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Methods and software are presented for processing data in a
programmable processor, involving (a) decoding instructions
for execution using an execution unit operable to execute
instructions by partitioning data stored in registers in a regis­
ter file into multiple data elements, the instr:uction.s ~elected

from an instruction set that includes group anthmetlc mstruc­
tions and group data handling instructions, (b) in response to
decoding different group data handling instructions, execut­
ing group data handling operations. that re-arrange data ~Ie­

ments in different ways, and (c) m response to decodmg
different group arithmetic instructions, exe.cuting a 1?luralio/
ofdifferent group floating-point and group mteger anthm~tlc
operations that each arithmetically operates on the multiple
data elements stored in registers in the register file to produce
a catenated result that is returned to a register in the register
file, wherein the catenated result comprises a plurality of
individual results.
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def data,flags~· AocessPhysicaJLT8(pa,op,wdala) as
th +- PS23..19
en (- pae..4
if {en < (1 II OLE)) and (ttl < T) and (pa18..6=O) then

case opof
R:

W:

endcase
else

data ~O
end!f

enodef

data (- 064 II LTBArra>1thJ1en]

LocaITB[thUen) (- wdata63..Q

FIG. 16
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def ga,LocalProtect ~ LocalTranslation(th.baJa.pl) as
if LB & (ba63..48 (!) 1863..48) then

raise AccessDisallowedByVlrtualAddress
endif
me..-NONE
for i +- 0 to (1 II OLE}-1

if (fa63..48 & -LocalTB[thJ(i]63..4S) =LocaITB(th](ij47..32 then
me+-i

endlf
endfor
if me =NONE then

if -ControIReglsterpl+8 then
raise LocalTBMiss

endif
ga .-la
LocalProtect +- 0

else
ga.- (vSS3..48" LocaIT8[th][me131 •.16) 11 v847..0
LocalProtect +- LocalTS[th)[me]15..0

endif
enddef

FIG. 22
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def data,flags +- AccessPhysicaIGTB(pa,op,wdata) as
th ~ pa23.. I9+QT II OGT

en..- pal8..4
if(en < (Ill OC» and (th < T) and (paI8+CT.. 19 =0) then

case op of
R:

data +- OTBArray[thS..GT][en]
w;

GTBAmy[ths ..CTJ~en] ~ wdata
endcase

else
data+- 0

endif
enddef

FIG. 24
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def pa,GlobalProtect of- GlobaIAddressTranSlation(th,gs,pl,lda) as
me of-NONE
for i ... 0 to (1 II OG) -1

if GlobaITB[thS..GTJ[i) * 0 then
iiz.e of- (GlobaITB[lh5..GTJ[063..7 end (064·GlobaITB(lhs..GT][i]63..7» II 08

if «9a63••81108) It. (GlobaITB[ths..GTlP163:.8110B» and (064·size» =: 0 then

me +- GlobaITB[th5..GT][~
endif

endif
endfor·
if me =NONe then

if Ida then
PerformAccessDetail(AccessDetaflRequlredByLocaITB)

endif
raise GlobalTSMiss

else
pa of- (9a63..8 "GlobaITS[th5..GTJ(me1127..72) II ga7..0

GlobalProlect of- GlobaITe[~5 ..GTJline)71 ..64 II 01 II GlobaITB[thS..GT][me]6..0
endif

enddef

FIG. 26
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def GTBUpdateWrite(th.fill.data) as
me «- NONE
for I ... 0 to (1 II oG) -1

size .- (GlobaITB(U15..GyJ[i}63..7 and (064-GlobaITB(thS•.GT][ilG3..7» II 08

if «data63..eIl08) 1\ (GlobaITB(thS..GyJ(I]63..aIl08»and (064.slze) =0 then
me+-i

endif
endfor
If me =NONE then

if fill then
GlobaITB[ths..GT]{GTBLast(ths..GT)J +- data
GYBLast[ths..GTl {GTBlast(ths..oTl + 1)G-1 •.0
if GTBLast[ths••GY] 0 then

GTBLast[thS..GYl +- GTBFirst{thS..OY]
GTB8ump(thS..GTJ +- 1

endif
endJf

else
GlobaIT8(ths..GT](me] ... data

endif
enddef

FIG. 27
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def dataJlags ~ AccessPhysicaIGTBRegisters(pa.op,wdata) as

th ~ pa23..19+GT II OGT
rn ~ P8118..8
if (rn < 5) and (th < T) and (pa18+GT..19 :; 0) and (pa7..4 =

case rn II op of
o II R. 1 II R:

data +- 0
OIlW.1IfW:

GTBUpdateWrlte(th.rno.wdata)
2 \I R:

data ~ 064*G II GTBLast[thS..GTl
211 W:

GTBLast[ths..GT] ~ wdataG·1 ..0
311 R:

data +- 064-G II GTBFirst[thS..GTJ
311 W:

GTBFirst[thS..GTl +-wdataG..1..0
311 R:

data +ow 063 If GTBBump[thS..GTl
311 W:

GTBBump[ths..GTJ +- wdatao
endcase

else
data +- 0

endif
enddef

FIG. 30
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fG.800LEAN

Equivalencies

IGroup Boolean

G.AAA Group lhree.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.OOO 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 unsigrn3d bits
G.SET.G.Z. 1 Group set greater zero signed bits
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 set less zero signed bits
G.SET.LE.1 Group selless equal signed bits
G.SET.LE.U.1 Group selless equal unsigned bits
G.SET.LE.Z.1 Group set less equal zero signed bits
G.SET.NE.1 Group'set not equal bits
G.SET.GEU.1 Group sel 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 sltcluslve-nor
G.XOR Group exduslveoOT '
G.XXX Group three-way sxciusive<>or
G.ZERO Group zero

G.AAA rd@rc,rb <}- G.BOOlEAN rd@rc,rb,Ob10000000
G.AAA. 1 rd@rc,rb ~ G.XXX rd@rc,rb
G.AAS.1 rd@rc,rb ~ G.XXX rd@rc,rb
G.ADD.1 rd=rc,rb -4> G.xOR rd=B'c,rb
G.AND rd=rc,rb ~ G.BOOlEAN 8'd@rc,rb,Ob10001000
G.ANDN rd=rc,rb ~ G.BOOlEAN rd@rc,rb.Ob01000100
G.BOOLEAN rd@rb,rc,i ~ G.BOOLEAN rd@rc,rb,i7iSiai4i3i1 02iO
G.COPV rd=rc ~ G.BOOlEAN rrd@rc.rc,Ob10001000
G.NAAA. rd@rc,rb <l- G.BOOlEAN Il'd@rc,rb,Ob01111111
G.NAND rd=rc,rb ~ G.BOOlEAN rd@rc,rb.Ob01110111
G.NOOO rd@rc,rb <l- G.1800lEAN rd@rc,rb,ObOOOOOOOi
G.NOR rd=rc,rb ~ G.BOOLEAN rd@rc,rb,Ob0001 0001
G.NOTrd=rc <l- G.BOOlEAN rd@rc,rc,ObOOO10001
G.NXXX rd@rc,rb <}- G.BOOLEAN rd@rc,rb,Ob01101001
G.OOO rd@rc,rb <}- G.BOOLEAN rd@rc,rb,Ob~1111110
G.OR rd=rc,rb 4- G.BOOLEAN rd@rc,rb,Ob11101110
G.ORN rd=rc,rb <l- G.BOOLEAN rd@rc.rb,Ob110111()1
G.SAA.1 rd@rc,rb ~ G.XXX rrd@rc,rb
G.SA,S.1 rd@rc,rb ~ G.XXX rd@rc,rb
G.SETrd ~ G.BOOLEAN rd@rd,rd,Ob10000001
G.SET.AND.E.. 1 rd=rb,fC -{> G.NAND rd=rc,rb
G.SET.AND.NE.1 rd=rb,rc -{> G.AND fi'O=rc.rb
G.SET.E. 1 rd=rb,rc -{> G.XNOR rd=9'c.rb
G.S€T.G.1 rr:/=rb,fC ~ G.ANDN rd=rc.rb
G.SE7.G.U.1 f'd=rb.rc -{> G.ANDN rd=rb,rc
G.SEr.~.Z.1 rd=rc -t> G.ZERO rd
G.SET.GE. f rd=rb,rc

-
~ G.ORN ~'d=rc,rb

G.SET.GE.Z. 1 rd~rc ~ G.NOT rd=rc

FIG. 31A continued
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G.SETL 1 rri=rb,rc -+ G.ANON rd=rb.rc
'G.SET.L.Z.1 rri=rc -+ G.COPY rd=rc
G.SETLE.1 rri=rb,rc -4 G.ORN rd=rb,rc
G. SET.LIE.U. 1 rrJ=rb,rc -+ G.ORN rd=rc,rb
G.SET.LE.Z.1 rri=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.1 rd=rb,rc ' -4 G.ANON rd=rc.rb
G.SSA. 1 rd@rc,rb -+ G.XXX rd@rc,rb
G.SSS.1 rd@rc,rb -+ G.XXX rd@rc.rb
G. SUB. 1 rd=rc,rb -+ G.XOR rd=rc,rb
G.XNOR td=rc,rb ..- G.BOOLEAN rd@rc,rb,Ob10011001
G.xOR rri=rc,rb ..- G.BOOLEAN rd@rc,rb,Ob01100110
G,XXX rd@rc,rb ..- G.BOOLEAN rd@rc,rb,Ob10010110
G.ZEROrd ..- G.BOOLEAN rd@rd,rd,ObOOOOQOOO

Selection

operation function (binarv) function (decimal)
d 11110000 240
c 11001100 204
b 10101010 176
d&c&b 10000000 128

I {d&c)lb 11101010 234
dlclb 11111110 254
d?c:b 11001010 202
d"cAb 10010110 150
-d"cAb 01101001 105
a 00000000 0

FIG. 31A continued
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Format

G.BOOLEANrd@trc,trb,f

rd=gbooleani(rd.rc,rb.f)

31 252423
J G.BOOLEAN llliI

7 1

18 17 12 11 6 5
rd 1__rc .....:1....--..;.rb~.....i~~-il---.;
6 6 6 6

if f6=f5 then
if f2=f1 then

iff2 then
rc +- max(trc,trb)
rb ~ min(ttc,trb)

else
rc +- min(trc,trb)
rb~ max(trc.trb)

endif
ih+-O
iI .- 0 II f6 II f7 II f4 II 13 II fO

else
If 12 then

rc <Eo- tm
rb.- tre

else
rc +- tre
rb +- trb

endif
Ih~O

iI ~ 1 II fa II f7 II f4 II f3 II (0
enqif

else
ih +- 1
if f6 then

rc +- trb
rb of- tre
iI +- f1 II f2 II f7 II f4 II f3 II ,to

else
rc +- tre
rb +- trb
il ~ f211 f1 II f7 II f4 II f3 II fO

endif
endif

FIG.3IB
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Definition

def GroupBoolean (ih,rd,rc,rb,U)
d oE-- RegiRead(rd. 128)
Co(- RegRead(rc, 128)
b~ RegRead(rb, 128)
if ih=O then

if il5=0 then

f .- il3 Hil4 II i14 II i12 (1111 II {rc>rb)2 II ilO
else

f 0(- ilS II il4 II il4 II i12 II iJ1 II 0 II 1 II ilo
endif

else
f +- i13 (I 0 111 II il2 II il1 II ils II i14 II iJo

endif
for i 0(- 0 to 127 by size

ai 0(- f(dillcdrbi)
endfor
RegWrite(rd, 128, a)

enddef

Exceptions
none

FIG.31C
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lG.MUX

Jun. 1, 2010

Operation codes

IGroup multiplex

Redundancies

Sheet 35 of 384 US 7,730,287 B2

G.MUX ra=rd,rc,rc ¢) G.COpy ra=rc
G.MUX ra=ra,rc,rb ¢) G.BOOLEAN ra@rc.rb.Ox11001010
G.MUX ra=rd,ra,rb ¢) G.BOOLEAN ra@rd.rb,Ox11100010
G.MUX ra=rd,rc,ra ¢) G.BOOLEAN ra@rd,rc.OX11011000
G.MUX ra=rd,rd,rb ¢::» G.OR ra=rd,rb
G.MUX ra=rd,rc.rd <=0 G.ANO ra=rd,rc

Formal

G.MUX ra=rd,rc,rb

ra=gmux(rd,rc,rb)

31 24 23 18 17 12 11 6 5 0

1_....;:G:;;.;.:.M.;;.;U:.:.x:--...Jli..--....::r.;:.d_....I_...:.;rc;:...---L1_.:.;rb:---l..1_r:.,:8_1
8 6 6 6 6

FIG.31D
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Definition

US 7,730,287 B2

def GroupTernary(op,size,rdlc,rb.ra) as
d (- RegRead(rd, 128)
c (- RegRead(rc, 128)
b ~ RegRead(rb, 128)
case op of

G.MUX:
a <Eo- (c and d) or (b and not d)

endcase
RegWrite(ra, 128, a)

enddef
Exceptions

none
FIG.31E
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Operation codes

Sheet 37 of 384 US 7,730,287 B2

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.l28 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.D. 16.0 Group add unsigned doublets check overflow
G.ADD.V. 32.0 Group add unsigned quad1ets check overflow
G.ADD.D.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.I.size rd=rc,l
G.ADD.size.O rd=rc,rc <=> G.SHL.I.size.O rd=rc,l
G.ADD.U.size.O rd=rc,rc <=> G.SHL.I.U.size.O rd=rc,l

FIG.32A
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Format

G.op.slze rd=rc,rb

Juo.l,2010 Sheet 38 of 384 US 7,730,287 B2

rd:gopsize(rc,rb)

31 24 23 18 11 12 11 6 5

I G.slze I rd I 're I rb I
8 8 6 6

FIG 32B
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Definition
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del Group(Qp,size,rd,rc,rb}
c +- RegRead(rc. 128)
b +- RegReatf(rb, 128)
case op of

G,ADO:
for l +- 0 to 128-size by size

~...aize-1 ..1+- C'+$fze-1..1 +bl+slze-1,.i
MCffor

G.ADD,L:
for I+-O to 128·size by size

I ... (Cj+size-1 II Cj+Si%e-.1 ..i) + (bi+slza-1 II tt••size-1..I)

al+slze-l. ,I +- (tsize ~ tsil:e·1) ? (laiza II tltU:h=ts,lze.' ..0
endfor

G.ADD.loU:
for i +- 0 10 128-slze by size

t +- (01 II Ci-tsize--1 •.I) +'(0' 11 bj+$ize-1..d
aj+siz~l ..I'" (tsize It 0) 1 (1 size): tsize..1..0

endfor
a.ADD,O:

for, +- 0 to 128·size by size
t +- (ci+siz&-111 Ci+&ae.1 ..i) + (bl+SiZ&o-l II bl+size-1 ..I)
If tslze .. 'size.1 then

raise FixedPointArilhmelic
endif
ali-Slz&o1 ..i +- tsize-1 ..0

endfor
G.ADO.U.O:

for i (-r 0 to 128-size by size
t +- (01 \I Ci+size-1 ..I) + (01 II bi+slze·1 ••I)
if tslze ;l: 0 then

raise FlxedP'ointArlthmetic
endi'
8i+-size-1,.i +- tsiz:e-1 ..0

endlor
endcase
RegWrUe(rd. 128, a)

enddef

FXc~pllons

Fixed-poinl arilhmelic:

FIG.32C
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Operation codes

Sheet 40 of 384 US 7,730,287 B2

G.SEl.ANO.E,8 Group set and equal zero byles
G.5ET.AND.E.16 Group set and equal zero doublets
G.SET.ANO.E.32 GroUD set and equal zero Quadlets
G,SET.AND.E.64 Group set and eQUal tero oetrets
G.SET.AND.E.128 Group set and equcil zero hexlot
G,SET.ANO.NE.8 Group set and tlot eqU81 zero bytes
G.SET.AND.NE.16 Group set end not equal zero doublets
G.SEl.AND.NE.32 Group set and not equal zero qUadlets
G.SEl.AND.NE,64 Group set and not ecaual zero oct1e1s
G.SET.ANO.NE.128 Group set and not &quai zero hexlel
G.SEl.E.B Group set equal bytes
G.SEl.E.16 Group set equal doublets
G,SEl.E.32 Group set equal quadlets
G.SET.e.64 Group set equal ocllets
G.SET.E.128 Group set equal ht»det
G.SET.GE.8 Group set greater equal signed bytes
G.SET.GE.16 Group set greater equal signed doublets
G.SET.GE.32 Group set greater equal signed quadlels
G.SEl.GE.54 Group set greater equal signed QCtlels
G.SET.GE.128 Group set greater 8Q\lal signed hexlet
G.SET.GE..U.8 Group set greater equal unsigned bytes
G.SEl.GE.U.16 Group set greater equal uns.igned doublets
G.SET.GE.U.32 Group set greatef equal unsigned quadlats
G.SET.GE.U.64 Group set greater equal unsigned octlets
G.SET.GE.U,128 Group set greater equal unsigned hexlet
G.SET.L.8 Group set signed less bytes
G.SEl:L.16 Group 69t signed less doublets
G.SET.L32 Group set signed tess quadJets
G.SEl.L.64 Group set signed less oetJets
G.SET.L.128 Group set signed less h$xlet .-

G.SEl.L.U.a Group set less unsigned.bytes
G.SET.L.U.16 Group sslles& unsigned doublets
G.SET.L.U.32 Group set tess unsigned Quadle1s
G.SE:T.l..U.64 Group s~t tess unsigned octlels
G.SET.L.U.128 Group set less unsigned heldet
G.SEl.NE.8 Group set not equal bytes
G.SEl~NE.16 Group set not equal doublets

FIG 33A
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G.SET.NE.32 Group set not equal quadlets
G.SET.NE.64 Grcup set not equal oct1ets
G.SET.NE.128 GrouD sat not eQual h-e~et
G.sue.s Grou;O subtract bytes
G.SUB.S.O Group subtract sranedb~ check overflow
G.SUB.16 Group sobtractdoublets
G.SUS.16.0 Group subtract sltlned doublets check overllow
G.SUB.32 Group subtract quadlet$
G.SUB.32.0 GI'OWl subtract siQnfJd C1uadlet5 check overflow
G.SUB.54 Group subtract oollets
G.SUB.64.0 GroUD subtract stoned octlelS check overflow
G.SUB.128 Group subtract heldel
G.SUB.128.0 Group subtract signed haxlet check overflow
G.SUB.L8 Group sublra01 6m!t signed bytes
G.SUB.L.16 Group subltaCt limit ,signed doublets
G.SU8.L32 Group sUbitad limit signed quadlels
G.SUB.L64 Group subtraCllimlt signed ocllets
G.SUB.L.128 Group sublracll/mtl signed haXlet
G.SUB.L.U.8 GroUl) subtract Umlt uns gned bytes
G.5UB.L.U.16 Group subtract limit une gned dOUbhtts
G.SUB.LU.32 Group $ubtract limit uns good quadlets
G.SUB.L.U.64 Group subtrad limit unsigned oollels
G.5UB.L.U.128 Group subtract limit unsigned he)(let
G.SUB.U.8.0 Group subltacl unsigned bvtes check overflow
G.5UB.U.16.0 GrouD subtract unsigned doublfill$ che~ overflow
G-SUB.U.32.0 Group subtract unsigned CluadJets check overflow
G.SUB.U.64.0 Group subtrad unslaned oellets check overflow
G.SUB.U.126.0 GrouP subtract unsianed hexlet check overflow

FIG 33A continued
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G.SET.E.Z.8 Group set equal %$'0 bv1&S
G.SET.E.Z.16 Group set equal zero doublets
.G.SET.E.Z.32 Group set equal zero quadlels
G.SET.E.Z. 64 Group set e~ual zero oetlels
G.SET.E.Z 128 Gtoup set equal arc hexlel
G.SET.G.l.8 IGroUD sei areater zero signed bytes
G.SET.G.Z.18 GrQUP set wester zero signed doublets
G.SET.G.Z.32 Gro4Jp set grimer zero signed quadlets
G.SET.G.Z.64 Group set greater zero signed Odtets
G.SET.G.Z.128 Grout) set greater zero sianed hexlet
G.SET.GE.Z.8 Group set greaterequal zero slaned bytes
G.SET. GE.Z.16 GtOlJ~ set greater ~ual zet¢ tligned doubleIs
G.SeT.GE.Z.32 Group set Qreater equal zero signed qUadlets
G.SET.GE.Z.64 Group set. RI'94'1ler eQual .zero sianed oetlels
G.SET.GE.Z.128 Group sel greater equal zero signed hexlet
G.SET.L.Z.8 Group selless zero signed bytes
G.SETLZ.16 GrouP set less zero signed dOUblets
G.SET.L.Z.32 Group set tess zero signed Quadtets
G.SET.L.Z.64 Group $$1 tess zero slaned ocllel$
G.SETLZ.128 Group selless zeta signed hexlef
G.SET. l.E.Z. 8 Group set less eaual zero signed bytes
G.SET.LEE.Z.1S Group set less equal zero signed dOUblets
G.SET.LE.l.32 Group set less equal zero signed QU8dlets
G.SET.LE.Z.64 Group set less eQual zero signed octlets
G.SET.Lc.Z.128 Group set less equal zero signed hexlet
G.SET.NE.Z.8 Group set not ~ual zero bYtes
G.SEr.NE.Z.16 Group set notequal zero dOUblets
G.SET.NE.Z.32 Group set not equat zero quadlel$
G.SET.NE.Z.64 Group set not equal zeto oet1ets
G.SET.NE.Z.128 Group set not equal zero hextet

FIG. 33A continued
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G.SET.LE.8 Group selle's! equal signed bytes
G.SET.LE.16 Group set Iltas equal signed doublets
G.SET.L/:.32 Group set leu equal signed quadlels
G.SET.LE.64 Group selless equal Signed oet1et:S
G.SET.LE.128 Group set less equal signed hexJet
G.seT.LE.U.8 Group set lea equal unslgned bytes
G.SET.LE.U.16 Group set less equal unsigned doubtets

G.SET.LE.U. 32 Group seltess eqUal unSigned qw:u:ltets
G.SET.LE.U. 64 Gtoup sellBss equal unsigned ocUets

G.SET.LE.U.128 Group set Ie. equal unsIgned heJ(let
G.SET.G.8 Group set signed greater bytEta
G.SET.G.16 Group set signed greater doublels
G.SET.G,32 Group eet signed greater quadlels

6.5fT.G.64 ·Group set sVleet grealer oetlels
G.5ET.G.128 ·Group set sfgned greaterneldel
G,$ET.G.U.8 ·Group set greater unsigned bytes
G,SET.G.U.16 Group set gteater unsigned doublels
G.SET.G,U.32 Group sel greater unsigned qU8d1els

G.SET.G.U.64 Group set greater UMigned odIet&
G.SET.G.U.128 Group "I greater unsigned heldet

G.SET.E.Z.size rd=rc ~ G.SST.ANO.E.siZe rd=-rc.rc
G.SET.G.Z. size rd::.rc ¢:: G.SET.L.U.size rd=rc,rc
G.SET.GE.Z,size fT1;rc ¢:: G.SET.GE.slze rd=rc,rc
G.SET.L.Z.size rd=rr; <= G.SSr.L.size rd=rc,rc
G.SET.LE.Z.siz8 rd=rc <;::: G.SET.GE.U.slze rd=fC,tC
G.SET;NE.Z.s;ze rd=rc ~ G.SET.AND.NE.slze rd=rc,rc
G.SET.G.slze rd=rb,ro -+ G.SET.L.size rd=rc.rb
G.SET.G.U.sfze rd=rb.ro -. G,SET.LU.size rd=rc,rb
G.SET.I..E.size rd=rb,rc -. G.SET.as.size rd=rc,rb
G.SET.LE.U.siz& rd=rb.ro .... G.SET.GE.U.slze rd=rc,rb

FIG. 33A continued
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G.SET.E.size rd=rc,rc <:::> G.SETrd
G.SET.NE.size rd=rc,rc <:::> G.ZEROrd
G.SUB.size rd=rc,rc <:::> G.ZEROrd
G.SUB.L.size rd=rc,rc <:::> G.ZEROrd
G.SUB.L.U.size rd=rc,rc <:::> G.ZEROrd
G.SUB.size.O rd=rc,rc <:::> G.ZEROrd
G.SUB.U.size.O rd=rc,rc <:::> G.ZEROrd

Selection

class operation cond operand Size check
arithmetic SUB 8 16 32 64 128

NONEU 8 16 32 64 128 0
SUB.L NONEU 8 16 32 64 128

boolean SET.AND E 8 16 32 64 128
SET NE
SET LGEG 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
11o-_...;,G...;,.si;.;;;.ze~---L.I__r~d_....I rc 1 _~rb_--Ioo.l__o~p_I

8 6 6 6 6

FIG.33B
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def GroupRevers.ed(Op,Sile,rd,rcirb)
c +- RegRead(rc. 128)
b +- R~gRead{lD,128)
case op of

a.SUB:
for i +- 0 to 12S-size by size

81+$ize-1 ..1 to- bl+slze..U - 0i+8ize-1..I
endfor

G.SU8,L;
for i .... 0 to 12e.slze by sIze

t +- (bl+sizo-1 II bi+site--t..i) • (<1+elize--1 II CI+sIze-U)

8j+$ite--1 ••i +- (~lze Ie tslze-1) ? (tslze II till9:1): tslz.e-1..0
endfor

G.5UB.LU:
for I .... 0 to 128·siZa by size

t'l- (01 II bl+$Jz.e-1.J)· (01 II CI+ol1z&.1.J)

8i+6ize-1 .•i .... (tsizo ~ 0) ? OSIze; tSize-1 ..0
endror

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

t .... (bl+slze-1 II bl<t-size-1 ..i)· (Ci+s1ze-1 II Ci+slze-U)
if (tsizo .". tsl.z.e.1) then

rai$8 FixedPOintAtUhmetic
endlf

Si+siz&·1..i .... tsiz.&-1 ..0
endlor

G.SU8.U.0:
for i to- 0 to 128--siZe by size

t +- (01 II bl.sIze-1 ..I)· (01 11 Cit-sile-1 ..I)
if (tslle ilt 0) then

raise FixedPointArllhmetic
endlf

al+size-1..1 .... ~e.1 ..0
endfor

G.SET.I;:
for' +- 010 12&osize by size

81..r slze-U +- (bj..size-U =0l+sl.ze_1..I)slze
endfor

G.SET.NE:
for j +- 0 to 128~slze by stze

BI·;·SiZe-1..f .... (bi+sizeo 1..1 ".. Ci+s1ze.1 •.vslze

endfor
G.SETAND.E:

for I .... 0 10 128"'8ize by size
81+sl%o-1.J +- «bi+llzo·U and Ci+&ae.1..I):: O)Slze

endfor

FIG,33C
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G.SET.ANO.NE:
'Of I+-O to 128-slze by size

Bi+siz.1 ..i ..... ((bJ+siZe-1•.i and CI+slze.1 •.I) '$. O)s!ze
endfor

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

i:J+s:lzQ.t ..1~ «rc :: rb) ? (bi+$ize·t.j < 0) : (b/"'slzo.t.j <C;+lil&-1 ..il)sJz.e
endfor

G.SeT.Ge~

for i .... 0 to 128·,ize by silo
81+SI%&-1 •.i .... (ere • 11) ? (Dl+slze..1 ..l ~ 0) : (bj~slze.'.j ~ Cj+slze.I ../)W;e

endtor
G.SET.L.U:

for I to- 0 to 128-81zo by size
8i+8lze-1..I04- We 11 11» ? (bi+me-1 ..j >0) :

((0 II bi+8lze-1 ..') < (0 II CI.sIr;e.,.J)})slze
endfor

G.SET.GE.U:
for l+-O to 12klz:e by size

CiJ+alze.1..l f- «rc =: rb) ? (b;+8ju.1.,j S 0) :

«0 II bl+slze-1..l) a (0 II Gi+su:e-1..1)})&iZ9

endca5e
RegWrite(rd. 128. a)

enddef

Exceptions
fi;~C'd-poi.nt arithmetic

FIG. 33C continued
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~'.'~

E.DIV.64 Ensemble dMde signed ocltets
E.OIV.U.64 Ensemble divide unsigned octlets
E.MUL.8 ensemble mulliolv signed bytes
E.MUL.16 Ensemble multiply signed doublets
E.MUL.32 Ensemble mulUp!y signed quadlats
E.MUl.64 Ensemble murtlpty signed oct/ets
E.MUL.SUM.8 Ensemble multiply sum signed bytes
E.MUL.SUM.16 Ensemble multJply sum signed doublets
E.MULSUM.32 Ensemble multiply sum signed q:uadJels
E.MUL.SUM.64 EnHtTlble mu1tiply sum signed octlels
E.MUl.C.8 Ens.emble complex multiply byles
E.MUL.C.16 En:semble complex multiply doublets
E.MUL.C.32 Ensemble complex multlpty quad~et$

e.MUL.M.6 Ensembte mutupty mlxed-signed bytes
E.MUL.M.16 EnsembJe multiply mixed"5igned doublets
E.MUL.M.32 Ensemble muhlply mixed-signed quadlets
E.MUL.M.64 EnseJri)!a muftiply m'ixeQ-t!gned odlets
E.MUL.P.8 Ensembte multiply polynomial bytes
E.MULP.16 Ensemble multiply polynomial doublets
E.MUL.P.32 Ensemble mu1t1ply polynomial quadlets
E.MULP.64 Ensemble multJply polynomial cctlets
E.MUL.SUM.C.8 Ensemble multiply sum complex bytes
E.MULSUM.C.16 Ensembte multiply sum complex doublets
E.MUL.SUM.C.32 Ensemble multiply sum complex quadlets
E.MUL.SUM.M.8 Ensemble multiply sum miXed-signed bytes
E.MUL.SUM.M.16 Ensemble multiply sum mixed~signed doublets
E.MUL.SUM.M.32 Ensemble multiply sum mixed-signed quad&ets
E.MUL.$UM.M.64 Ensemble rooltiply sum mixed-signed octlets·
E.MULSUM.U.8 Ensemble multiply sum unsigned bytes
E.MUL.SUM.U.16 Ensemble multiply sum unsigned doublets
E.MULSUM.U.32 Ensemble muttipty sum unsigned Quadlets
E.MUL.SUM.U.94 Ensemble multip,ly sum unsigned ocUets
E.MUL.U.6 Ensembfe multipfy unslgne<l bytes

E.MUL.U.16 Enaemble multiply unsigned doublets.
E.MUL.U.32 Fnsemble muUiply unsigned quadlets
E.MUL.U.64 En$!;)mbh~ multiply unsigned oc::tIets

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

rd=eopsize(rc,rb)

~31__~__24:-;.2:.;.3_~ ....1_8 17 12 ,...11_~--...6 5 0
~ e.slze I rd I. rc J rb IF--o-p .--...~
r......-....;;;;.~8;;;;.;.,.-...I.--~8--- 6 6 6

FIG.34B
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defmlll(slze.I'I.VIi.v).'II'S.wJ) as

l'flUJ .... ((Ys&vstze-,+ljl-alze II "'aIz"'+I...II· ((W5&w1il001+jt'·m" Wt;ltO-1+j•.j)
e"dele'

·de'c .. Pol~lJlllplyi'siz-e.a.b)8&

ptD)..- 02'w
lot Ie .... 0 to$lZe-1

p(lt+1) .... JlfKl .. 8k ? IOSlze-k II b II ok) :02'slte
endfcr
c ... Plslze)

enddCl

elM Ensemtlle(Op$Ze,td.rc.lO)
e: Re9Re1<f(re. '2{l)
lJ AegAeud(rt). 1~1
casflCpol

E.MUl:,. E.MlJL.C:. EMULSUM. E.MUL-SUM.C, E.CON, E.CON.C. E.OFV:
ca4-b5 ... 1

E.MUL.M:, EMUi..SUM.M, E.CON.M:
cs 0
lis 1

E.MUl.U:, EMULSUM.U. E.COttU. E.OIV.U. e.MULP:
Cl> +- b& ... 0

endeue
ca$e o:l 0«

E.MUl. E.t.1UL.U. e.MULM;
for i .- 0 to &I..J:llze by $Ize

d2'(i+slze)-1 ..TI" mul(SlZe.2"SlZ&.cs.c..i,ba.b,l}
eRato'

E.MULP:
for i ... 0 tl> 64.s-!ze bysize

d2'{I+size)o1..2·i'" PolyM\Jftlply{llze.Csize-1+u.bslze-1+•• .i)
~dlOt

E.MULC:
for i ... () to~e 0)' $IU

II 0 lll'ld SilO) II! 0 tNlft
P f-- muf(t;It\1.2"aile.1.cJ.1.b,l). m\.lllm.2·sIZO.1Al+si:l:O.1.bJ+&Ize)

else
p +- mul(slze.2'slza.1,e,I,1,b.l+tlaJ. mul($lzo~,t.e,I.1.b.J+&i2e)

endlf
d2'{I+slze)-1..2"I4- P

endtor
U.4Ul..SUM. E.r.1UI..SUM.U. E.MULSUt.tM:

pta] ... 0'26
fO(l- 0 10 128-Gize by size

pfi+lIiUJ+- p(iJ +nU(slze. t2a.es..e.I,bI.b.I)
enc:IfOr
it +- p(1261

E..MVI..$UM.C:
pltl) +-064

pf&ke}.-064
for I ..... 0 to 12klltl bV lite

If (I and me) .. 0 ltIen
~+TtiUJ ... ptlJ +mUltwe.e4.1,(;,1.''-b.O

• mUl(tiZo.G4,'.C.I....Ia.1,b,I+size)

pft+2"slze).- PIiJ • muICslze.&t.1.G,I.1.b.I~)

• mUl(liZe.64.',c,i+size, ',b,l)
endlf

tJI'IOfOf
a ... p[12&+$ileHI pInal

FIG.34C
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E.CON. E,CON.U. E.CON.M:
pt0l'- 0128
for I .- 0 to 64-slze by size

for f .- 0 to 64-siZe by size
pD·Size12·(i+size)-L2·1 .... pm2"(i+&lze)-1.,2'1+

mul(slze,2'size.cs.c,I+64.j,bs,b,j)
endfot

endfor
a .... p(64]

E.CON.C:
p(OJ 0128

for j 0 to 64-siZe by size
for j ... 0 to B441Ze by size

If «ooi) and j end size) =0 then
pU+$lu12"(i+slze)-1..2"i'" PDl2"'(i+slze)-1 ..2"1 +

mUl(slze.2'slze,1,e,I+64-j,1,bJ)
else

pll+slzeJ2"(I4Size)o1.;2°, +- Pli12'(l+slze)-1 ••2"j •
mul(~ze.2·$lze,1,c.i+64·j+2'alte,1.bj)

endif
endfor

endfor
a ... p(64)

E,OIV:

if (b '" 0) or ( (0 =(1IJ063»~nd {b '" 1e4}) then
a 'f- undefined

else
q .... c/b
r (- c· Q'b
a +- r63..0 II Q63.•0

endif
E.DIV.U:

Ifb =othen
a +- undefined

else
q ... (0 II ctl (0 Ii b)
r +- c • (O II qt(O II b)
a +- '63.•0 II~••O

end!f
endcase
RegWrite(rd, 128. a)

enOde'

Exceptions
none

FIG 34C continued
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Operation codes

G.COM.AND.E. 8 Group compare and equal zero bytes
G.COM.AND.E.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.l28 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.L.U. 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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G.COMEZ 8 Group compare equal zero signed bytes
o.COMEZ 16 Group compare equal zero signed doublets
G.COMEZ 32 Group compare equal zero signed quadlets
o.COME.Z 64 Group compare equal zero signed octlets
G. COMEZ128 Group compare equal zero signed hexlet
o. COM G.8 Group compare signed greater bytes
0. COM 0. 16 Group compare signed greater doublets
G. COM G.32 Group compare signed greater quadlets
0. COM G. 64 Group compare signed greater octlets
G. COM G. 128 Group compare signed greater hexlet
G.COMG.U 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.COMG.U 64 Group compare greater unsigned octlets
G.COMG.U128 Group compare greater unsigned hexlet
G.COMG.Z 8 Group compare greater zero signed bytes
G.COMG.Z 16 Group compare greater zero signed doublets
G.COMG.Z. 32 Group compare greater zero signed quadlets
G.COMG.Z 64 Group compare greater zero signed octlets
G. COM G.Z 128 Group compare greater zero signed hexlet
G.COMGEZ 8 Group compare greater equal zero signed bytes
o.COMGEZ 16 Group compare greater equal zero signed doublets
G.COMGEZ 32 Group compare greater equal zero signed quadlets
G.COMGE.Z 64 Group compare greater equal zero signed octlets
0. COM GEZ 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
o.COML.Z 32 Group compare less zero signed quadlets
o.COML.Z 64 Group compare less zero signed octlets
0. 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 quadlets
o.COMLE 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.COMLEU 32 Group compare less equal unsigned quadlets
G.COMLEU 64 Group compare less equal unsigned octlets
o.COMLE. U128 Group compare less equal unsigned hexlet

FIG. 35A continued
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G.COMLE.Z. 8 Group compare less equal zero signed bytes
G.COMLE.Z 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.COMNE.Z. 8 Group compare not equal zero signed bytes
G.COMNE.Z 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.COMNE.Z128 Group compare not equal zero signed hexlet
G.FIX Group fixed point arithmetic exception
G.NOP Group no operation

G.COME.Z.size rc ~ G.COM.AND.E.size rc,rc
G. COM G.size rd,rc ~ G.COM.L.size rc,rd
G.COMG.U.size rd,rc ~ G.COM.L.U.size rc,rd
G. COM G.Z.size rc <= G.COM.L.U.size rC,rc
G. COM GE. Z. size rc <= G.COM.GE.size rC,rc
G.COML.Z.size rc <= G.COM.L.size rc,re
G. COMLE.size rd,rc ~ G.COM.GE.size rC,rd
G. COMLE. U.size rd,rc ~ G.COM.GE.U.size rC,rd
G. COM LE. Zsize rc <= G.COM.GE.U.size rC,rc
G.COMNE.Z.size rc ~ G.COM.AND.NE.size rC,re
G.FIX ~ G.COM.E.l28 rO,rO
G.NOP ~ G.COM.NE.128 rO,rO

FIG. 35A continued
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G.COM.E.size rd,rd
G.COM.NE.size rd,rd

Selection

<=> G.FIX
<=> G.NOP

elass operation eond type size
boolean COM.AN ENE 8 16 32 64 128

DCOM
aritlunetie COM LGEGLE NONE U 016 32 64 128

COM LGEGLEENE Z 8 16 32 64 128

Format

G.COM.op.size rd,re
G.COM.opz.size red

gcomopsize(rd,re)

31 24 23

I G.size I
i-~_

8

18 17 12 11 6 5 0
rd l--r-c-....,lr----op---.-l-GC-o-M-l
666 6

FIG.35B
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daf GfOupCompare(op.slzs,l'd,rc)
d +- AegRead(td. 128)
c +- RegRead(rc••28}
easeopof

G.COM.E:
for I .... 0 to ~28·slte by size

a;+slze-1.; .... (dJ'I'IlIze-U:: Cl+$iU_1..l}slze
endfor

G,COM.NE:
lor I tl- 0 to 128·sl:le by aIM

al+slze-U 4- (dl"slze..1.J:t: c-....siz'e.u)'ize
endfor

G.COM.AND.E:
for i 4- 0 to 128-s1ze by size

aj+s!t&U ... «ct+sltM.J and dr+sito-1..I);Ii O)site
endfor

G,COM.AND.NE:
for I ..... 0 to 12a-size by size

ai+slze-1 ..1..... «Ci+slze-1.J and di+$iU.1 ..i) u' O)SIZ8
endfor

G.COM.L:
for i ~ 0 to 128·si.te by ai~e

81+SiZe-U +- «rei;:: rt:)? (Ci+slze-1...i < 0): (dl+sile-1..I < CI+slze.U»slze
endfor

G.COM.GE:
for I .... 0 to 126-51z9 by size

Cli't'siz.1 ..1 ~ «rd ;; rc)? (Ci+$ize-U ~ 0) : (cfi"slze-U ~ CI+slze.1 ..lH$iz:e
endfor

G.COM.L.U:
for i +ow 0 to 126-size by siZe

Si+&lze-U +- ({rd ;; rc)? (Ci+size--U)I 0) :
«0 1\ o+lliz&.1..I) < (0 II C1+811e-1••!lJ>slZ.e

endfcr
G.COM.GE.U:

for I .... 0 to 128·size by size
SI.s1zo.1..I .... «td :; rc)? (Ci+$lze-t •.l ~ 0) :

«0 II dj+~1..I) :t (0 II Cj+$~U)))siz.
Mdfor

endcase
if (a ;II: 0) then

raise FlxedPolntArithmetic
endif

enddef

EXceptlODS
Fixed-point ar-khmetlc

FIG.35C
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E.LOG.MOST.8 Ensemble log of most significant bi1 Sioned by1!ls
E.LOG.MOST.16 EnSflmble I.C>G of most significant bit s1;ne«t doublet&
E.LOG.MOST.32· Ensemble log of most Significant bit signed quadlets
E.LOG.MOST.64 Ensemble log of most sJgnlflcant bit signed OetlGts
EJ.OG.MOST.12B Ensemble log of most slgnfficsnt bit signed he>det
E,LOG.MOST.U.8 Ensemble log of most signmcant bit unsigned bytes
E.LOG.MOST.U.16 Ensemble 109 of most signffir;anl bit unSigned doublets
E.LOG.MOST.U.32 Ensemble 109 or most significant bit unsigned C1uadlets
E.LOG.MOST.U.64 Ensemble reg Of most slgnlflcant bit unsigned oeCIsls
E.LOG.MOST,U.128 Ensemble log of most significant bit unsigned hexJet
E.SUM.8 Ensemble sum signed bytes
E.SUM.16 Ensemble sum s'gned doublets
E.SUM.32 Ensembte sum & IJned quadlels
e.SUM.54 Ensombfe sum $ "oed oetlet&
E.SUM,U.1 Ensemble sum unsigned bits
e.SUM.U.8 Ensemble 5um unsigned bytes
E.SUM.U.16 Ensemble sum unsIgned doublets
E.SUM.U.32 Ensemb1e SI.fl'l unslgnedquadle1s
E.SUM.U.64 Ensemble sum unsigned ocUets

Selection

class OD size
sum SVM 8 16 32 64

SUM.U 1 8 16 32 64
log most LOG.MOST LOG.MOST.U 8 16 32 64 128
significant bit

FIG.36A
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E.op.size rd::rc

rd=eopsize(rc)
31 24 23 18 17 12 11 6 5 0

I E••lze 1F--;d~~):::::rc;:~~I:::;o;p:~J E.UNARY r
8 6 8 6 8

FIG.36B
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def EnsembfeUnary(0p.StZeld,rc)
e +- RegRead{re. 128)
ease oj) of

e.LOG,MOST:
for i ~ 0 to 128-size by size

If (Ci+mze-1 •.1=0) then
a."siZ:&-1.J f- -1

else
for j ~ 0 to srze-1

If Cslze-1"1..j+1 c, (~~l~i II not CsizO-1+') lhen
8i+&ize..1 ..1+- j

endi.
endfor

endif
endfor

E,LOG.MOSTU:
for i ~ 0 to 128-size by site

if (Ci+SFz&o1 •.1=0) then
Sj+slte-1..i '- -1

elso
for j +- 0 to size-1

if CSiZe:1 ....j+i Q (Oslze..1-j 111) then
a~+$Ize..LI +- j

encJif
endfor

endif
endfor

E.SUM:
prO] ~ 0128

for i +- 0 to 128"sim by size
pP"slze] ~ pt~ ... (c~~;r 11.~1l&'1+U)

endfor
a +-p(128)

E.SUMU:
p(O] '- 0128

for it-O to 12&.slze by size
p[lt-stze] f- p[l)'" (o128-slze II Csize--1'f'U)

endfor
a ~p(128J

endcase
RegWrite(rd. 128. a)

eJldd~f

Exeeptions
none

FIG.36C
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def eb t- ebfts(prec) as
case pref of

16:
eb .-5

32:

Floatiog-point rUDetioD DenoltiolJs

64:

128:

endcase
enddef

eb .... a

eb f- 11

eb ... 15

def eb +- ebiasCprec) as
eb ... 0 1I1eb1ts(prec)-1

enddef

def fb fblts(ptec) as
tb pre<:- 1 - eb

enddef

def a .... F(prec, al) as
a.s aiprec-1

ae aiprec-2..fbils{prec)

af t- a1fblts(precr1..0

If a8 = 1abits(prec) then
If af =0 then

a.t f- INFINITY
elself afrblts(prec)-1 then

a.t .... SNaN
a.e f- -fblts(prec)
a.f f- 1 \I affblts(prec)-2.•0

else
a.t QNaN
a.e -fbits{prec)
a.f f- af

endIf
FIG. 37
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else

IU .... NORM
s,e +- 1-eblalf(ptec).ft)its(t>rec)
8.'+-0 Uaf

endlt

S.t NORM
8.e 880eblas(pmc)-lbits(prae)
a.1 1 II Bf

eneftl
enddef

tlef a +- OEFAUlrONAN as
a.6 +- 0
S.l .... ONAN
a.s (--1
a.f +- 1

enddef

<lef a+- OEfAULTSNAN as
1.1 .... 0
8.t..- SNAN
a.e +- ·1
a.f +- 1

·enddef

del tadd{a.b) as tatklr(s.b.N) endde-f

def c +- fade2r(a.b,round) as
if a.t::NORM and b.t=NORM th8n

II d,e are 8,1) with exponenl811gned and ftactiofl adjusted
if a.e > b.e theli .

d+-a
oJ +- bot
8.S +-b.s
e.e +- 8.8

8.1 +- bJ Ii oa·e-b.e
else 11 il,e < b.e then

d.t +- a.l
d.s+- a.S
d.e+-b.e
dJ +- aof II Ob.e.a.e
Cl+-b

endlf
c.l .... d.t
c.e+-d.e
if d.s. ;; e.& then

c.s+-d.sc.' +- dJ + eJ
elseif cU > e.f then

e.s +-d.s.
cJ .. d.t - e.f

FIG. 37 continued
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e!Mif oJ <e.f then
c.e+-e.G
c.f~ eJ ... d,f

else

Sheet 61 of 384 US 7,730,287 B2

e.G +- r=rF
C.t ... ZERO

endi1
Ii pf10nly is given to b operand rOt NaN propagation
elsell (b.toSNAN) or (b.t=QNAN) then

c ... b
elself (af:aSNAN) or (a.t=QNAN) then

e+-a
elself B.t-ZERO al\d b.t=ZERO then

C.t +- ZERO
C.s ... (a.s and b.s) or {lOUnd::F and (a.s Of b.s))

II NULL varOO8 are like zero, but do not combine with ZERO CO alter Sign
etsetf a.t:lZERO Of a.t=NULL tI1en

c+-b
elself b.traZe~o or b.lzNULllJlen

c+-a
eisel' a.t=INFINITY and b.t-INFINITY then

" a.s ¢ b.B then
c ... OEFAULTSNAN II InvalId

else
c+-a

eMif
elself a.t=INFINITY thon

c+-a
&I$e:ll b.t;;INFINlTY then

c ... b

assert FALSE" should have oovered al the CBSea aoov9
endif

enddef

def b +- "'egIs) as
b.s a.s
b.t a.l
b.e +- a.a
b.f ... aJ

eOOdof

def fsub(a,b) as. fsubr(8.b.N) enddef

del fwbr(a.b.round) as faddr{a,fneg{b).tOUnG) enddef

dGf ftsu.b(a.b) 8S 1rsubt(a,b,N) endde'

def frsubr(a.b,rouncf.) as faddr(fneg(a),b.round) endde'

<Set c ... fcom(a.b) as
II (a.t:SNAN) or (a.l=QNAN) or (bJIlSNAN) or (b.r-ONAN) th8n

c ..... U
elseif 8.l:INFINrTY end b.tJ;INFINITYthe~

If 8.S " b.B then
e ..... (8.$=0) ? G: L

FIG. 37 continued
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etse
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, ... e
endlf

elsB'ff at:1NFINITY Ihen
e ... (a.s=O) ? G: l

elsalt b.t=INFINfTY thG:1\
c .... (b.s=O) ? G: L

"solf a.t=NORM and b.t=NORM then
if a.:a • boll' then

C .... (8.s=0) ? G: L
else

If ~a.e ,. b.G then
af.- a.f
bJ +- bJ II oa·e-b·e

at .... a.f II ob.e-a.e
bf+- bJ

$"naif
If at =bf then

c+-E

o (- «u"O) " (af > bf) ? G : l
enoll

er\dll
eJuir a.l=NORM Chen

c .... (8,*"'0) ? G: L
elseif b.tmNORM tnan

c .... (b.lr-O) ? G: L
elsel! a.t.-ZERO and b.t'-ZERO chen

c+-E
else

assert FAlSE If ShOuld have covered at the cases above
encJif

e"ddel

dlf e+- fmul(a.b) 8S
Ua.t=N~M and b.t-NORM then

C.S +- B.S. " b.G
c.t..-NORM
c.o +- s.l' + b.G
o.f - 8.'•bJ

" priority is given to boperand for NaN pro~alion
elseif (b.t::SNAN) or (b.t:QNAN) th&n

C.S'" Iu"'b.s
e.l (- bot
C.e ..... b.8
oJ +- bof

elself (a,t;rSNAN) or (a,teQNAN) U'len
c.s .... a.s" t.II-
c.t +- a.t
c.e +- I.e
c1 +- 8.1

otseif a,t=ZERO and b.l=tNFINITY then
c +- DEFAUlTSNAN fllnvalld

elseif a.tlll lHFlNITY and b.t-ZERO ltIen
c +- OfFAULTSNAH f/lnvarld

PIG. 37 continued


