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A20M# I Address bit 20 Mask is an emulator slims!.
A31.A3 (0 Addres$, in OOmbination with byte enable. indicate the

physical addresses of memory or device that IS the target
of a bus transaction. This signal is an output, when the
processor Is Initiating the bus transaction, and an input
when the processor is receiving an inquire transaction or
snoooina another Drocessors bus transaction.

AOS# 10 ADdress Strobe. when asserted. indicates new bus
transaction by the processor, with valid address and byte
enable s1multaneously driven.

ADSC# 0 Address Strobe Copy is driven identically to address
strobe

AHOLD I Address HOLD, when asserted. causes the processor to
cease driving address and address parity in the next bus
clock cycle.

AP 10 Address Parity contains even pal1ly on the same cycle as
address. Address parity is generated by the processor
when address is an output, and is check.ed when address
is an input. A parity error causes a bus error machine
check.

APCHK# 0 Address Parity CHecKis asserted two bus clocks atter
EAOS# if address partty is not even parity of address.

APICEN I Advanced Programmable Interrupt ControEler ENable
Is not implemented.

BE7#..BEO# 10 cByte Enable indicates whIch byles are the subject of a
read or wnte transaction and are driven on the same eyele.
as address.

BF1 ••8FO I Sus Frequency is sampled to permit software to select
the ratio of the Drocessor clock to the bus clock.

BOFF# I SackOFF is sampled on the rising edge of each bus clock,
and when asserted, tne processor floats bus signals on the
next bus clock and aborts the current bus cycle, until the
backoff signal is sampled nenated.

BP3..BPO 0 BreakPoint is an emulator stanal.
BROY# I Bus ReaDY indicates that valid data is present on data on

a read transaction, Of that data has been accepted on a
write transaction.

BRDYC# I 8us ReaDY Copy is identical to BRDY#; asserting either
signal has the same effect.

BREQ 0 Bus REQuest indicates a processor initiated bus reQuest.

FIG. 48
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BUSCH~# I BUS CHecK is sampled on the rising edge of the bus
dock, and when asserted. causes a bus error machine
check.

CACHE# 0 CACHE, when asserted, indicates a cacheable read
transaction or a burst write transaction.

elK I bus CLocK provides the bus dock timing edge and the
freouenev reference for the orocessor clock.

cpuTVP I CPU TYPe, if tow Indicates the primary processor, if hfgh.
the dual processor.

D/C# I Data/Code is driven with the address signal to indicate
data code. or special cveles.

063..00 10 Data communicates 64 bits of dats per bus clock.
O/P# 0 Dual/Primary Is drlven (asserted, low) with address on

the orimarv orocessor
OP7..DPO to Data Parity contains even parity on the same eyete as

data. A paritv error causes a bus error machine check.
DPEN# 10 Dual Processing Enable Is asserted (driven low) by a

Dual processor at reset and sampled by a Primary
crocessor at the faUlna edae of reset.

EAOS# • External Address Strobe indicates that an external
device has driven address for an Inquire cyde.

EWBE# I External Write Buffer Empty indicates that the external
SYStem has no pendin~ write.

FERR# 0 Floating point ERRor is an emulator siQnal.
FLUSH# I cache FLUSH is an emulator si!~nal.

FRCMC# I Functional Redundancy Checking Master/Checker is
not Implemented.

HIT# 10 HIT indicates that an Inquire cycle or cache snoop hits a
valid tine.

H1TM# 10 HIT to a Modfied line indiCates thai an inquire cycle or
cache snoop hits a sulrblock in the M cache state.

HLOA 0 bus HoLD Acknowlege is asserted (driven high) to
acl<nOW'lege ~ bus hold request

HOLD I bus HOLD request causes the processor to float most of
its pins and assert bus hold acknowlege after completing
atl outstanding bus transactions. or during reset.

IERR# 0 Internal ERRor Is an emulator slQnal. .'

IGNNE# t IGNore Numeric Error is an emulator signal.
INIT 1 INITIalizatIon Is an emulator slanal.
INTR I maskabre INTeRrupt is an emulator slana!.
INV I INVaUdatlon controls whether to invalidate the addressed

cache sub·block on an lnqure transaction.

FIG. 48 continued



u.s. Patent Juo.l,2010 Sheet 140 of 384 US 7,730,287 B2

KEN# f Cache ENabJe is driven wilh address to indicate that the
read or write transaction is cacheabSe.

liNn "LINTO I Local 'NTerrupt Is not implemented.
LOCK# 0 bus LOCK Is drl\ten starting wJth address and ending

after bus ready to indicate a locked serles or bus
transactions.

MflO# 0 Me~oryllnput Output ls driven with address to indicate a
memory Of 110 transactIon.

NA# I Next Address IndIcates that the extemal system will
acceDt an address for a n(WI bus cYCle In two bus clocks.

NMI f Non Maskable rnterruDt Is an emulator lianal.
PBGNT# 10 Private Bus GraNT Is driven between Primary and Dual

processors 10 indiC;9te that bus arbitration has completed.
orantina 8 new master access to the bus,'

PBREQ# \0 Private Bus REQuest is driven between Primary and Dual
crocessors to recuest a new master access to the bus.

PCD 0 Page Cache Dluble is driven wUh address 10 indicate a
not cacheable transaction.

PCHK# 0 Parity CHecK is asserted (driven low) two bus clocks after
data aooe.ars with odd parity on enabled bvtes.

PHIT# 10 PriVate HIT is driven between Primary and Dual
processors to indicate that the ourrent read or write
transaction addresses a valId cache sub-block in the slave
ProceSSOl.

?HITM# 10 Private HiT Modlfiod is driven between Primary and Dual
processors to indicate that the current read or write
transaction addresses a modified cache sub-block in the
slave processor.

PICCLK I Programmable Interrupt Controller CLocK is not
Implemented.

PIC01 ..PICD 10 Programmable Intonupt ControUer Data is not
0 imDfemented.
PEN# , Parity Enable, If active on the data cycle, allows a parity

error to cause a bus error machine check.
PM1 ..PMO 0 Perfonnance Monitoring js an emulator slanal.
PRDY 0 Probe ReaDY Is not imDlemenled.
PM 0 page Write Through Is driven with address to Indicate a

not write aVocate transaction.
RlS# I RunlStoD is not imDfememed.
RESET J RESeT causes a Drocessor reset.
Seye 0 Split CYCle Is aSgerted dUring but lock to Indicate that

more than two transactions are in the series of bus
transactions.

FIG. 48 continued
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SMI# I SYStem Manaaem nt InterruDt is an emulator signal.
SMIACT# 0 S)'Stem Management Interrupt ACTive is an emutator

slanal.
STPClK# I SToP CLocK Is an emulator sianal.
TCK I Test ClocK follows tEES 1149.1.
TOI r Teat Data Input follows IEEE 1149.1.
TOO 0 Te$t Data Outoutfollows IEEE 1149.1.
TM3 I Test Mode select follows IEEE 1149.1.
TRST# I Tnt ReSet follows IEEE 1149.1.
VCC2 I vee of 2.8V at 25 Dins
VCC3 I vee of 3.3V at 26 DIns.
VeC20ET# 0 VCC2 DETect sets 8DPropriaie VCC2 Yoltaae level.
VSS I VSS sUDclied at 53 Dins
WIRJI. 0 Write/Read is driven wl1h address to indicate write \IS.

read transaction.
W8fWT# I Write BackJWrJte Through is returned to Indicate that

data is permJtted to be cached as write back.

FIG. 48 continued
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Eltttrical SpecincatioDs

Ctock rate a6MHz 75 MHz 100 MHz 133 MHz
Parameter min max min max min max min max unit
ClK frequency 33.3 66.7 37.5 75 50 100 133 MH

z
ClK period 15.0 30.0 13.3 26.3 10.0 20,0 ns
elK hiah time (~2v) 4.0 4.0 3.0 n$

elK low time (so.eV) 4.0 4.0 3.0 ns
CL~nse~m(:! (0.8V->2V) 0.15 1.5 0.15 1.5 0.15 1.5 ns
ClK fall time (2V·>0.8V) 0.15 1.5 0.15 1.5 0.15 1.5 ns
ClK period stabilitv 250 250 250 Ips

FIG.49A
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A31 ..3 valid delay '11.1 6.3 1.1 4.5 1.1 4.0 "5
A31 •.3 float delay 10.0 7.0 7.0 ns
ADS" valid delay 11,Q 6.0 1.0 4.5 1.0 4.0 ns
ADSU float deJay 10.0 7.0 7.0 n$

AD$C#valfd delav 10 7.0 1.0 4.5 1.0 4.0 ns
AOSC# float delav 10.0 7.0 7.0 os
AP valid delav 1,0 8.5 1.0 5.5 1.0 5.5 ns
AP float delav 10.0 7.0 7.0 ns
APCHK# valid delav 1.0 8.3 1.0 4.5 1.0 4.5 ns
BE?••0# valid delay 1.0 7.0 1.0 4.5 1.0 4.0 ns
BE?..0# float delav 10.0 7.0 7.0 ns
IBP3"O valid delav 1.0 10.0 ns
BREQ valid delay 1.0 8.0 'LO 4.5 .1.0 4.0 ns
CACHE# valid delay 1.0 7.0 1.0 4.5 1.0 4.0 ns
CACHE# Roat delav 10.0 7.0 7.0 ns
Dle# valid delay 1.0 7.0 1.0 4.5 1.0 4.0 ns
DfCiI float delay 10.0 7.0 7.0 os
063,.0 write data valid delaY 1.3 7.5 1.3 4.5 1.3 4.5 11$

083..0 write date float delav 10.0 7.0 7.0 os
OP7•.a write data valid delay 1.3 7.5 1.3 4.5 1.3 4.5 r- os
DP7..0 write data float delay 10.0 7.0 7.0 os
FERR# valid delay 1.0 8.3 1.0 4.5 1.0 4.5 os
HIT# valid delay 1.0 6.8 1.0 4.5 1.0 4.0 os
HITM# valid delay 1.1 6.0 1.t 4.5 1.1 4.0 ns
HLOA vaUd delay 1.0 6.8 1.0 4.5 1.0 4.0 ns
IERR# valid delav 1.0 8.3 os
LOCK# vaUeI delay 1..1 7.0 1.1 4.5 1.1 4.0 ns
LOCK# float delay 10.0 7.0 7.0 os
MlJO# valid delay 1.0 5.9 1.0 4.5 1.0 4.0 os
MlJO# float delay 10.0 7.0 7.0 os
peD valid delay 1.0 7.0 1.0 4.5 1.0 4.0 ns
PCD float delay 10.0 1.0 7.0 ns
PCHK# valid delav 1.0 7.0 1.0 4.5 1.0 4.5 ns
PM1..0 valid delav 1.0 10.0 os
PROY valid delav 1.0 8.0 os

. PWT valid delav 1.0 7,0 1.0 4.5 1.0 4.0 os
PWT float delay 10.0 7.0 7.0' n!
seve valid delay 1.0 7.0 1.0 4.5 1.0· 4,0

,-
ns

Seye float delay 10.0 7.0 7.0 ns
SMIACT# valid delaY 1.0 7.3 1.0 4.5 1.0 4.0 n$

WIR# valid delay 1.0 7.0 1.0 4.5 1.0 4.0 ns
W/R# float delay 10.0 7.0 7.0 os

FIG.49B
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..

A31 •.5 setup time 6.0 3.0 3.0 ns
A31 ..5hold time 1.0 1.0 1.0 ns
A2OM# setup time 5.0 3.0 3.0 ns
A20M# hold time 1.0 1.0 1.0 ns
AHOLO sewp time 5.5 3.5 3.5 ns
AHOLD hold time 1.0 1.0 1.0 ns
AP setup time 5.0 1.7 1.1 ns
APholdtime 1.0 1.0 1.0 ns
BOFF# setup time 5.5 3.5 3.5 n5
eOFF# hold time 1.0 1.0 1.0 ns
BROV# setup time 5.0 3.0 3.0 ns
BROY# hold time 1.0 1.0 1.0 ns
BRDYC# setup time 5.0 3.0 3.0 ns
BROYC# hold time 1.0 1.0 1.0 os
aUSCHK# setuD time 5.0 3.0 3.0 n$
BUSCHK# tlold titrlB 1.0 1.0 1.0 ns
063..0 read data setuP time 2.8 1.7 1.7 ns
063..0 read data hold time 1.5 1.5 1.5 ns
OPT..Oread data setup time 2.8 1.7 1.7 os
DP7..0 read data hold time 1.5 1.5 1.5 ns
EAOS# setuD time 5.0 3.0 3.0 ns
EAOS# h~d time 1.0 1.0 1.0 ns
EWBE# setup time 5.0 1.7 1.7 ns
EW8E# hold time 1.0 1.0 1.0 ns·
FLUSH# setup time 5.0 1.7 1.7 ns
FtUSH# hold time 1.0 1.0 1.0 ns
FLUSH# asvnc Dulse width 2 2 2 eLK
HOLD setup time 5.0 1.1 1.7 ns
HOLD hold time 1.5 '1.5 1.5 ns
IGNNE# setuD time 5.0 1.1 1.7 ns
IGNNE# hold time 1.0 1.0 1.0 ns
tONNE#. asvne Qulse widlh 2 2 2 eLK
INIT setuP time 5.0 1.7 1.7 ns
I.NIT hold time 1.0 1.0 1.0 ns
INIT aavne otdse width 2 2 2 elK
INTR setup time 5.0 1.7 1.7 ns
INTR hold time 1.0 1.0 1.0 ns
INV setuD Ume 5.0 1.1 1.7 ns
INV hold time 1.0 1.0 1.0 ns
KEN" setuD time 5.0 3.0 3.0 ns
KEN# hold time 1.0 1.0 1.0 ns
NAil setup time 4.5 1.7 1.7 os

FIG.49C
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NA# hold tima
NMI setup time
NMI hold time
INMI as\lnc nubIA width
PEN# setuo time
PE:N# hold tlm&

IRlMsewD time
RIS#' hold time
IRJS# as\ltll Dulse width
SMI# sewn time
SMI# hold time
SMI# savne: 1~t.daA width
STPClK# setuo time
STPCLK# hold time
WBNVr# setup time
WB!NT# hold time

1.0
5.0
1.0
2
4.8
1,0
5.0
1.0
2
5.0
1.0
2
5.0
1.0
4.5
1.0

1.0
1.1
1.0
2
1.1
1.0
1.7
1.0
2
1.1
1.0
2
1.7
1.0
1.7
1.0

1.0
1.7
1.0
2
1.7
1.0
1.7
1.0
2
1.7
1.0
2
1.7
UJ
1.7
1.0

ns
ns
ns
eLK
ns
ns
ns
ns
CU<
os
ns
eLK
ns
ns
ns
ns

FIG. 49C continued

RESET setuP time 5.0 1.7 1.7 ns
RESET hold time 1.0 1.0 1.0 ns
RESET pulse width 15 15 . 15 ClK
RESET aeti\le 1.0 1.0 1.0 ms
8F2..0 setup time 1.0 1.0 1.0 ms
BF2..0 hold time 2 2 2 CLK
BROYC# hold time 1.0 1.0 1.0 os
BROYC# setup lime 2 2 2 ClK
BRDYC#hotdtime 2 2 2 CLK
FlUSH# seWD time 5.0 1.1 1.7 ns
FLUSH# hold time 1.0 1.0 1.0 ns
FLUSH# setup time 2 2 2 " eLK
FLUSH" hold time 2 2 2 elK

FIG.49D
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P9REO# f1iaht time
PBGNT# flic ht time
PHIT# flloh timE
.PHITMtfllo ~llirn8

A31 .5 SQtuo ime
A31 .5. hold time
D/e# SMUt) time
Dietl hoi •timA

W'R# M tun time
hold time

C E# seWD Drne
hold time

L .seful time
L CK· hold lime
s YC satu t> time
seyc hold time
ADS# ;.e UI time
AOS# '\0 Id ime
MlION setuo time
MilOI' hold time
HIT# setuo time
HIT# hold time
HtTM# setUD time
HITM# hold time
HlDA SQtu ) time
HLDA ho d lime
DPEN# valid time
DPEN#hf'lldjme
D/P# valid delav (orimarv)

iO 2.0
'0 2.0
o 2.0
o 1.8
3.7
0.8
4.0
0.8
4.0
0.8
4,0
1.0
4.0
0.8
4.0
0.8
5.8
0.8
5,8
0.8
6.0
1.0
6.0
0,7
6.0
0.8

10.0
2.0
1.0 8.0

FIG.49E

os
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ns
ns
os
ns
ns
ns
ns
ns
ns
os
ns
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ns
ns
ns'
ns
os
os
os
ns
ns
ns
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_..,.

TOK frequency ~25 25 MH
z

TCK ceriod 40.0 40.0 ns
TOK hiah time (~2v) 14.0 14.0 ns
TOK low time lsO.8V) 14,0 14.0 n$

TOK rise lime 0.8V,>2V) 5.0 5,0 ns
TCK fall time (2V.>O,8V) 5.n 5,0 ns
TR$T# pUlse wJdth 30.0 30.0 ns

FIG,49F

TOI setup time 5.0 5.0 ns
TOI hord time 9.0 9.0 ns
TMS setup time 5.0 5.0 os
TMS hold Ume 9.0 9.0 os
TOO valid delay 3.0 13.0 3.0 13.0 ns
TOO noat delay 16.0 16.0 ns
all outouts valid delay 3.0 13.0 3.0 13.0 ns
all outouts float delay 16.0 16.0 ns
all inpuls setup tima 5.0 5.0 ns
all inputs hold time 9.0 '9.0 ns

FIG. 490
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L. 81 Load signed byte
L. 16.B Load signed doublet big-endian
L. 16.A.B Load signed doublet aligned big-endian
L. 16.L Load signed doublet little-endian
L. 16.A.L Load signed doublet aligned little-endian
L. 32.B Load signed quadlet big-endian
L. 32.A.B Load signed quadlet aligned big-endian
L. 32.L Load signed quadlet little-endian
L. 32.A.L Load signed quadlet aligned little-endian
L. 64.B Load signed octlet big-endian
L. 64.A.B Load signed octlet aligned big-endian
L. 64.L Load signed octlet little-endian
L. 64.A.L Load signed octlet aligned little-endian
L.128.B" Load hexlet big-endian
L.128.A.BJ Load hexlet aligned big-endian
L.l28.L'I Load hexlet little-endian
L.128.A.U Load hexlet aligned little-endian
L.U.8° Load unsigned byte
L.u. 16.B Load unsigned doublet big-endian
L.U. 16.A.B Load unsigned doublet aligned big-endian
L.u. 16.L Load unsigned doublet little-endian
L.u. 16.A.L Load unsigned doublet aligned little-endian
L.u. 32.B Load unsigned Quadlet big-endian
L.u. 32.A.B Load unsigned quadlet aligned big-endian
L.u. 32.L Load unsigned Quadlet little-endian
L.u. 32.A.L Load unsigned quadlet aligned little-endian
L.u. 64.B Load unsigned octlet big-endian
L.U.64.A.B Load unsigned octlet aligned big-endian
L.U.64.L Load unsigned octlet little-endian
L.u. 64.A.L Load unsigned octlet aligned little-endian

FIG 50A
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number format Itype size aUanment ordering
signed bYte 8
unsiQned byte U 8
sianed integer 16 32 64 L B
signed integer aligned 16 32 64- A L B
IJ'nslaned tnteaer U 15 32 64 L 8
unslaned lntsaer alianed U 16 32 64 A L B.
reaister 128 L a
register alianed 128 A l B

Fonnat

op rd::rc.rb

rd=op(rc,rb)
3;;.;:1~~~~24;;..;;.23;;.... 1~8 ....11 1.....2 11 6 5 0

1,-:.-;;,;l..;;;,;,Mt~N,;;::;,:OR~...LJ_-"!rd~_r rc ,......-.-fb~--I---o-[! ---..\
8 6 6 (; 6

FIG.50B
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der loed{op,rd.re,rb) as
case opof

L16L.L32L.l8,L16AL,l32AL,L16B,L32B.L16AB,L32AB,
L64I.., L64AL. L648, L64AB:

signed ...... true
LU16L, LU32L, LUa, LU15Al, LU32AL. LU16B, LU32B, lU16AB, LU32AS,
LUG4l. LU64Al, LU64B, lU64AB:

signed E- false
1..128L... L128AL, L128B, L128AS:

signed ~ undefined
endcase
ease op of

l8.lUO:
size 4- 8

L16L.LU16L.l16AL.lU16Al,L16B,lU16B.l16AB.lU16AB:
size 4-16

l32L.lU32l,l32AL,LU32AL,L32B.LU32B.l32A&,lU32AS:
size +-- 32

L64L.LU64L. l64AL.LU64Al,L64B.LU64B.L64AB,lU64A8:
size +-- 64

L128L.l12BAl.l128B,l128AB:
size .... 128

endcase
Is!ze +-- log(size)
caseop of

l16l,lU16l,l32L.lU32L.L64l,LU64l.L128L,
l16Al. LU16AL. L32Al, lU32Al, L64Al, LU64Al.l128Al:

order +-- L
l16B. LU16B. L32B. LU32B, L648, lU64B, L1286,
L16AB, LU16AB, L32AB, LU32AB. L64AB.lU64AB, L128A8:

order ...... B .
L8.lU8:

order +-- undefined
endcase

FIG. SOC
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c +- RegRead(rc. 64)
b <f- RegRead(rb. 64)
VirtAddr +- c + (be6-rsize..OII OISize-3)
case op of

L16Al, LU16AL, L32AL, lU32AL, L64AL. LU64AL, L128AL,
L16AB.LU16AB,L32AB,LU32AB.L64AB.LU64AB,l128AB:

if (Clsize-4..0. 0 then
raise AccessOisallowedByVirtualAddress

endif
L16L. LU16L,L32L,lU32l. L64L.LU64L,L128L.
L16B. LU16B. L32B. lU32B. L64B. LU64B. l128B:
L8, LUB:

enoessa
m~ LoadMemory(c.VirtAddr.slze.order)
a ~ (msize-1 and slgned)120-size 11m
RagWrlte(rd. 128. a)

enddef
Exceptions

Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag
Access detaiI required by local TB
Access detail required by global TB
Local TB miss
Global TB miss

FIG. SOC continued
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L.I.81 Load immediate signed byte
L.I. 16.A.B Load immediate signed doublet aligned big-endian
L.I. 16.B Load immediate signed doublet big-endian
L.I. 16.A.L Load immediate signed doublet aligned little-endian
L.I. 16.L Load immediate signed doublet little-endian
L.I. 32.A.B Load immediate signed quadlet aligned big-endian
L.I. 32.B Load immediate signed quadlet big-endian
L.I. 32.A.L Load immediate signed quadlet aligned little-endian
L.I. 32.L Load immediate signed quadlet littIe-endian
L.I. 64.A.B Load immediate signed octIet aligned big-endian
L.I. 64.B Load immediate signed octIet big-endian
L.I. 64.A.L Load immediate signed octIet aligned little-endian
L.I. 64.L Load immediate signed octIet little-endian
L.I.128.A.B2 Load immediate hexlet aligned big-endian
L.I.128.BJ Load immediate hexlet big-endian
LJ.l28.A.L" Load immediate hexlet aligned little-endian
L.I.128.V' Load immediate hexlet little-endian
L.I.V. gb Load immediate unsigned byte
L.I.V. 16.A.B Load immediate unsigned doublet aligned big-endian
L.I.V. 16.B Load immediate unsigned doublet big-endian
L.I.V. 16.A.L Load immediate unsigned doublet aligned little-endian
L.l.V. 16.L Load immediate unsigned doublet little-endian
L.I.V. 32.A.B Load immediate unsigned quadlet aligned big-endian
L.I.V.32.B Load immediate unsigned quadlet big-endian
L.I.V. 32.A.L Load immediate unsigned quadlet aligned little-endian
L.l.V.32.L Load immediate unsigned quadJet little-endian
L.I.V. 64.A.B Load immediate unsigned octIet aligned big-endian
L.I.V.64.B Load immediate unsigned octlet big-endian
L.I.V. 64.A.L Load immediate unsigned octlet aligned little-endian
L.I.V.64.L Load immediate unsigned octlet little-endian

FIG 51A
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number format ItvDe sIte alianment orderina
sianed bVte .8
unsigned bYte U i8
signed inteqer it) 32 64- L B
signed Inte(eralioned 16 32 64 A l 8
unsionedin teaer U 16 32 64 L B
unsigned in teaer aUaned U 16 32 64 A l B
register . 128 L B
register align$d 128 A l a

FotrBi1t

op rd=rcioffset

rd=op(rc.offset)

31 24 23
1_~oP__1

8

18 17 12 '1 0
rd :: 1::" I~:--::~off~SEl-l_ ......J
6 "6 12

FIG. SIB
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daf Loadlmme<llsle(op.rd,re;offset) as
case op of

U16l, LI32L,. LIS, Lf16~ L132Al, LltHB, U32B, Lf16AB, Ll32AB:
U64L, L164AL. Ll64B. LI64AS:

signed +- true
LIU16L. LIU32L. LlU8, LIU16AL. LIU32AL,
LlU16B. LIU32B. LIU16AB. L1U32AB:
LlU64L. LlU64AL, LIU64B, L1U64AB:

signed ... false
Ll128l, L1128AL. L1128B. Ll128AB:

signed +- undefined
endcase
case 01' of

UB, UU8:
size +- 8

Lf16L. LlU1GL. L116AL, LIU16AL. 1I16B,lIU16B, Ll16AB, LIU16AB:
size +-16

L132L. L1U32L, L132AL, LIU32AL, L132B, LIU32B. lI32AB, lIU32AB:
size +- 32

LI64L, LIUG4L, L164AL. L1U64Al, L164B. LIU648, LI64AB, L1U64AB:
size +- 64

L1128l. L1128AL, Ll128B, Ll128AB:
siZe +-128

endcase
Isize +- IOg(5Iz9)
case op of

LI16L, UU16L, Ll32L. LlU32L. LI64L. LIU64L. Llt2SL,
L116AL. LlU16AL. LI32AL, LIU32AL, Ll64Al, LIU64AL. Lf128AL:

order +- U
L116B. LlU16B,1I328. LIU32B. Ll64B, LIU648. L1128B,
L116AB,lIU16AB, Ll32AB. lIU32Ae, Ll64AB.llU64AB, Ll128AB:

order+- B
LIS,. LIU8:

order +- undefined
endcase

FIG. SIC
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c +- RegRead(rc, 64)
VirtAddr of- C + (offse~size If offset II Qfsiz&-3)
eaSEt Op of

L116AL. LIU16AL. LI32AL., LlU32AL, Lt64AL, LIU64Al, LI128AL,
L116AB, L1U16AB, LI32AB. LIU32AB. LI64AB, LIU64AB.lI128AB:

If (ClsiZe-4•.0 ¢ 0 then
raise AocessDisallowedByVirtualAddress

endlf
1116L, LlU16L. L132L. LIU32L, LI64L, LIU64L, L1128L,
L116B, LIU16B, L132B, LIU32B. L164B, LIU64B. L1128B:
LIS, L1ue:

endcase
m of- LoadMemory(c,VirtAddr.size.order)
a of- (mslze.1 and signed)128-Size II m
RegWrite(rd. 128. a)

enddef
Exceptions

Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detaH required by tag
Access detail required by local TB
Access detail required by global TB
Local TB miss
Global TB miss

FIG. 5IC continued
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S.81 Store byte
S.16.B Store double big-endian
S.16.A.B Store double aligned big-endian
S.16.L Store double little-endian
S.16.A.L Store double aligned little-endian
S.32.B Store quadlet big-endian
S.32.A.B Store quadlet aligned big-endian
S.32.L Store Quadlet little-endian
S.32.A.L Store Quadlet aligned little-endian
S.64.B Store octlet big-endian
S.64.A.B Store octlet aligned big-endian
S.64.L Store octlet little-endian
S.64.A.L Store octlet aligned little-endian
S.128.B Store hexlet big-endian
S.128.A.B Store hexlet aligned big-endian
S.l28.L Store hexlet little-endian
S.128.A.L , Store hexlet aligned little-endian
S.MUx'64.A.B Store multiplex octlet aligned big-endian
S.MUX.64.A.L Store multiplex octlet aligned little-endian

FIG 52A
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number format OD size alignment - orderinll
byte 8
Inteoer 16 32 64 126 L B
intecer allaned 16 32 64 128 A L 6
multiplex MUX 64 A L e.--..

Fennat

Op rd,rc,rb

op(rd,rc,rb)

31 24, 23 18 17 12 11 &5 0

I S.M'INOR I rd I I'C I rb I op i
8 e (5 6 6

FIG.52B
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DefinitIon

de! Store(op,rd,rc,rb) as
case opof

S8:
size +- 8

Si6L.$i6AL,$16B,S16AB:
size +- 16

S32L, S32AL, S32B, S32AB:
sIZe +- 32

S64L.S64ALt S64B,S64AB,
SMUX64AB. SMUX64AL:

size +- 64
S128l, S128AL, S1288, S128AB:

size +-128
endcase
lsize +- log(size)
ease opof

$8:
order ~ undefined

S16l. S32L, S64L, S128L,
SiSAL, S32AL, S64Al. S128AL. SMUX64ALI:

order +- L
S16B,S32B,S64B.S128B,
S16AB, S32AB. S64AB. S128AB. SMUX64ABI:

order +- B
endcase
c +- RegRead(rc. 64)
b +- RegRead(rb, 64)
VirtAddr of- e + (b6Q.lstze•.OIt olslze-3)
case op of

Si6Al. S32Al., S64AL, S128AL,
S16AB,S32AB,S64AB.S128AB.
SMUX64AB. SMUX64Al:

if (Clsize-4•.0 ;t; 0 then
raise AecessDisellOwedByVlrtuaJAddress

endif
S16l.S32l.S64L,S128L.
S16B,S32B.S64B,S128B:
S8:

endcase

FIG.52C
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d .- RegRead(rd, 128)
caseop of

58.
S16l.S16Al.S16B.S16A8.
S32L.S32AL.S32B.S32AB.
S64L.S64Al.S64B.S64AB.
S128L. S128Al, S1288. S128AB:

StoreMemory(c,VirtAddr,slze.order.dsizg..1 ..0)
SMUX64AB. SMUX64AL:

lock
a .- LoadMemory\'V(c.VirtAddr,size,order)
m +- (d127..64 & d63..0) I (a & "'1163..0)
StoreMemory(c.VirtAddr,size,order,m)

endJock
endcase

enddef
Exceptions

Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB

.Access disallowed by local TB
Access detail required by tag
Access detail required by local 1B
Access detail required by global TB
Local TB miss
Global TB miss

FIG. 52C continued
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S.L 81 Store immediate byte
S.L 16.A.B Store immediate double aligned big-endian
S.L 16.B Store immediate double big-endian
S.l. 16.A.L Store immediate double aligned little-endian
S.L 16.L Store immediate double little-endian
S.L 32.A.B Store immediate quadlet aligned big-endian
S.l. 32.B Store immediate quadlet big-endian
S.l.32.A.L Store immediate quadlet aligned little-endian
S.l. 32.L Store immediate quadlet little-endian
S.l. 64.A.B Store immediate octlet aligned big-endian
S.L 64.B Store immediate octlet big-endian
S.l.64.A.L Store immediate octlet aligned little-endian
S.l.64.L Store immediate octlet little-endian
S.l.128.A.B Store immediate hexlet aligned big-endian
S.I.128.B Store immediate hexlet big-endian
S.I.128.A.L Store immediate hexlet aligned little-endian
S.I.128.L Store immediate hexlet little-endian
S.MUXL64.A.B Store multiplex immediate octlet aligned big-endian
S.MUXI.64.A.L Store multiplex immediate octlet aligned little-endian

FIG 53A
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numberftlnnat 00 size alianment orderinQ
b\ 18 8
In leOsr 16 32 64 128 L B
In ~eraligned 16 32 64 128 A L- a
multiplex MUX 64 A L B

Format

S.op.l.size.aUgn.order rd.re.offset

sopisizealignorder(rd,rc,offset)
31 24 23 18 17

I op I rei I
8 6

12 11 0
rc (.....::-:.-:-iOff&e::-·-t--
6 12

FIG.53B
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Definition

def S.torelmmediata{op,rd,rc.offset) as
case op of

518:
size +- 8

SI16l, SI16AL. 8116B, S116A8:
size +-16

S132l, 5132AL1 51326. S132A8:
size 4- 32

SI64L, SI64AL. 8164B. SI64AB. SMUXI64AB. SMUXI64Al:
size +- 64

S1128L, S1128Al. 51128B, S1128AB:
size +- 128

endease
Isize +- Jog(size)
case op of

S18:
order +- undefined

S116l. S132L, S164l, S1128L,
SI16AL. SI32AL. S164AL. Sf128AL. SMUXI64AL:

order +- L
S116B. 51328. SI64B, 511288,
SI16AB. Sl32AB, SI64AB, S1128AB. SMUXI64AS:

order+- B
endcase
c .- RegRead(rc, 64)
VirtAddr +- c + (offsetl~·tsiZe II offset II Olsize-3)

case op of .
SI16AL. S.32AL, S.64AL, SI128AL,
SI16AB, Sl32AB t S'64AB. SI128AB,
SMUXI64AB. SMUXf64AL:

if (Cfsize4..0 ;e 0 then
raise AccessOisallowedByVlrtualAddress

endi'
S116L. S132L, S164L, Sl128L,
SU6S, 5132B. 81649. $11288:
SI8:

endcase

FIG.53C
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d +- RegRead(rd. 128)
caseop of

518.
SI16L, S116Al. S~'6B, SnSAB,
Sf32L, SJ32Al. $1328, Sf32AB.
SI64L, SI64AL, 51649, SI64AB.
S1128L, SJ128AL, 511288, SJ12BAB:

StoreMemory(c.VirtAddr.s.(ze,order,dslze-1 ..0)
SMUXI64AB, SMUXIB4AL

lock
a .- LoadMemoryW(c,VirtAddr.size.order)
m +- (d127..64 & d63.•0) J(a &"'d63..0)
StoreMemory(c,VlrtAddr,size,order,m)

endlock
endcase

enddef
exceptions

Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag
Access detail required by local TB
Access detail required by global TB
Local TB miss
Global TB miss

FIG. 53C continued
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FIG.54D
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37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 S 4 3 2 I

AN VSS NC A6 AI0 VCC3 VCC3 VCC3 VCC3 VCC3 VCC2 VCC2 VCC2 VCC2 VCC2 VCC2 FLUSH# INC INC INC AN

A AJO A4 A8 VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS WIR# EADS# ADSC# A

Ai VSS A3 A7 All AI2 A14 A16 A18 A20 NC SCYC BE6# BE4# BE2# BEO# BUSCHKI HlTM# PWT VCC2 Ai
AK A2B A29 AS A9 AI3 AIS AI7 AI9 RESET CLK BE7# BES# BE3# BEI# A20M# HIT# DIC# AP AK

AJ VSS A25 AJI ADS# HLOA BREQ AJ

AH A22 A26 KEY LOCK# VSS AH

AG VCC3 A24 A27 PCD SMIACTI VCC2 AG

AF VSS i\11 PCHK# VSS AF

AE VCC3 DlP# A23 APCHK# PBREQ# VCC2 AE

AD VSS INTR PBGNT# VSS AD

AC veC3 RiS# NMI PRDY PHITM# VCC2 AC

AB VSS SMI# HOLD VSS AB

AA VCC3 IGNNE' INIT WB/Wl" PHlT# VCC2 AA

Z VSS PEN# BOFF# VSS Z

Y VCC3 FRCMC# BFO NA# BRDYC# VCCZ Y

x VSS BFI BRDY# VSS X

W VCC3 lJEl. NC KEN# EWBE# VCCZ W

v VSS STPCLK AHOLD VSS V
#

U VCC3 VSS VCC3 INV CACHE# VCC2 U

T VSS VCC3 MIIO# VSS T

S VCO NC NC BP3 BP2 VCC2 S

R VSS NC PMIBPI VSS R

Q VCC3 CPUTVP TRST# FERR# PMOBPO VCC2 Q

P VSS TMS IERR# VSS P

N VCC3 TOI TOO DP7 D63 VCC2 N

M VSS TCK 062 VSS M

L VCC3 PICDI VCC3 060 061 VCC2 L

K VSS DO OS9 VSS K

J VCO D2 PICOD DS8 OS7 VCC2 J

H VSS PIceL DS6 VSS H

G VCC3 01 D3 DS3 DSS VCC2 G

F D4 05 DPS DSI DP6 F

E VSS A25 AJI 042 046 049 052 054 E

D DPO D8 012 OPI DI9 D23 D26 D28 D30 DP3 033 035 037 D39 D40 D44 D48 DS8 0

C 09 DID DI4 DI7 D21 D24 DP2 D2S D27 D29 D31 D32 034 036 D38 DP4 D4S D47 INC C

BOil 013 DI6 020 VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS VSS D43 INC B

A NC DIS DI8 D22 VCC3 VCC3 VCC3 VCC3 VCC3 VCC3 VCC2 VCC2 VCC2 VCC2 VCC2 VCC2 041 INC A

37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 II 10 9 8 7 6 S 4 3 2
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Operation code

IL-A_.RE---.;.S I_A_lw_a,.;;.y_sr_es_e_rv_ed _

FIG.58A



u.s. Patent

Format

A.RESimm

Jun. 1, 2010 Sheet 176 of 384 US 7,730,287 B2

ares(imm)

31 2423 0
1_--.;.;.A.~RE;;;,;s~--..L.I -.;;;;.;;lln.;,;.;;m~ --J1

8 24

FIG.58B
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Definition

US 7,730,287 B2

def AlwaysReserved as
raise Reservedlnstruction

enddef
Exceptions

Reserved Instruction

FIG. S8e
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A.ADD Address add
A.ADD.O Address add signed check overflow
AADD.D.O Address add unsigned check overflow
A.AND Address and
A.ANDN Address and not
ANAND Address not and
A.NOR Address not or
A.OR Address or
A.ORN Address or not
A.xNOR Address exclusive nor
A.xOR Address xor

Redundancies

A.OR rd=rc,rc ~ A.COPY rd=rc
A.AND rd=rc,rc ~ A.COPYrd=rc

ANAND rd=rc,rc ~ A.NOTrd=rc
A.NOR rd=rc,rc ~ A.NOTrd=rc
A.xNOR rd=rc,rc ~ A.SETrd
A.xOR rd=rc,rc ~ A.ZEROrd
A.ADD rd=rc,rc ~ ASHL.I rd=rc,l
A.ADD.O rd=rc,rc ~ ASHL.I.O rd=rc,l

A.ADD.D.O rd=rc,rc ~ ASHL.I.D.O rd=rc,l

FIG.59A
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class operation check
aritlunetic ADD NONE 0 D.O
bitwise OR AND XOR ANDN

NOR NAND XNOR ORN

Format

op rd=rc,rb

rd=op(rc,rb)

31 24 23 18 17 12 11 6 5 01__A_.M_lN_O_R_....1 __rd__l--r-c--rl--r-b--r-'--op---"I
8 6 6 6 6

FIG.59B
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Definition

US 7,730,287 B2

def Address(op,rd,rc,rb) as
c +- RegRead(rc, 64)
b +- RegRead(rb, 64)
case op of

AADD:
a+-c+b

AADD.O:
t ~ (C63 II c) + (b63 II b)

if t64 '* t63 then
raise FixedPointArithmetic

endif
a ~ t63 ..0

A.ADD.UO:
t ~ (0 1 II c) + (01 II b)
if t64 '* 0 then

raise FixedPointArithmetic
endif

a+- t63 ..0
AAND:

a+- c and b
AOR:

a~ c orb
AXOR:

a~ cxor b:
AANDN:

a <f- c and not b
ANAND:

a~ not (c and b)
A.NOR:

a~not(corb)

AXNOR:
a ~ not (c xor b)

A.ORN:
a~ c or notb

endcase
RegWrite(rd, 64, a)

enddef
Exceptions

Fixed-point arithmetic

FIG.59C
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ACOM.AND.E Address compare and equal zero
ACOM.AND.NE Address compare and not equal zero
ACOM.E Address compare equal
ACOM.GE Address compare greater equal signed
ACOM.GE.U Address compare greater equal unsigned
ACOM.L Address compare less signed
ACOM.L.U Address compare less unsigned
A.COM.NE Address compare not equal

Equivalencies

A.COMEZ Address compare equal zero
A.COMGZ Address compare greater zero signed
A.COMGEZ Address compare greater equal zero signed
A.COML.Z Address compare less zero signed
A.COMLE.Z Address compare less equal zero signed
A.COMNEZ Address compare not equal zero
A.COMG Address compare greater signed
A.COMGU Address compare greater unsigned
A.COMLE Address compare less equal signed
A.COMLE.U Address compare less equal unsigned
A.FIX Address fixed point arithmetic exception
A.NOP Address no operation

A.COMEZrc ~ ACOM.AND.E rC,rc
A.COMGZrc ¢:: A.COM.L.U rC,rc
A.COMGEZ rc ¢:: A.COM.GE rC,rc
A.COML.Zrc ¢:: A.COM.L rC,rc
A. COM LE.Z rc ¢:: ACOM.GE.U rC,rc
A.COMNE.z rc ~ A.COM.AND.NE rC,rc
A.COMG rC,rd ~ ACOM.L rd,rc
A. COM G U rC,rd ~ A.COM.L.U rd,rc
A. COMLE rC,rd ~ A.COM.GE rd,rc
A.COMLE.Urc,rd ~ ACOM.GE.U rd,rc
A.FIX ~ ACOM.EO,O
A.NOP ~ ACOM.NE 0,0

IA.COM.E rd,rd

Redundancies

¢> A.FIX
¢> A.NOP

FIG.60A
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Selection

Sheet 182 of 384 US 7,730,287 B2

class operation eond operand
boolean COM.ANDCOM ENE
arithmetic COM LGEGLE NONE U

COM LGEGLEENE Z

Format

A.COM.op rd,re

aeomop(rd,rc)
aeomopz(red)

31 24 23

I A.MINOR I
8

18 17

rd I
6

FIG.60B

12 11

rc I
6

6 5

or I
6

o
ACOM

6



u.s. Patent Juo.l,2010 Sheet 183 of 384

Definition

US 7,730,287 B2

clef AddressCompare(op,rd,rc) as
d f- RegRead(rd, 128)
c f- RegRead(rc, 128)
case op of

A.COM.E:
af-d=c

A.COM.NE:
af-d;t:c

A.COM.AND.E:
a f- (d and c) = 0

A.COM.AND.NE:

a+-(d and c) *' 0
A.COM.L:

a f- (rd =rc) ? (c < 0) : (d < c)
A.COM.GE:

a f- (rd = rc) ? (c > 0) : (d > c)
A.COM.L.U:

a+- (rd =rc) ? (c > 0) : «0 II d) < (0 II c»
A.COM.GE.U:

a f- (rd =rc) ? (c < 0) : «0 II d) > (0 II c»
endcase
if a then

raise FixedPointArithmetic
endif

enddef
Exceptions

Fixed-point arithmetic

FIG.60C
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Operation codes

I...A_._C....O_PY.I I_A_d_d;;,..re....ss....c....o.....py<...,;,.;,;itu=me....d.;;,;;ia;.;.;te;....- _

Equivalencies

IA.SET

A.SETrd
A.ZEROrd

~ ACOPY.I rd=-l
~ ACOPY.I rd=O

FIG.61A
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Format

A.COPY.I rd=imm

24 23 18 17 0
A.COPY.I Ir----:rdr----r-l------.-imm-----~I

8 6 18

rd=acopyi(imm)

31

I

FIG.61B
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Definition

US 7,730,287 B2

clef AddressCopylmmediate(op,rd,imm) as
a~ (immBO Uimm)
RegWrite(rd, 128, a)

enddef
Exceptions

none

FIG.61C
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Operation codes

Sheet 187 of 384 US 7,730,287 B2

AADD.I Address add immediate
AADD.I.O Address add immediate signed check overflow
AADD.I.U.O Address add immediate unsigned check overflow
AAND.I Address and immediate
ANAND.! Address not and immediate
ANOR.I Address not or immediate
AOR.I Address or immediate
AXOR.I Address xor immediate

Equivalencies

A.ANDNI Address and not immediate
A.COPY Address copy
A.NOT Address not
A.ORNI Address or not immediate
A.XNOR.I Address xnor immediate

A.ANDNI rd=rc.imm ---+ AAND.I rd=rc,-imm
A.COPYrd=rc ~ AOR.I rd=rc,O

A.NOTrd=rc ~ ANOR.I rd=rc,O
A. ORNI rd=rc. imm ---+ AOR.l rd=rc,-imm
A.XNOR.I rd=rc. imm ---+ AXORI rd=rc,-imm

Redundancies

A.ADD.! rd=rc,O <=> A. COPY rd=rc

A.ADD.!.O rd=rc,O <=> A.COPYrd=rc
A.ADD.I.U.O rd=rc,O <=> A.COPY rd=rc
A.AND.! rd=rc,O <=> A.ZEROrd
A.AND.! rd=rc,-l <=> A. COPY rd=rc

A.NAND.! rd=rc,O <=> A.SETrd

A.NAND.! rd=rc,-l <=> A.NOTrd=rc

A.ORI rd=rc,-l <=> A.SETrd
A.NORI rd=rc,-l <=> A.ZEROrd

A.XOR.I rd=rc,O <=> A.COPY rd=rc
A.XOR.I rd=rc,-l <=> A.NOTrd=rc

FIG.62A
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Selection

Sheet 188 of 384 US 7,730,287 B2

class operation check
arithmetic ADD NONE 0 UO
bitwise AND OR NANDNOR

XOR

Format

op rd=rc,imm

rd=op(rc,imm)

31 24 23 18 17
I~-o-p-.....,I~-rd--l

8 6

FIG.62B

12 11 0
rc 1 -.;;;;im.;.;;.m~ 1
6 12
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Definition

def Addresslmmediate(op,rd,rc,imm) as
i~ immH II imm

c~ RegRead(rc, 64)
case op of

A.AND.!:
a ~ c and i

A.OR.I:
a ~ cor i

A.NAND.I:
a~ c nand i

A.NOR.!:
a~ c nor i

A.XOR.I:
a~ c xor i:

A.ADD.!:
a~c+i

A.ADDJ.O:
t~ (C63 II c) + (i6311 i)

if t64 =1; 453 then
raise FixedPointArithmetic

endif

a~ t63 ..0
A.ADD.I.U.O:

t ~ (C63 II c) + (i6311 i)
if t64 * 0 then

raise FixedPointArithmetic
endif
a ~ t63 ..0

endcase
RegWrite(rd, 64, a)

enddef
Exceptions

Fixed-point arithmetic

FIG.62C



u.s. Patent Juo.l,2010

Operation codes

Sheet 190 of 384 US 7,730,287 B2

A.SET.AND.E.I Address set and equal immediate
A.SET.AND.NE.I Address set and not equal immediate
A.SET.E.I Address set equal immediate
A.SET.GE.I Address set greater equal immediate signed
A.SET.L.I Address set less immediate signed
A.SET.NE.I Address set not equal immediate
A.SET.GE.I.U Address set greater equal immediate unsigned
A.SET.L.I.U Address set less immediate unsigned
A.SUB.I Address subtract immediate
A.SUB.I.O Address subtract immediate signed check overflow
A.SUB.I.U.O Address subtract immediate unsigned check overflow

Equivalencies

A.NEG Address negate
A.NEG.O Address negate signed check overflow
A.SETG.IU Address set greater immediate unsigned
A.SETLE! Address set less equal immediate signed
A.SETLEI. U Address set less equal immediate unsigned

A.NEGrd=rc ~ A.SUB.I rd=O,rc
A.NEG.O rd=rc ~ A.SUB.I.O rd=O,rc
A.SETG.! rd=imm,rc ~ A.sET.GE.I rd=imm+l,rc
A.SETG.I U rd=imm,rc ~ A.SET.GE.I.U rd=imm+l,rc
A.SETLE! rd=imm,rc ~ A.SET.L.I rd=imm-l,rc
A.SET.LE!. U rd=imm,rc ~ A.SET.L.I.U,rd=imm-l,rc

Redundancies

A.SET.AND.E.I rd=rc,O ¢:> A.SETrd
A.SET.AND.NE.I rd=rc,O ¢:> A.ZEROrd
A.SET.AND.E.I rd=rc,-l ¢:> A.SETEZ rd=rc
A.SET.AND.NE.I rd=rc,-l ¢:> A.SETNEZ rd=rc
A.SET.E.I rd=rc,O ¢:> A.SETEZ rd=rc
A.SET.GE.I rd=rc,O ¢:> A.SETGEZ rd=rc
A.SET.L.I rd=rc,O ¢:> A.SETI.Z rd=rc
A.SET.NE.I rd=rc,O ¢:> A.SET.NEZ rd=rc
A.SET.GE.I.U rd=rc,O ¢:> A.SETGE UZ rd=rc
A.SET.L.I.U rd=rc,O ¢:> A.SETI. UZ rd=rc

FIG.63A
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Selection

Sheet 191 of 384 US 7,730,287 B2

class operation cond form type check
arithmetic SUB I

NONEU 0
boolean SET.AND SET ENE I

SET LGEGLE I NONEU

Format

op rd=imm,rc

rd=op(imm,rc)

31 24 23

IL.-_"';'0.l>-p__I
8

18 17 12 11 0
rd 1:...._.;;.;rc~--L.I__---:i;;;,;mm:.:.::.... 1
6 6 12

FIG.63B
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Definition

US 7,730,287 B2

def Addresslmmediate(op,rd,rc,imm) as
i~ immrt II imm
c~ RegRead(rc, 64)
case op of

ASUB.I:
a~ i - c

A.SUB.LO:
t~ (i63 II i) - (C63 II c)
if t64 *- t63 then

raise FixedPointArithmetic
endif
a ~ t63 ..0

A.SUB.I.U.O:
t ~ (i63 II i) - (C63 ]I c)
if t64 *- 0 then

raise FixedPointArithmetic
endif
a~ t63..0

ASET.AND.EJ:
a ~ «i and c) =0)64

ASET.AND.NE.I:
a~ «i and c) *- 0)64

ASET.E.I:
a ~ (i = c)64

A.SET.NE.I:
a~ (i *-c)64

ASET.L.I:
a~ (i < c)64

ASET.GE.I:
a~ (i ~ c)64

A.SET.L.I.U:
a~ «0 II i) < (0 II c»64

ASET.GE.I.U:
a~ «0 II i) ~ (0 II c»64

endcase
RegWrite(rd, 64, a)

enddef
Exceptions

Fixed-point arithmetic

FIG.63C
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Operation codes

Sheet 193 of 384 US 7,730,287 B2

A.SET.AND.E Address set and equal zero
A.SET.AND.NE Address set and not equal zero
A.SET.E Address set equal
A.SET.GE Address set greater equal signed
A.SET.GE.U Address set greater equal unsigned
A.SET.L Address set less signed
A.SET.L.U Address set less unsigned
A.SET.NE Address set not equal
A.SUB Address subtract
A.SUB.O Address subtract signed check overflow
A.SUB.U.O Address subtract unsigned check overflow

Equivalencies

A.SET.E.Z Address set equal zero
A.SET.G.Z Address set greater zero signed
A.SET.GEZ Address set greater equal zero signed
A.SET.L.Z Address set less zero signed
A.SET.LEZ Address set less equal zero signed
A.SET.NEZ Address set not equal zero
A.SET.G Address set greater signed
A.SET.G.U Address set greater unsigned
A.SET.LE Address set less equal signed
A.SET.LEU Address set less equal unsigned

A.SET.EZ rd=rc +- A.SET.AND.E rd=rc,rc
A.SET.G.Z rd=rc {::: A.SET.L.U rd=rc,rc

A.SET.GEZ rd=rc {::: A.SET.GE rd=rc,rc
A.SET.L.z rd=rc {::: A.SET.L rd=rc,rc
A.SET. LE.Z rd=rc {::: A.SET.GE.U rd=rc,rc
A.SET.NEZ rd=rc +- A.SET.AND.NE rd=rc,rc

A.SET.G rd=rb, rc --+ A.SET.L rd=rc,rb
A.SET.G. U rd=rb,rc --+ A.SET.L.U rd=rc,rb

A.SET.LE rd=rb,rc --+ A.SET.GE rd=rc,rb
A.SET.LE U rd=rb,rc --+ A.SET.GE.U rd=rc,rb

Redundancies

A.SET.E rd=rc,rc
A.SET.NE rd=rc,rc

<::::> A.SETrd
<::::> A.ZEROrd

FIG.64A
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Selection

Sheet 194 of 384 US 7,730,287 B2

class operation cond operand check
arithmetic SUB

NONE U 0
boolean SET.AND SET ENE

SET L'GEGLE NONE U
SET L GEGLEENE Z

Format

op rd=rb,rc

rd=op(rb,rc)
rd=opz(reb)

31 24 23 18 17 12 11 6 5
I A.MlNOR I rd I rc I rb I

8 6 6 6

rc ~ rb ~ reb

FIG.64B

o
Op
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Definition

def AddressReversed(op,rd,re,rb) as
e f- RegRead(rc, 128)
b f- RegRead(rb, 128)
case op of

A.SET.E:
a f- (b = c)64

A.SET.NE:
a f- (b * e)64

A.SET.AND.E:
a f- «b and c) :::: 0)64

A.SET.AND.NE:
a f- «b and c) -:f:: 0)64

A.SET.L:
a f- «re :::: rb) ? (b < 0) : (b < c))64

A.SET.GE:
a f- «re:::: rb) ? (b ~ 0) : (b ~ e»64

A.SET.L.U:
a f- «re:::: rb) ? (b > 0) : «0 II b) < (0 II c»64

A.SET.GE.U:
a f- «re:::: rb) ? (b:;;; 0) : «0 II b) ~ (0 II c»64

A.SUB:
af- b-e

A.SUB.O:
t f- (b63 II b) - (C63 II c)

if t64 * ~3 then
raise FixedPointArithmetic

endif

a f- t63 ..0
A.SUB.U.O:

t f- (01 11 b) - (01 II c)
if t64 -:f:: 0 then

raise FixedPointArithmetie
endif

a f- t63..0
endease
RegWrite(rd, 64, a)

enddef
Exceptions

Fixed-point arithmetic

FIG.64C
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Operation codes

IA.SHL.I.ADD IAddress shift left immediate add

FIG.65A



u.s. Patent Juo.l,2010

Format

Sheet 197 of 384 US 7,730,287 B2

A.SHL.I.ADD rd=rc,rb,i

rc=op(ra,rb,i)

3~1~ ..::2~4;::.23:..-~-.....;1:.:::8..;.1...:..7__--:.:12=-r1;.;1_-::----...;;.6 5 21 0
I A MINOR I rd I rc I rb IASHLLADD[ill

8 6 6 6 6 2

assert 1~i~4
sh ~ i-I

FIG.65B
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Definition

US 7,730,287 B2

def AddressShiftLeftlmmediateAdd(sh,rd,rc,rb) as
c +- RegRead(rc, 64)
b f- RegRead(rb, 64)
a f- C + (b62~sh ..O II 01+sh)

RegWrite(rd, 64, a)
enddef

Exceptions

none

FIG.65C
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Operation codes

Sheet 199 of 384 US 7,730,287 B2

IASHL.I.SUB IAddress shift left immediate subtract

FIG.66A
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Format

ASHL.I.SUB rd=rb,i,rc

65 21 0
IASHL.I.SUB I2EJ

6 2
rb
6

1211

rc I
6

1817

rd I
6

2423
A.MINOR I

8

rd=op(rb,i,rc)

31

I

assert 15i54
sh~ i-I

FIG.66B



u.s. Patent Jun. 1,2010 Sheet 201 of 384

Definition

US 7,730,287 B2

def AddressShiftLeftlmmediateSubtract(op,rd,rc,rb) as
c ~ RegRead(rc, 128)
b ~ RegRead(rb, 128)
a~ (b62-sh..OII 01+sh) - c
RegWrite(rd, 64, a)

enddef
Exceptions

none

FIG.66C
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Operation codes

Sheet 202 of 384 US 7,730,287 B2

A.SHL.I Address shift left immediate
A.SHL.I.O Address shift left imMediate signed check overflow
A.SHL.I.U.O Address shift left immediate unsigned check overflow
A.SHR.I Address signed shift right immediate
A.SHRI.U Address shift right immediate unsigned

Redundancies

A.SHL.I rd=rc,l ¢::> A.ADD rd=rc,rc
A.SHL.I.O rd=rc,l ¢::> A.ADD.O rd=rc,rc
A.SHL.I.U.O rd=rc,l ¢::> A.ADD.U.O rd=rc,rc
A.SHL.I rd=rc,O ¢::> A. COPY rd=rc
A.SHL.I.O rd=rc,O ¢::> A. COpy rd=rc

A.SHL.I.U.O rd=rc,O ¢::> A. COpy rd=rc

A.SHRI rd=rc,O ¢::> A.COPY rd=rc

A.SHR.I.U rd=rc,O ¢::> A.COPYrd=rc

FIG.67A
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Selection

Sheet 203 of 384 US 7,730,287 B2

class operation form operand check
shift SHL I

NONEU 0
SHR I NONEU

Format

op rd=rc,simm

rd=op(rc,simm)

31 2423 18 17 12 11 65 0

1_.;;.;A;.;.;;..M~IN~o.;;;.;R~....JIL-_~rd~--LI_...;r~c_-L.1---::s:.:.:lm:.:.:m:....-l===o~p==~l
8 666 6

FIG.67B
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Definition

US 7,730,287 B2

def AddressShiftlmmediate(op,rd,rc,simm) as
c ~ RegRead(rc, 64)
case op of

A.SHL.I:
a +- C63- . 0 II osimmstmm..

A.SHL.I.O:
'f simm+l th1 C63 ..63-simm"# CoJ en

raise FixedPointArithmetic
endif
a+- C63- . 0 II osimmS1mm..

A.SHL.I.U.O:

if C63 ..64-simm :t:. 0 then
raise FixedPointArithmetic

endif
a +- C63- . 0 II osimmsimm..

A.SHR.I:

a ~ a~m II C63.. simm

A.SHR.I.U:
a ~ osimm II C63 ...stmm

endcase
RegWrite(rd, 64, a)

enddef
Exceptions

Fixed~point arithmetic

FIG.67C
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Operation codes

I..;..A;;,;.;.M....;;,U..;..X~ I_A;...d_dr....es.;.;.s_m...;.u..;.;lt.;.&;ip..;.;le.;.;;.x ---J

FIG.68A



u.s. Patent

op ra=rd,rc,rb

Jun. 1, 2010

Format

Sheet 206 of 384 US 7,730,287 B2

ra=amux(rd,rc,rb)

31 24 23 18 1;;..7__~1;;;..2.,.;;1..;.1__......;;6 5 .;..,0

l__o~p__"-I_..:;,;;rd~_I__r__c _...&.I_...;;.r.;;..b_ l_...;.ra~.-I
8 6 6 6 6

FIO.68B
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Definition

US 7,730,287 B2

def AddressTemary(op,rd,rc,rb,ra) as
d ~ RegRead(rd, 64)
c~ RegRead(fC, 64)
b ~ RegRead(rb, 64)
endcase
case op of

A.MUX:
a+- (c and d) or (b and not d)

endcase
RegWrite(ra, 64, a)

enddef
Exceptions

none

FIG.68C
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Operation codes

IL.;;;,B I..;;;;B,;;.;,ran;;;;;.c;.,;;;;h _

FIG.69A



u.s. Patent Juo.l,2010 Sheet 209 of 384 US 7,730,287 B2

Format

B rd

31 2423 1817 12 11 65 0

I B.MINOR I rd I 0 I 0 I B I
8 6 6 6 6

FIG.69B
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Definition

US 7,730,287 B2

clef Branch(rd,rc,rb) as
if (rc :I; 0) or (rb ;c 0) then

raise Reservedlnstruction
endif
d~ RegRead(rd, 64)
if (d1..0) ;c 0 then

raise AccessDisallowedByVirtualAddress
endif
ProgramCounter~ d63 ..2 11 02

raise TakenBranch
enddef

Exceptions

Reserved Instruction
Access disallowed by virtual address

FIG.69C
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Operation codes

I.,;;;,B.;.;.B;.;;.A,;,.;;C.;;.;K~ I.,,;;;;B.;;.;;ran;;;;;.c;.;,;h;..;;b.;;;.;ac~k _

FIG.70A



u.s. Patent Juo.l,2010

Format

Sheet 212 of 384 US 7,730,287 B2

B.BACK

bbackO

31 2423 18 17 12 11 6 5 0
1.....-.;;;;.;B,;;...;;M.;.;;..IN;..;;;.oR;;.;........J.I__o~_Ir---~o-""Tl--o::-----rl---:B:"'":.B:-:A""':::C'::':"K-,

8 6 6 6 6

FIG.70B
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Definition

Sheet 213 of 384 US 7,730,287 B2

def BranchBaek(rd,rc,rb) as
c ~ RegRead(rc, 128)
if (rd =f:: 0) or(re =f:: 0) or (rb =f:: 0) then

raise ReservedInstruetion
endif
a ~ LoadMemory(ExeeptionBase,ExceptionBase+Thread*128,128,L)
ifPrivilegeLevel> Cl ..Othen

PrivilegeLevel ~ Cl..O

endif
ProgramCounter ~ e63 ..2 II 02

ExceptionState ~ 0
RegWrite(rd,128,a)
raise TakenBranchContinue

enddef
Exceptions

Reserved Instruction
Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag
Access detail required by local IB
Access detail required by global IB
Local TB miss
Global TB miss

FIG.70C
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Operation codes

IB.BARRIER I_B_ran_ch_b_ar_r_ie_r ....J

FIG.71A



u.s. Patent Juo.l,2010

Format

Sheet 215 of 384 US 7,730,287 B2

B.BARRIER rd

bbarrier(rd)

31 24 23 18 17 12 11 6 5 °
II-._B._M_IN_O_R----JII-._r_d_.....I__o_---'-I__o_--""-1B_.B_A_RRI_ER.....I

8 6 6 6 6

FIG.71B
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Definition

US 7,730,287 B2

def BranehBarrier(rd,rc,rb) as
if (re ~ 0) or (rb ~ 0) then

raise Reservedlnstruetion
endif
d «- RegRead(rd, 64)

if (dl..O) *" 0 then
raise AccessDisallowedByVirtualAddress

endif

ProgramCounter +-- d63 ..211 02

FetchBarrierO
raise TakenBranch

enddef
Exceptions

Reserved Instruction

FIG.71C
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Operation codes

Sheet 217 of 384 US 7,730,287 B2

B.AND.E Branch and equal zero
B.AND.NE Branch and not equal zero
B.E Branch equal
B.GE Branch greater equal signed
B.L Branch signed less
B.NE Branch not equal
B.GE.U Branch greater equal unsigned
B.L.U Branch less unsigned

Equivalencies

B.E.Z Branch equal zero
B.G.Z Branch greater zero signed
B.GEZl Branch greater equal zero signed
B.L.Z~ Branch less zero signed
B.LE.Z' Branch less equal zero signed
B.NE.Z Branch not equal zero
B.LE Branch less equal signed
B.G Branch greater signed
B.LE.U Branch less equal unsigned
B.G.U Branch greater unsigned
B.NOP Branch no operation

B.E.2 re,target ~ B.AND.E rc,rc,target
B. G Z re, target ¢= B.L.U rc,rc,target
B.GE.Z re,target ¢= B.GE rc,rc,target
B.L.Z re,target ¢= B.L rc,rc,target
B.LE.Z re,target ¢= B.GE.U rc,rc,target
B.NE.Z re,target ~ B.AND.NE rc,rc,target

B.LE re,rd,target ~ B.GE rd,rc,target
B. G re,rd,target ~ B.L rd,rc,target
B.LE. U re, rd, target ~ B.GE.U rd,rc,target
B.G. U re,rd,target ~ B.L.U rd,rc,target
B.NOP ~ B.NE rO,rO,$

Redundancies

B.E rc,rc,target
B.NE rc,rc,target

¢:;> B.I target
¢:> B.NOP

FIG.72A
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Selection

Sheet 218 of 384 US 7,730,287 B2

class OP compare type
arithmetic L GE G LE NONE U
VS. zero L GE G LE Z

E NE
bitwise none AND E NE

Format

op rd,rc,target

if (op(rd,rc)) goto target;

31 24 23 18 17 12 ;;.:l1~ .;;..O

IL...._----:::.opl:....-_.....II_--:.;:rd_--L-I_...:.:rc=----Ll__---=:o~ffs::.:.et=____I
8 6 6 12

FIG.72B
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Definition

Sheet 219 of 384 US 7,730,287 B2

def BranchConditionally(op,rd,rc,offset) as
d f-- RegRead(rd, 128)
c f-- RegRead(rc, 128)
case op of

RE:
af--d=c

B.NE:
af--d..=c

RAND.E:
a f-- (d and e) = 0

BAND.NE:
a f-- (d and e) ..= 0

RL:
a ~ (rd = re) ? (c < 0): (d < e)

ROE:
a f-- (rd = re) ? (c ~ 0): (d ;::: e)

RL.V:
a f-- (rd = re) ? (e > 0): «0 II d) < (0 II e))

B.OE.V:
a f-- (rd = re) ? (e sO): «0 II d) ;::: (0 II e))

endease
if a then

ProgramCounter f-- ProgramCounter + (offsetr? II offset 1102)

raise TakenBraneh
endif

enddef
Exceptions

none

FIO.72C
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Operation codes

Sheet 220 of 384 US 7,730,287 B2

B.E.F.16 Branch equal floating-point half
RE.F.32 Branch equal floating-point single
B.E.F.64 Branch equal floating-point double
RE.F.128 Branch equal floating-point quad
B.GE.F.16 Branch greater equal floating-point half
B.GE.F.32 Branch greater equal floating-point single
B.GE.F.64 Branch greater equal floating-point double
B.GE.F.128 Branch greater equal floating-point quad
B.L.F.16 Branch less floating-point half
RL.F.32 Branch less floating-point single
RL.F.64 Branch less floating-point double
B.L.F.128 Branch less floating-point quad
B.LG.F.16 Branch less greater floating-point half
B.LG.F.32 Branch less greater floating-point single
B.LO.F. 64 Branch less greater floating-point double
B.LO.F.128 Branch less greater floating-point quad

Equivalencies

B.LE.F. 16 Branch less equal floating-point half
B.LE.F. 32 Branch less equal floating-point single
B.LE.F. 64 Branch less equal floating-point double
B. LE.F.128 Branch less equal floating-point quad
B.G.F. 16 Branch greater floating-point half
B.G.F. 32 Branch greater floating-point single
B.G.F. 64 Branch greater floating-point double
B. G.F.128 Branch greater floating-point quad

B.LE.F.size rc,rd,target
B. G.F.size rC,rd,target

~ B.OE.F.size rd,rc,target
~ B.L.F.size rd,rc,target

FIG.73A



u.s. Patent Juo.l,2010

Selection

Sheet 221 of 384 US 7,730,287 B2

number format type compare size
floating-point F E LG L GE G 16 32

LE 64
128

Format

op rd,rc,target

if (op(rd,rc)) goto target;

31 24 23 18 17 12 11 0

1__~OP~_...LI_.....;r;.;;;,d_....lIL..._.;.;;rc_---L.1__---=..;of~fs:.::.:et:.....___I
8 6 6 12

FIG. 73B



u.s. Patent Juo.l,2010

Definition

Sheet 222 of 384 US 7,730,287 B2

def BranchConditional(FloatingPointop,rd,rc,offset) as
case op of

B.E.F.l6, B.LG.F.16, B.L.F.l6, B.GE.F.l6:
size +- 16

B.E.F.32, B.LG.F.32, B.L.F.32, B.GE.F.32:
size +- 32

B.E.F.64, B.LG.F.64, B.L.F.64, B.GE.F.64:
size +- 64

B.E.F.l28, B.LG.F.128, B.L.F.128, B.GE.F.l28:
size +- 128

endcase
d +- F(size,RegRead(rd, 128»
c +- F(size,RegRead(rc, 128»
v+- fcom(d, c)
case op of

BEF16, BEF32, BEF64, BEFI28:
a +- (v = E)

BLGFI6, BLGF32, BLGF64, BLGF128:
a +.- (v = L) or (v = G)

BLFI6, BLF32, BLF64, BLFI28:
a+.-(v=L)

BGEF16, BGEF32, BGEF64, BGEF128:
a +- (v = G) or (v = E)

endcase
if a then

ProgramCounter +- ProgramCounter + (offsetj9 II offset II 02)

raise TakenBranch
endif

enddef
Exceptions

none

FIG.73C
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Operation codes

Sheet 223 of 384 US 7,730,287 B2

B.I.F.32 Branch invisible floating-point single
B.NLF.32 Branch not invisible floating-point single
B.NY.F.32 Branch not visible floating-point single
B.Y.F.32 Branch visible floating-point single

FIG.74A



u.s. Patent Jun. 1,2010

Selection

Sheet 224 of 384 US 7,730,287 B2

number format type compare size
floating-point F I NI NV V 32

Format

op rc,rd,target

if (op(rc,rd)) goto target;

31 24 23 18 17 12 11 0
1"---__op__......I'--__rd_~I__r_c__I o_ff:_se_t I

8 6 6 12

FIG.74B
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Definition

Sheet 225 of 384 US 7,730,287 B2

defn(a) as (a.t=QNAN) or (a.t=SNAN) enddef

defless(a,b) as fcom(a,b)=L enddef

deftrxya,b,c,d) as (fcom(fabs(a),b)=G) and (feom(fabs(e),d)=G) and (a.s=e.s) enddef

def BranchConditionalVisibilityFloatingPoint(op,rd,rc,offset) as
d ~ RegRead(rd, 128)
c ~ RegRead(rc, 128)
dx ~ F(32,d31 ..0)

ex f- F(32,e31 ..0)

dy f- F(32,d63 ..32)

cy f- F(32,e63 ..32)

dz ~ F(32,d95..64)

cz~ F(32,c95..64)

dw f- F(32,dI27..96)

ew f- F(32,eI27..96)

fl +- F(32,Ox7fDOOOOO) II floating-point 1.0
if (n(dx) or n(dy) or n(dz) or n(dw) or n(ex) or n(ey) or n(ez) or n(cw» then

a +- false
else

dv f-Iess(fabs(dx),dz) and less(fabs(dy),dz) and less(dz,fl) and (dz.s=O)
cv f-Iess(fabs(cx),cz) and less(fabs(cy),cz) and less(cz,fl) and (ez.s=O)
trz +- (less(fl,dz) and less(fl,cz» or «dz.s=1 and cz.s=l»
tr +- trxy(dx,dz,cx,ez) or trxy(dy,dz,cy,ez) or trz
case op of

B.I.F.32:
a f- tr

B.NI.F.32:
a f- not tr

B.NV.F.32:
a f- not (dv and cv)

B.V.F.32:
a f- dv and cv

endcase
endif
if a then

ProgramCounter f- ProgramCounter + (offsetj911 offset II 02)

FIG.74C
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raise TakenBranch
endif

enddef
Exceptions

none

FIG. 74C continued
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IB.DOWN

Jun. 1, 2010

Operation codes

IBranch down

Sheet 227 of 384 US 7,730,287 B2

FIG.75A
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B.DOWN rd

Jun. 1, 2010

Format

Sheet 228 of 384 US 7,730,287 B2

bdown(rd)

31 24 23 18 17 12 11 6 5 0
1_.;;;;.;B..;;.;,;;M~IN;.;;.o;;.:.R---I.I_-=-r~d_..L.I_~O__I--o--1 B.DOWN
86666

FIG.75B
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Definition

US 7,730,287 B2

def BranchDown(rd,rc,rb) as
if (rc "* 0) or (rb "* 0) then

raise Reservedlnstruction
endif
d~ RegRead(rd, 64)
if PrivilegeLevel > d1..0 then

PrivilegeLevel ~ dl..O
endif

ProgramCounter ~ d63 ..2 II 02

raise TakenBranch
enddef

Exceptions

Reserved Instruction

FIG.75C
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Operation codes

I..;;B..;..G~A..;;.T;;.;;E;;..... I..;;B..;;.ran.;;.;.;;,;ch.;.,lg;;;.;a.;.;;te..;.w,;;,;.,ay:...- ......;.

Equivalencies

IB.GATE ~ B.GATEO

FIG.76A
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B.GATE rb

Juo.l,2010

Format

Sheet 231 of 384 US 7,730,287 B2

bgate(rb)

31 24 23 18 17 12 11 6 5 0
',---;;;.;.B.;;..;;;M;;;..;IN..;;.;OR~...LI_.....;o~_I--1- .....I~-r-b -;;"";"-B.-GA-T-E-';;"l

8 6 6 6 6

FIG.76B
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Definition

US 7,730,287 B2

def BranchGateway(rd,rc,rb) as
c <t- RegRead(rc, 64)
b <t- RegRead(rb, 64)
if (rd ¢ 0) or (rc ¢ 1) then

raise ReservedInstruction
endif
if C2 ..0 ¢ 0 then

raise AccessDisallowedByVirtualAddress
endif
d <t- ProgramCounter63..2+1 II PrivilegeLevel
ifPrivilegeLevel < bl..O then

m <t- LoadMemoryG(c,c,64,L)
ifb ¢ m then

raise GatewayDisallowed
endif
PrivilegeLevel <t- b1..0

endif

ProgramCounter <t- b63 ..2 II 02

RegWrite(rd, 64, d)
raise TakenBranch

enddef
Exceptions

Reserved Instruction
Gateway disallowed
Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag
Access detail required by local TB
Access detail required by global TB
Local TB miss
Global IB miss

FIG.76C
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Operation codes

I..;;B..;,;;,.H;;.;,.A;;,;;;;L,.;;.T I_B_ra_nc_h_h_al_t _

FIG.77A
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Format

B.HALT

bhaltO

31 2423 18 17 12 11 65 0

I B.MINOR I 0 I 0 I 0 I B.HALT I
8 6 6 6 6

FIG.77B
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Definition

US 7,730,287 B2

def BranchHait(rd,rc,rb) as
if (rd * 0) or (re '* 0) or (rb * 0) then

raise ReservedInstruction
endif
FetchHaltO

enddef
Exceptions

Reserved Instruction

FIG.77C
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IS.HINT

Juo.l,2010

Operation codes

IBranch Hint

Sheet 236 of 384

FIG.78A

US 7,730,287 B2



u.s. Patent

B.HrNT

Jun. 1, 2010

Format

badd,count,rd

Sheet 237 of 384 US 7,730,287 B2

bhint(badd,count,rd)

31 2423 18 17 1211 65 0

I B.MrNOR I rd I count I Slmm I B.HrNT I
8 6 6 6 6

simm +- badd-pc-4

FIG.78B
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Definition

Sheet 238 of 384 US 7,730,287 B2

def BranchHint(rd,count,simm) as
d +- RegRead(rd, 64)
if (dl..O) :;t: 0 then

raise AccessDisallowedByVirtualAddress
endif

FetchHint(ProgramCounter +4 + (0 II simm II 02), d63 ..211 02, count)
enddef

Exceptions

Access disallowed by virtual address

FIG.78C
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Operation codes

IL,;;;B;,.;;.H;;,;IN;;;;.;,.;T:..:.:.I:.- !..;;;B;.;;,ran;.;;;;;;,;;;ch;;;;.;;,;;H;;,;;;in;,;;.t;;;;;Im;;;;m;;;;,;e;;.;;d;;;;ia;.;.;te:.- _

FIG.79A
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Format

B.HINT.I badd,count,target

24 2;;.,;;3__--.;.18;;..,;.1,;..7__....;;.1;;;p21;.;.1 ....::,O

B.HINT.I I simm I count I offset I
8 6 6 12

bhinti(badd,count,target)

31

I

simm +- badd-pc-4

FIG.79B
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Definition

def BranchHintImmediate(simm,count,offset) as

BranchHint(ProgramCounter + 4 + (0 II simm II 02), count,

ProgramCounter + (offseti~ II offset 1102))

enddef
Exceptions

none

FIG.79C
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Operation codes

I...;..B...;...I I..;;;B;.;;.ra;;;;;;n,;;.;;;c;;;;.h,;;;;im.;;;m;;.;.;;.;ed;;;;.ia;;;;;;te~ _

Redundancies

IB.I target ~ B.E rC,rc,target

FIG.80A
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Format

Sheet 243 of 384 US 7,730,287 B2

B.I target

bi(target)

31 24 23 0

I.....__B_.I__I_-_-_-_-_-_-_-_-_-_-_-_-_-_-...;.off:=s:et=============~1
8 24

FIG.80B
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Definition

def Branchlmmediate(offset) as
ProgramCounter +- ProgramCounter + (offseti~ II offset II 02)

raise TakenBranch
enddef

Exceptions

none

FIG.80C
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IB.LINK.!

Operation codes

IBranch immediate link

FIG.81A



u.s. Patent Juo.l,2010

Format

Sheet 246 of 384 US 7,730,287 B2

B.LINKJ target

blinki(target)

31 24 23 0
I__B_.L~IN~K_._I_1...1 --:;;,;;of;;.fse,;;.;,t 1

8 24

FIG.81B
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Definition

def BranchlmmediateLink(offset) as
RegWrite(O, 64, ProgramCounter + 4)

ProgramCounter +- ProgramCounter + (offseH~ II offset II 02)
raise TakenBranch

enddef
Exceptions

none

FIG.8IC
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Operation codes

IL.,,;;B...;..L;;;.;;IN;;;..;.;;.;;K~ IL,.;;B...;,ra,;.;;;n...;,c;;.;.h,;;,;;,link;;.;;;;;.. _

Equivalencies

IB.LINK~.LINKrC
~ B.LINKO=O

~ B.LINK O=rc

FIG.82A
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Format

Sheet 249 of 384 US 7,730,287 B2

B.LINK rd=rc

31 2423 18 17 12 11

I B.MINOR I rd I rc I
8 6 6

rb f- 0

FIG.82B

65 0
o I B.LINK I
6 6
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Definition

US 7,730,287 B2

clef BranchLink(rd,rc,rb) as
ifrb ¢ 0 then

raise Reservedlnstruction
endif
c~ RegRead(re, 64)
if (c and 3) * 0 then

raise AccessDisallowedByVirtualAddress
endif
RegWrite(rd, 64, ProgramCounter + 4)

ProgramCounter~ c63 .. 211 02

raise TakenBranch
enddef

Exceptions

Reserved Instruction
Access disallowed by virtual address

FIG.82C
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Operation codes

Sheet 251 of 384 US 7,730,287 B2

S.D.C.S.64.A.B
S.D.C.S.64.A.L

FIG.83A
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op rd@rc,rb

Juo.l,2010

Format

Sheet 252 of 384 US 7,730,287 B2

S.MINOR I

rd=op(rd,rc,rb)

31

8

24 23 18 17
rd I
6

FIG.83B

12 11

rc I
6

6 5

rb I
6

o
op I
6
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Definition

Sheet 253 of 384 US 7,730,287 B2

def StoreDoubleCompareSwap(op,rd,rc,rb) as
size f- 64
Isize f- log(size)
case op of

SDCS64AL:
order f- L

SDCS64AB:
order f- B

endcase
c f- RegRead(rc, 128)
b f- RegRead(rb, 128)
d f- RegRead(rd, 128)
if (c2..0 :;<: 0) or (b2..0 :;<: 0) then

raise AccessDisallowedByVirtualAddress
endif
lock

a f- LoadMemoryW(c63 ..0,c63 ..0,64,order) " LoadMemoryW(b63 ..0,b63 ..0,64,order)
if«C] 27..64 II b127..64.) = a) then

StoreMemory«c63 ..0,c63 ..0,64,order,d127..64)
StoreMemory(b63 ..0,b63 ..0,64,order,d63 ..0)

endif
endlock
RegWrite(rd, 128, a)

enddef
Exceptions

Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag
Access detail required by local TB
Access detail required by global TB
Local TB miss
Global TB miss

FlG.83C
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Operation codes

Sheet 254 of 384 US 7,730,287 B2

S.A.S.I.64.A.B Store add swap immediate octlet aligned big-endian
S.A.S.I.64.A.L Store add swap immediate octlet aligned little-endian
S.C.s.I.64.A.B Store compare swap immediate octlet aligned big-endian
S.C.S.I.64.A.L Store compare swap immediate octlct aligned little-endian
S.M.S.I.64.A.B Store multiplex swap immediate octlet aligned big-endian
S.M.S.I.64.A.L Store multiplex swap immediate octlet aligned little-endian

FIG.84A
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Selection

Sheet 255 of 384 US 7,730,287 B2

number format OP SIze alignment ordering
add-swap AS 64 A L B
compare-swap CS 64 A L B
multiplex-swap MS 64 A L B

Format

S.op.I.64.align.order rd@rc,offset

rd=sopi64alignorder(rd,re,offset)

31 24 23

I op I rd
8 6

18 17 12 11 0
l--r-c~;--'I"";"'-'---o';;"ff:-se-t----"

6 12

FIG.84B
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Definition

Sheet 256 of 384 US 7,730,287 B2

def Storelmmediatelnplace(op,rd,rc,offset) as
sizE +- 64
lsize +- log(size)
case op of

SASI64AL, SCSI64AL, SMSI64AL:
order +- L

SASI64AB, SCSI64AB, SMSI64AB:
order +- B

endcase
c +- RegRead(rc, 64)

VirtAddr +- c + (offsetil-Isize II offset II olsize~3)
if (etsize-4..0 ::/: 0 then

raise AccessDisallowedByVirtualAddress
endif
d +- RegRead(rd, 128)
case op of

SASI64AB, SASI64AL:
lock

a+- LoadMemoryW(c,VirtAddr,size,order)
StoreMemory(c,VirtAddr,size,order,d63..o+a)

endlock
SCSI64AB, SCSI64AL:

lock
a+- LoadMemoryW(c,VirtAddr,size,order)
if (a = d63 ..0) then

StoreMemory(c,VirtAddr,size,order,d127..64)

endif
endlock

SMSI64AB, SMSI64AL:
lock

a f- LoadMemoryW(c,VirtAddr,size,order)

m +- (d127 ..64 & d63 ..0) I(a & ~d63 ..0)
StoreMemory(c,VirtAddr,size,order,m)

endlock
endcase
RegWrite(rd, 64, a)

enddef

FIG.84C
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Exceptions

US 7,730,287 B2

Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag
Access detail required by local TB
Access detail required by global TB
Local TB miss
Global TB miss

FIG. 84C continued
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Operation codes

Sheet 258 of 384 US 7,730,287 B2

S.A.S.64.A.B Store add swap octlet aligned big-endian
S.A.S.64.A.L Store add swap octlet aligned littIe-endian
S.C.S.64.A.B Store compare swap octlet aligned big-endian
S.C.S.64.A.L Store compare swap octlet aligned little-endian
S.M.S.64.A.B Store multiplex swap octlet aligned big-endian
S.M.S.64.A.L Store multiplex swap octlet aligned little-endian

FlG.8SA
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Selection

Sheet 259 of 384 US 7,730,287 B2

number format op SIze alignment ordering
add-swap A.s 64 A L B
compare-swap C.S 64 A L B
multiplex-swap M.S 64 A L B

Format

op rd@rc,rb

rd=op(rd,rc,rb)

31 24 23 18 17 12 11 6 5 0
1_...;..S._M_lN...;;.O_R----lII.-_r.....d_......I_....;,r..;..c_ ......I_.....rb;...-.--'-I_..;;.J;op~-JI
86666

FIG.85B
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Definition

Sheet 260 of 384 US 7,730,287 B2

def StoreInplace(op,rd,rc,rb) as
size +- 64
lsize +- log(size)
case op of

SAS64AL, SCS64AL, SMS64AL:
order +- L

SAS64AB, SCS64AB, SMS64AB:
order +- B

endcase
c +- RegRead(rc, 64)
b +- RegRead(rb, 64)

VirtAddr +- c + (b66-lsize..O II olsize-3)

if (clsize-4..0 ¢ 0 then
raise AccessDisaHowedByVirtualAddress

endif
d +- RegRead(rd, 128)
case op of

SAS64AB, SAS64AL:
lock

a +- LoadMemoryW(c,VirtAddr,size,order)
StoreMemory(C,VirtAddr,size,order,d63 ..o+a)

endlock
SCS64AB, SCS64AL:

lock
a+- LoadMemoryW(c,VirtAddr,size,order)
if (a = d63 ..0) then

StoreMemory(c,VirtAddr,size,order,d127..64)
endif

endlock
SMS64AB, SMS64AL:

lock
a+- LoadMemoryW(c,VirtAddr,size,order)

m +- (dI27..64 & d63 ..0) I(a & ~d63 ..0)
StoreMemory(c,VirtAddr,size,order,m)

endlock
endcase
RegWrite(rd, 64, a)

enddef

FIG.8SC
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Exceptions

US 7,730,287 B2

Access disallowed by virtual address
Access disallowed by tag
Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag
Access detail required by local TB
Access detail required by global TB
Local TB miss
Global TB miss

FIG. 8Se continued
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Operation codes

Sheet 262 of 384 US 7,730,287 B2

G.ADD.H. 8.C Group add halve signed bytes ceiling
G.ADD.H. 8.F Group add halve signed bytes floor
G.ADD.H. 8.N Group add halve signed bytes nearest
G.ADD.H. 8.Z Group add halve signed bytes zero
G.ADD.H.16.C Group add halve signed doublets ceiling
G.ADD.H. 16.F Group add halve signed doublets floor
G.ADD.H.16.N Group add halve signed doublets nearest
G.ADD.H. 16.Z Group add halve signed doublets zero
G.ADD.H. 32.C Group add halve signed quadlets ceiling
G.ADD.H. 32.F Group add halve signed quadlets floor
G.ADD.H. 32.N Group add halve signed Quadlets nearest
G.ADD.H. 32.Z Group add halve signed Quadlets zero
G.ADD.H. 64.C Group add halve signed octlets ceiling
G.ADD.H. 64.F Group add halve signed octlets floor
G.ADD.H. 64.N Group add halve signed octlets nearest
G.ADD.H. 64.Z Group add halve signed octlets zero
G.ADD.H.128.C Group add halve signed hexlet ceiling
G.ADD.H.128.F Group add halve signed hexletfloor
G.ADD.H.128.N Group add halve signed hexlet nearest
G.ADD.H.128.Z Group add halve signed hexlet zero
G.ADD.H.U. 8.C Group add halve unsigned bytes ceiling
G.ADD.H.U.8.F Group add halve unsigned bytes floor
G.ADD.H.U.8.N Group add halve unsigned bytes nearest
G.ADD.H.U.16.C Group add halve unsigned doublets ceiling
G.ADD.H.U. 16.F Group add halve unsigned doublets floor
G.ADD.H.U. 16.N Group add halve unsigned doublets nearest
G.ADD.H.U.32.C Group add halve unsigned quadlets ceiling
G.ADD.H.U. 32.F Group add halve unsigned quadlets floor
G.ADD.H.U. 32.N Group add halve unsigned quadlets nearest
G.ADD.H.U.64.C Group add halve unsigned octlets ceiling
G.ADD.H.U. 64.F Group add halve unsigned octlets floor
G.ADD.H.U. 64.N Group add halve unsigned octlets nearest
G.ADD.H.U.128.C Group add halve unsigned hexlet ceiling
G.ADD.H.U.128.F Group add halve unsigned hexlet floor
G.ADD.H.U.128.N Group add halve unsigned hexlet nearest

Redundancies

G.ADD.H.size.md rd:::::rc,rc
G.ADD.H.U.size.md rd=rc,rc

<=> G.COPY rd=rc
<=> G.COPY rd=rc

FIG.86A
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Format

Sheet 263 of 384 US 7,730,287 B2

G.op.size.rnd rd==rc,rb

rd=gopsizernd(rc,rb)

31

I
24 23

G.size I
8

18 17

rd I
6

FIG.86B

12 11
rc I
6

rb
6

6 5 21 0

I op l~
4 2
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Definition

Sheet 264 of 384 US 7,730,287 B2

def GroupAddHalve(op,md,size,rd,rc,rb)
c ~ RegRead(rc, 128)
b ~ RegRead(rb, 128)
case 0P of

G.ADDHC, G.ADDHF, G.ADDHN, G.ADDHZ:
as ~ cs ~ bs ~ I

G.ADDHUC, G.ADDHUF, G.ADDHUN, G.ADDHUZ
as~cs ~ bs~O

ifmd = Z then
raise Reservedlnstruction

endif
endcase
h~ size+l
r~l

for i ~ 0 to I28-size by size

P~ ( cs and csize-l) II csize-I +i.. i) + ((bs and bsize-l) II bsize-l +i. j)
case rnd of

none, N:

s ~ OSlze II-PI

Z:
S«- osize II Psize

F:
s «- osize+I

C:
S~ osize 111 1

endcase
v ~ ((as & Psize)lIp) + (Oils)

asize-I +i. j «- vsize.. 1
endfor
RegWrite(rd, 128, a)

enddef
Exceptions

Reservedlnstruction

FIG.86C
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Operation codes
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G.COPY.I.l6 Group copy immediate doublet
G.COPY.I.32 Group signed copy immediate quadlet
G.COPY.I.64 Group signed copy immediate octlet
G.COPY.I.128 Group signed copy immediate hexlet

Equivalencies

G.COPY.18 Group copy immediate byte
G.SET Group set
G.ZERO Group zero

G.COPY.l8 rd=(i~ II i7.. 0) +- G.COPY.I.16 rd=(O 1/ h..o II i7..0)

G.SETrd +- G.COPY.I.l28 rd=-l
G.ZEROrd +- G.COPY.I.128 rd=O

Redundancies

G.COPY.I.size rd=-l
G.COPY.I.size rd=O

<=> G.SETrd
<=> G.zERO rd

FIG.87A
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Format
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G.COPY.I.size rd=i

rd=gcopyisize(i)

31 2524 23 18 171615 0
G.COPY.! l!l~--rd-:--~lBr-;;""----~im-m-----~1

7 1 6 2 16

s +- i l6

imm +- i1s ..o

FIG.87B
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Definition

def GroupCopylmmediate(op,size,rd,imm) as
s +- 0pO
case size of

16:
Ifs then

Reservedlnstruction
endif
a +- imm II imm II imm II imm II imm II imm II imm II imm

32:

a+- s16 11 imm 11816 11 imm II 816 11 imm II s16 11 imm
64:

a +- s48 II imm II s48 II imm
128:

a +- s112 II imm
endcase
RegWrite(rd, 128, a)

enddef
Exceptions

Reserved Instruction

FIG.87C
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Operation codes
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G.ADD.I. 16 Group add immediate doublet
G.ADD.I. 16.0 Group add immediate signed doublet check overflow
G.ADD.I. 32 Group add immediate quadlet
G.ADD.I. 32.0 Group add immediate signed quadlet cheek overflow
G.ADD.I. 64 Group add immediate oedet
G.ADD,I. 64.0 Group add immediate signed oedet check overflow
G.ADD.I.128 Group add immediate hexlet
G.ADD.I.128.0 Group add immediate signed hexlet check overflow
G.ADD.I.U. 16,0 Group add immediate unsigned doublet eheck overflow
G.ADD.I.V. 32,0 Group add immediate unsigned quadlet eheck overflow
G.ADD.I.V.64.0 Group add immediate unsigned octlet eheck overflow
G.ADD.I.V.128.0 Group add immediate unsigned hexlet cheek overflow
G.AND.I. 16 Group and immediate doublet
a.AND.I. 32 Group and immediate quadlet
a.AND.I. 64 Group and immediate oedet
G.AND.I.128 Group and immediate hexlet
G.NAND.I. 16 Group not and immediate doublet
G.NAND.I. 32 Group not and immediate quadlet
G.NAND.I. 64 Group not and immediate octlet
G.NAND.I.128 Group not and immediate hexlet
G.NOR.I. 16 Group not or immediate doublet
G.NORI. 32 Group not or immediate quadlet
a.NOR.I. 64 Group not or immediate oetlet
G.NORI.128 Group not or immediate hexlet
G.ORI. 16 Group or immediate doublet
G.ORI. 32 Group or immediate quadlet
G.ORI. 64 Group or immediate oedet
G.ORI.l28 Group or immediate hexlet
G.XOR.I. 16 Group exclusive-or immediate doublet
G.xORI. 32 Group exclusive-or immediate quadlet
G.XOR.I. 64 Group exclusive-or immediate oedet •.-
G.XOR.I.l28 Group exclusive-or immediate hexlet

FIG.88A
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G.ANDN.I. 16 Group and not immediate doublet
G.ANDN.I. 32 Group and not immediate quadlet
G.ANDN.I. 64 Group and not immediate octlet
G.ANDN.I.128 Group and not immediate hexlet
G.COPY Group copy
G.NOT Group not
G.ORN.I.16 Group or not immediate doublet--
G.ORN.I.32 Group or not immediate quadlet
G.ORN.t. 64 Group or not immediate octlet..
G.ORN.I.128 Group or not immediate hex1et
G.XNOR.I. 16 Group exclusive-nor immediate doublet
G.XNORI. 32 Group exclusive-nor immediate quadlet
G.XNORI. 64 Group exclusive-nor immediate oetlet
G.XNORI.128 Group exclusive-nor immediate hexlet

G.ANDNI.size rd=rc. imm ~ G.AND.I.size rd=re,-imm

G.COPYrd=rc ~ G.ORI.l28 rd=rc,O

G.NOTrd=rc ~ G.NORI.128 rd=re,O

G.ORNI.size rd=rc.imm ~ G.ORI.size rd=re,-imm

GXNOR.I.size rd=rc.imm ~ G'xORI.size rd=re,-imm

Redundancies

G.ADD.I.size rd=re,O <=> G.COPYrd=rc
G.ADD.I.size.O rd=re,O <=> G.COPY rd=rc
G.ADD.I.U.size.O rd=re,O <=> G.COPY rd=rc
G.AND.I.size rd=re,O <=> G.ZEROrd
G.AND.I.size rd=re,-l <=> G.COPY rd=rc
G.NAND.I.size rd=re,O <=> G.SETrd
G.NAND.I.size rd=rc,-1 <=> G.NOTrd=rc
G.OR.I.size rd=rc,-l <=> G.SETrd
G.NOR.I.size rd=rc,-1 <=> G.ZEROrd
G.XORI.size rd=re,O <=> G.COPY rd=rc
G.XOR.I.size rd=re,-l <=> G.NOTrd=rc

FIG. 88A continued
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rd=opsize(rc,imm)

r-31~ ;;..24;...r;.23~_--:.18;;;..,:.17.:...-_~1.::....,2 111 09 0
I op I rd I rc ~ l;;;;,;;·m;;;;,;;m~__l

8 6 6 2 10

sz~ log(size)-4

FIG.88B
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def Grouplmmediate(op,8ize,rd,rc,imm) as
C f- RegRead(rc, 128)
Sf- imm9
case size of

16:

32:

64:

i16 +- 87 11 imm
b +- i1611 i1611 i1611 i1611 i1611 i1611 i1611 i16

b +- 822 11 imm II 822 11 imm II 822 11 imm Il 822 11 imm

b f- 854 II imm II s54 II imm
128:

b f- s118 11 imm
endcase
case op of

G.AND.!:
a f- c and b

G.OR.I:
a f- c or b

G.NAND.I:
a+- c nand b

G.NOR.I:
a+- c nor b

G.XOR.I:
a+- c xor b

G.ADD.I:
for i +- 0 to 128-size by size

ai+size-l..i +- ci+size-l..i + bi+size-l..i
endfor

G.ADD.I.O:
for i +- 0 to 128-size by size

t f- (ci+size-l II ci+size-l ..O+ (bi+size-l II bi+size-l.,i)

if tsize '* tsize-l then
raise FixedPointArithmetic

endif

ai+size-l..i f- tsize-l..O
endfor

FIG.88e
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G.ADD.I.U.O:
for i of- 0 to 128-size by size

t of- (01 "ci+size-l..O + (01
11 bi+size-l..n

if tsize ::P 0 then
raise FixedPointArithmetic

endif

ai+size-l..i of- tsize-l..0
endfor

endcase
RegWrite(rd, 128, a)

enddef
Exceptions

Fixed-point arithmetic

FIG. 88e continued



u.s. Patent Juo.l,2010

Operation codes
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G.SET.AND.E.I. 16 Group set and equal zero immediate doublets
G.SET.AND.E.I. 32 Group set and equal zero immediate quadlets
G.SET.AND.E.I. 64 Group set and equal zero immediate octlets
G.SET.AND.E.I.128 Group set and equal zero immediate hexlet
G.SET.AND.NE.I. 16 Group set and not equal zero immediate doublets
G.SET.AND.NE.I. 32 Group set and not equal zero immediate quadlets
G.SET.AND.NE.I. 64 Group set and not equal zero immediate octlets
G.SET.AND.NE.I.128 Group set and not equal zero immediate hexlet
G.SET.E.I. 16 Group set equal immediate doublets
G.SET.E.I. 32 Group set equal immediate quadlets
G.SET.E.I. 64 Group set equal immediate octlets
G.SET.E.I.128 Group set equal immediate hexlet
G.SET.GE.I. 16 Group set greater equal immediate signed doublets
G.SET.GE.I. 32 Group set greater equal immediate signed quadlets
G.SET.GE.I. 64 Group set greater equal immediate signed octlets
G.SET.GE.I.l28 Group set greater equal immediate signed hexlet
G.SET.GE.I.U.16 Group set greater equal immediate unsigned doublets
G.SET.GE.I.U.32 Group set greater equal immediate unsigned quadlets
G.SET.GE.I.U.64 Group set greater equal immediate unsigned octlets
G.SET.GE.I.U.128 Group set greater equal immediate unsigned hexlet
G.SET.L.I. 16 Group set signed less immediate doublets
G.SET.L.I. 32 Group set signed less immediate quadlets
G.SET.L.I. 64 Group set signed less immediate octlets
G.SET.L.I.128 Group set signed less immediate hexlet
G.SET.L.I.D. 16 Group set less immediate signed doublets
G.SET.L.I.D. 32 Group set less immediate signed quadlets
G.SET.L.I.U.64 Group set less immediate signed octlets
G.SET.L.I.D.128 Group set less immediate signed hexlet
G.SET.NE.I. 16 Group set not equal immediate doublets
G.SET.NE.I. 32 Group set not equal immediate quadlets
G.SET.NE.I. 64 Group set not equal immediate octlets
G.SET.NE.I.l28 Group set not equal immediate hexlet
G.SUB.I. 16 Group subtract immediate doublet
G.SUB.1. 16.0 Group subtract immediate signed doublet check overflow
G.SUB.I. 32 Group subtract immediate Quadlet
G.SUB.I. 32.0 Group subtract immediate signed quadlet check overflow
G.SUB.I. 64 Group subtract immediate octlet
G.SUB.I. 64.0 Group subtract immediate signed octlet check overflow
G.SUB.I.128 Group subtract immediate hexlet
G.SUB.I.128.0 Group subtract immediate signed hexlet check overflow

FIG.89A
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G.SUB.LU. 16.0 Group subtract immediate unsigned doublet check overflow
G.SUB.LU. 32.0 Group subtract immediate unsigned quadlet cheek overflow
G.8UB.I.U. 64.0 Group subtract immediate unsigned oetlet check overflow
G.8UB.LU.128.0 Group subtract immediate unsigned hexlet check overflow

Equivalencies

G.NEG.16 Group negate doublet
G.NEG.16.0 Group negate signed doublet check overflow
G.NEG. 32 Group negate quadlet
G.NEG.32.0 Group negate signed quadlet check overflow
G.NEG.64 Group negate ocdet
G.NEG. 64.0 Group negate signed octlet check overflow
G.NEG.128 Group negate hexlet
G.NEG. 128. 0 Group negate signed hexlet check overflow
G.SETLEL 16 Group set less equal immediate signed doublets
G.SETLE.l 32 Group set less equal immediate signed quadlets
G.SETLE.L 64 Group set less equal immediate signed octlets
G.SETLEL 128 Group set less equal immediate signed hexlet
G.SETLE.IU. 16 Group set less equal immediate unsigned doublets
G. SET LEI. U. 32 Group set less equal immediate unsigned quadlets
G.SETLEL U. 64 Group set less equal immediate unsigned octlets
G.SETLE.L U128 Group set less equal immediate unsigned hexlet
G.SETG.J. 16 Group set immediate signed greater doublets
G.SETG.132 Group set immediate signed greater quadlets
G.SETG.l64 Group set immediate signed greater octlets
G.SETG.1128 Group set immediate signed greater hexlet
G.SET G.J. U. 16 Group set greater immediate unsigned doublets
G.SETG.l U. 32 Group set greater immediate unsigned quadlets
G.SETG.IU 64 Group set greater immediate unsigned octlets
G.SET G.l U.128 Group set greater immediate unsigned hexlet

G.NEG.size rd=rc ~ A.SUB.Lsize rd=O,rc
G. NEG. size. 0 rd=rc ~ A.8UB.Lsize.0 rd=O,rc
G.SETG.lsize rd=imm,rc ~ G.SET.GE.I.size rd=imm+1,re
G.SETG.1 Usize rd=imm,rc ~ G.8ET.GE.I.U.size rd=imm+l,rc
G.SETLELsize rd=imm,rc ~ G.SET.L.I.size rd=imm-l ,rc
G.SETLEI U.size rd=imm, rc ~ G.SET.L.I.U.size rd=imm-l,rc

FIG. 89A continued
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Redundancies
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G.SET.AND.E.I.size rd=rc,O ¢::> G.SET.size rd
G.SET.AND.NE.I.size rd=rc,O ¢::> G.ZEROrd
G.SET.AND.E.I.size rd=rc,-l ¢::> G.SET.E.Zsize rd=rc
G.SET.AND.NE.I.size rd=rc,-l ¢::> G.SET.NE.Zsize rd=rc
G.SET.E.I.size rd=rc,O ¢::> G.SET.E.Zsize rd=rc
G.SET.GE.I.size rd=rc,O ¢::> G.SET. GE.Z size rd=rc
G.SET.L.I.size rd=rc,O ¢::> G.SET.L.Zsize rd=rc
G.SET.NE.I.size rd=rc,O ¢::> G.SET.NE.Zsize rd=rc
G.SET.GE.I.U.size rd=rc,O ¢::> G.SET.GE. UZsize rd=rc
G.SET.L.I.U.size rd=rc,O ¢::> G.SET. L. UZsize rd=rc

FIG. 89A continued
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class operation eoud fonn operand size cheek
arithmetic SUB I 16 32 64 128

NONEU 16 32 64 128 0
boolean SET.AND E I 16 32 64 128

SET NE
SET LOE I NONEU 16 32 64 128

GLE

Format

op.size rd=irnm,rc

rd=opsize(imm,re)

31 2423 1817

1...._---"op__1 rd I rc
8 6 6

SZ f- logesize)-4

FIG.89B

12111 09;..... ---.;.0

12iJ irnm I
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def GrouplmmediateReversed(op,size,ra,imm) as
c <E- RegRead(rc, 128)
s <E- imm9
case size of

16:

i16 <E- s711 imm
b <E- il611 i1611 i1611 i1611 il611 i1611 il611 i16

32:

b <E- s22 II imm II s22 II imm II s22 II imm II s22 II imm
64:

b <E- s54 11 imm II s54 11 imm
128:

b <E- s118 II imm
endcase
case op of

G.SUBJ:
for i <E- 0 to 128-size by size

ai+size-l..i <E- bi+size-l..i - ci+size-l..i
endfor

G.SUB.I.O:
for i <E- 0 to 128-size by size

t <E- (bi+size-1 II bi+size-l ..i) - (ci+size-1 II ci+size-l..i)

if (tsize :f:: tsize-1 then
raise FixedPointArithmetic

endif

ai+size-l..i <E- tsize-1..0
endfor

G.SUB.I.U.O:
for i <E- 0 to 128-size by size

t <E- (01 II bi+size-l..i) - (0 1 II ci+size-1..i)

if (tsize :f:: 0 then
raise FixedPointArithmetic

endif

ai+size-1..i <E- tsize-1..0
endfor

G.SET.E.I:
for i <E- 0 to 128-size by size

ai+size-l ..i <E- (bi+size-l..i =ci+size-1 ..nSlze

endfor

FIG.89C
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G.SET.NE.I:
for i +- 0 to 128-size by size

ai+size-l..i +- (bi+size-l..i :t:- ci+size_l..j)size
endfor

G.SET.AND.E.I:
for i +- 0 to 128-size by size

ai+size-l ..i +- «bi+size-l ..i and ci+size-l ..i) = o)size
endfor

G.SET.AND.NE.I:
for i +- 0 to 128-size by size

ai+size-l ..i +- «bi+size-l ..i and ci+size-l ..n:t:: o)size
endfor

G.SET.L.I:
for i +- 0 to 128-size by size

ai+size-l.,i +- (bi+size-l ..i < ci+size_l .. j)size
endfor

G.SET.GE.I:
for i +- 0 to 128-size by size

ai+size-l..i +- (bi+size-l..i ~ ci+size_l.,i)size
endfor

G.SET.L.I.U:
for i +- 0 to 128-size by size

ai+size-l..i +- «0 II bi+size-l..i) < (0 II ci+size_l.,i»size
endfor

G.SET.GE.I.U:
for i +- 0 to 128-size by size

ai+size-l..i +- «0 II bi+size-l.,i) ~ (0 II ci+size_l..i»size
endfor

endcase
RegWrite(rd, 128, a)

enddef
Exceptions

Fixed-point arithmetic

FIG. 89C continued
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Operation codes
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G.AAA.8 Group add add add bytes
G.AAA.16 Group add add add doublets
G.AAA.32 Group add add add quadlets
G.AAA.64 Group add add add oct/ets
G.AAA.J28 Group add add add hexlet
G.ASA.8 Group add subtract add bytes
G.ASA. J6 Group add subtract add doublets
GASA.32 Group add subtract add quadlets
G.ASA.64 Group add subtract add octlets
G.ASA. 128 Group add subtract add hex/et

Equivalencies

G.AAS.8 Group add add subtract bytes
G.M5./6 Group add add subtract doublets
G.AAS.32 Group add add subtract quadlets
G.MS.64 Group add add subtract octlets
G.MS./28 Group add add subtract hexlet

Redundancies

G.AAA.size rd@rc.rc
G.ASA.size rd@rc.rc

<=> G.SHL./ADD.size rd=rd.rc.l
<=> G.NOP

FIG.90A
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Format
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G.op.size rd@re,rb

rd=gopsize(rd,re,rb)

31 24 23 18 17 12 11 6 5 0

I G.size I rd I re I rb I op I
8 6 6 6 6

FIG.90B
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def GroupInplace(op,size,rd,rc,rb) as
d ~ RegRead(rd, 128)
c ~ RegRead(rc, 128)
b ~ RegRead(rb, 128)
for i ~ 0 to 128~size by size

case op of
G.AAA:

ai+size-l..i ~ + di+size-1..i + ci+size~1..i + bi+size-Li
G.ASA:

ai+size-l ..i ~ + di+size-l ..i - ci+size-l ..i + bi+size-l ..i
endcase

endfor
RegWrite(rd, 128, a)

enddef
Exceptions

none·

FIG.90C
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Operation codes
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G.SHL.I.ADD. 8 Group shift left immediate add bytes
G.SHL.I.ADD. 16 Group shift left immediate add doublets
G.SHL.I.ADD. 32 Group shift left immediate add quadlets
G.SHL.I.ADD. 64 Group shift left immediate add octlets
G.SHL.I.ADD.l28 Group shift left immediate add hexlet

Redundancies

IG.SHL.IADD.size rd=rd,rc,l ¢:::> G.AAA.size rd@rc,rc

FIG.91A
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rd=rc,rb,i
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rd==gopsize(rc,rb,i)

31 2423 18 17 12 11 65 21 0

I G.size I rd I rc I rb IGSHLIADD l2EJ
8 6 6 6 6 2

assert 1~i~4
sh+-i-l

FIG.91B
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Definition

def GroupShiftLeftlmmediateAdd(sh,size,ra,rb,rc)
c.(- RegRead(rc, 128)
b ~ RegRead(rb, 128)
for i .(- 0 to 128-size by size

ai+size-l ..i f- ci+size-l ..i + (bi+size-l-sh..i II 01+sh)
endfor
RegWrite(rd, 128, a)

enddef
Exceptions

none

FIG.91C
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Operation codes
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G.SHL.I.SUB. 8 Group shift left immediate subtract bytes
G.SHL.I.SUB. 16 Group shift left immediate subtract doublets
G.SHL.I.SUB. 32 Group shift left immediate subtract quadlets
G.SHL.I.SUB. 64 Group shift left immediate subtract octlets
G.SHL.I.SUB.128 Group shift left immediate subtract hexlet

Redundancies

IG.SHL.I.SUB.size rd=rc,l,rc <=:> G.COPY rd=rc

FIG.92A
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Format

rd=rb,i,rc
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rd=gopsize(rb,i,rc)

31 2423 18 17 1211 65 21 0

I G.size I rd I rc I rb IGSHLISUB~

8 6 6 6 6 2

assert 1:s;i:S;4
sh ~ i-I

FIG.92B
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Definition

def GroupShiftLeftlmmediateSubtract(sh,size,ra,rb,rc)
c~ RegRead(rc, 128)
b ~ RegRead(rb, 128)
for i~ 0 to 128-size by size

ai+size-l..i ~ (bi+size-l-sh..i II 01+sh) - ci+size-l..i
endfor
RegWrite(rd, 128, a)

enddef
Exceptions

none

FIG.92C




