765 (U.S. Appl. No. 09/534,745) Craig Hansen Declaration of
Incorporated Subject Matter filed Mar. 21, 2003.

6,643,765 (U.S. Appl. No. 09/534,745) Notice of Allowance and
Issue Fee(s) Due dated Apr. 17, 2003.

6,643,765 (U.S. Appl. No. 09/534,745) Examiner’s Amendment
entered Aug. 23, 2003.

6,643,765 (U.S. Appl. No. 95/000,089) Reexam Request Filed Apr.
15, 2005.

6,643,765 (U.S. Appl. No. 95/000,089) Office Action Granting
Reexam dated Jun. 1, 2005.

6,643,765 (U.S. Appl. No. 95/000,089) First Office Action dated Jun.
1, 2005.

6,643,765 (U.S. Appl. No. 95/000,089) First Office Action Response
filed Oct. 3, 2005.

6,643,765 (U.S. Appl. No. 95/000,089) Dr. John Moussouris Decla-
ration dated Oct. 3, 2005.

6,643,765 (U.S. Appl. No. 95/000,089) Korbin Van Dyke Declaration
dated Oct. 3, 2005.

6,643,765 (U.S. Appl. No. 95/000,089) Ronald Alepin Declaration
dated Oct. 3, 2005.

6,643,765 (U.S. Appl. No. 95/000,089) Office Action (Final) dated
Mar. 2, 2006.

6,643,765 (U.S. Appl. No. 95/000,089) Office Action Response filed
May 2, 2006.

6,643,765 (U.S. Appl. No. 95/000,089) Dr. John Moussouris Decla-
ration dated May 2, 2006.

6,643,765 (U.S. Appl. No. 95/000,089) Korbin Van Dyke Declaration
dated May 1, 2006.

U.S. Appl. No. 90/007,593 (Reexam of US 5,794,060) Office Action
Response dated Dec. 24, 2008.

U.S. Appl. No. 90/007,593 (Reexam of US 5,794,060) Supplemental
Office Action Response dated Feb. 12, 2009.

U.S. Appl. No. 95/000,100 (Reexam of US 6,725,356) Office Action
mailed Mar. 19, 2009.

U.S. Appl. No. 95/000,089 (Reexam of US 6,643,765) Decision on
Petition Filed Under 37 CFR 1.181 mailed Feb. 3, 2009.

U.S. Appl. No. 95/000,089 (Reexam of US 6,643,765) Appeal Brief
dated Feb. 5, 2009.

U.S. Appl. No. 95/000,089 (Reexam of US 6,643,765) Decision
Dismissing Petition mailed Mar. 6, 2009.

U.S. Appl. No. 10/757,851 RCE and Petition for Withdrawal from
Issue dated Dec. 15, 2008.

U.S. Appl. No. 10/757,851 Withdrawal from Issue dated Dec. 16,
2008.

U.S. Appl. No. 10/757,851 Decision Granting Petition Under 37 CFR
1.313 (¢)(2) dated Dec. 17, 2008.

U.S. Appl. No. 10/757,851 Office Action and Notice of References
Cited dated Mar. 5, 2009.

U.S. Appl. No. 11/878,804 Non-Final Office Action, Notice of Ref-
erences Cited dated Jan. 5, 2009.

U.S. Appl. No. 11/878,805 Non-Final Office Action, Notices of Ref-
erences Cited dated Feb. 2, 2009.

Japanese Patent Application No. 2000-577552 Notice of Reasons of
Rejection dated Feb. 10, 2009.

Potmesil, M. et al., The Pixel Machine: A Parallel Image Computer,
1989, ACM, pp. 69-78.

Chart: MicroUnity Media Processor Patent Family (Apr. 2009).
6,643,765 (U.S. Appl. No. 95/000,089) Right of Appeal Notice (37
CFR 1.953) mailed Nov. 5, 2008.

6,643,765 (U.S. Appl. No. 95/000,089) Request for Reconsideration
and Response and Objection to the Right of Appeal Notice filed Dec.
5, 2008.

6,643,765 (U.S. Appl. No. 95/000,089) Notice of Appeal From the
Primary Examiner to the Board of Appeals filed Dec. 5, 2008.
6,643,765 (U.S. Appl. No. 95/000,089) Petition for Supervisory
Authority Under 37 CFR 1.181 filed Dec. 5, 2008.

5,742,840 (U.S. Appl. No. 90/007,583) Office Action mailed Aug.
14, 2008.

5,742,840 (U.S. Appl. No. 90/007,583) Response to Aug. 14, 2008
Office Action and Exhibits 1-5; Declaration of John Moussouris
Under 37 CFR 1.131; Declaration of Craig Hansen Under 37 CFR
1.131 filed Oct. 14, 2008.

5,742,840 (U.S. Appl. No. 90/007,583) Supplemental Response filed
Oct. 31, 2008.

5,794,060 (U.S. Appl. No. 90/007,593) Office Action mailed Oct. 24,
2008.

5,794,061 (U.S. Appl. No.90/007,563) Office Action mailed Sep. 30,
2008.

5,794,061 (U.S. Appl. No. 90/007,563) Response to Sep. 30, 2008
Office Action, Declaration of Craig Hansen Under 37 CFR 1.131;
Declaration of John Moussouris Under 37 CFR 1.131 filed Dec. 1,
2008.

6,584,482 (U.S. Appl. No. 90/007,532) Ex Parte Reexamination Cer-
tificate issued Oct. 28, 2008.

U.S. Appl. No. 10/436,340 Notice of Allowance and Fee(s) Due
mailed Nov. 20, 2008.

U.S. Appl. No. 10/757,836 Terminal Disclaimer Approved (Sep. 22,
2008).

U.S. Appl. No. 10/757,836 Notice of Allowance and Fee(s) Due
mailed Oct. 7, 2008.

U.S. Appl. No. 10/757,851 Terminal Disclaimer Approved (Sep. 22,
2008).

U.S. Appl. No. 10/757,851 Notice of Allowance and Fee(s) Due
mailed Oct. 7, 2008.

U.S. Appl. No. 11/511,466 Office Action and Notice of References
Cited mailed Nov. 17, 2008.
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MIBO08274EP Extended European Search Report dated Nov. 26,
2008 in Application No. / Patent No. 07112545.4-1243 / 1879103.
MIBO08275EP Extended Furopean Search Report dated Nov. 11,
2008 in Application No. / Patent No. 07112548.8-1243 / 1879398.
Gwennap, “UltraSPARC Adds Multimedia Instructions,” Micropro-
cessor Report, vol. 8, No. 6, 1-3 (Dec. 5, 1994), MicroDesign
Resources © (1994) (XP000561690).

Shipnes, “Graphics Processing with the 88110 RISC Microproces-
sor,” I[EEE COMPCON SPRING °92, 169-74 (Feb. 24-28, 1992)
(XP000340730).

Zucker, Daniel F. et al., Reuse of High Precision Arithmetic Hard-
ware to Perform Multiple Concurrent Low Precision Calculation,
IEEE, Apr. 1994.

MU v. Dell & Intel Feb. 25, 2005 Defendant Dell Inc.”s Amended
Answer, Affirmative Defenses, and Counterclaims to Plaintiff’s First
Amended Complaint (MicroUnity Systems Engineering, Inc.v. Dell,
Inc. f/k/a/ Dell Computer and Intel Corporation; C.A. No. 2-04-cv-
120; U.S.D.C., E.D. Texas, Marshall Division).

Feb. 25, 2005 Defendant Intel Corporation’s Amended Answer,
Affirmative Defenses, and Counterclaims to Plaintiff’s First
Amended Complaint (MicroUnity Systems Engineering, Inc.v. Dell,
Inc. f/k/a/ Dell Computer and Intel Corporation; C.A. No. 2-04-cv-
120; U.S.D.C., E.D. Texas, Marshall Division).

Mar. 9, 2005 Joint Claim Construction and Prehearing Statement
with Exhibits A through F-2 (MicroUnity Systems Engineering, Inc.
v. Dell, Inc. f/k/a/ Dell Computer and Intel Corporation, C.A. No.
2-04-cv-120; U.S.D.C., E.D. Texas, Marshall Division).

Apr. 11, 2005 MicroUnity Systems Ebgineering, Inc.’s Opening
Brief Regarding Claim Construction Pursuant to Patent Local Rule
4-5(a) and Exhibits A-1 (MicroUnity Systems Engineering, Inc. v.
Dell, Inc. f/k/a/ Dell Computer and Intel Corporation, C.A. No.
2-04-cv-120; U.S.D.C., E.D. Texas, Marshall Division).

Apr. 26,2005 Supplement to Plaintiff MicroUnity Systems Engineer-
ing, Inc.’s Opening Brief Regarding Claim Construction (submitting
acorrected p. 41) (MicroUnity Systems Engineering, Inc.v. Dell, Inc.
f7k/a/ Dell Computer and Intel Corporation; C.A. No. 2-04-cv-120;
U.S.D.C., E.D. Texas, Marshall Division).

May 12, 2005 Dell, Inc. and Intel Corporation’s Responsive Brief
Regarding Claim Construction Pursuant to Patent Local Rule 4-5(b)
(MicroUnity Systems Engineering, Inc.v. Dell, Inc. f/k/a/ Dell Com-
puter and Intel Corporation; C.A. No. 2-04-cv-120; U.S.D.C., E.D.
Texas, Marshall Division).

May 25, 2005 MicroUnity’s Reply Brief Regarding Claim Construc-
tion Pursuant to Patent Local Rule 4-5(c) (MicroUnity Systems Engi-
neering, Inc.v. Dell, Inc. f7k/a/ Dell Computer and Intel Corporation;
C.A.No. 2-04-¢cv-120; U.S.D.C., E.D. Texas, Marshall Division).
Jun. 9, 2005 Intel and Dell’s Surreply Brief Regarding Claim Con-
struction (MicroUnity Systems Engineering, Inc. v. Dell, Inc. f/k/a/
Dell Computer and Intel Corporation; C.A. No. 2-04-cv-120; U.S.
D.C., E.D. Texas, Marshall Division).

MU v. SCEA Mar. 1, 2006 MicroUnity’s Answer to SCEA’s Coun-
terclaim (MicroUnity Systems Engineering, Inc. v. Sony Computer
Entertainment America, Inc.; 2:05-cv-505;, U.S.D.C., E.D. Texas,
Marshall Division).

Jan. 25, 2007 First Amended Complaint for Patent Infringement and
Exhibits A-J (MicroUnity Systems Engineering, Inc. v. Sony Com-
puter Entertainment America, Inc.; 2:05-cv-505; U.S.D.C., ED.
Texas, Marshall Division).

Feb. 12, 2007 SCEA’s Answer, Affirmative Defenses, And Counter-
claims to MicroUnity’s First Amended Complaint (MicroUnity Sys-
tems Engineering, Inc. v. Sony Computer Entertainment America,
Inc.; 2:05-cv-505; U.S.D.C., E.D. Texas, Marshall Division).

Mar. 2, 2007 MircoUnity’s Answer to SCEA’s Counterclaim in
Response to MicroUnity’s First Amended Complaint (MicroUnity
Systems Engineering, Inc.v. Sony Computer Entertainment America,
Inc.; 2:05-cv-505; U.S.D.C., E.D. Texas, Marshall Division).

Mar. 5, 2007 SCEA’s Invalidity Contentions & Exhibits A-I (Exhib-
its G-9 and H-9 previously marked Outside Counsel Eyes Only, but
now released) (MicroUnity Systems Engineering, Inc. v. Sony Com-
puter Entertainment America, Inc.; 2:05-cv-505; U.S.D.C., ED.
Texas, Marshall Division).

May 1, 2007 SCEA’s Supplemental Invalidity Contentions & Exhib-
its A-I (Exhibits A-2, E-2, G-9 and H-7 previously marked Outside

Counsel Eyes Only, but now released) (MicroUnity Systems Engi-
neering, Inc. v. Sony Computer Entertainment America, Inc.; 2:05-
cv-505; U.S.D.C., E.D. Texas, Marshall Divison).

May 9, 2007 SCEA’s Amended Answer, Affirmative Defenses, And
Counterclaims to MircoUnity’s First Amended Complaint
(MicroUnity Systems Engineering, Inc.v. Sony Computer Entertain-
ment America, Inc.; 2:05-cv-505;, U.S.D.C., E.D. Texas, Marshall
Division).

May 29, 2007 MicroUnity’s Answer to SCEA’s Amended Counter-
claim in Response to Microunity’s First Amended Complaint
(MicroUnity Systems Engineering, Inc.v. Sony Computer Entertain-
ment America, Inc., 2:05-¢cv-505; U.S.D.C., E.D. Texas, Marshall
Divison).

Jul. 11, 2007 PR. 4-3 Joint Claim Construction Statement
(MicroUnity Systems Engineering, Inc.v. Sony Computer Entertain-
ment America, Inc., 2:05-cv-505, U.S.D.C., E.D. Texas, Marshall
Division).

Jul. 11, 2007 SCEA’s Second Amended Answer, Affirmative
Defenses, And Counterclaims to MicroUnity’s First Amended Com-
plaint (MicroUnity Systems Engineering, Inc. v. Sony Computer
Entertainment America, Inc., 2:05-cv-505 U.S.D.C., E.D. Texas,
Marshall Divison).

Jul. 25, 2007 MU’s Answer to SCEA’s Second Amended Counter-
claim in Response to MU’s First Amended Complaint (MicroUnity
Systems Engineering, Inc.v. Sony Computer Entertainment America,
Inc., 2:05-cv-505 U.S.D.C., E.D. Texas, Marshall Divison).

Aug. 24, 2007 MU’s LRP 4-5(a) Opening Brief on Claim Construc-
tion, and Exhibits 1-14 (MicroUnity Systems Engineering, Inc. v.
Sony Computer Entertainment America, Inc., 2:05-cv-505, U.S.D.
C., E.D. Texas, Marshall Divison).

Sep. 12,2007 SCEA’s Responsive Brief Regarding Claim Construc-
tion Pursuant to P.R. 4-5(b), and Exhibits 1-34 (MicroUnity Systems
Engineering, Inc. v. Sony Computer Entertainment America, Inc.,
2:05-cv-505, U.S.D.C., E.D. Texas, Marshall Divison).

Sep. 13, 2007 Notice of Filing of P.R. 4-5(d) Joint Claim Construc-
tion Chart, and Exhibit 1 (MicroUnity Systems Engineering, Inc. v.
Sony Computer Entertainment America, Inc., 2:05-cv-505, U.S.D.
C., E.D. Texas, Marshall Div).

Sep. 17, 2007 LPR 4-5(c) Reply Brief on Claim Construction from
MircoUnity Systems Engineering, Inc., and Exhibits 15 and 16
(MicroUnity Systems Engineering, Inc.v. Sony Computer Entertain-
ment America, Inc., 2:05-cv-505, U.S.D.C., E.D. Texas, Marshall
Divison).

Sep. 20, 2007 Transcript of Claim Construction Hearing Before the
Honorable T. John Ward United States District Judge (MicroUnity
Systems Engineering, Inc.v. Sony Computer Entertainment America,
Inc., 2:05-cv-505 U.S.D.C., E.D. Texas, Marshall Divison).

Oct. 15, 2007 SCEA’s Motion for Partial Summary Judgment of
Invalidity for U.S. Patent Nos. 6,643,765 and 6,725,356, and Pro-
posed Order, and Exhibits A-U (MicroUnity Systems Engineering,
Inc. v. Sony Computer Entertainment America, Inc., 2:05-cv-505,
U.S.D.C., E.D. Texas, Marshall Divison).

Oct. 29, 2007 MU’s Response Brief in Opposition to Sony’s Motion
for Partial Summary Judgment of Invalidity of U.S. Patent Nos.
6,643,765 and 6,725,356, and Proposed Order (MicroUnity Systems
Engineering, Inc. v. Sony Computer Entertainment America, Inc.,
2:05-cv-505, U.S.D.C., E.D. Texas, Marshall Divison).

Oct. 29, 2007 Declaration of Michael Heim in Support of MU’s
Response Brief in Opposition to Sony’s Motion for Partial Summary
Judgment of Invalidity of U.S. Patent Nos. 6,643,765 and 6,725,356,
and Exhibits A-P (MicroUnity Systems Engineering, Inc. v. Sony
Computer Entertainment America, Inc.,2:05-cv-505,U.S.D.C.,E.D.
Texas, Marshall Division).

Nov. 6, 2007 Order Granting Joint Motion to Stay Litigation Pending
Settlement (MicroUnity Systems Engineering, Inc.v. Sony Computer
Entertainment America, Inc., 2:05-cv-505, U.S.D.C., E.D. Texas,
Marshall Division).

Dec. 12, 2007 Order of Dismissal with Prejudice and Final Judgment
(MicroUnity Systems Engineering, Inc.v. Sony Computer Entertain-
ment America, Inc., 2:05-cv-505, U.S.D.C., E.D. Texas, Marshall
Division).
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MU v. AMD Nov. 22, 2006 Complaint Against Advanced Micro
Devices, Inc. and Exhibits A-L (MicroUnity Systems Engineering,
Inc. v. Advanced Micro Devices, Inc.; 2:06-¢v-486, U.S.D.C., ED.
Texas, Marshall Division).

Feb. 26, 2007 AMD’s Answer to MicroUnity’s Complaint
(MicroUnity Systems Engineering, Inc. v. Advanced Micro Devices,
Inc.; 2:06-cv-486; U.S.D.C., E.D. Texas, Marshall Division).

Aug. 6, 2007 AMD’s Invalidity Contentions Under Patent Rule 3-3,
and Exhibits A-I1 (MicroUnity Systems Engineering, Inc.v. Advanced
Micro Devices, Inc., 2:06-cv-486;, U.S.D.C., E.D. Texas, Marshall
Division).

Sep. 5, 2007 AMD’s Supplemental and Consolidated Invalidity
Contentions—IPR 3-3, and Exhibits A-L (MicroUnity Systems
Engineering, Inc. v. Advanced Micro Devices, Inc., 2:06-cv-486;
U.S.D.C., E.D. Texas, Marshall Division).

Sep. 13, 2007 First Amended Complaint, and Exhibits A-K
(MicroUnity Systems Engineering, Inc. v. Advanced Micro Devices,
Inc., 2:06-cv-486; U.S.D.C., E.D. Texas, Marshall Division).

Oct. 1, 2007 AMD’s Answer to First Amended Complaint
(MicroUnity Systems Engineering, Inc. v. Advanced Micro Devices,
Inc., 2:06-cv-486; U.S.D.C., E.D. Texas, Marshall Division).

Jan. 8, 2008 Order of Dismissal With Prejudice and Final Judgment
(MicroUnity Systems Engineering, Inc. v. Advanced Micro Devices,
Inc., 2:06-cv-486; U.S.D.C., E.D. Texas, Marshall Division).
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def data flags « AccessPhysicall. TB(pa,op, wdata) as
th « pag3..19
en « pag..4
if (en < (1 [| OLE)) and (th < T) and (paig..g=0) then
case op
R:
data « 054 || LTBATay{th]len)
W
LocalTB{th]{en] « wdatags. ¢
endcase
else
data « 0
endif
enddef

FI1G. 16
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def ga,LocalProtect « LocalTranslation(th ba.la,pl) as
if LB & {bag3..48 © lag3..48) then
raise AccessDisallowedByVirtualAddress
endif
me «— NONE
fori« Oto (1 ]| OLE)-1
if {lag3..48 & ~LocalTB[th][i]s3, 48) = LocalTBth][i}47_ 32 then
me ¢ i
endif
endfor
if me = NONE then
if ~ControlRegisterpi+g then
raise LocalTBMiss
endif
ga«la
LocalProtect « 0
else
ga « (vag3. 48 " LocaiTB[th][me]31. 16) Il vasr..0
LocalProtect « LocalTB[th][me]1s5_o

endif
enddef

FI1G. 22
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def data,flags « AccessPhysicalGTB(pa,op,wdata) as
th - pazs._j9+cr || 06T

€N ¢ pajg. 4
if (en < (1 {| 0G)) and (th < T) and (pajg+cr.19 = 0) then
case op of
R:
data « GTBArmray[ths. cri[en]
W:
GTBArray[ths gtj en] « wdata
endcase
else
data « 0
endif
enddef

FIG. 24
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def pa,GlobalProtect « GlobalAddressTranslation(th,ga,pl,da} as
me « NONE
fori < 0to (1] 0G) -1
if GlobalTB[ths _gT1l[i] = 0 then
size « (GlobalTB{ths_gr]lile3..7 and (0%4-Global TB(ths. gTllls3..7)) Il 08
if ((ga3..8110°) * (GlobalTB(ths, gTllle3.8lI0%)) and (054-size)) = 0 then
me « GlobalTB[ths_ aT](i]
endif
endif
endfor .
if me = NONE then
if ida then
PerformAccessDetall(AccessDetallRequiredBylLocalTB)
endif
raise GlobalTBMiss
else
pa « (ga63.8 # GlobalTB[ths _gTilme)i27.72) Il 987..0
GlobalProtect « GlobalTB[*hs_gTllme)71.64 || 01 | GlobalT8]ths_gTlimels..o
endif
enddef

FIG. 26
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def GTBUpdateWrite(th filldata) as
me « NONE
for i « 0 to (1 | 0C) -1
size « (GlobalTB[ths gTllile3..7 and (034~GlobalTB(ih5,.(;7]{5]53,_7)) 108

if ((datag3. gl|08) » (GlobalTB(ths. gTllils3.8ll08)) and (084-size) = 0 then
me e i
endif
endfor
if me = NONE then
if fill then
GlobalTB[ths, gT)IGTBLast{ths g1]] « dats
GTBLast{ths, g71] - (GTBLas!{ths_ 7] + 1)6-1..0
if GTBLast[ths, gT] =0 then
GTBLast(ths gT) « GTBFirst{ths_gT]
GTB8Bumplths T} « 1
endif
endif
alse
GlobalTB[ths _gTlime] « data
endif
enddef

FIG. 27
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def data,flags « AccessPhysicalGTBRegisters(pa,op,wdata) as
th « pap3. 19+GT Il 0CT
M« pa4g. .8
if (rm < 5) and (th < T) and (pa18+GT..49 = 0) and (pa7. 4 =
case rn || op of

0| R.1|IR:
data « 0
OllW,1]w:
GTBUpdateWrite(th,rng,wdata)
2||R:
data « 094-G || GTBLast{ths_g1]
2| W:
GTBLast(ths gT] <« wdatag.1.0
3||R:
data « 004-G || GTBFirstiths_g1]
3|w:
GTBFirst[ths_gT] « wdatag.1 ¢
3R
data « 063 || GTBBumplths GT]
3)|w:
GTBBump(ths. gT1] < wdatag
endcase
else
data « 0
endif
enddef

FIG. 30
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|G.BOOLEAN | Group Boolean 1
Equivalencies
G.AAA Group three-way and
G.AAA.1 Group add add add bits
G.AAS.1 Group add add subtract bits
G.ADD. 1 Group add bits
G.AND Group and
G.ANDN Group and not
G.COPY Group copy
G.NAAA Group three-way nand
G.NAND Group nand
G.NOOO Group three-way nor
G.NOR Group nor
G.NOT Group not
G.NXXX Group three-way exclusive-nor
G.000 Group three-way or
G.OR Group or
G.ORN Group or not
G.SAA.1 Group subtract add add bits
G.SAS.1 Group subtract add subtract bits
G.SET Group set
G.SET.AND.E.1 Group set and equal zero bits
G.SET.AND.NE. 1 Group set and not equal zero bits
G.SET.E.1 Group set equal bits
G.SET.G.1 Group set greater signed bits
G.SET.G.U.1 Group set greater unsigned bils
G.SET.G.Z.1 Group set greater zero signed bils
G.SET.GE.1 Group set greater equal signed bits
G.SET.GE.Z.1 Group set greater equal zero signed bits
G.SET.L.1 Group set less signed bits
G.SET.L.Z.1 Group se! less zero signed bits
G.SET.LE. 1 Group set less equal signed bits
G.SET.LE.U.1 Group se! less equal unsigned bits
|G.SET.LEZ.1 Group set less equal zero signed bits
G.SET.NE.1 Group set not equal bits
G.SET.GE.U.1 Group set greater equal unsigned bits
G.SET.L.U.1 Group set less unsigned bits

FIG. 31A
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G.SSA. 1 Group subtract subtract add bits

G.SSS.1 Group subtract subtract subtract bits

G.SUB.1 Group subtract bits

G.XNOR Group exclusive-nor

G.XOR Group exclusive-or -

G20 Group three-way exclusive-or

G.ZERO Group zero

G.AAA rd@rc,rb G.BOOLEAN rd@rc,rb,0b10000000
G.AAA. 1 rd@rc,rb GO rd@rc,rb '
G.AAS 1 rd@rc,rb G XXX rd@rc, b

G.ADD.1 rd=rc,rb G.XOR rd=vc,ib

G.AND rd=rc,rb G.BOOLEAN rd@rc,rb,0b10001000
G.ANDN rd=re,rb G.BOOLEAN rd@rc,tb,0001000100
G.BOOLEAN rd@rb,re,i G.BOOLEAN rd@rc,rb,i7isigigiziiizig
G.COPY rd=rc G.BOOLEAN rd@rc,rc,0010001000
G.NAAA. rd@rs,id G.BOOLEAN rd@rc,rb,0b01411111
G.NAND rd=rc,rb G.BOOLEAN rd@rc,rb.0b01110111
G.NOOO rd@rc,rb G.BOOLEAN rd@rc,rb,0000000001
G.NOR rd=rc,ib G.BOOLEAN 1d@rc,rb,0600010001
G.NOT rd=rc G.BOOLEAN rd@rc,rc,0000010001
G.NXXX rd@re,rb G.BOOLEAN rd@rc.rb,0b01101001
G.000 rd@rc.rb G.BOOLEAN rd@rc,rb,0b11111110
G.OR rd=rc,rb G.BOOLEAN rd@rc,rb,0b11101110
G.ORN rd=rc,rb G.BOOLEAN rd@rc,rb,0b11011101

G.SAA.1 rd@ro,ib

G.XXX nd@re,rb

G.SAS.1 rd@re,rb

G. XXX rd@rc,rb

G.SET rd

G.BOOLEAN rd@rd,rd,0b70000001

G.SET.AND.E.1 rd=rb,rC

G.NAND rd=r¢,rb

sl el lelelebleblt it e e e lele e o o o

G.SET.AND.NE. 1 rd=rb,rc G.AND rd=r¢,rd
G.SET.E.1 rd=rb,rc G.XNOR rd=rc,id
G.SET.G.1 rd=rb,rc G.ANDN rd=rc,rd
G.SETV.G.U.1 rd=rb,rc G.ANDN rd=rb,rc -
G.SET.GC.2.1 d=rc G.ZERO rd
GC.SET.GE. 1 rd=rb,irc G.ORN rd=rc,ib
G.SET.GE.Z.1 rd=rc G.NOT rd=rc

FIG. 31A continued
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G.ANDN rd=rb,rc

G.SET.L.1 rd=rb,rc N
’G.SE_T £L.Z2.1rd=re - G.COPY rd=rc
G.SET.LE.1 rd=rb,rc — G.ORN rd=rb,rc
G.SET.LE.U.1 id=rb,rc — G.ORN rd=rc,rb
G.SET.LE.Z.1 rd=rc — G.SET rd
G.SET.NE.1 rd=rb,rc - G.XOR rd=rc,rb
G.SET.GE.U.1 rd=rb,rc — G.ORN rd=rb,rc
G SET.L.U.1rd=rb,rc ' —  G.ANDN rd=rc,rb
G.SSA.1 rd@re,rb — _G.XXX rd@rc,rb
[G.5SS.1 rd@re,rb > GXXX d@rc.rb
G.SUB.1 rd=rc,rb —  G.XOR rd=rc,rb
G.XNOR rd=rc,rtb +_G.BOOLEAN rd@rc,rb,0010011001
G.XOR rd=r¢,rb «__G.BOOLEAN rd@rc,rb,0b01100110
G. XXX rd@rc,rb « G.BOOLEAN rd@rc,rb,0b10010110
G.ZERO rd « G.BOOLEAN rd@gd.rd.ObOOOOQOOO
Selection
operation function {binary) function {(decimal)
d 11110000 240
c 11001100 204_
b 10101010 176
d&cé&b 10000000 128
{d&c)b 111101010 234
diclb 11111110 254
d?cb 11001010 202
d*c*b 10010110 150
~dichb - 101101001 105
0 00000000 0

FIG. 31A continued
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Format
G.BOOLEANrd@tre,trb f
rd=gbooleani(rd,rc,rb,f)
<} 252423 18 17 12 11 65 (
[ G.BOOLEAN [ih] rd | re | rb ] il
7 1 6 8 6 6
if fg=f5 then
if fo=f4 then
if f2 then
rc « max(tre,trb)
rb « min(trc,trb)
else

rc « min(trc trb)

rb « max(tre,trb)
endif
ihe0
l<0|fellf7llfallfalifo

if fo then
rc « trb
b « trc

else

else
rc « trc
rb « trb
endif
ihe<0
le—1llfelifzilfalif3llfo
endif
else
ihet
if fg then
rc « trb
b « trc
lefiiif2llfzllfallf3ll fo
else
rc « trc
D e trb
lef2]lf1If7ifallf3llfo
endif
endif
F1G.31B
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Definition

def GroupBoolean (ih,rd,rc,rb,il}
d « RegRead(rd, 128)
¢ « RegRead(rc, 128)
b « RegRead(rb, 128)
if ih=0 then
if il5=0 then
feil3 |lila | il4 1l il2 [| g [[ (re>rb)2 || il
else
feilg ]l ilg flilg Jil2 l1ilg 1O} 1 {1 ilp
endif
else
Feilz [0 1) 111l 1) ilq |l ils |l il4 1] ilg
endif
fori « O to 127 by size
aj « f(djflcilby)
endfor
RegWrite(rd, 128, a)
enddef

Exceptions
none

FIG.31C
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Operation codes

[e.Mux | Group multiplex |
Redundancies
G.MUX ra=rd,re,re < G.COPY ra=rc
G.MUX ra=ra,rc,rb & G.BOOLEAN ra@rc.rb.Ox‘l 1001010
G.MUX ra=rd,ra,rb P (i.g.OOL!_EAN ra@rd,rb,0x11100010
G.MUX ra=rd,rc,ra < G.BOOLEAN ra@rd,rc,0x11011000
G.MUX ra=rd, rd,1b < G.ORra=rd,ib
G.MUX re=rd,rc,rd < G.AND ra=rd,rc
Format
G.MUX ra=rd,rc,tb
ra=gmux(rd,rc,rb)
31 24 23 18 17 12 11 €5 g
| G.MUX | rd | e | b ] ra ]
8 8 [ 6 6

FIG.31D
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Definition

def GroupTernary(op,size,rd,rc,rb,ra) as
d « RegRead(rd, 128)
¢ « RegRead(rc, 128)
b « RegRead(rb, 128)

case op of
G.MUX:
a « (c and d) or (b and not d)
endcase
RegWrite(ra, 128, a)
enddef
Exceptions

none

FIG. 31E
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Operation codes

G.ADD. 8 Group add bytes

G.ADD. 16 Group add doublets

G.ADD. 32 Group add quadlets

G.ADD. 64 Group add octlets

G.ADD.128 Group add hexlet

G.ADD.L. 8§ Group add limit signed bytes

G.ADD.L. 16 Group add limit signed doublets

G.ADD.L. 32 Group add limit signed quadlets

G.ADD.L. 64 Group add limit signed octlets

G.ADD.L.128 Group add limit signed hexlet

G.ADD.L.U. 8 Group add limit unsigned bytes

G.ADD.L.U. 16 Group add limit unsigned doublets

G.ADD.L.U. 32 Group add limit unsigned quadlets

G.ADD.L.U. 64 Group add limit unsigned octlets

G.ADD.L.U.128 Group add limit unsigned hexlet

G.ADD. 8.0 Group add signed bytes check overflow

G.ADD. 16.0 Group add signed doublets check overflow

G.ADD. 32.0 Group add signed quadlets check overflow

G.ADD. 64.0 Group add signed octlets check overflow

G.ADD.128.0 Group add signed hexlet check overflow

G.ADD.U. 8.0 Group add unsigned bytes check overflow

G.ADD.U. 16.0 Group add unsigned doublets check overflow

G.ADD.U. 32.0 Group add unsigned quadlets check overflow

G.ADD.U. 64.0 Group add unsigned octlets check overflow

G.ADD.U.128.0 Group add unsigned hexlet check overflow
Redundancies

G.ADD.size rd=rc,rc < G.SHL.lLsize rd=rc,1

G.ADD size.O rd=rc,rc < G.SHL.Isize.O rd=rc,1

G.ADD.U.size.O rd=rc,rc < G.SHL.L.U.size.O rd=rc,1

FIG. 32A
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Format

G.opsize rd=rerb

rd=gopsize(rc,rb)
31 24 23 18 17 12 11 65 0
[ Gsize I rd | ec | ) [ op |
8 6 8 6 6

FIG 32B
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Definition

def Group(op,size,rd,re.rb}
¢ « RegRead({rc, 128)
b « RegRead(rb, 128)
case op of
G.ADD:
for{ « 0 to 128-size by size
B+size-1.4 + Cissize-1.J + Divsize-1..i
endfor
G.ADDL:
for | « O to 128-size by size
& (Ciesize-1 |} Ciesize-1..i) * (Dissiza-1 l| Divsize-1..1)

Blesize-1. — (lsiza * tsize-1) ? {tsize Il 5281 < teize-1..0
endfor
G.ADD.L.U:
for i « 0 to 128-size by size
te (0 || Cirgize-1.) +'(07 |} Diegize-1..1)
8i+size-1.4 ¢ (lsiza * 0) 7 (1529) : lgizg.1. 0
endfor
G.ADD.C:
for i «— O to 128-size by size
L+ (Ciegize-1 ll Ciesize-1..)) + (Biesize-1 Il Di+siza-1..1)
if tsize = lsize-1 then
raise FixedPointArithmelic
endif
Aj+size-1..i + tsize-1.0
endfor
G.ADD.U.O:
for i « 0 to 128-size by size
t & (07 |l Ciegize-1..0) * (07 || Diegize-1..1)
if 151z = 0 then
raise FixedPointArithmetic
endgif
8j+size-1.i + size-1..0
andfor
endcase
RegWrite(rd, 128, a)
enddef

Fxceptions
Fixed-point arithmetic

FIG. 32C
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G.SET.ANDE 8 Group set and equal zero bytes
G.SET.AND.E.16 Group set and equal zero doublets
G.SET.AND.E 32 Group set and equal zero quadiets
G SET.AND.E.64 Group set and equal 2ero octiets
G.SET.AND.E.128 Group set and equa! zero hexlet
G.SET.AND.NE.8 Group set and not equal zero byles
G.SET.AND.NE.16 Group set and not equal 2ero doublels
G.SET.AND.NE .32 Group set and not equal Zero quadiets
G.SET.AND.NE.64 Group set and not équal zero octiets
G.SET.AND.NE.128 | Group gel and not equal zero hexlet
|G.SETEB Group set equal bytes
G.SET.E.16 Group set equal doublals
G.SET.E.32 Group set equal quadtets
G.SET.E.B4 Group set equal ocliets
G.SET.E.128 Group set equal hexlet
|G.SET.GE.8 Group set graater aqual signed bytes
G.SET.GE.16 Group set greater equal signsd doublets
G.SET.GE.32 Group set greater equal signed quadlets
G.SET.GE.64 Group sel greater equal signed octists
G.SET.GE.128 Group sel greater equal signed hexlet
|G.SET.GE.U.8 Group sel greater equal unsigned bytes
G.SET.GE.U.16 Group set greater equal unsigned doublels
G.SET.GE.U.32 Group set greater equal uns:&ad quadists
G.SET.GE.U.B4 Group set greater equal unsigned ocliels
G.SET.GE.U.128 Group set gr greater equal unzigned hexiet
G.SET.LS Group set signed less byles
|G.SET.L.16 Group set signed less doublets
G.SET.L.32 Group set signed less quadlels
G.SET.L.64 ‘Group sot signed lass octiets
G.SET.L.128 Group sel signed less hexlat
G.SET.LU.8 Group set less unsigned byles
G.SET.LU.16 Group sel less unsigned doublets
G.SET.L.U.32 Group sei less unsigned guadiets
G.SET.L.U.64 Group set less unsigned octlets
G.SET.LU.128 Group sat less unsigned hexlet
G.SET.NE.8 Group set not equal bytes
G.SET.NE.18 Group set not equal doublets

FIG 33A
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G.SET.NE .32 Group set not equal quadists

G.SET.NE .84 Group set not equal octiets

G.SET.NE.128 Group set not equal hexiet

G.5uUB.8 Group sublract bytes

G.SuB8.0 Group subtract signed bytes check overflow
G.SuB.18 Group subtract doublels

3.8UB.16.0 Group subtract signed doublets check overflow
G.SUB.32 Group sublract quadiets _

G.suB.32.0 Group subtradi signed quadiets check overflow
G.SUB.64 Group subltract ocliats _
G.SUB.64.0 Group subtract signed octiels check overflow
G.SUB.128 Group subtract hexlet _

G.SUB.128.0 Group subiract signed hexlet check overflow
G.SUB.LS Group sublract limit signed byies

G.SUB.L.18 Group sublraci imit signed doublets
G.SUB.L.32 Group sublract limit signed quadlets
G.SUB.L.64 Group sublradt limit signed ocllets
G.SUB.L.128 Group sublract imit slgned hexiet

G.suB.L.UB Group subtract limit unsigned bytes
(G.SUB.L.U.16 Group subtract limit unsighed doublsts
G.SUB.L.U.32 Group subtract limit unsigred quadiets
|G.SUB.L.U.64 Group subtract limit unsigned ocllals
G.SUB.L.U.128 Group subtract limit unsigned hexiel ‘
G.SUB.U.8.0 Group sublrad unsigned bytes check overflow
G.SUB.U.16.0 Group subtract unsigned doublets check overflow
G.SUB.U.32.0 Group subtract unsigned quadiats check overflow
G.SUB.U.64.0 Group subtract unsigned actiets check overflow
G.SUB.U.128.0 Group subtract unsigned hexlet check overdlow

FIG 33 A continued
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Equivalencies

G.SETEZS Group set equal zero bytes
G.SET.E.Z. 16 Group set squat zero doublels
G.SET.E.2.32 Group set equal zero quadiels
G.SET.E.2.64 Group sl equal zero actiels

|G.SET.E.Z. 128 Group sel equal zero hexlel
G.SET.G.Z.8 Group sel greaer zero signed byles
G.SET.6.2.16 Group se! greater zero signed doublets
G.SET.G.Z.32 Group set greater 26r0 signed quadlets
G.SET.G.2.64 Group set greater zero signed octiets
G.SET.G.2.128 Group set greater zero signed hexlet

‘ G.SET.GE.Z.8 Group set greater equal zsro signed bytes
G.SET.GE.Z.16 Group set greater equal 2er¢ signed doublels
G.SET.GE.Z.32 Group set greater equal zero signed quadiels
G.SET.GE.Z.64 Group set greater equal zero signed octiels
G.SET.GE.Z. 128 Group set greater equal zero signed hexlet
G.SET.L.Z.8 Group set less zero signed byles

IG.SET.LZ.16 Group set less zero signad doublels
G.SET.L.Z.32 Group sel less zero signed quadiets
G.SET.L.Z.64 Group set lass zero signed octiets
B.8ET.L.2.128 Group set less zero signed hexlet
G.SET.LE.Z.8 Group cet less equal 2ero signed bytes
G.SET.LE.Z.16 Group sef less equal zero signed doublets
G.SET.LE Z2.32 Group sst less equal zero signed quadlets

§1G.SET.LE.Z.64 Group set less equal zero signad octlsts
G.SET.LE.Z.128 Group set less equal zero signed hexlet
G.SET.NE.Z8 Group set not equal zero bytes
G.SET.NE.Z.18 Group set not equal zero doublets
G.SET.NE.Z.32 Group set not equal zero quadlels
G.SET.NE.Z.64 Group set not equal zero octiels
G.SET.NE.Z 128 Group set not equal zero hexdet

FIG. 33A continued
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G.SET.LE.8 Group sel lgss equal skanad byles
G.SET.LE. 16 Group set less equal signed doutiets
G.SET.LE 32 Group 8at (¢34 equal signed quadiets
G SET.LE 64 Group set less equsl signed octiets
[G.SET.LE.128 Group set less equal signed hexlat
1G.SET.LE.U.8 Group set less equal unsigned bytes

G.SET.LE.U.16 Group set less equal unsigned doublets
G.SET.LE.U.32 Group 56t 1858 equal unsigned quadiats
G.SETLEU.64 _| Group sel less equal unsignad octiets
G.SET.LE U.128 Group set less equal unsigned hexlet
G.SET.G.8 Group sat signed greater bytes
G.SET.G.16 Group set signed groater doubials
G.8ET.6.32 Group set signad groaler quadiels
G.SET.G.64 Group set signod greater octiels
G.SET.G.128 Group set signad greater haxiel
G.SET.G.U.8 Group se! grealer unsigned byles
G.SET.G.U.16 Group set greater unsigned doublets
G.SET.G.U.32 "I Group sef greater unsigned quadiets
G.SET.G.U.6¢ Group sel graater unsigned octiets
G.SET.G.U.128 Group sel greater unsigned hexiet

[G.SET.E.2.size ra=rc G.SET.AND.E.5i26 rd=rc,rc

‘_
G.SET.G.Z.size rd=rc & G.8ET.L.Usize rd=rerc
[G.SET.GE.Z size rd=rc = G.SET.GE.size rd=rc,re
G.SET.L.Z.size rd=ro e« G.SET.L.size rd=rcrc
G.SET.LE.Z sizo rd=rc & G.Sg:f.GE.U.sEe rd=re.r¢
G.SET.NE.Z.size rd=rc “~ G.SE_I.AND.NE.size rd=re,ec
G.SET.G.size rd=rb,rc - G.SET.L.size rd=rc,rb
G.SET.G.U.size rd=rb,rc - G.SET.L.Usize rd=rc,ib
G.8ET.LE.size rd=rb,rc - G.8SET.GE.size rd=rcsd

—p

G.SET.LE.U.size rd=ib.rc G.SET.GE.U.size rd=rc,ib

FIG. 33A continued
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Redundancies
G.SET.E.size rd=rc,rc « GSETvrd
G.SET.NE.size rd=rc,rc & G.ZEROvrd
G.SUB.size rd=rc,rc < GZEROvrd
G.SUB.L.size rd=rc,rc < G.ZEROrd
G.SUB.L.U.size rd=rc,rc & GZEROrd
(G.SUB.size.O rd=rc,rc & GZEROvrd
G.SUB.U.size.O rd=rc,rc & G.ZEROrd
Selection
class operation |cond operand size check
arithmetic | SUB 8 16 32 64 128
NONE U 8 16 32 64 128 0
SUB.L NONE U 8 16 32 64 128
boolean SET.AND |E 8 16 32 64 128
SET NE
SET LGE G {NONEU 8 16 32 64 128
LE
SET GGEL |Z 8 16 32 64 128
LE
Format
G.op.size rd=rb,rc
rd=gopsize(rb,rc)
31 24 23 18 17 12 11 6 5 0
| G.size | rd | IC | b | op |
8 6 6 6 6

FI1G. 33B
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Definition

def GroupReversed(op,size,rd,rc,rb)
¢ « RegReadl(rc, 128)
b « RegRead(rd, 128)
case op of
G.5UB:
for i « 0 1o 128-size by size
Bi+siza-1.1 € Disgize.1.i - Civgize-1.i
endfor
G.SuUB.L:
for i « O to 128-size by size
t & (Djssize-1 || Biesize-t.i) - {Siesize-1 |l Cirsize-1.4)
Bjegize-1..i ¢ (lsize # taize-1) 7 (tsize I} BEEY) : tatze-1.0
endfor
G.SUB.LL;
for i « O to 128-size by size
te (01 I} biesize-1..1) - (01 ll Ciagize-1.4)
Biegize-1.i + (lsiza = 0) 7 0528: 4500 ¢ o
endfor
G.5UB.0O:
fori <« 0 to 12B-size by size
t ¢~ (Birgize-1 Il Diesize-1.1) - (Civsize-1 |l Ciesize-1..1)
if (tsiza * taize.1) then
raise FixedPointArithmetic
endif
Bj+gize-1.i « lszo-1.0
andior
G.8UB.L.O:
for i « O to 128-size by size

te (01 [ Diogize-1..0) - (O |f Civsize-1..0)
if (tske ¥* D) meﬁ
raise FixedPointAritihmetic
engif
Biesize-1.) + sze.1.0
endfor
G.SET.E:
for i & 0 lo 128-size by size
Blesize-1.i & (Diegize-1.i = Ciosize-1.1)5%@
endfor
G.SET.NE:
for i « 0 to 128-size by size
8L size-1.i & Dirsiza-1.1* Cirgize-1. 1528
endfor
G.SET.AND.E:
fori « O to 128-size by size
Basizo-1.i  ((bi+gize-1.i 8D Ciegize.1.1) = 0)58
endfor

FIG. 33C



U.S. Patent Jun. 1, 2010 Sheet 46 of 384 US 7,730,287 B2

G.SET.AND.NE:
for | += 0 to 128-slze by size
Bissize-1.) + ((Di+gize-1..i 80 Clagiza-1.0) # 0)5720
endfor
G.8ET.L:
fori e Q to 128-size by size
legize-1.1 ¢ {(rC = t0) ? (Diegize-1.i < 0} : (Diegize. 1.4 € Ciesize-1. i))5128
andfor
G.SET.GE:
for i « O to 128-gize by size
Bl+gize-1.i += (TS * D) ? (Dj+size-1.1 2 0) : (Biesize-1.i 2 Civgize-1..0)5128
endtor
G.SET.LU
for | « O to 128-size by size
Magize-1.1 + ((r6 =2 ™) 7 (Dgize1,i > 0):
{0 1l Bivsize-1.4) <{0 i Cirsize.1.0))528
endfor
G.SET.GEL:
fori « 0 to 128-glze by slze
Alegizp-1.b & ({re = td) ? (Bjsgize-1.4 $0)
({0 1] bivsize-1..) 2 {0 |l Sivgize-1. 4018
endfor
endcase
RegWrite{rd, 128, a)
enddal

Exceptions
Fixed-peint arithmetic

FIG. 33C continued
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E.DIV.64 Ensemble divide signed octiets

E.DIV.U.64 Ensamble divide unsigned octiets

EMUL.E Ensembie multiply signed bytes

E.MUL.16 Ensemble mulliply signed doublels
|E.MUL.32 Ensemble multiply slgned quadisis
E.MUL.B4 Ensembie multiply sagned octlets
E.MUL.SUM.8 ‘Ensemble muitiply sum  signed byles
E.MUL.SUM.16 Ensemble multiply sum sgned doublets
E.MUL.SUM.32 Ensemble multiply sum gigned quadlels
£.MUL.SUM.64 Ensemble muttiply sum sfined octiets
E.MULC8 Ensamble complex multiply bytes
E.MUL.C.16 Erwemble complex multiply doublets
E.MUL.C.32 Ensemble complex muiliply quadiels
E.MUL.M.8 Ensemble mulliply mixed-signed bytes
E.MUL.M.16 Ensemble multiply mixed-signed doublets
E.MUL.M.32 Ensembie multiply mixed-signed quadiets
E.MUL.M.64 Ensemble multiply mixed-signed octlets
E.MUL.P.8 Ensemble multiply polynomial bytes
E.MUL.P.16 Ensemble multiply polynomial doublets
E.MULP32 Ensemble muitiply polynormial quadlets
E.MUL.P.64 Ensemble multiply polynomial octlets
E.MUL.SUM.C.8 Ensemble mulliply sum complex bytes
E.MUL.SUM.C.16 Ensemble mulliply sum complex doublets
E.MUL.SUM.C.32 Ensemble multiply sum complex quadlets
E.MUL.SUMM.8 Ensemble muttiply sum mixed-signed bytes
E.MUL.SUM.M. 18 Ensembie multiply sum mixed-signed doublets
E.MUL.SUM.M.32 Ensemble multiply sum mixed-signed quadiets
E.MUL.SUM.M.64 Ensemble mulliply sum mixed-signed octiets.
E.MUL.SUM.U.B Ensemble muiltiply sum unsigned bytes
E.MUL.SUM.U.16 Ensemble muitiply sum unsigned doublets
E.MUL.SUM.U.32 Ensemble muifiply sum unsigned quadiets
 E.MUL.SUM.U.64 Ensemble multiply sum unsigned octiets
 E.MUL.U.8 Ensemble mulliply unsigned byles
E.MUL.U.16 Ensemble multiply unsigned daublets
E.MUL.U.32  Ensemble mulliply unsigned quadiets
£.MUL.U.64 'Ensamble mulliply unsigned octiets

FIG. 34A
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Format
E.op.size rd=rc.rb

rd=gopsize(rc,rb)
31 24 23 18 17 12 11 § 5 0

| E.gize | rd I . re | rb { op |
8 8 [ [ 6

FIG. 34B
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Definition

def mul{size hvs.viwswjlas .
Mt o (95BYgtzg 141" 1] vaizp 1t i) * (WSBwgize 14 E28 || Whizg 1) )
gndgel

-defc + PolyMultiply{size.a b) as

o0} - 02'5‘?26
for k + 0 i3 gize-1
Bk 1) ¢~ pik] a7 (OSIEK y b ) oK) : 02'Ei20
andior
© o pisize)
engoe!

def Ensemble{op,slze,rdre.m)
¢ + RegResdirc. 128)
b « RegRead(rt, 128)
case op of
E.MUL:, EAMUL.C:, EMULSOUM, EEMUL.SUM.C, E.CON, E.CON.C, E.OIV:
8+ DS 1
E.MULM:, EMUL.SUMM, E.CON.M:
0
R ]
E.MULU:, EMULSUM.UL E.CONU, EDIV.U, EMULP:
€6 & bE 0
endcass
case op of
EMUL, E.MUL.U. EMULM:
for | « 0 {o 64-8lze by size
Gz‘ﬁ.-g[ze).f"rl « mul(gize.2sizn e cibs b i}
endior
EMULP:
for | « O to 64.slze by size
dpgiegize) 1, 2% v POlyMUIDINGIZ0.Copra.1 +L 1 0slze 19i,.)
endlor
E.MLC:
far i + O to Ba.size Dy size
1t 6 and size) = O then .
P+ mulsize.2°si2e 1,0.01.0.0) » mul(slize 275128, 1.£,i45120, 1.5 Hslze)
else
. § + mul{size,2'size.1,c,1,b +sl2e) + mulsize. 2°sire,1,0,1,1.bivsize}
endl :
dpe(ieglze)d. 2+ P

endfor
E.MUL.SUM, EMUL.SUM.U, EMUL.SUMM:
fo¢ | 4 0 1o 128-5ize by size
plitsizal « pfi} + mud{size, 128,c5.¢.Lbe.b.0)

3« pl128]
EMUL.SUM.C:

p{0] - 084

plekze] +- 084

for i « 0 to 12Bsize by size

if i and size) = 0 then .
plir2°sizn] « pfil + mulisize.84.1.60, 1,0,
« mul(size.84,1.0,i+5lxe, 1 b +slze)

pli+2%size] « pfi} * mulisze, 84.1.c1.1.b.esize)
+ mul(size 84,1.¢,i+size, 1,b,f)

oise

endlt
onator
3 e p[128+size] || p{128)

FIG. 34C
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£.CON, E.CON.U, E.CONM:
for | « 0 to 64-size by size
for § « O 1o B4-gize by slze
pl+sizel(i+size)-1..24 + Pll2*(issize)1..2 *

mul{size,2"size,cs,c,1+64-j,bs b j)
endfor

endfor
a + p[64)
E.CON.C:
p[0] 0128
forj « 0 to Gd-gize by size
for i « O to B4-size by size
i {{-1) and | and size) = 0 then
plivsizela ivsiza)1..2% + Phl2° (+size)1..2°1 *
mul(size,2*sizg,1,¢,i+64-),1,b.})
eise
pli+sizelz (lesize)1..2% + olil2 gesize)1. 2% -

mul{size,2"size, 1,c,i+84-j+2'size,1.b.§)
endif

endfor
endlor
@ + p[64]
E.Div;
if (b =0) or { (¢ = (1]/053)) and (b = 184} ) then
2 « undefined
else
qeCc/d
re¢c-q'b
a+«rg3.01963.0
endif
E.DIV.U;
ifb = 0 then
8 + undefined
slise
Qe (Olic}f{0ib)
rec-{0HaQ)OHb)
8+ 183.0H4963.0

endif
andcase

RegWrite(rd, 128, a)
enddef

Exceptions
none

FIG 34C continued
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Operation codes

G.COM.AND.E. 8

Group compare and equal zero bytes

G.COM.ANDE. 16

Group compare and equal zero doublets

G.COM.AND.E. 32

Group compare and equal zero quadlets

G.COM.AND.E. 64

Group compare and equal zero octlets

G.COM.AND.E.128

Group compare and equal zero hexlet

G.COM.AND.NE. 8§

Group compare and not equal zero bytes

G.COM.AND.NE. 16

Group compare and not equal zero doublets

G.COM.AND.NE. 32

Group compare and not equal zero quadlets

G.COM.AND.NE. 64

Group compare and not equal zero octlets

G.COM.AND.NE.128 Group compare and not equal zero hexlet
G.COM.E. 8 Group compare equal bytes

G.COM.E. 16 Group compare equal doublets

G.COM.E. 32 Group compare equal quadlets

G.COM.E. 64 Group compare equal octlets

G.COM.E.128 Group compare equal hexlet

G.COM.GE. 8 Group compare greater equal signed bytes
G.COM.GE. 16 Group compare greater equal signed doublets
G.COM.GE. 32 Group compare greater equal signed quadlets
G.COM.GE. 64 Group compare greater equal signed octlets
G.COM.GE.128 Group compare greater equal signed hexlet
G.COM.GE.U. 8 Group compare greater equal unsigned bytes
G.COM.GE.U. 16 Group compare greater equal unsigned doublets
G.COM.GE.U. 32 Group compare greater equal unsigned quadlets
G.COM.GE.U. 64 Group compare greater equal unsigned octlets
G.COM.GE.U.128 Group compare greater equal unsigned hexlet
G.COM.L. 8 Group compare signed less bytes

G.COM.L. 16 Group compare signed less doublets
G.COM.L. 32 Group compare signed less quadlets
G.COM.L. 64 Group compare signed less octlets
G.COM.L.128 Group compare signed less hexlet
G.COM.LU. 8 Group compare less unsigned bytes
G.COM.L.U. 16 Group compare less unsigned doublets
G.COM.L.U. 32 Group compare less unsigned quadlets
G.COM.L.U. 64 Group compare less unsigned octlets
G.COM.L.U.128 Group compare less unsigned hexlet
G.COM.NE. 8 Group compare not equal bytes

G.COM.NE. 16 Group compare not equal doublets
G.COM.NE. 32 Group compare not equal quadlets
G.COM.NE. 64 Group compare not equal octlets
G.COM.NE.128 Group compare not equal hexlet

FIG. 35A
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Equivalencies
GCOME.Z 8 Group compare equal zero signed bytes
G.COMEZ 16 Group compare equal zero signed doublets
G.COME.Z 32 Group compare equal zero signed quadlets
G.COME.Z 64 Group compare equal zero signed octlets
G.COMEZ 128 Group compare equal zero signed hexlet
G.COMG. 8 Group compare signed greater bytes
G.COMG. 16 Group compare signed greater doublets
G.COMG. 32 Group compare signed greater quadlets
G.COM.G. 64 Group compare signed greater octlets
G.COM.G.128 Group compare signed greater hexlet
G.COMGU. 8 Group compare greater unsigned bytes
G.COMG.U. 16 Group compare greater unsigned doublets
G.COMG.U 32 Group compare greater unsigned quadlets
G.COM.G.U. 64 Group compare greater unsigned octlets
G.COMG.U. 128 Group compare greater unsigned hexlet
GCOMG.Z 8 Group compare greater zero signed bytes
GCOMG.Z 16 Group compare greater zero signed doublets
GCOMG.Z 32 Group compare greater zero signed quadlets
G.COMG.Z 64 Group compare greater zero signed octlets
GCOMG.Z.128 Group compare greater zero signed hexlet
G.COMGEZ 8 Group compare greater equal zero signed bytes
G.COMGE.Z. 16 Group compare greater equal zero signed doublets
G.COMGE.Z. 32 Group compare greater equal zero signed quadlets
G.COMGE.Z 64 Group compare greater equal zero signed octlets
G.COMGE.Z 128 Group compare greater equal zero signed hexlet
G.COML.Z 8 Group compare less zero signed bytes
G.COML.Z 16 Group compare less zero signed doublets
G.COML.Z. 32 Group compare less zero signed quadlets
G.COML.Z 64 Group compare less zero signed octlets
G.COML.Z 128 Group compare less zero signed hexlet
G.COMLE. 8 Group compare less equal signed bytes
G.COMLE. 16 Group compare less equal signed doublets
G.COMLE. 32 Group compare less equal signed quadiets
G.COM.LE. 64 Group compare less equal signed octlets
G.COMLE. 128 Group compare less equal signed hexlet
G.COMLEU. 8 Group compare less equal unsigned bytes
G.COMLEU. 16 Group compare less equal unsigned doublets
G.COMLE.U. 32 Group compare less equal unsigned quadlets
G.COMLE.U. 64 Group compare less equal unsigned octlets
G.COMLE U128 Group compare less equal unsigned hexlet

FIG. 35A continued
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G.COMLEZ. 8 Group compare less equal zero signed bytes
G.COMLEZ 16 Group compare less equal zero signed doublets
G.COMLE.Z. 32 Group compare less equal zero signed quadlets
G.COMLE.Z 64 Group compare less equal zero signed octlets
G.COMLE.Z.128 Group compare less equal zero signed hexlet
G.COMNEZ. 8 Group compare not equal zero signed bytes
G.COMNEZ 16 Group compare not equal zero signed doublets
G.COMNE.Z. 32 Group compare not equal zero signed quadlets
G.COMNE.Z. 64 Group compare not equal zero signed octlets
G.COM.NE.Z.128 Group compare not equal zero signed hexlet
G.FIX Group fixed point arithmetic exception
G.NOP Group no operation

G.COM.E.Z size rc « G.COM.AND E.size rc,rc
G.COM.G.size rd,rc — G.COM.L.size rc,rd
G.COM.G.Usize rdrc — G.COM.L.U.size rc,rd
G.COMG.Zsize rc = G.COM.L.Usize rc,re
G.COM.GE.Z size re < G.COM.GE size rc,rc

G COM. L Zsizerc <« G.COM.L.size re,re
G.COM.LE size rdrc — G.COM.GE size rc,rd
G.COMLE. U.size rdrc — G.COM.GE.U.sizerc,rd
G.COMLE Zsize rc < G.COM.GE.U.size rc,rc
G.COMNE Z size rc « G.COM.AND NE.size rc,rc
G.FIX <« G.COM.E.128 r0,r0

G.NOP <« G.COM.NE.128 10,10

FIG. 35A continued
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Redundancies
G.COM.E.size rd,rd & GFIX
G.COM.NEsize rd,rd <« GNOP
Selection
class operation | cond type size
boolean COM.AN |ENE 816 32 64 128
D COM
arithmetic | COM LGEGLE NONE U 016 32 64 128
COM LGEGLEENE YA 8 16 32 64 128
Format
G.COM.op.size rd,rc
G.COM.opz.size red
gcomopsize(rd,rc)
31 24 23 18 17 12 11 65 0
| G.size ] rd Ic I . op | ccom |}
8 6 6 6 6

FIG. 35B
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Definition

daf GroupCompare{op,sizesd,rc)
¢ « RegRead(rd, 128)
¢ « RegRead(rc, 128}
case op of
G.COME:
for | « 0 to 128-slzre by size
Begize-1.i ¢« (ivalze-1.i = Cirgize-1..i1712®
endfor
G.COMNE:
for i «- 0 to 128-size by size )
Bjeslze-1. .} + (diesizo-1.4 * Civsize-1, 552
endfor
G.COM.AND.E:

fori « 0 to 128-size by size
Gispizent. i + [{Ciesize 1.1 30D iegize1.1) = )58
endfor
G.COM.ANDNE:
for | « O to 128-gize by slze
Bjegize-1.1 ¢ ((Ciogize-1.1 8ND Biegizg.1_ i) = 0)S1ZE
endfor
G.COM.L:
for i « 0 10 128-5ize by size

US 7,730,287 B2

Birsize-1.i e ({10 = 1€) ? {Gegize-1.i <0} (Gesize-1.) < Ciegiza-1.1))52€

andfor
G.COM.GE:
for | « 010 128-5ize by size

Hegize-1.t ¢ ((rd = rc) 7 (Ciegize-1.i 2 0) : (Giegize-1. 2 Closize.1 )28

endior
G.COM.L.U:
for i « 0 to 128-gize by size
Bisgize-1.4 + ({rd = rc} 7 (Ciugize-1.i > 0)
{(0 | desize-1,0) < (O || Cregize-1. i N)*28
endfor
G.COM.GE.U:
for i « 0 to 128-size by size
Biegizo-1.4 + ({rd = 1) ? (Ciegize-1.i $0):
((0 1l diatze1. 4) 2 {0 ! Civsize-1.)))528
endfor
endcase
if (a # 0) then
raisa FixedPointArithmetic
sndif
enddef

Exceptions
Fixed-point arithumetic
FIG. 35C
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E.LOG.MOST.U.128

E.LOG. MOST 8 Ensemhle log of most signﬁtcant bit signed bytes
E.LOG.MOST.16 Ensemble log of most significant bit signed doublets
E.LOG.MOST.32_ Ensemble log of most significant bit signed quadiets
E.LOG.MOST.64 Ensemble log of most significant bt signed ocliets
E.LOG.MOST. 128 Ensemble log of most significant bit signed hexiet
ELOGMOST.U.8 Ensemble log of most significant bit unsigned bytes
E.LOG.MOST.U.16 Ensemible log of mos significant bit unsigned doublets
E.LOG.MOST.U.32 Ensemble log of most significant bit unsigned quadiets
E.LOG.MOST.U.64 Ensembie log of most significant bit unsigned ocllats

[Ensemble log of most significant bit unsigned hexdet

E.SUM.8 Ensemble sum signed bytes

E.5UM.16 Ensemble sum signed doublsts

E.SUM.32 Ensemble sum signed quadiels

E.SUM.64 Ensemble sum signed octlets

E.SUM.U.1 Ensemble sum unsigned bits

E.SUM.U.8 Ensemble sum unsigned bylas

E.SUM.U.16 Ensemble sum unsigned doublets

E.SUM.U.32 Ensembie sum unsigned quadlets

E.SUM.U.64 Ensemble sum unsigned octlety

Selsction

class op size

sum ’ SUM B 16 32 &4
SUM.U 1 8 16 32 64 ..

log most LOG.MOST LOG.MOST.U 816 32 64 128

| significant bit

FIG. 36A
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Format

E.op.size rd=rc

rd=ecpsize{rc)
- 24 23 18 17 _12 11 6 5 0
[ Esize | e | rc ] op | EUNARY
8 8 6 [ : -]

FIG. 36B
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Definition

def EnsemblieUnary{op,sizerd.rc)
¢ « RegRead(rc, 128)
case op of
E.LOG.MOST:
for i « 0 to 128-size by size
if {Cj+gize.1..| =0) then
Bjegize-1.4 & -1
elsg
for j < O to size-1

 Caize-1+1. joi = (€32 17; |l N0t Cyjz.14p) then

Bjegize-1.1 + |
encif
endfor
endd
gndfor
E.LOG.MOSTL:

for | « O to 128-size by size
if (Ciesize-1.4 =0) then
Birgize-1.j ¢ -1
else
for j « 0 to size-1
if Cgizg:1 i joi @ (05281 || 1) then

Blesize-1.t +
endit
endfor
endif
endfor
E.SUM;
p[0] p12e

for i « 0 lo 128-size by size
pliesize] « pli} + (cIZX%F 1l csize-1+1.4)

endfor
3 + p{128}
E.SUMUL:
pl0) < 0128
for i & 0 to 128-5ize by size
pli*size] e pfl] + (0128-5128 || cgiza 141.1)
endfor
a « p[128]
endcase
RegWrite(rd, 128, a)
enddef
Exceptions

e

FIG. 36C
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Floating-point function Definitions

def eb « ebits(prec) as

case pref of
16:
b« 5
az:
éb e 8
684
&b « 11
128:
eb « 15
endcase
enddef

def ab « sbias{prec) as
eb« 0| qebits(prec)-1
enddef

def fb « fbils{prec) as
b « prec -1 -eb
enddet

def a « F(prec, ai} as
8.8 + aipfec.‘j
ae « diprec-2..Mits(prec)
af « aipits(prec)-1..0
if ae = 18bits{prec) then
if af = 0 then
a.l « INFINITY
elseif affyitg(prec)-1 then
a.t « SNaN
a.e « -foits(prec)
a.f « t || affoits(prec)-2..0
else
a.! « QNaN
a.e «+ -fits{prec)
afeaf
endif
FIG. 37
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elgeif a8 = ( then
if ol » O then
8.t ZERQ

a8t e NORM
8.6 « 1-ebias(prec)-bits{prec)
abfe0jfaf
andif
olse
at « NORM
a.e ~ as-ebias{prec)-fits{prac)
afe 1] at
endif
enddeaf

def a « DEFAULTONAN as
as« 0
al e« ONAN
8.8 ¢ -1
af e 1
enddef

e

dof 8 « DEFAULTSNAN o8
as« 0
a.t o SNAN
ae 4+ -1
gl
-enddef

def fadd{a.b) as faddr(a.b.N) enddef

def ¢ + taddria,b,round) as
i# a.t=NORM and b.{=NORM then

i d,e are a.b with exponent alignad and fracticn adjusted

il g.e » b.e then
dea
el e« bl
s+ bs
€.€ + 8.8
of e bIfjo3ebeE

alsalfae <b.ethen
dt e at
d3« 258
de«be
¢« afjobeae
¢e«b

endif

clte gt

cewde

# d.e= a5 then
cSs+d.5
clfedivef

glseil df = o.f then
s eds
Cledf~eaf
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elseif ¢.f < o.fthen
0.6 4 8§
tleeaf-af
else
.8 4 rafF
¢t e ZERO
endif
if priodity is given to b oparand for NaN propagation
elgell (b t=SNAN} or (bt=QNAN) then
Cewb
elself {a.t=SNAN) or {a.l=QNAN] than
Céea
alself a.t=ZERO and b.t=2ERO then
¢l ZERO
¢.3 « {a.s and b.s) or {mund=F and (a.s or b.3))
if NULL values are §ke zero, but do not combine with ZERO o aller sign
algelf a.1=2ZERQ of at=NULL then
¢+b
elself bAeZERO or b.t=NLULL then
Cea
eiself aA=INFINITY and b.i=INFINITY then
if a.s = b.s then
¢ + DEFAULTSNAN // Invalld
slso
Cep
envdil
sisail at=INFINITY then
Ce g
olsaif b.t=INFINITY then
ceDb
elsa
i assert FALSE /7 should have covered al the cases above
en
enddef

def b « fneg{a) as
b.5 « ~a.5
bte at
be¢ ap
b.f e af
enddof

def fsub{a,b) as fsubr(a,b,N) enddef

def fsubr(a.b.round) as faddria fneg(b).round) endde!

def frsub{s,b} as frsubr(a b N) enddef

def frsubr{a,b,round) as faddrifneg(a),b,ound) enddef

def ¢ « from(a b} as
if (a.t=SNAN) or (a.t=QNAN) or (b.1=SNAN) or (b.1=QNAN} than
elseif :.g'll\?FlNﬂY and b.=INFINITY then

fa.swbsthen
¢+ (as=0}?G: L

FIG. 37 continued
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sise
¢ceE
andif
elsal a.lzINFINITY then
te(a.3=0)?7G: L
elsalf b.i=INFINITY then
Cw(bs=D)T7G:L
elzalf a.t=NORM and b.t=NORM thea
# a3+« bsthen
ce(as=0?7G:L
alse
if 3.¢ > b.e thon
af ¢ af

bl + b.f || 02200
also
af - afj] ob.ea.e
bl «b.f
endil
if af = bf then
ceE
olso

c e« {{a.s=0}*(af > b)) ?G:L

endif

andil

elgai! 3. 1=NORM then
Ce(as5=0)7G: L

elseif b.t=NORM then
€+ (b3=0)?7CG: L

elssif at=ZERQ and b.t=ZERQ then
¢+ E

glsa

US 7,730,287 B2

assert FALSE /f should have covered al the cases above

endif
enddef

daf ¢ « fmul{a,b} 8
if a.t=NORM and b t=NORM then
C3e 0.5%bhs
.1« NORM
cCe«as+he
cfeaf*bl

#i priodity is given to b oparand for NaN propagation

elseif (b.t=SNAN) or (b.zQNAN] then
CSe 08408
cletit
c.e + b.e
clfebf
olseif (a8, I=SHAN) or (a1=QNAN]) then
tse—as”lts
Cleat
e e a8
cleaf
atsoif 8 +ZEROD and bA=INFINITY then
¢ « DEFAULTSNAN # Invalid
elsel a.l=INFINITY and b.A=ZERQ then
¢ + DEFAULTSNAN // Invalid
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