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etsef.f a,leZERO or b.l=ZERO Ihen
c.s a.s "b.s
cJ ZERO

else
assert FALSE 1/ shou1d tlawt covered a.l theCiltJetl $00"&

endif
61lddef

def c .... fdlvr(iEl.b) as
If a.t=NORM and b.t=NORM then

C.S 8.8 " b.B;
c.l NORM
c.e +- ae •b.e • 256
c.f +- (aJ U0256) I b.f

Il prlorfty Is given to b operand for NaN propagation
elself (b.t..SNAN) or (b.t-QNANt ttlen

e.s 8.8 " b.s
e.t b.t
e.e b.e
e.'''' b.f

e!self (at-SHAN) or (a.taONAH) then
c.s a..s Ilo b.s
e.t a.t
c,e a.o
c.f aJ

elself u=ZERO and b.t:;ZERO then
c ~ CEFAULTSNAN "Invalid

elseU U=INFINfTY ancJ b.I=INFINITY then
c .... OEFAULTSNAN fllnvalld

etseif at=ZERO then
c.t 8.1 " b.a
c.t ZERO

elseIf a.t=INFINITY then
C.S 8.8 Ilo b.5
c.t INFINITY

as&ett FALSE /I 6houtd nave covered aIlhe cases above
endl'

enddef

def msb ... flOOmsb(a) M

MAXF .... 2'8 fI Large$t possible f vaJue after matrix multiply
for j ... 0 to MAAF

if eMAXF.1..J. (OMAXF.11II H \h.en
Mtb .... j

endlf
ttldfOr

enddof

der al ..... Packf",Jree,&.lOund) as
C8$8 a.tot

NORM:
msb .. ritldmsbla.f)
m msb-1.fbllS(Pree) If lab for normal
«In ·ebias(prec)-a.e-1·tba$:(prec) II lsb it 8 denormal
fb (m :. «In) ? m : rdn

FIG. 37 continued
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If rb .5: 0 then

aUr -- aJmsb-1 •.0 II O·rb
eadJ <I- 0

elSe
calie round of

c:

S <I- Ornsb-rb 11 (a.s)rb
N, NONE:

G'" Omsb-rt> II-a.fro 118,flt1
X:

If aJrb-1 ..0 .,. 0 then
raise- FloatingPolnlArithmeUc II Inexact

endif
8+-0

l:

endc:ase
\( of- (Olla.fmsb..O) + (0115)
If vmsb 1; , ttlen

aitr +- vm5b-1..fb
eadj ..... 0

else
aifr +- ofbits(prec)

eadj +-1
endlf

endif
alen .... a.e + msb - 1 + ead) + eblas{ptec)
if aten S 0 then

if round =NONE then
a! ~ B.s II Oeblls(prec) II atfr

else
raise FloalingPointArilhmetlc {/Underflow

endif
elsei' aian;it ,sblts(prec) then

if round" NONE then
IJdefalJ~: rouncJ..lo-nsarest overfbw handling
al +- a.s" ,eblls(prec) II Ofbits(prec)

else
raise FtoatingPointArithmedc JlUndel'flow

endit
else

at +- a..s II aleOebIIs!Pree)-1..0 II alfr
endif

SNAN:
If round .. NONE then

raise FIoa.tlngPoln~ithmetle.l'lnveWd

endlf
If -a.S < fblt6(prec) ,hen

al +- a.s 1I1ebl15(prec) 118.1•••&-1 ..0 II ofbits(prec}+a.9

FIG. 37 continued



u.s. Patent Juo.l,2010

else

Sheet 65 of 384 US 7,730,287 B2

lsb 4- aJ-a.e-1-fbit&{ptElc)+1 •.0 II! 0

81 +- 8.S n,obllS(preC) II a.loa.• , Al.•,.fbtm(prec)+211ISb
on<rtf

QNAN:
if -e.e < tbil$(pree) then

al ..... a..s 1I1ebfts(prec) II 8.'.a.801 ••0 II ofbil${precroa•e

else
lab of- aJ.a,e-1.fbll$(prec)+1 ••0;* 0

ai ... as 1l1eblls(prsc) II a,f.a.e-t.-.a,801.fbils;(pree}+2 If Isb
etldll

ZERO:
al ... a.s II Oebils(prec) II Ofblls(prec)

INFINrTY:
ai .... 8,$: II t eb1tG(~) II ofbitsCprec)

dol al .... fsinkr(prec, a. fOUnd) as
ca:se a,tof

NORM:
msb f- flndmsb(a.f)
rb .... ·a.e
if r1aOChen

81ft a.fmsb..OII o·rb
alms mst> • r1)

else
case round of

C.C.o:
s .... pb-fb tI c"'al.sfb

F.F.D:
. s .... Omsb-tb II (81"',m

N, NONE.;

S ... Om$b-tt) II-aUrtt II al.1ffi"'
X:

If ~.frb-1..0" 0 then
raise FloatingPolnlArlUlmetie If Inexact

e:ndif
*_0

Z.Z.O:
$ ... 0

endcas8
v ... (OUdmsb••O) .. (011&)
Uvmsb II 1 then

eims ... II1sb "" 1 • m
elSD

elms ... msb • rb
eMI'
aift ... valI'RS.,m

endlf
if eims )0 prec thon

case fOund of
C.D. Fl'. NONE. Z.O:

8i ... a.s II (-as)prec>1

FIG. 37 continued
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C, F,N. X, z:
raise FIoa1ingPointAtiUvnetlc /I O~erfltYw

enlkase
elself a.lt. 0 then

al..- alfr
else

ai ... -al1r
endif

ZERO;
01 ... OPf&C

SNAN.QNAN:
ease round of

C.O, F.O, NONE, Z.O:
ai ... Oprec

C. F. N,X,Z:
raise Floa11ng;PolntArillune1iC JlIl'lvallcJ

$l\t:IC8$e
INFINITY:

case round of
C.O, F.O. NONE. Z.O:

at .... a.s II (-as)preI>1
C.F, N, X.Z:

ralse FloaUngPolnlAriU1melic II Invalid
endcas&

def c - frecrest(a) as
b,a .... O
b,t+- NORM
b,e"'" 0
bJ +- 1
c +- fest(f<iv(b.a»)

enddef

dtJf c +- trsqrest(a) as
b.s <t:- 0
b.t NORM
b.e 0'
b.f 1
c +- festtlsqr(fcJiv(b.al)}

onddor

def c +- {eel(a) is
If(a.t:NORM) then

msb flndmsb(aJ)
a.e a.e +msb·13
af aJmsb.•msbe12 II 1

else
c.-a

endIt
encklef

def c .... fs.qr(a) as
if (a.t~ORM) and (~M=O) then

c:.s +-0
c.1 .... NORM
"(a.80 l:: 1) then

FIG. 37 continued
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c.e +- (8.e-128) J2
c.1...- sqr(aJ II 0128)

endlf
elseif (at=SNAJII) 01' (a.t;ONAN) Of a.tIiJZERO or «s.t-INFINITY) and (a.s=O» theh

c.-a
e1self «a.t=NORM) or (a.t:.NFINIT'f)) and (a.5=1) then

c .- OEFAULTSNAN II Invalid
else

assert FALSE /I should have collered althe cases above
endif

enddef

FIG. 37 continued
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E.AOD.F.16 Ensemble add ftoatlng~polnt half
E.ADD.F,16.C Ensemble add floating-point half ceJting
E.ADO.F,16.F Ensemble add floating-point half ncor
E.AOO.F .16.N Ensemble addftoatlng-poJnl half nearest
E.ADO.F.16.X Ensemble add itoatin9-point half exact
E.ADD.F.16.2 Ensemble add lloatlng.polnt half zero
E.ADO.F.32 Ensemble add tloating-point single
E.ADD.F.32.C Ensem~e add floating-point single ceiling
E.ADD.F.32.F Ensemble add bung-point single floor
E.ADD.F.32.N Ensemble add floating-point $Ingle nearest
E.ADD.F.32.X Ensemble add floatlng.poInl single exact
E.ADD.F.32.Z Ensemble add 8oatlng..poln1 sil"lgl$ zero
E.ADD.F.64 Ensemble add floatlnQ'1loint double
E.ADD.F.64.C Ensemble add ftoating-point double celling
E.ADD.F.64.f Ensemble Beld floating-point double floor
E.AOD.F.64.N Ensemble add floating-POint double nearest
E.ADD.F.64.x Ensemble add floating-point double exact
E.ADD,F.64.Z Ensemble add ftoatlng-polnt doubte zero
E.ADD.F.128 Ensembte add floating-point quad
E.ADD.F.128.C Ensembte add floating-peint Quad c:eiling
E.ADD.F,128.F Ensemble add floating-point quad floor
E.AOD.F.128.N Ensemble add floating.point Quad nearest
E.AOD.F.128.X Ensemble add fIoa1ing-point quad exact
E.ADD.f.128.Z Ensemble add floating-point quad zero
E.OIV.F,16 Ensemble dil/fde floating-point hatf
E.OIV.F.16.C Ensemble dll/lde floating-point half ceiling
E.OIV.F.16.F Ensemble divide floating-point half floor
E.DIV.F.16.N Ensemble dMde floating-point ha1f nearest
E.DIV.F.16,X Ensemble dividf! floating-point haU exact
E.DIV.F.16.Z Ensemble divide f1oatlng-polnt haff zero
E.DIV.F.32 En&emble: divide flO8llng-pr>int Single.

E.OIV,F.32.C Ensemble divide floating-poInt single ceiling
E.DIV.F.32.F Ensemble divide floaUng-polnt slngl& floor
E.DIV.F.32.N Ensemble divide ftoadng-pOint single nearest
E.OIV.F.32'x Ensemble divide floating-POint single exact
E.orV.F.32.Z Ensell'lble divY.'e.floating-poInt single zero
e.OIV.F.64 Ensemble dlvtde flOallng-point double

FIG.38A
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E.DIV.F.64,C Ensemble divide fIo~in!H)oint double ceiling
E,DIV.F.64.F 'Ensemble divide fIoating.-point double floor
E.DIV.F.64.N Ensemble divide fIOatlng'"f)otn.t double nearest
E.OIV.F.64.X Ensemble divide fIostlng-point double exact
E.DIV.F.64.Z Ensemble divtde f1oating·POlnt double zero
E.OIV.F.128 Ensembte dMde floating-POlot quad
E. OIV.F.128.C Ensemble dlvlde /tooting-point Q:uad ceiling
E.OIV.F.128.F Ensemble divlde floaUng-polnt quad ncor
E,DIV.F.128.N Ensemble dMde floating-point Quad nearest
E.OIV.F.128.X Ensemble divide floating-point Quad exact
E.OIV.F;128.Z Ensemble divide floating-POint quad zero
E.MUL.C.F.16 Ensemble nultiply complex f1oaOn!)-j)01n1 hair
E.MUL.C.F.32 Ensemble multiply complex. f1oaling'"jXJlnl single
E.MUL.C.F.64 Ensemble multiply complex f1oatingoJpolnt double
E.MUl.F.16 Ensemble multiply floatlng-J)Oinl half
E.MUL.F.16.C Ensemble mu1liJ)ly Rosting-pOint half ceJUng
E.MUL.F.16.F Ensembte mtAliplv floating-pOint halfflcor
E.MUl.F.16.N Ensemble multiply floating-point hulf nearest
E.MUL.F.16.X Ensemble multiply floating-point half exact
E.MUl.F.16.Z Ensemble multiply floating-point half zero
E.MUL,F.32 Ensemble mUltiply floatirlll·ooint single
E.MUL,F.32.e Ensemble multiply floating-point single oeiling
E.MUl.F.32.F Ensembie multi 'Y ftoating-polnt single floor
E.MUL.F.32.N Ensemble m.tltl 'y f1oaling.polnt single nearest
E.MUL.F.32.X Ensemble multin y floating-point single exact

I-:E:;:.~M;.::U:-::l.:.::.F::.:.:.3~2;:.:::.Z=--__-+=E:;.;n.;;.;se;;.;.m~b;.:.;te;..;;mu~lt;;;.ip~yfloating-point single zero
E.MUL.F.64 EIl$$mb!e multiply floating-point double
E.MUL.F.64.e Ensemble multiply floating-point double ce~ing

E.MUL.F.64.F Ensemble multiply floating-point double floor
E.MUL.F.64,N En.semble multiplY floating-point double nearest
E.MUL.F.64.X EnsemDle multiply floating-point double exacl
e.MUL.F.64.Z Ensemble multiply floaUng-pornt double zero
E.MUL.F.128 Ensemble muJtiply floating-point quad
E.MUL.F.128.C Ensemble multiply floating-point Quad celRng
E.MUL.F.128.F Ensemble lTIultiply floatlng-pornt Quad floor
E.MUL.F.128.N ensemble multiply floating-point qlla;,;d~ne.;.;,,;;;,;are..;;.;;.,;st -f
e.MULF.128.X EI..-emble multj~ floating-poInt qua.~ exact
E.MUL.F.128.Z Ensemble ml.llti~ floating-point quad zero

FIG. 38A continued
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" -.._~
class OD Drec roundltrap
add EADOF 16 32 64 128 NO~ECF NXZ
divide EOJVF 16 32 64 128 NONECFNXZ
mullipl¥ EMULF 16 32 64 128 NONIiCFNXZ
complex mUltiply EMUL.C 16 . 32 64 NONH

F

Format

E.op.prec.round rd=rc.rb

rd=eopprecround(rc.rb)

31 24 23 18 17 12 11 6 5 0
II- E_.p~re_c~....&..1 _-,:rd~_Ir-;--rc-";';;"";1 ""'"-"""!rb:--.....r of·round I

8 6 6 8 6

FIG.38B
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def mul(sIZ&,v.I,w,j) 8$

mul +- fmut(F{Size,Vslze-Hl..l),F(slzetWslze.1+j..j»
end<:lef

der EnsembleFloatingPoln1(op,prec,round,ra,rb.rc) as
c'" RegRead(rc, 128)
b +- RegRead(rb, 128)
for i +- 0 to 128..prec by prec

cl +- F(prec,Ci+prec.1.,I)
bi ... F(prec,bi+-ptee-1 ..d
case op of

E.ADO.F:
&i +- fadd,(cl,bi,round)

E.MUL.F:
al ... fmul(cl.bl)

E.MUL.C.F:
if (I and pree) then

81 ... fadd(mul(pree,c,I,b,i-prec), rnul(prec,c,i-prec,b,i))
else

al +- fsub(mul(prec.c,l.b,I). mul(prec,c,i+prec,b.i+prec»
end,f

E.OIV.F,:
ai +- fdiv(ci. bi)

endcase
8i+prec-1 ..i -- PackF(prec, ai, round)

endror
RegWtite(rd. 128, a)

enddef

EJ:e~ptious

Floatifig~poinl arithmetic

FIG.38C
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e.MUL.AOD,C.F.16
E.MUL.ADD.C.F.32
E.MUL.ADO.C,F .64
e.MUL,ADD.F.16
E.MUl.ADD.F.16.C
E.MUl.ADO.F.16.F
E.MUL.AOD.F.16.N
E.MULADO.F.16.X
E.MUL.AOO.F.16Z
E.MUL.ADD.F.32
E.MUL.AOO.F.32.C
E.MUL.ADD.F.32.F
E.MUl.ADD.F.32.N
E.MUL.ADD.F.32.X
E.MUL.AOO.F.322
E.MUL.ADO.F.64
E,MUL.AOD.F.64.C
E.MUL.AOD.F.64,F
E,MUL.ADO.F.64.N
E.MUl.ADD.F.64.X
E.MUl.ADO.F.64.Z
e.MUl.ADD.F.128
E.MUl..AOD.F.128.C
E.MUL.ADD.F.128.F
E.MUL.ADD.F.128.N
E.MUL.ADD.F,128.X
E.MUL.ADO.F.128.Z
E.MUL.SUB.C.F.16
E.MUL.SUB,C.F.32
E.MUL.SUB,C.F,64
E,MUL.SUS,F.16
E.MUL.SUB.F.32
E.MULSUB.F.64
E.MULSUB.F.128

Ensemble multlplyadd compls)( ftoellng-polnt half
El186ffIble mUitipty acIli comp1ex ftoatln9iolOl1'l1 Singl«)
Ensemble mult py addcom~ floatln\rpoinl doutllo
Ensemble multipty add floating-point haf(
Ensemble multiply add floating-point nalt'ceiling
Ensemble rmatlpty add floating-point halfOoor
Ensemble mUltiply add f1oet1n~nl half nearest

Ensemble multiplY add floatlng·poInt half zero

Ensemble mLitlply adCllfOating-poinl single ceiling
Ensemble mlJUply add fIoating"9Olnt 8il'tgle floor
EMemble multiply add f1oaUng"i'Oini single nearest
Ensemble- muCtiply add f1gaUng-point single exact
Ensemble multiply add floating-point single zero

Ensembte mUltiply add ftoatlng-point couble ceiling
El'tsembie multipty add ftooting..polnt crouble floor
Ensemble mulUflIY add f1oatlng-point double nearest
Ensemble muttlply acsdbung-poInl double G)(set
Ensemble multiply add floating-point double zero
Ensemble multiply 8<ld f1oeUng.point quad
Ensemble mUltiply add ftoatmg.pOjnt quad cellln$)
Ensemble multiply add floating-point quad floor
Ensemble mulllply add l1oBtin~point quad nearest
Ensemble mLitlIllY add fIoatln~paJnt quad exact .

Ensemble multiply llubtJact complex floating-point l'\alf
Ensemble multiply subtract complex f1oatlng-poltlt single
Ensemble multiply subtract complex Roatlng-polnt double
Ensemble multiJ»y subtract ffo&1ing-poinl haJf
Ensemble milliply subtract floating-point single
Ensombte rrnAl\t)ty sUbtract Iloallng-polnl doubie
Ensemble multiply subtract fto8tl~-polnt quad

FIG.38D
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elass . OP !lvoe iorec round/trao
multiply add E.MUL.AD F 16 3264 128 NONECFNXZ

0
C.F 16 3264 IHOI'lS

multiply subtract E.MUL.$lJ F 16 3264 128 NONI;

B
C.F 16 3264 NC»!E

Format

e,op.slZe rd@rc,rb

rd=eopslze(rd,rc,rb)
3'1 24 23

~ E.si%e I
e

18 17

rei I
6

t2 1"0"" --:;;..65 0
rc I rb I::"--op---:::"'~
6 6 6

FIG.38E
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de' mul(siZe.v,~wj)as
mul..- fr'nul(F(Gile.vSiZe.1+i..,i),F(size,walz:e.1+j.J)}

endds;

de1 EnsemblelnplaceFloattngPolnt(op.slle,rd.rt.rb} as
d +- RegRead(rd. 128)
c +- RegRead(rc. 128)
b ~ RegRead{rb. 128)
for i .... 0 to 128·sl%.e by slle

di f- F(prec.dl+prec.'..1)
cElse op Of

.E.MUl.ADO,F:8' +- fadd(dl. mul(prec.c.I,b,i)}
E.MULAOO .C.F:

if (I and prec) then
ai e- fadd(di. f8<k1{multpfec.c:.I,b,l-prec), mul(c.l·prec.b,i)))

else
ai to- fadd(dl. 'sub{mul(J)fe(:.c:.i.I>.i). mUl(prec.c,i+prec.b,i+prec»)

endlf
E.MUL.SUB.F:

ai +- frsub(di. mu1(prec.c.l,b,l)
e.MULSUB.C.F:

if (I and prec) Chen
al +- frsub{di. 'add(rnul(prec,c,l,b.i·prec), mUI(e.i.prec.b.i»)

else
ai +- frsub(di, fsub(mul{prec.c,I,b.i). mul(prec,c.i+prec,b,l+prec)))

eMif
endc8se
8j"pree-1..I to- PackF(prec, ai. round)

endfor
RegWrlte(rd. 128, a)

endde'
Exceptions

none

FIG.38F
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·E.SCAlADD.F.16 Ensembte tcale add floatina-ooint half
E,SCALADD.F.32 Ensemble scale add f1oatina-ooint sinole
E.SCALAOD.F.64 Ensemble scafe add floatina·ooint.double

FIG.38G

Selection

Ir.;.~;';;~a~~:;"'·ad-=-=d-------j ~~CAl.ADO.F I~~c 32

Format

64

E.SCAL.ADD.F.size ra:::trd,r<:,rb

rae:eseaJaddfsize(rd,rc.rb)
31 24 23

f oF? I
8

18 17

rei I
6

12 H 6 5 0

rc I_..:.;;rb:...-....JII----=-ra=--.....II
666

FIG.38H

Definition

def Ensemb'eFloatin9Poinm~rnery{oP,prec,rd,rc.rb,ra) as
d ~ RegRead(rd. 128)
c (- RegRead(rc. 128)
b ~ RegRead{rb, 128)
for I.- 0 to 12&-prec by prec

di ~ F(prec,dl+prec_1.,i)
ci ... F(prec.CI+prec*1.,i)
ai ~ fadd(fmul(dl. F(prec.bpr&c-1 ..0)). fmul(el, F(prec.b2·prec-1 ..prec»)
8i+prec-1 ..1 +- PackF(prec, al. none)

endfot
RegWrite(ra. 128, a~

enddef
Exceptions

none
FIG. 381
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E.SUB.F.16 E.nsembte llubtrae! floating-point half
E.SUB.F.16.C Ensembte subtrad floating-point half ceiling
E.SUe.F.1 B.F Ensemble subtract floatlnD-Poinl half floor
E.SUB.F.16.N Ensemble slAWaet floating-point half nearest
E.SUB.F.16.Z EnAmble subtract1loatlng-polnt half zero
E.SUB.F.16.X Ensemble subtract f1'oating-point half exact
E.SUB.F.32 Ensemble subtract floating-point single
E.SUB.F.32.C Ensemble subtract lloatlng-polnt single ceiling
E.SUB.F.32.F enSemble sUbtract ftoatlng..Qofnt single floor
e.SUB.F.32.N Ensemble subtract ftoatina-Doint sJngte nearest
E.$UB.F.32.Z. Ensemble sublraet ftoating-point single zero
E.SUS.F.32.x Ensemble subb'8ct floating-point single exact
E.SUB.F.64 Ensemble subtreet fIOa1lng-polnt double
E.SUB.F.64.C Ensemble subtract floating-poInt double ceiling
e.SUB.F.64.F Ensemble subtract floalln I-po]nt do~1e floor
E.SUB.F.64.N Ensembte subtraet f10atln -poInt double nearest
E.SUB.F .64.Z Ensembte subtract floatln -~nt double zero
E.SUB.F .64.X Ensemble subtract ftoatin!H'Olnt double exact
E.SUe.F.128 Ensemble subtract floating-point quad
E.SUB.F.128.C Ensemble subtract floating-point quad ceiling
E.SUB.F.128.F Ensemble subtract floating~polnt quad floor
E.SUB.F.128.N Ensemble subtract floatinQ-Doin1 Quad nearest
E,SUB.F.128.Z Ensemble subtract floating-point quad zero
E.SUB.F.128.X Ensemble subtract floating-point quad exact

FIG.39A

selection

c:las.s OP lorec round/trap
set SET. 16 32 64 126 NOHEX

E LG
L GE

subtract SUB 16 32 64 128 NONeCFNXZ

Format

E.op.prec.fOund rd=rb,rc

rd=eopprecround(rb,rc)
31 24 2;:3:..---:0-"'1....8 ,;,1...7 1;,;2..,1_'_-:-_6;..,5 0
I E.preC I rd L: rc I rb l op.round

8 e 6 6 Iii

FIG.39B
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def EnsernbleReversedFtoatingPoint(op.prec,round.rdlc,rb) as
c..- RegRead(rc. 128)
b +- RegRead(rb. 128)
for i .- 0 to 128-prec by prec

ci """" F(prec.ct+prec.1 ..I)
bl ~ F(prec,bi+prec-1 ..I)
ai +- frsubr(ci, ..bi, round)
ai+prec..1..i +- PackF(preC, ai, rOund)

endfor
RegWrite(rd, 128, a)

enddef

Exceptions
Floating-point arithmetic

FIG.39C
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G.SET.E.F.16 Group set equal Ooating-poIn(holf

G.SET.E.F.16.X Group sat equailioallng-pol.nlhalf exec'
G.ser.E.F.32 Group seteqtJalllOatlngiXllnl slnOle

G.SET.E.F.32.X Group S(lt equat fIoa~"gopolr1t stngle el(set
G.SET.E.F.64 Group set equa1l1oatingopolm dOUble

G.SET.E.F.64.X I &cup set equal floatlng.po1nt double exact

G.SET.E.F.128 iGroup seteq~ floating-polnt quad

G.SET.E.F.128.X Group set eql.Nl' noatfng:.pom.t quecl exact

G.SET.GE.F.16'x Group eet "resterequal floating-point half exact

G.SET.GE.F.32.X Group set greatorequal tbttlng-polnt 8i~e exact

G.SET.GE.F.64.X Sroup setgreater equal OoatingopoUlI dQuble exact

G.SET.GE.F.128.X Group sel greater eQual noallng-l)Olntquad 8xatt

G.SET.LG.F.16 Group selless greater Iloa'lng,polnl haU

G.SET.LG.F.1S.x Group set Ie»greater lloaling.polnl half eJ(set

G.SET.LG.F.32 GrouP set less greater floatlng-poinl $1n918

G.SET.LG.F.32.X Gtotlp se11ess grflater floatll\9*polnl $ln"lo exact

G.SET.lG.F.64 G~P Mt le$s greater floatiflH)Qi'" doubkt

G.SET.LG.F.64.X ... Group set left greacer floallng-poi"t double exact

G,SET.LG.F.128 Group set less greater noating1XM"t ql,lad

G.SET.LG.F.126.X Group set less gre-ater Ooating..point quad exact

G.SET.L.F.16 Group set h!l$$ lIoaling-poiol hBlf

G.SET.L.F.16.X Group Get less lJoaling-por"t naif exact

G.SET.L.F.32 iGrollP se11ess ftoatlngopolnl single

G.SET.L.F.32.X Group set less floating,polnt single exact

G.SET.L.F.64 Group set less floetlng.poJnt double

G.SET.L.F.64.X Group set less ftoatingopolnt dObble exact

G.SET.LF.128 Gr~p tet tess floa~olnt quad

G.SET,L.F.128.X Group set less ftoating-poil'lt quad exac:t

G.SET.GE,F.16 Group sel greater equal f\osting-polnt half

G.SET.GE.F.32 Group Del greater equal floating-point Single

G.SET.GE.F,64 Gtoup selgrea1er equal RoaliQg..poinl dOUble

G.SET.GE.F.128 Gt'oup sel greater eqUal JJ:Oalfng..polnl quad

FIG.39D
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Equivalencies

G.SET.LE.F.16.X G1OUj) selleu eqU81 ftoatlftQ1)Citll ha[f exed

,SET.LE.F.32.X GrollJl u1 IMs equallklallng.pclnlsln91e e)laCI

.SET.LE.P.64.X Gl'OUllllOll,,$S equa! noall~"Polnl double allaee

.SET.LE.F.128.X Group set 10$$ eqllsllloali~opoJnt qUad eICact

G.SET.G.F.16 Groop set groaWlloallng.poInlMit

G.SET.G.F.18.X Group set gmlel' loallng,pointhalf exact

G.SET.G.F.32 Group let grealerlloatJ~jnlsl~

G.SET.G.F.32.X Group letorealerftoetlngopolnl slngllllCact

G.SET.G.F.64 Gfoup wtvraeleffJoating-point double

G.SET.G.F.64~X GJOup setgtG'a1er fIodng-pomt double exact

G.SET.G.F.128 .UtOlJp setgtOtl'lerllOatng~t qLl'aO

G.SET.G.F. 128.X G10up set Gfeller ftcDtinQ.point quad exact

G.SEHE:F.16 'GIOup sel leu equal floallnl}flOiflualf
G.SEET.LE.F.32 Gloup ..Ueu equal floaJln~lnl8lng1e

G.SET.LE.F.64 Gfoup ..118$1 equal ftoalln5Hl'Qln1 doUble

G.SET.LE.F.128 GfOI.IP ..Item equal ftoallnlHlOlnlquad

G.SET. G.F.ptGcrcJ=tb,rc -+ G.SET.l.F.prec rd:::rC,rb
G.SET.G.F.prec.XrrJ=rb. ro ... G.SET.l.F.preo.X rd=rc.rb
G.SET.LE.F.prec rd::r.rb.rc -+ G.SET.GE.F.prec rd=ro.rb
G.SET.LE.F.prec.x ni=rb,rc -+ G.SET.GE.F.prec.X rd=rc.rb

FIG.39E

Selection

class op prec round/trap
set SET. 16 32 64 128 NONE X

E LG
L GE
G LE

Formal

6 6

a 5 0
~-r~b--( op.round

18 17 12 11

rd I rc I
e 6

FIG.39F

G.op.prec.round rd=rb.rc

rc=gopprecround(rb.ra)
31 24 2!iiiii3_~ _
I G.prec ,_---.;,.;;.;..-_

8
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Definition

def GroupFloatingPointReversed(op•.prec.round,rd,re,m) as
C 'f- RegRead(rc. 128)
b +- RegRead(rb, 128)
for i +- 0 to 128-prec by prec

ci i- F(prec,C,+prec-1 ..i)
bi..- F(prec.bi+pree-1 ..i)
if roondotNONE then

if (di.t =SNAN) or (eLI:: SNAN) then
raise FloatingPointArithmetic

endif
caseop of

G.SEl.L.F, G.SET.GE.F:
if (dl.t =QNAN) or (eLt:; QNAN) then

raise FloatlngPointArithmetic
endif

others: Ilnothing
endcase

endif
case op of

G.SET.L.F:
ai +- bi?~ci

G.SET.GE.F:
at +- bf!?<ci

G.SET.E.F:
al +- bi=ci

G.SET.LG.F:
ai +- bi¥!ici

endcase
ai+prec-1 ..i +- aiprec

endfor
RegWrite(rd, 128. a)

enddef
Exceptions

Floating-point arithmetic
FIG.39G
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G.COM.E.F. 16 Group compare equal floating-point half
G.COM.E.F. 16.x Group compare equal floating-point half exact
G.COM.E.F. 32 Group compare equal floating-point single
G.COM.E.F. 32.x Group compare equal floating-point single exact
G.COM.E.F. 64 Group compare equal floating-point double
G.COM.E.F. 64.x Group compare equal floating-point double exact
G.COM.E.F.l28 Group compare equal floating-point quad
G.COM.E.F.128.X Group compare equal floating-point quad exact
G.COM.GE.F. 16 Group compare greater or equal floating-point half
G.COM.GE.F.16.X Group compare greater or equal floating-point half exact
G.COM.GE.F. 32 Group compare greater or equal floating-point single
G.COM.GE.F. 32.X Group compare greater or equal floating-point single exact
G.COM.GE.F. 64 Group compare greater or equal floating-point double
G.COM.GE.F.64.x Group compare greater or equal floating-point double exact
G.COM.GE.F.l28 Group compare greater or equal floating-point quad
G.COM.GE.F.128.x Group compare greater or equal floating-point quad exact
G.COM.L.F. 16 Group compare less floating-point half
G.COM.L.F. 16.x Group compare less floating-point half exact
G.COM.L.F. 32 Group compare less floating-point single
G.COM.L.F. 32.x Group compare less floating-point single exact
G.COM.L.F. 64 Group compare less floating-point double
G.COM.L.F. 64.x Group compare less floating-point double exact
G.COM.L.F.128 Group compare less floating-point quad
G.COM.L.F.128.x Group compare less floating-point quad exact
G.COM.LG.F.16 Group compare less or greater floating-point half
G.COM.LG.F. 16.X Group compare less or greater floating-point half exact
G.COM.LG.F. 32 Group compare less or greater floating-point single
G.COM.LG.F. 32.X Group compare less or greater floating-point single exact
G.COM.LG.F.64 Group compare less or greater floating-point double
G.COM.LG.F. 64.X Group compare less or greater floating-point double exact
G.COM.LG.F.128 Group compare less or greater floating-point quad
G.COM.LG.F.128.x Group compare less or greater floating-point quad exact

FIG.40A
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Equivalencies
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G.COMG.F 16 Group compare greater floating-point half
G.COMG.F 16,X Group compare greater floating-point half exact
G.COMG.F 32 Group compare greater floating-point single
G.COMG.F 32,X Group compare greater floating-point single exact
G.COMG.F 64 Group compare greater floating-point double
G.COMG.F 64,X Group compare greater floating-point double exact
G.COMG.F128 Group compare greater floating-point quad
G.COMG.F128'x Group compare greater floating-point quad exact
G.COMLE.F.16 Group compare less equal floating-point half
G.COMLE.F. 16.X Group compare less equal floating-point half exact
G.COMLE.F 32 Group compare less equal floating-point single
G. COM LE.F. 32.X Group compare less equal floating-point single exact
G.COMLE.F.64 Group compare less equal floating-point double
G.COMLE.F. 64.X . Group compare less equal floating-point double exact
G.COMLE.F.128 Group compare less equal floating-point quad
G.COMLE.F128'x Group compare less equal floating-point quad exact

G. COM G.F.prec rd,rc -+ G.COM.L.F.prec rC,rd
G. COM G.Fprec.X rd,rc -+ G.COM.L.F.prec.X rC,rd
G.COMLE.F.prec rd,rc -+ G.COM.GE.F.prec rC,rd
G. COM LE. Fprec'x rd,rc -+ G.COM.GE.F.prec.x rC,rd

FIG. 40A continued
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Iclass lop cond type prec round/trap

I set ICOM ELGLGEGLE F 163264 128 NONE X

Format

G.COM.op.prec.round rd,rc

rc=gcomopprecround(rd,rc)

31 24 23
I G.prec I

8

18 17

rd I
6

12 11

rc I
6

6 5 0

or I GCOM I
6 6

FIG.40B
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der GroupCompareFloatingPoint(op.prec,round.l'd,rc) as
d (- RegRead(rd. 128)
c +- RegRead(rc. 128)
for i +- 0 to 128-prec by pree

di +- F(pree.di+prec-1 ..i)
e' 0(- F(prec,Ci+pree-1 ..i)
if round~NONE then

if (di.t :: SNAN) or (eLt =SNAN) then
raise FloatingPointArilhmetic

endif
case op of

G.COM.L.F. G.COM.GE.F:
if (dU =QNAN) or (eLt;: QNAN) then

raise FloatingPointArithmetle
endif

others: IInothing
endc8se

endif
case op of

G.COM.LF:
ai of- di?~ci

G.COM.GE.F:
ai +- di!?<ci

G.COM.E.F:
ai ~ di=ci

G.COM.LG.F:
ai +ow di~cl

endcase
8i+prec.1 ..i +- ai

endfor
if (a ~ 0) then

raise FloatingPointArithmetic
endif

enddef

Exceptions
Floating-point arithmetic

FIG.40C
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E.ABS.F.16 En,om'ble abSCiLriI'! I/illU$lIQating-pOint l1IlJf

E,ABS.F,16.X IEnsemble a1;)sCllule vllue flcjling.painl naifil~OfI

E,ABS,F.32 En&smb1l!l Bbl!olute value ltic:la1tne.polnl slngllt

E.ABS.F.32.X IEnlle~ Ibsoluta 1I.luaftoa1ino-point elngle 13»:eptlon

EABS.F.64 llbsollM vlllulllloe11ng>tXlint double

E.ABS.F.64.X :En5embfu lIbi5dule vatue r1cellng.polnl dolJble exceplion

E.ABS.F.128 i Ensemblo abto!ule value floating·point Quad

E.ASS.F.128.X Ensemble atliOll.de \/IIUO l'Ic4l1ng'jlOll'lt qua~ exception

E.COPV.F.16 Ensemble COf1f~nt half

E.COPV.F.16.X Ens8~00PY~~nt~lffe~~ep(~

E.COPV.F.32 EnSOMt*l copy .. nt'lngl,

E,COPY.F.32.X Ensemble copy fklatingopoir.l1.lingla exception

E.COPV.F.64 ensemble copy 1Jaa1Jnv-PQlnl. double

E.COPY.F.64.X Eosemble copy ftlidlng·palnt «lutl!~ tXQIlj)1K:ln

E.COPV.F.128 IlEn$emtll$ copy f\ClIalfnlJ-pOint Quad

E.COPV.F.128.X IEnsClmble copy IlCletirlg1)Olnt Q1.Iad fJl«:eoticn

E.DEFLATE.F.32 IEnsen'lble c;Qfl\'Ol1 fIoOIlirv-POinl haf fro!n ilJlOI!

E.DEFLArE.F.32.C Ef15amble conWlZt no.un;.polnillalf rrom~9 celliDg

E.DEFLArE.F.32.F Ensemble eonwri floa1ing.pol,lt '''''II ""m~e ftClOt

E.OEFLATE.F.32.N Ensemble convert ftoallngoQ01nl "'If from single nearesl

E.OEFLATE.F.32.X IEnierrllle c:on'itrt IbaIlngiX*tt half from Singte e:xatt

E.DEFl:ATE.F.32.Z EnsOll'lbfe COnvef1ltoutlnll'paint half Il'OM slliCIe zero

E.OEFLATE.F.64 Eiiernblo convart l1aat.ng-pcjlntilijle lrom CSOuble-

E.DEFLATE.F.64.C Enl!emble COtll.icrt IIooLi'\lJ·p(li'- sQ;J!e from double c:eilitIQ:

E.DEFLATE.F.64.F EflSambie CllI\Vl!rl noa~palnl $~ flom douWe 1l00r

E.DEFLATE.F.64.N Ensemble oonw.rt Uoa1trv-palnt lingle I rom doobte ne.ares.t

e.DEFLATE.F.64.X :Ensemble eon\lOrt~paint single Irom dlMlk: Pl!Ict

E.OEFLATE.F.64.Z Ensemble convert uoal1no-painl tingle from dlXlble zero

E.DEFLATE.F.128 e;~ COIWCft f10aIlnCHXJint dOUble frem quad

E.OEFLATE.F.128.C OClIWCltIlklalir1fH)Oint dOlJC)le !tOm quad ceiling

E.DEFLATE.F.128.F Ensemble convet1 floIltinlil~ double ftOffi qlJa<J flOOr

E.OEFLATE.F.128.N ! ftlSembfe~ lloaling.po:nt doullie ftom quaD neiilnlLlil

E.OEFLATE.F.128.X Ensemble~ 11D1li1\g-poln1 double froo1 quad exa~

e.OEFLATE.F.128.Z ensemble ccnvtl11l1oBtmg.polnl doubl. from quad zero

E.FLO.AT.F.16 Enllemble 0DIWe1'l fJ~'poinl half from dCXlbletl

E.FLOAT.F.16.C !El'l&M'lblli cerwer1 fioatIng-polnl half ffl>m <lOuflfW; ceiling

E.FLOAT.F.16.F Ensemtlle c:orw:-Jt IICeIll'IQ1lOInt half from doUblets llDOf

E.FLOAT.F.16.N Ersomble conlf9rt 1IoaIing-pglm tlall f!'Om Ckll,lbletlt neerest

E.FLOAT.F.16.X Ensemble COIlvet1 bting1lQ1m heir from doublets exact

E.FLOAT.F.16'z Ensemble oonllel1 fllJadng..polnt hall rrom doublets Zi!rtl

FIG.41A
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E.FLOAT.F.32 EIIS8r1'61e COrMltl flOBtil'Ig.poIl\I fil. trotr'l qude1S

E.FLOA1.F.32.C En$enue QOmIEIf'llloaUng.POl~ 51.11gl0 i'rQm Qull:lle11 ceiling

E.FLOAT.F.32.F En$llml:lf4 cotWOI1 Imllting·poinl single from QUadlets IklQr

E.FLOA1.F.32.N Etl.en'i:lle 00/1'IIU11 uoatJn;·pOinl Glngle from QU8d~, ",,*e5~

E.FLOAT.F.32.X EMemtlle COtWert no.tll"l(NlOlnl singlo frOm: CMldkllll f,J;aet

E.FLOAT.F.32.Z Ensemble alfWBrt lbaalng,polnt single from quadlsl!> zero

E.FLOAT.F.64 Entombl. convert 1IDatlrv-polnt doubJel'JOrn acll61&

E.FLOAT.F.64.C Ensemble CMVM1Icatj~dOubte from oeUe{s ceiling

E.FLOAT.F.64.F IEl'lSemble conllCtlf1oa~ GOUbllt from octIatsllOOr

E.FLOAT.F.64.N Er$emb!e con..- f1oe~ntdouble from odl(J1t l\tl3rfJ$!

e.FLOAT.F.64.X IEl'lSemb1e conve"IIOl11~'i)Oin1 CftuI)!e from ocIlelllo ell.SC;l

E.FLOAT.F.64.Z Ensemble convert (loong·point dOJbJe f{Qm~ zo-ro

E.FLOAT.F.1'28 El'1l5emt19 colWEln lloatlrIQ.polni quao trcm hexJot

E.FLOAT.F.128.C Ensanmle convert flaa1JrIQ.polni QU8cJ ,rom nuJot eehlng

E,FLOA1.F.128.F i Ensem\lla converl DOa1lll;.peIM Quae! f1Cm Mldat floor

E.FLOAT.F.128.tf 'cnsll~ corwin flOa1Jng·poinl qusct from OOXIet "eoresl

E.FL.OAT.F.128J< EnsotnblO convan bUng·poinl quea: from heJtlet eXIlC*

E.FLOAT.F.128.Z Ent;amtlle c:orwert bUng·polnt Quad from taeldet teto

E.INFLATE.F.16 entemble OOIWett lJOlUing·pefnt sinols from half

E.INFLATE.F.16.X Cl'\SoOlftble (;OIWcl't l'Ioa(ing·poinlslngle from half oooU1ion

E.lNFLATE.F.32 £naemble CQRVM ftoatlng.painl doubte ffORltii.ngle

E.INFLATE.F.32.X Enii«nble CClWsrt ftoatln(l-polnl Double from $lngle el¢ep~lOl'l

E.lNFLATE.F .64 Ensemble COlWert bUns·polnt quid Item dolAlt.

E.lNFLATE.F.64.X Ensemble convert ltO:Itlng.poinl Quad from cIootJte sxct>011o.1

E.NEG.F.16 Ens.mblli net&,eflca~ half

E.NEG.F,16.X Ensemble f'Il!9iIte lloa!Ul9'polnt halt exceptiOn

E.NEG.F.32 Ensemble neg:aao 11c.aliftg·pcfm Sin9lC

E..NEG.F.32.X Etlsemblo~.e noalf.lv-PQints. exoeptlon

E.NEG.F.64 Emlllfllble negaaB Ilolllli'ng.poIn1 double

E.NEG.F.64.X !Ehsemble lW!f1.a!s IIMIJIIg'PClftt del.JtJle ft~pli¢t'1

E.NEG.F.128 i EnSemtfe negate tloallng·poi.... quad

E.NEG.F.128.X Etlllel'llotQ mJVi1k1l1galing.polnc qllilld eXC1Opdon

e.RECEST.F.16 EllSaM!lle recipracal estlmaleflaa~ hall

E.RECEST.F.16.X Ensembl>e reciprocal estimate f1Oal~ half OKtCpliCHi

E.RECEST.F.32 IE"'01tlC6t r~rocal estimato f\oalJn5HlOnl single

E.RECEST.F.32.X EnscmtllO reap.rocal estimatBflD~ $ingle exeep'lon

E.RECEST.F.64 . Ensemblera~l elJlJmete flOe .,. ~

E.Rt:'CE'ST.F.64.X Enaomblere~1 estimate floatillg-.PQim dol""ic.CKC8pm

E.RECEST,F.128 ·l:nsemDlofO~1 estimate~n1 ql.l!ld

E.RECEST.F.128.X EnsemDl~ f~1 estimate fIoa11ng.pa/M quac:l e~pliQro

FIG. 41A continued
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E.RSQREST.F.16 'I_\j~nt t$~pro...al SQWfe~ estimate hlill

E.RSQREST.F.16.X Ensemble '"(e~s..varn root estn!ale half exact

e.RSQREST.F.32 IEns811ble lIoa1lfJOilCllnt r Sl:UJlre n:xJ/l atim8~ l!linate

E.RSQREST.F.32.X [Ensemble flOallng-poinl teClJlfCClilI t;qUliIt& root es.lImlte lingle oxaet

E.RSQREST.F.64 Ensemble noatlng-pclint recIp;'OCal square toot (l8limate douole

E,RSQREST.F.64.X Enssm1lte f1oall"9'point reciprocal $Ql.lOrc root estimam double edct

E.RSQREST.F.128 iEnaomble flOeting-poiftt _,.,cel square 1'0:)1 e!liMa4!1 quad

E.RSQREST.F.128.X Ensem~e fiOati7v.peint r_n:x:alllquare root eitJmate QUad 61l3Cl

E.S1NK.F.16 EAsemble eonven ~.polnl ctoublelll from hal't nearest dttauCl

E.SINK.F.16.C En1iemble COO'IIel'l noal1~n' ~'lS fi'Om halj ceillIle

E.SINK.F.16.C.O EI'I$Of1'lbUl C/;lt'IYtlr1 noall~ dQUb'lml"'rOfri halfcailil'lg default

E.SINKF.16.F En"emlll'QO~ IIoatlng-point daub!. from hall floor

E.SlNK.F.16.F.D En50mble QO/'I\IGI't rlO8t1ng·PQlnl doubleu Iron:' haW floor defa\ll

E.SJNKF.16.N en"~eOOI'IYOI't noatinl;l·~inll daub/eta rrom Nilf neoresl

E.S1NKF.16.X IE~le oonvertbting·pelN cIoLiblet& from half eKad

E.S1NK.F.16.Z IEnsembloconvtl't fIoalklg·polnt CIOubieta kom naif 1'el'O

E.SINK.F.16.Z.D IErGemble c:onvvrt.~pelnt CIOublets. Item !'Ialzero Clefaull

e.SINK.F.32 IEnsemble CICln'IW'llloa1ln(H)Olnt qua.dletS from stngl~ nt31'8$t defau~

E,SINKF.32.C Ensemble cc:nven Ii000l1t\01)Ofnt QUadllt$ ftOm single ceiJlng

E.SINK.F.32.C.D Il:Jts0":l* ccnvert floalino-POint QUldlets from single ceiling defallM

E.SINK.F.32.F Ensemble CDlW&rt lloallng'pClnl quadlCl$ from single lloor

E.SINK.F.32.F.0 If:nSOtnlllO COlWort floating-point quedlets from single flOOr cleltlull

E.SINKF.32.N Enroemble convert floetlngopolim quactlcl$ from single nea~l

E.SINK.F.32.X ~. con'l'61t ftoatAng·poim Que~IS (rom j~;le fUlll¢(

E,SINK.F.32.Z Ef\$emble convert bti~,poinl quadlets rrom sirtj11e zero

E.SINK.F.32.Z.0 !Ensemble oolMlrl floalirtlJ1X1lnt QuaCllell !rom slnglO zetO default

E.SINK.F.64 Ellsemble CClmreft flClIll1In(HlOinl 0CIlet5 from dauDle nearllst delaull

E.SINK.F.64.C I tiMemble COl'lVeI'IlIoalingopolnl octlels fro'" doublt ceiling

E.SINK.F.64.C.O Ensemble comtl1l1ottlnOilCint«:tletli from dOUble <leUlno dclaul1

E.SINK.F.64.F Ensemble comert floating-point oclJets trom double flOOr

E.SINK.F.64.F.O Enroemble ~""ert IloalJn(KlCllft1 oetIOls frOm double ftoot ~aUf1

E.8INK.F.64.N IEr.sc~ comert fIoaling-polm oc:Uets from cJo1.Iblo Marest

E.SINK.F.64.X EnsemIlle colW<tl1 fIoIllng1lQiRtoctI. frem double egC:I

e.SINK.F.64.Z EtI$ern~ ClDnvert fiolItilV-POlnl oaIeis from double zero

E.SINK.F.642.D convert fIOalit'O"polnl octlals ftom tteu\)11iJ nrode#.aull

E.SINK.F.128 EtlS8tnbl& COI'M!t1 floatlng.polnl helif8l fft)lI\ qued neatBtlt defal,Jll

E.SINK.F.128.C IE'nsemble c:ormtI floating.point beJdet from ..lUllS colling

E.SINK.F.128•.c.C . ' ~nsllmbktCOIMlft floa1!rg.l)Dlnl heldo1 from quad ceiling delaull
,'~

E.SINK.F.128.F IEnsemble COfWert l1091i~int hoe:xlef from quad ~r

E.S1NK.F.128.F.D ensemble c:onvert floallnlHlOint hexlec !rom quad ftoOrdeleuit

FIG. 41A continued
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E.SINK.F.128.N EI'IS6tnbie COf!\l$lt Iloil1Jn9·poInt hellfel from quad nearest

E.SINK.J:.128.X l:nsemDl8 COIfilet'tllQlllng'polnt MIlIIII 110m QilaCllllCaCl

E.SINK.F.128.Z EMemll40 OD1Wcr1l1oallng·point helllet 110mquae! l:efO

E.SINK.F.128.Z.D Ent~Cl:IttVart fuulng.polnt hexlllt [ltlmquaCl zero Clllr&ull

E.SQR.F.16 Er1s~~1'& l'OOlllOl~·hIII

E.SQR.F.16.C e sqwre ,ooHloatiftQ-pofnt hall cellll1l1

E.SQR.F.16.F E~ble $Quare I'lXlC rIoallnlNlOlnt half lIOOr

E.SQR.F.16.N E""",bl., ,qUA rooc I'IoaIlng·pOlnt half rte$l'Gfit

E..SQR.F.16.X I r;nsel'l'1b~ tqWIN root fIO&lln;-polnt haIr ell8Q

'E.SQR.F.16.:Z Enscmllle SQI.W'e n:JaI halfz.ero

E.SQRF.32 squllre I'lXlCnoa~ lingle

E.SQR.F.32.C t:n!!Ie""54t/llre l'OClI noa~t11IlmlJll! celling

E.SQR.F.32.F I~mble:.~ l'OClIlloatinv..polnt s1ngle l100t

E.SQR.F.32.N I~mtlle square l"llOIl1oatintHlOlftt 1Ilng!e "MMt

E.SQR.F.32.X !Ensembl. square rooI rloat~nlillngle elClCl

E.SOR.F.32.Z EnAmbllt IQUare root btln;ilolnl lI!ng1O UlIO

E.SQR.F.64 En&M'Iblll tqullAl rcot lIOaIlnoilOlnl Ocublt

E.SQR.F.64.C Ensemble square rcot noatlng·pOlnl dOuble Cllilinq

E.SQRF.64.F l:nSem1lle li:!uare root !bating·polm dOuble "cor

ESQR.F.64.N ' En5ell'lbl& &quare root IlOaSlng'llOlM dOublo noare$t

E.SQR.F.64.X •EntI;lm!;4e I'QI#e root lballl'lfoPC1fl1 double eX<let

E.SQR.F.64.Z •ens.mIlle l<luarG root lloolng-paIM cfcUble zeltl

E.SQR.F.128 Ens.niltJe &quare root 1l0i11l~ quad

E.SQR.F.128.C Ensemble &<Jl1J1'lI roo1 noatllllHlOi'll Cl\.IilId Olliing

E.SQR.F.128.F ·EMemble e4iJ1lI1e tOOl OOIlitlQilQinl qUild fItJO(

E.SQR.F.128.N EnslllTlble square IQ)4 flo:lting.fl(linl qued _eB-l

E.SQR,F.128)( Ensemble square tOOl floating-pOinl quad exact

E.SQR.F.128.Z EnnmblO IQ\.Illro fOOIllCllting-pcInI qUflCllCfO

E.SUM.F.16 I~bl' sum bllng-painl hall

E.SUM.F.16,C EnlGtnbllJ Gum ftcatinlHldiit hall ceulng

E.SUM.F.16.F Ei1setnble sumb~ hlIlIl1cor

E.SUM.F.16.N EnSemble 8Um lloetlroopolnl halfnc~l

E.SUM.F.16.X IEn!IIlI'llllll\!: Iil,Jml1O\I~l1:IlffRet

E.SUM.F.16.Z IEnsalllOle sum 1l0l~·poIlll half zero

E.SUM.F.32 Il:IISemtito sum lloatWig-poinl &irQ1a

E.SUM.F.32.C EIlIlmue iUm I1CIiJtilIrpotlll Single Qll!lIng

E.SUM.F.32.F Ef'\5tmblo &11m IlOatlng.pollll.,. flOOr

E.SUM.F.32.N Ensemble sumlloatlng·polnl s1!qto noarm

E.SUM.F.32.X EnHmblB sum llOIIl.Ing..poinl" .get

E.SUM.F.32.Z EnS(lfflblo tUm IIOatll'!HJOint single ZerQ

FIG. 41A continued
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E.SUM.F.64 Ensemble sumftoadl'Ig·poInt double

e.SUM.F.64.C iEnsemble sum ltoatin(H:IOint double ceiling-

E.SUM.F.64.F enf~$Um n~jl1t doubl~ floor

E.SUM.F.64.N i En$oml*t.~m n~nl C10ublll nlaresl

e.sUM.F.64.X Enslllnblfl: Slim noallno-POlnl doutile e~ad

E.SUM.F.64.Z EnMmt:lllt sum fh:lalino-paiinl dotJUe zero

E.SUM.F.128 I:nsomblll1 IUII\ flOItiflg.poit\1 qUICI

E.SUM.F.128.C Ent.emtll.sum bung·paIN QueCi celllno

E.SUM.F.128.F En.emtlle .urn bUng-polne q'I.NJd I\oor

E.SUM.F.128.N enaMllll8 $utn II'aiJtIn9opeint queIj nearm

E.SUM.F.128.X Enaem!Jte sum ftQril1lng-pelnt quad 8ll8d

E.SUM.F.128.Z Ememble Gum llaalll'Q1)Olnt quad 2flf'O

Selection

OD DreC round/trap
COpy COPY 16 32 64 128 HONE X
absolute ASS 16 32 64 128 NON! X
value
float froml FLOAT 16 32 64 -128 NONECFNXZ
lnteaer
integer SINK 16 32 64 128 NONE C F NXZ
from float C.OF.O Z.O
increase INFLATE 16 32 64 NONE X
format

Iprecision
decrease DEFLATE 32 64 128 NONE C F NXZ.
format
orecision
negate NEG 16 32 64 128 NON! X
reciprooal RECEST 16 32 64 128 NONE X
estimate
reciprocal RSQREST 16 32 64 128 NONE X
square root
estimate
sauare root SQR 16 32 64 128 NOHEC-F NXZ
sum SUM 16 32 64 128 -NOHE C C N_X:.~_

.~'" "

FIG. 41A continued
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E.op.prec.round rd=rc

rd=aopprecround(rc)

31 24 23

I E.prec I'
8

18 17
ret I
6

12 11 6 5 0
rc I---o-p.....:..~ E.UNARY ,
666

FIG.41B
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def EnsembleUnaryFloatingPoint(op.prec.round.rd,rc) as
c +- RegRead(re. 128)
ease op of

E.ABS.F. E.NEG.F, E.SQR.F:
for i of- 0 to 126-pree by prec

ci..- F(pree.ei+prec.1 ..i)
case op of

E.ABS.F:
aU..- ci.t
aLs +- 0
aLe +- ei.e
aLf..- eLf

E.COPY.F:
ai +-ci

E.NEG.F:
aU +- eLt
aios +- -cLs
aLe of- cLe
aiJ +- cLf

E.RECEST.F:
ai +- freeest{ci)

E.RSQREST.F:
ai +- frsqrest(ei)

E.SQR.F:
ai +- fsqr(ci)

endcase
ai+prec-1 ..i +- PackF(prec. ai. round)

endfor
E.SUM.F:

p[O].t +- NULL
for i +- 0 to 128-prec by prec

p[i+prec] +- fadd(p[ij, F(prec,ci+prec-1 ..I»
endfor
a+- PaekF(prec. p[128). round)

E.SINK.F:
for i +- 0 to 128-prec by pree

ci +- F(prec.ci+prec-1 ..i)
ai+prec-1 ..1+- fsinkr(prec. cit round)

endfor
E.FLOAT.F:

for i ..- 0 to 128·prec by prec
cU +- NORM
cLe +- 0
ci.s of- Cj+prec-1

eLf of- cLs ? 1+-c!+prec-2..1 : Ci+prec-2 ..i
aj+prec-1.,i +- PaekF(pree. ei, round)

endfor

FIG.41C
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E.lNFLATE.F:
for i +- 0 to 64-prec by prec

ci ~ F(preCICi+prec-1 ..i)
Si+i+prec+prec-1..l+i ~ PackF{prec+prec. cil round)

endfor
E.OEFLATE.F:

for i +- 0 to 128-prec by prec
cl ..... F(preC,CI+prec-1 ..i)

ai/2+precl2-1 ..i/2 +- PackF(precl2. cil round)
endfor
8127..64 .... 0

endcase
RegWrlte[rd. 128. a]

enddef

E~ceptions
Floating-point arithmetic

FIG. 41 C continued
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E.MUL.G.e
E.MUl.G.64

Format

E.MUL.G.size

Ensemble mu1tlpJlI Galois field b $

Ensemble mulUpJ Gajo!& fit~ld octlet

FIG.42A

ra:rd,ro,tb

rar:emulgsize(rd,rc,rb)
31 24 23

I EtMUL.G.slze I
e

18 11

rd J
6

12 1,;.:1_~--::;6-r5;....- O:;..

rc I It) ~ ra J
e 6 6

FIG.42B
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det c +- PolyMultiplyCsize,e,b) as
prO] ... Q2'sU8
for k +- 0 to &118·1

pfk+1I'- pl.kl " (lit? (ostl&k II b II Ok): ors!;ze
endfOl
e- plsizel

endtJef

00f e .... POIyResldue(sIZ&,a,b) 9S
P(O}- a
fork_ $1.1 toO by·'

P{k+1] .- plk) .. plOlGitll"ll l' (OIli%&4< lit1 II b II ~): 02"me
endfor
.C +- p[siz:e]slz&o1..o

enddef

del EnsembicTemery(op.slze.rd,rc.rb,l8) 8S
d _ RegRead(rd. 128)
c +- RegRead(rc, 128)
b +- RegRead(tb. 128)
case op or

E.MUL.G:
for i ..... 0 to 12841ze by sin

8t>lZe·1+U +- PolyR.esldue(siz:e.PolyMul(sWl.C;lze-1+l•.l.bsizG-1+t.•i),dsize-1+i.J)
en<lfor

endcase
RogWrlle(ra, 128.0)

enddef

ExcepUolls
tiOftt<

FIG.42C
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127

rb(8)

o

rc(128)

ora(128)
Ensemb1e multiply Galois field bytes

128

2047 rd(11 28)

..
-- , -. - ..__. -- -

;

;
.' ,"'<-.

:

:' "
~. :,-,

0

-
if

"'l:;li:::l"" ~J!.l,oo- ~ -...!!;:.!!.Y ~:.:::I'" ~.!!J,II" ~~ ~_-- -"J:- -- ~U~ -.. ~ -~
ll.r I ,~ ~ ~ if , ~ I

• I I: t I· 1_1.'·1 I· ,:.: 1 I. I

FIG.42D
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XCOMPRESS.2 CrossbarQ)mpress signed pecks

X.COMPRESS.4 Crossbar Q)lI\Ol'es. signed nlbbfu

X.COMPRESS.8 Crossbarco~s signed byteS

X.COMPRESS.16 Ctoubar GOl'f1)f8SI aJ9ned dC4lbktls

X.COMPRESS,32 Ctossb8r compress sig.ned qU8dtets

X.COMPRESS.64 Crossbar compress signed oe:uets

X.COMPRESS.128 Crossbar CQmptess signed hexfet

X.COMPRESS.U.2 Crossbar compress unsigned pecks

X.COMPRESS.U.4 Cl'06:Sbetcompr~ unsigned nIbbles

X.COMPRESS.U.S CroHbar cotnpl'M! unsi~nedbytes

X.COMPRESS.U.16 Crossoarcompress unsigned doublels

X.COMPRESS.U.32 Croeabllr compress unslglned quao'J$l$ .

X.COMPRESS.U.64 etossbar compress unsigned oeuets
X.COMPRESS.U.128 Crossbar compress Ut!:SiSned hellle(

X.EXPAND.2 Crossbar expand signed pecka

X.EXPAND.4 Crossbar expand signed nibbles

X.EXPAND.6 CtOGSbar expend signed bytes

X.EXPAND.16 Crossbar expand &lgned doublets

X.EXPAND.32 Cr~b8r expand signed quacllets

X.EXPAND.64 Crossbar &XpGl'd signed ocllels

X.eXPAND.128 CroS$l)&t exPand signed heldet

X.EXPAND.U.2 Crossbar expand unsigned pecks

X.EXPANO.U.4 Cfo$Sbar expand unst{;l1ed nibbles

X.EXPANO.U.8 Crossbar expand tmtlgned ~es

X.EXPANO.U.16 Crossbar exptlild unsigned doubkm

X.EXPANO.U.32 Crossbar ellpaM unsigned quadfe1s

X.EXPANO.U.64 Crossbar elCPa~ unsigned octlels

X.EXPAND.U.128 Crossbar elCP8nd unsigned he)IJel

X.ROTL,2 Crossbar rotate left ped<S

X.ROTL.4 Crossbar rotale left nibbles
X.ROTL.8 Crossbar rotate left bytes
X.ROTL16 Cr()fJsbar rotate left doublets
X.ROTL.32 Crossbar rotate left Quadlets
X.ROTL.54 Crossbar rotate left octlets
x'ROTL.128 Crossbar rotate left hexlet
2$..ROTR.2 CrOS$bar rotate right pecks
X,ROTR.4 Crossbar rot..te right nibbles
X.ROTR.8 Crossbar rotate right bytes
X,ROTR.16 Crossbar rolate right doublets

FIG.43A
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XROTR.64 Crossbar rotate right oetlets
X.ROTR.128 Crossbar rotate right hexlet
X.SHL.2 Crossbar shift left pecks
X.SHL.2.0 Crossbar shift left signed pecks check overflow
X.SHL.4 Crossbar shift left nibbles
X.SHL.4.0 Crossbar shift left sianed nibbles check overflow
X.SHL.8 Crossbar shift left bytes
X.SHL.8.0 Crossbar shift left sianed bytes check overflow
XSHL.16 Crossbar shift left doublets

X.SHL.16.0 Crossbar shift left siqned doublets check overflow
XSHL.32 Crossbar shift left quadlets
XSHL.32.0 Crossbar shift left siqned quadlets check overflow
X.SHL.64 Crossbar shift left oetlets
X.SHL.64.0 Crossbar shift left siqned octlets check overflow
X.SHl.128 Crossbar shift left hexlet
X.SHLI28.0 Crossbar shift left signed hexlet check overflow
X.SHL.U.2.0 Crossbar shift left unsiqned pecks check overflow
X.SHL.U.4.0 Crossbar shift left unsiqned nibbles check overflow
X.SHLU.8.0 Crossbar shift left unsigned bytes check overflow
X.SHL.U.16.0 Crossbar shift left unsigned doublets check overflow
X.SHLU.32.0 Crossbar shift left unsiqned Quadlets check overflow
X.SHL.U.64.0 Crossbar shift left unsigned oetlets check overflow
X.SHL.U.128.0 Crossbar shift left unsigned hexlet check overflow
X.SHR2 Crossbar signed shift right pecks
X.SHR.4 Crossbar signed shift right nibbles
X.SHR8 Crossbar signed shift right bytes
X.SHR.16 Crossbar signed shift right doublets
X.SHR.32 Crossbar signed shift right quadlets
X.SHR.64 Crossbar signed shift right oetlets
X.SHRI28 Crossbar signed shift right hexlet
XSHRU.2 Crossbar shift right unsigned pecks
X.SHRU.4 Crossbar shift right unsigned nibbles
X.SHRU.8 Crossbar shift right unsigned bytes
XSHRU.16 Crossbar shift right unsigned doublets
X.SHRU.32 Crossbar shift right unsigned quadlets
XSHRU.64 Crossbar shift right unsigned oetlets
XSHRU.128 Crossbar shift right unsigned hexlet

FIG. 43A continued
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class OP size
precision EXPAND EXPAND.U 24816 32 64 128

COMPRESS
COMPRESS.

U
shift ROTR ROll.. SHR SHL 24816 32 64 128

SHL.O SHL.U.O
SHR.U

Format

X.op.size rdt!lfc.rb

rd=xOpSIze{rc,rb)
31 .252423 18 17 12 11 65 21 0

I XSHIFT 1!1 rd ~ n; . -T" rb I op ~
7 1 G 6 6 4 2

Isize <f- log(size)
s ... lsize2
$Z ol- IsiZ91..0

FIG. 438
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def Cros-sb.ar(op,sWJ,rd,rc.,tb}
c: +- RegRead(rc., 128)
b +- RiJuRead{rb, 128)
shtft +- bend (alze·1)

case OPS..2 II 02 of
X.COMPRESS:.

nsta +- slzel2
for I+-O to 64·nslZe by nslZe

If shift ~ hslze then
a~+hslze·1.J +- CI+I+llhlft+hslze...U·+ltthlft:

else
Elj+hslze·1 ..J+- cflJ~1t#!f Ucl+t+slze-1 •.l<t'+shitt

endlf
endfor
a'27..64+- 0

X.COMPRESS.U:
hslze +- rJzel2
for i +- 0 to 64·hsjz~ by hslze

if shift s. h$lze then
8l+nslze-1 ..l +- CJ+t+Shifl+hsize-1.J+i."'I.ft

else
8l+hslze-1 •.l t- OShifl..hsu 11 Ci+I+Gi!&-1 ••i+i+shlft

end if
endfor
0127,,64 +- 0

X.EXPAND:
hsize +- size12
for i +- 0 to 64.hsi%e by hslze

Ifehltt ~ hslze then
8i+L+si:e- , •.i+i ... cM,~llIft II ct+hSiZe-, ••1II OSIlIIl

el$e

8i+l+siz$-1.j+' +- Cit$lze.shlft.1 ,.I II Oshift
e"'dlf

endfor
X.EXPAND,U:

hslze +- Sl!&12
for i +- 0 to 84·hsize by hslze

if shift $ hslze tMin
OHk'Ce-Uti ... ohslZ6-shift II Q"'h$lz.1.J It Oshlft

etse
8j+i+8iZ:.1.• i+i +-.Q"slz&oltllft.l,J II Olll'l:lft

endlf
endt'w

X.ROTt.:
for i +- 0 to 128-81z8 by Ilze

aJ.-sIze.1 J'" c~.size-'4hift..iII CJ+s!ze·U+slz:e.1"'$hitt
enofor

FIG.43C
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X.ROTR:
for i +- 0 to 128-size by size

ai+size-1 ..i +- Ci+shift-1 ..i II Ci+size-1 ..i+shift
endfor

X.SHL:
for i +- 0 to 128-size by size

ai+size-1 ..i +- Ci+size-1.shift.. i 1/ Oshift
endfor

X.SHL.O:
for i +- 0 to 128-size by size

if Ci+size-1 ..i+size-1-shift ;t cf.PJ~~1.shiftthen
raise FixedPointArithmetic

endif

ai+size-1 ..i +- Cj+size-1-shift..i11 Oshift
endfor

X.SHL.U.O:
fer i +- 0 to 128-size by size

if Ci+size-1 ..i+size-shift ¢ Oshift then
raise FixedPointArithmetic

endif
ai+size-1 ..i +- Ci+slze-1-shift..ili Oshift

endfor
X.SHR:

for i +- 0 to 128-size by size

ai+size-1 ..i +- cfJlJfie-1 II ci+size-1 ..i+shlft
endfer

X.SHR.U:
for i +- 0 to 128-size by size

ai+siz&-1 ..i +- Oshift II ci+size-1 ..i+shift
endfer

endcase
RegWrite(rd, 128, a)

enddef

Exceptions
Fixed-point arithmetic

FIG. 43C continued
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FIG.43D

Operation codes

X.SHL.M.2 Crossbar shift left mema pecks
X.SHL.M.4 Crossbar shift left mema nibbles
X.SHL.M.6 Crossbar shift left mame bytes
X.SHL.M.16 Crossbar shift left mams doublets
X.SHL.M.32 Crossbar shift left merQa Quadlets
X.SHL.M.64 Crossbar shift left merge octlets
X.SHL.M.128 Crossbar shift left meree hexle1
X.SHR.M.2 Crossbar shift right mefQe Decks
X.SHR.M.4 Crossbar shift right merge nibbles
X.SHR.M.8 Crossbar shift riaht merge bytes
X.SHR.M.16 Crossbar shift riaht merae doublets
X.SHR.M.32 Crossbar shift riaht maroa Quadlets
X.SHR.M.64 Crossbar shift right merge octlets
X.SHR.M.128 Crossbar shift right merge he>det

FIG.43E
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X.op.size rd@rc.rb

rd=xopsize(rd.rc.rb)
31 252423 18 17 12 11 6 5 2' 0

I XSHIFT IiJ rei I re I rb I OR U!J
7 1 6 6 6 4 2

Islze .-Iog(size)
s .-lsize2
sz ....-lsize1 ..0

FIG.43F
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Definition

US 7,730,287 B2

def CrossbarlnpJace(op.sizeld.rc,rb) as
d +- RegRead(rd, 128)
c +- RegRead(rc. 128)
b if- RegRead(rb, 128)
shift +- band (size·1)
for i if- 0 to 128-size by size

case op of
X.SHR.M:

al+size-1 "i +- CI+shift-1 ..i It di+siZe-1 •.i+shift
X.SHLM:

ai+slze~1.J+- dl+size..1-shift..i UCi+shift-1."
endfor
RegWrite(rd, 128. a)

enddef
Exceptions

none

FIG.43G
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Operation codes

US 7,730,287 B2

X.COMPRESS.I. 2 Crossbar compress immediate signed pecks

X.COMPRESS.I. 4 Crossbar compress immediate signed nibbles

X.COMPRESS.I. 8 Crossbar compress immediate signed bytes

X.COMPRESS.I. 16 Crossbar compress immediate signed doublets

X.COMPRESS.I. 32 Crossbar compress immediate signed quadlets

X.COMPRESS.I. 64 Crossbar compress immediate signed octlets

X.COMPRESS.I.I28 Crossbar compress immediate signed hexlet

X.COMPRESS.I.U.2 Crossbar compress immediate unsigned pecks

X.COMPRESS.I.U.4 Crossbar compress immediate unsigned nibbles

X.COMPRESS.I.U. 8 Crossbar compress immediate unsigned bytes

X.COMPRESS.I.U.16 Crossbar compress immediate unsigned doublets

X.COMPRESS.I.U. 32 Crossbar compress immediate unsigned quadlets

X.COMPRESS.I.U. 64 Crossbar compress immediate unsigned octlets

X.COMPRESS.I.U.128 Crossbar compress immediate unsigned heXlet

X.EXPAND.I. 2 Crossbar expand immediate signed pecks

X.EXPAND.I. 4 Crossbar expand immediate signed nibbles

X.EXPANDJ.8 Crossbar expand immediate signed bytes

X.EXPAND.I. 16 Crossbar expand immediate signed doublets

X.EXPAND.I. 32 Crossbar expand immediate signed quadlets

X.EXPAND.I. 64 Crossbar expand immediate signed octlets

X.EXPAND.I.128 Crossbar expand immediate signed hexlet

X.EXPAND.I.U.2 Crossbar expand immediate unsigned pecks

X.EXPAND.I.U.4 Crossbar expand immediate unsigned nibbles

X.EXPAND.I.U.8 Crossbar expand immediate unsigned bytes

X.EXPAND.I.U.16 Crossbar expand immediate unsigned doublets

X.EXPAND.I.U.32 Crossbar expand immediate unsigned quadlets

X.EXPAND.I.U.64 Crossbar expand immediate unsigned octlets

X.EXPAND.I.U.128 Crossbar expand immediate unsigned hexlet

X.ROTL.I. 2 Crossbar rotate left immediate pecks

X.ROTL.I. 4 Crossbar rotate left immediate nibbles

X.ROTL.I. 8 Crossbar rotate left immediate bytes

X.ROTL.I. 16 Crossbar rotate left immediate doublets

X.ROTL.I. 32 Crossbar rotate left immediate quadlets

X.ROTL.I. 64 Crossbar rotate left immediate octlets

X.ROTL.I.128 Crossbar rotate left immediate hexlet

X.ROTRI. 2 Crossbar rotate right immediate pecks

X.ROTRI. 4 Crossbar rotate right immediate nibbles

X.ROTRJ.8 Crossbar rotate right immediate bytes

X.ROTRI. 16 Crossbar rotate right immediate doublets

X.ROTRI. 32 Crossbar rotate right immediate quadlets

X.ROTRI. 64 Crossbar rotate right immediate octlets

X.ROTRI. 128 Crossbar rotate right immediate hexlet

FIG.43H
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X.SHL.I.2 Crossbar shift left immediate pecks

X.SHLJ. 2.0 Crossbar shift left immediate signed pecks check overflow

X.SHL.I.4 Crossbar shift left immediate nibbles

X.SHL.I. 4.0 Crossbar shift left immediate signed nibbles check overflow

XSHL.I.8 Crossbar shift left immediate bytes

X.SHL.I. 8.0 Crossbar shift left immediate signed bytes check overflow

XSHL.I. 16 Crossbar shift left immediate doublets

XSHL.I. 16.0 Crossbar shift left immediate signed doublets check overflow

XSHL.I. 32 Crossbar shift left immediate quadlets

X.SHL.I. 32.0 Crossbar shift left immediate signed quadlets check overflow

X.SHL.I. 64 Crossbar shift left immediate octlets

XSHL.I. 64.0 Crossbar shift left immediate signed octlets check overflow

X.SHL.I.128 Crossbar shift left immediate hexlet

X.SHL.I.128.0 Crossbar shift left immediate signed hexlet check overflow

X.SHL.LU.2.0 Crossbar shift left immediate unsigned pecks check overflow

X.SHL.LU.4.0 Crossbar shift left immediate unsigned nibbles check overflow

X.SHL.LU. 8.0 Crossbar shift left immediate unsigned bytes check overflow

X.SHL.I.U. 16.0 Crossbar shift left immediate unsigned doublets check overflow

XSHL.I.U. 32.0 Crossbar shift left immediate unsigned quadlets check overflow

X.SHL.I.U. 64.0 Crossbar shift left immediate unsigned octlets check overflow

X.SHL.I.U.128.0 Crossbar shift left immediate unsigned hexlet check overflow

X.SHR.I. 2 Crossbar signed shift right immediate pecks

X.SHR.I. 4 Crossbar signed shift right immediate nibbles

X.SHR.I. 8 Crossbar signed shift right immediate bytes

X.SHR.I. 16 Crossbar signed shift right immediate doublets

X.SHR.I. 32 Crossbar signed shift right immediate quadlets

X.SHRJ.64 Crossbar signed shift right immediate octlets

X.SHR.I.128 Crossbar signed shift right immediate hexlet

X.SHR.I.U.2 Crossbar shift right immediate unsigned pecks

X.SHR.I.U.4 Crossbar shift right immediate unsigned nibbles

X.SHR.I.U. 8 Crossbar shift right immediate unsigned bytes

X.SHR.I.U. 16 Crossbar shift right immediate unsigned doublets

X.SHR.I.U.32 Crossbar shift right immediate unsigned quadlets

X.SHRJ.U.64 Crossbar shift right immediate unsigned octlets

X.SHR.I.U.128 Crossbar shift right immediate unsigned hexlet

Equivalencies

X COpy
XNOP

X COpy rd=rc

XNOP

Crossbar copy
Crossbar no operation

~ X.ROTL.I.128 rd=rc,O
~ X.COpy rO=rO

FIG. 43H continued
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XROTL.1gsize rd=rc,O ~ X COPY rd=rc

XROTR.Lgsize rd=rc,° ~ XCOPYrd=rc
XROTR.1gsize rd=rc,shift ~ XROTL.Lgsize rd=rc,gsize-shift
XSHL.Lgsize rd=rc,O ~ X COpy rd=rc

XSHL.Lgsize.O rd=rc,O ~ XCOPYrd=rc
XSHL.L Ugsize.O rd=rc,O ~ XCOPYrd=rc
XSHR.Lgsize rd=rc,O ~ X COPY rd=rc
XSHR.L Ugsize rd=rc,O ~ XCOPYrd=rc

Selection

class op size
precision COMPRESS.I 2 4 8 16 32 64 128

COMPRESS.I.U EXPANDJ
EXPAND.LU

shift ROIL.I ROIR.I 2 4 8 16 32 64 128
SHL.I SHL.I.O
SHL.I.U.O

SHR.I SHR.I.U
copy COpy

Format

X.op.size rd=rc,shift

rd=xopsize(rc,shift)

31 24 23 18 17 12 11 6 5 0
1__x_s_H_IF_TI_.....I__rd__I__rc__I-~si-m-m-..,.I--o-p--I

8 666 6

t ~ 256-2*size+shift
oPl..O~ t7..6
simm ~ t5 ..0

FIG. 431
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oef CrossbarShortlmmedlate(op.rdlc.slmm)
case (O?i..O Ilsimm) of

0..127:
size .-128

128.. 191:
size +- 64

192..223:
size.+- 32

224..239:
size +-16

240..247:
size~a

248..251:
size +-- 4

252..253:
size +- 2

254..255:
raise Reservedlnstruction

enclcase
shift +- (oPO II slmm) and (size-1)
c ... RegRead(rc; 128)

case (OPS..2 II 02) of
X.COMPRESS.I:

hsize +- sizel2
for i +- 0 to 64..f\slze by hslze

if shift oS hsize then
sl+hslze-1 ..1+-- C~+shift+hSize-1 •.i+i+shift

else
fil+hslze*1 •.1 +- C:O.ll~~ilf II ct+l.slze-1 •.I+1+shift

endlf
enofor
8121..64 +- 0

X.COMPRESS.I.U:
hslze +- size/2
for l+-O 10 64-hsize by hslzs

If shift Shsile then
Oi+hstze-1..i +- Ci+I+ShIft+hsize.1 •.I+i+shfft

else
8i+hstze.1 ..1+- OShift.hsize II CI+l+slze.1 •.i+I+shlft

endIf
andror
8127..64 ... 0

FIG.43J
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X.eXPAND.I:
hsize 't- srzeJ2
for i 't- 0 to 64..hsize by hsize

if shift ~ hsi%e then

81+i+size.1 ,.i~ +- c~~~t:.~ft II ci+hsize-1 •.i II Oshift
~se ,

ai+i+stze-1 .•i+i of- Cj+size"'6hift-1•.l II OShift
endif

endfor
X.EXPAND.I.U:

hslze +- slzel2
for i +- 0 to 64-hsize by hsize

if shift s hsize then
ai+l+slze.1.J+i +- Ohslz:e--shlft II ci+hsize-1.J II OShift

else
ai+l.....slze.1.J+1 +- Ci+siZe-shift-1 •.i II OShift

endlf
endfor

X.SHL.I:
for i +- 0 to 128-size by size

Si+size.1..1 t- Ci+size-1-shift..dl O$hift
endfor

X.SHL.1.0:
for i ~ 0 to 128-size by size

if Ci+size-1 ..I+size-1-shlft F cf!'s~~1-shtft then
raise FixedPolntArithmetie

endif

Si+slze-1 ..i +- Cj+size-1-shlft..ill Oshift
endfor

X.5HL.I.U.O:
for i +- 0 to 128·size by size

if Cj+sJze-1.,i+size-shift ¢ Oshlft then
raise FixedPointArithmetk:

endif
Sj+slZe-1 ..i +- Cj+Si:Ze-1.s.hift..i1l Ostlift

endfor

FIG. 431 continued
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X.ROTR.1:
for i 4- 0 to 128·size by size

8i+slze-1 ..1 +- Ci+shlfio·1 ..1 II C1+si1e-1..i+shift
endfor

X.SHR.Ii:
for i (- 0 to 128-siz:e by size

8i+size-1 ..i +- cr.Ps~e-1 II Ci+stze--1 ..i+shift
endfor

X.SHR.I.U;
for i i- 0 to 128·size by size

8i+size.1 ..i +- ()Shift II Cj"siZe..1••I+shtft
endfor

endcase
RegWrite(rd. 128. a)

enddef

Exceptions

Fixed-point arithmetic
Reserved Instruction

FIG. 43J continued
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Operation codes

X.SHLMJ.2
X.SHL.M.lA
X.SHL.M.l.8
X.SHLM.1.16

Crossbar shirt left merae immediate Decks
ClO$$bar shfft left maroa immediate nibbles
Crossbar shift left metQ8 immediate bytes
Crossbar shift teft meroe immediate doublets

KSHL.M.1.32 Crossbar shift left mem~ immediate Quadlets
X.SHL.M.1.64
X.SHL.M.1.128

Crossbar shift left maroe immediate octJets
Crossbar shift left maroa ImmedJate heldat

X.SHR.M.I.2
X.SHR.M.lA
X.SHR.M.I.8
X.SHR.M.1.16
X.SHRM.I.32

Crossbar shift riaht meme Immediate pecks
Crossbar shift right merne Immediate nibbles
Crossbar shift right merne Immediate bytes
Crossbar shift right merne Immeoiate doublets
Cl'O$sbat shift rlQht rneme immediate Quadlats

X.SHR.MJ.64
X.SHR.M.I.128

Crossbar shift rlatlt mema Immediate ocllets
Crossbar shift rioht merge immediate hexlet

FIG.43K

Format

24 23 18 17 12 II 6 5 0

1_--:rdi"--_'.....~rc~_l-......s...im=-m_.....I_~op~_1
6 6 6 6

X.op.size rd@rc.shift

ret::xopsize{rC,sh1ft)

3'
~ XSHIFTI

8

t ~ 256-2·size+shift
OPLO'- t7..8
slmm +- t5..0

FIG.43L



u.s. Patent Juo.l,2010 Sheet 111 of 384

Definition

US 7,730,287 B2

def CrossbarShortlmmediatetnplaee(op.rd,rc.simm)
case (OP1 •.0 II simm) of

0..127:
size +- 128

128..191:
size +- 64

192..223:
size +- 32

224..239:
size of- 16

240..241:
siZe of- 8

248..251 :
siZe of- 4

252..253:
size +- 2

254..255:
raise ReservedlnstrucUon

endcase
shift of- (OPO II simm) and (Size..')
c.- RegRead(rc, 128)
d +- RegRead(rd, 128)
for i +- 0 to 128-si%e by size

ca·se (OPS..2 II 02) of
X.SHR.M.I:

8i+siz8..1..i +- Ci+shift-'.,i II dt+sfze..1.J+shift
X.SHL.MJ:

81+size-1 ..l +- dl+slze-1-shift..i II Ci+shift·1 ..i
endcase

endfor
RegWrite(rd. 128, a)

enddef
Exceptions

Reserved Instruction

FIG.43M
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IIo.;;.X....E;;;.X_T...RA_._C...T I...;;C;.;,ro;;.,;;s;.;;,;sb;.;,ar;;;...;,;;ex,;;.;;tr;.;,;a...ct _

Format

X.EXTRACT ra=rd,rc,rb

ra=xextract(rd,rc,rb)

31 24 23
IL.-_"';;'o,,-p__I

8

18 ,;;.;17__--.;;.12-...1_1 6 5 0_
rd l'--........;;.;;rc~-..L.l_...;.r.;...b _ I__ra__1
666 6

FIG.44A
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~ef CrossbarExtrac:t(op.na.rbJo.td) as
d .. RegRead(f'CI. 128)
c RegRe.ad(re, 128)
b Regflead(rb. t2S)
case bs..Oof

0..255:
O$iIe .... '28

256•.383:
g.site .... 64

384..447:
gstze +- 3"2

448..419:
gr;lze4-16

480.....95:
gSiza ... fi.

496.•503;
g:stle .. 4

504.•507:
gsae ... 2

608•..511;
gill• .-1

endcas&
rn .... b12
as t- siGned ... b14
h .... Q·nWgslze
spes .... (1)8..0) anrj «2-mtgs;lze-1)
apes ot- (0 II b23..1s) 8rtd (gslze-1)

sfsize t- (0 fl b31 •.24) and (!iJS1ze-1)
tfsize (sfsile • 0) Of «sfsll:o+dpos) >gsl:te) ? 9$k~ : o,fslu
fsize (tfsize + spes > h) ? h • $j)Os ~ tfslze
for j to- 0 10 128-gstze tl!i gslZ.&

eas&QPot
X.EXTRACT:

if m then
p 6- ~i:Ze"'j..1..I

p ... (d II C)zo(gslzo~;'1 •.a:*i

enclC3Se
v (a, & Ph..dllp
w_ (85 & It'SpC;+fSl%e..1;9sl;re-f*e-dpos II vtslz&-1+spos..apoa tl ()dPOs
If m then

Isil.'....,i ... Cgsl;re-1 +I..dpOS.fslze+111 Wd'pos+fsife·1..dpos II ~P05-01.U
else

endH
endlor
RegWrl1e(ra. 1U. a)

enddef

Exceptions
none

FIG.44B
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oC feize ... Of 6130e

US 7,730,287 B2

rd rei I rb

rd

Crossbar extract

FIG.44C

,.. fslza·... .. epee

• fsi%e .... dpoSo

Crossbar merge extract

FIG.44D

rc

rb

rd
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E.MULX Ensemble multiDlv elCtract .
E.EXTRACI Ensemble extract
E.SCAL.ADDX Ensemble seato add extrac1

FIG.44E

Fonnat

E,op ra=rd,rc.rb

ra=eop(rd,rc,fb}

31 24 23 18 17 12 11 6 5 0
I~--op-·---'_.:.,::rd:--...J.I_.:.;:.rc:....-.....I--...,;f:;;:.b..............1 . ra 'J
86666

FIG.44F
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def mul(size,h.vs,v.i,ws,wJ) as
I'nul +- «VS&Vaize.1+i)n.slze II Valle-HI..l) • ((ws&wsiU_1+j)h-5iZe II W6alH+j.J)

et\ddef

def EnsembIeExll'8et{OpI8.rb,rc,rd) as
d +- RegRead(rd. 128)
C t- RegRead(rc. 128)
b +- RegRc8ad(rb. 128)
case bS••Oat

0..255:
sgslze +- 128

256..383:
sgslze +- 84

384..447:
sgsize .... 32

448..479:
sgsiZe +-16

480..495:
sgsize +-8

496..503:
sgsl'ze ... 4

504.•507:
sgsize: 4- 2

508..511:
s9Slze +-1

endcase
l+-bl1

m +- b12

n +- b13
signed +- b14
case opof

E.E.XTAACT;
gslze ..... sgslze
h +- (2-m)"gsize
as+-slgned
spas +- (ba••o) and «2-m)*g:si.ze·1)

E-SCAl.AOO,X:
If (sgsize < 8) then

gsiZ8 ... 8
etsel' (sgslzo-(n+1) >32) then

gsize +- 32f(n+1)
else

gsize ... sgslze
endif
d$ +- CS f- s.gned
bs ..- eigned '" m
8$ e- signed or morn
h +- (2"gstze) +1 ... n
spOs +- (bs..o) end (2*g5Ize-1)

FIG.44G
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E.MULX:
jf (SQSi28 < 8) lh&tl

9Slze (- 8
elseif (sgslze·(n+1) > 128) then

gsize .... 128J(n+~)
else

gsite f- sg:SIZ&
endif
<Is (- signed
cs .... signed'" m
as. (- s.lgned or m Of n
h .... (2·gSite)'" n
spe$ +- (be..o) and (2·gsize·1)

endcase.
dpos (- (0 II b23"16) and (g51,e-1)

·r (- SPO&

sfsiZ& +- to II b3L24) and (gslze-1)

U$lze (- (sfsize .. 0) or «(sf&lze+dpos) > gsize) '1 gslze-dpos : s.fslze
fsize t- (tfsize ... spos > h) ? h • spos : tfslze
if (b10•.9 :: Z) and not as then

rnd ... F
else

rnd (- b10••9
endlf
for i (- 0 to 128-gsize by gsize

case op of
E.EXTRACT:

If m then
p ... dgsJze+j.1..1

else
p .... (d II C)z'(gsll8+I)-Ll"1

endlf
E.MUL.X:

if n Ulen
If (I and gslt8) e 0 then

p (- mUl(gsize,h.ds.d.l.cs.c.i). mul{gsize.h.ds.d.i.siz9.CS.c.i ....size)
else

p +- mu/(gsize,h,ds,d,i.cs.c.i+size}'" mul(gslze,h.ds.d.l,cs.c,l.size)
endlf

else
p ... mu3(gslze.h.ds,d.l.cs.c,i)

endlf

FIG. 44G continued
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e.SCALAODX:
if n than

if (i and gslze) I: 0 the,..
p +- mUI(gBize.h.ds.d.i,bs.b.64+2&gsiLe)

... mul(gstz:e.h.CS,c.l.bs.b.64)
• mUI(gstz:e,h.ds.d,i+gsiZe.bs.b.64+3'gsize)
• mul(gsize.h.cs,c.i+gslze,bs,b.64+gsiZe}

else
p ... mul(gslze.h,ds,d,l.bs,b.64+S&gsize)

+ mUI(gsize.h.cs,c.i.bs,b.64+gsile)
+ mul(gsize.h.ds.d.I"gslze,bs.b,64+Z·gsize)
+ mul(gsize,h,cs,c,i+g:size,bs.b.64)

endtf
else

p of- mUllgsize.h.ds,d.i,bs,b.64+gslze) .. mUI{gsiz:e,h,cs.c.l,bs.b.64)
endlf

endC8lte
case rod of

N:

z:

F:

c:

endCase
v i;- «as & Ph.,)lIP) ... (Oils)

if (Vh..r+fsae =(as & Vt+fme.1}h+1.r.hiiZe) or not (I and top = e.EXTRACT}) then

w+- {as & vr+f$1U-1 ~SiZe-fsIZ&-dPOS " Vrtiz:e-1+r..r II OdP05
else

w+- (s ? (Vh lI-vRs1ze,o(fpOs.'): 10slze.dpos) II ~os
cndlf
if m and (op =E.EXTRACT) then

8size-1+1•.1 +- CgSiZ:e-1+l..dpos"fslze+11l Wdpos+lllize.1..dpos II Cdpo$·'+U
el$G

aslte·hLI +- W

endif
endfor
RegWrite(re. 128. a)

Cl1\ddef
Exceptions

none
FIG. 44G continued
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Ensemble scale add extract doublets

FIG.44J
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rb(128)
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127 rd(128) o

rb(128)

128 ra(128) o

Ensemble complex scale add extract doublets

FIG.44K
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X.OEPOSIT.2 Crossbar deDosit skmed Decks
X.DEPOSIT.4 Crossbar deDoslt signed nlbble&
X.DEPOSIT.S Crossbar deDosit siQned bytes
X.OEPOSIT.1e Crossbar deDOsl. sianed doublets
X.DEPOSIT.32 Crossbar deoosil sinned auadJets
X.OEPOSIT.64 Crossbar delJOs~ signed ocUets
X.DEPOSIT.128 Crossbar deDosit stoned hexlet
X.DEPOSIT.U.2 CfOssbardepos.ltuns~nedDeck9

X.DEPOSIT.U.4 Crossbar deposit unsigned nibbles
X.DEPOSIT.U.S Crossbar depOsit unsigned bytes
X.DEPOSIT.U.16 Crossbar deoosft unslaned doublets
X.DEPOSIT.U.32 Crossbar deooslt unsigned Quadlem
X.DEPOSIT.U.64 Crossbar deoostt unslaned oCOeta
X.DEPOSlT.U.128 Crossbar deposit unsigned hexlst
X.WITHDRAW.U.2 Crossbar withdraw unslaned pecks
X.WITHORAW.U.4 Crossbar withdraw unsianed nibbles
X.WITHDRAW.U.8 Crossbar withdraw unskmad bytes
X.WITHDRAW.U.16 Crossbar withdraw uns!gnad doublets
X.WITHORAW.U.32 Crossbar withdraw uns il:lned Quadlats
X.WITHDRAW.U.64 Crossbar withdraw unsigned octlsts
X.WITHDRAW.U.128 Crossbar withdraw unsigned hexlet
X.WITHDRAW.2 CroSSbar withdraw pecks
X.WITH0RAW.4 Crossbar wl1hdraw nibbles
X.WITHDRAW.8 Crossbar withdraw bytes
X.WITHDRAW.16 Crossbar withdraw doublets
X.WITHDRAW.32 Crossbar withdraw Cluadlets
X.WITHDRAW.54 Crossbar withdraw octlets
X.WlTHDRAW.128 Crossbar Withdraw hexJet

FIG.45A
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X.SEX.I. 2 Crossbar extend immediate sicned DEcks
X.SEX.f.4 Crossbar extend immediate signed nibbles
X. SEX.1.8 Crossbar extend immediate signed ~es
X. SEX. 1. 16 Crossbar extend Immediate signed doublets
X.SEX.1.32 Crossbar extend Immediate signed Quadlets
X. SEX1,64 Crossbar extend Immediate s igned oetlets
X.SEXr.128 Crossbar extend immediate 81igned hexlet
X.ZEX.t.2 Crossbar extend Immediate unsigned pecks
X.ZEXJA Crossbar extend immediate unsigned nibbles
X.ZEXJ.8 Crossbar extend Immediate un$fQned bytes
X.ZEX.I.16 Crossbar extend immediate uns.lgned doublets
X.ZEX.I.32 Crossbar extend immediate unsIgned quadlets
X.ZEX.J.64 Crossbar extend Immediate unsigned oeuets
X.ZEX.1.128 Crossbar extend immediate unsigned hexJet

X.SHL.J.gsize rd=rc.i -. X.OEPOSIT.gslze rd=rC,slze-t.l
XSHRJ.gsize rd=rc,; -+ X.WITHORAW.gsiZe rd=rc,size·i,i
X.SHRU.I.gsize rd=rc,i ... X.WITHORAW.U.gsize rd=rc,size·i,i
X.SEX.l.gsize rri=rcJ ... X.OEPOS1T.gsize rd:rc,I,O
X.ZEXI.gsize rr:I=rc,1 ..... X.DEPOSIT.U.gsize rd=rc,i,O

Redundancies

X.OEPOSlr.gslu rcFrc,gsize,O ~ XCOpy rd=rc
X.DEPOSIT.U.gsize rd=rc,gs;ze,O ~ X.COPY rd=rc
X. WiTHORAW.gslze rri=ro,gslze,O ~ X.COpy rd=rc
x. WlTHDRAW.U,gsize rr:J=rc.gslre,O <=> X.COPY rd=rc

FIG. 45A continued
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rd=xopgsize(rc,islze,ishift}
31 26252423 :--1-.8 r'0i017 '-.2 11 6 5 -:::---.;;.,0

, op DEl rd ~ rc J gsfp I gsfs ,
62886 6

assert isize+ishlft s gsize
assert Islze~1
lho 1I gsfs ... 12S-gslze+lslze-1
ih1 II gsfp f- 128-gslzs+lshlft

FIG.45B
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Definition

Juo.l,2010 Sheet 126 of 384 US 7,730,287 B2

det CrO$SbarFI~~d(Op.td,tc.g$fp.gSf$) 8S
c ... RegRead(rc. 126)
case «oPl II gsfp) and (oPo 119SfS) of

0,,63:
~1& .... 128

64,.95:
gsize .... 64

96..111:
gsite ..... 32

112..119:
gsize +- 16

120,.'23:
gsiz.e .... 8

124..125:
gslze +- 4

126:
gsi~e ... 2

127:
raise ReservedlnstnJcUon

andcss8
ishift +- tOPl II gsfp) and (gsize..1)
Islze +- «opo II 95fs) and (gsize.1 »+1
If (ishift+iSize::".gsize)

raise ReservedlnswcUon
endir
ease OJ) of

KOEPOSIT:
for i +- 0 to 128-gsize by ga4Ze

8I+osl%8"1 .•1.... cf\.,=ze-isnlft II C1+lslze-U II Olshlft

oodfor
X.DEPOSIT.U:

for i .- 0 to 126iJsiZ8 by gsiZe
~i.gsize-1 ..i ... og6izErieize-iatlift It Cl+is,z&-U noIsh1ft

andrer
X.WITHDRAW:

for I .- 0 to 128..gslze by gsize
8i+gsize-l"i +- ctffat'tAlhift., IICi+iSiZe+ishlk'1 ..1+iShlfl

endlor
X.WITkORAW.U:

for I ... 0 to 128-gslze by gslze
8i+gsjze--1..i +- 09.slze-iG1zo II Ct+ilile+i$hifM ..i+ishift

endlor
endessa
RegWrile(rd. 128. a)

sAddef

ExteptloDS
Resented imwction

FIG.45C
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ih,llgsfp

Sheet 127 of 384 US 7,730,287 B2

128

o,-:- ~~

o ih.llgsfs 127

encodin for crossbar field

FIG.45D

re

rd

~rQ$1bardeposit

FIG.45E

~ feii!i8 10 't[ epee

re.............--~--_ ....

rd

oross.bat withdraw

FIG.45F
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Operation codes

Sheet 128 of 384 US 7,730,287 B2

XOEPOSIT.M. 2 Crossbar deposit merge pecks
XOEPOSIT.M. 4 Crossbar deposit merge nibbles
XOEPOSIT.M. 8 Crossbar deposit merge bytes
XOEPOSIT.M. 16 Crossbar deposit merge doublets
X.OEPOSIT.M. 32 Crossbar deposit merge quadlets
XOEPOSIT.M. 64 Crossbar deposit merge octlets
X.OEPOSIT.M.128 Crossbar deposit merge hexlet

Equivalencies

II,.;,X..;;".,;..O...;,E..-P..;.,O_S_IT_._M_._1 ' Crossbar deposit merge bits

IX.OEPOSIT.M.l rd@rc,1,O ~ X.COPY rd=rc

FIG.45G
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Redundancies

Sheet 129 of 384 US 7,730,287 B2

IX DEPOSIT. Mgsize rd@rc,gsize,O <::> X.COPY rd=rc

Format

X.op.gsize rd@rc,isize,ishift

rd=xopgsize(rd,rc,isize,ishift)

31 26252423 18 17 1211 65 0

I op OEJ rd I rc I gsfp I gsfs I
6 2 6 6 6 6

assert isize+ishift ::;; gsize
assert isize~l

ihO II gsfs ~ 128-gsize+isize-l

ih] II gsfp f- 128-gsize+ishift

FIG.45H
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Definition

def CrossbarFieldlnplace(op,rd,rc,Qsfp,gsfs) as
c +- RegRead(rc, 128)
d f- RegRead(rd, 12.8)
case «OP1 II gsfp) and (oPO II gsfs» of

0..63:
gsize f- 128

64..95:
gsize +- 64

96..111:
gslze +- 32

112..119:
gsize t- 16

120..123:
gslze +- 8

124.. 125:
gsize (- 4

126:
gslze f- 2

127:
raise Reservedlnstruclion

endcase
ishift ~ (OP1 1\ gsfp) and (gsize~')

isize +- «oPO II gsfs) and (gsize-1))+ 1
jf (lshitt+lsize>gsize)

raise Reservedlnstructlon
endif
for i +- 0 to 128~gslze by gsfze

Bl+gsize..1..i ~ di+gsize.1..i+isize+ishift It Cj+isize·1 ..11l dl+lshltt.1 ..i
endfor
RegWrite(rd, 128, a)

enddef
Exceptions

Reserved instruction
FIG. 451
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FIG.45J
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X.SHUFFLE.4 Crossbar shufftewilhin Decks
X.SHUFFLE.8 Crossbar snuffle wilhln bytes
X.SHUFFLE.16 Crossbar shuffle within doublets
X.SHUFFLE.32 Crossbar shuffle within Quadlels
X.SHUFFLE.54 Crossbar shuffle within octlets
X.SHUFflE,128 Crossbar shuffle within hex!et
XSHUFFLE.256 Cros.sbar shuffle within bictel

FIG.46A

Format

18 17

res I
6

X,SHUFFlE.256 rd=rc,rb,v,w,h
X.SHUFFlE.size rd=rcb,v,w

rd=xshuffle256(rc,rb,v,w,h)
rd=xshuffiesize(rcb,v,w)

31 24 23

t .. X.SHUFFLE I
a

12 11 6 5 0
rc I:":"--'-rb-:~J :""'--op--'::;j
6 6 6

rc ~ I'b +- reb
x~lo92(size)

y~lo92(v}

z~log2(W)

op ..... «x"x·x.3"x·x-4"x)/S·(z·z-z)/2+x"z+y) + (size""25S)"(h·329 56)

FIG.46B
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def CrossbarShuffle(majer.rd.rClb,op)
c ... RegRead(rc, 128)
b +- R.egRead(rb. 128)
If rc=rb then

caseop of
O..S5~

for lC ~ 2 to 7; for y+-O to x-2; for t +- "\ to x-y-1
if op =((x·x·x-3"x·x-4"x)J&-(z"z-z)f2'tx·z+y) then

for j +- 0 to 127

31 +- C(la.•llIl1Y+Z_1..y H11l-1 ..y"'z II ly-1 ..0)
end

endIf
endfor; endfor; endfor

56..63:
raise Reservedlnstruction

endcase
elseif

case OP4 ..0 of
0..27:

cb +- C II b
x+-8
h ~oP5
for y ~ 0 to x-2; for Z +- 1 to x-y·1

If OP4..0 =((17""z,z·z)lZ-S+y) then
for I~ h*128 to 127+h"'128

SI·h·128 +- cb(iy+z_1..y IIlx·1..y+z IIly-1 ..o)
end

endif
endfor; endfor

28..31:
raise Reservedlnstruction

endcase
endIf
RegWnte(td. 128. a)

enddef

Exceptions
Reserved lnsttuction

FIG.46C
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Operation codes

US 7,730,287 B2

II-X_._SW_IZ_Z_L_E I..;c~ro_s_s_bar_s_w_iz_zl_e _

Format

X.SWIZZLE rd=rc,icoPY,iswap

rd=xswizzle(rC,icoPY,iswap)

31 26 2524 23 18 17 12 11 6 5 0I X.SWIZZLE OEJ;;';~-r-d-';;"';;"'l~-r-c -;;.;;.lr--~ic-o-py-a--rl--is-w-ap-a--..;..l

62666 6

icopya +-- icopys..o
iswapa +-- iswap5..0
ih +-- iCOPY611 iswap6

FIG.47A

Definition

def GroupSwizzlelmmediate(ih,rd,rc,icopya,lswapa) as
icopy +-- ih1 II icopya

iswap of- iho II iswapa
c of- RegRead(rc, 128)
for i of- 0 to 127

aj of- e(l & icopy) 1\ iswap
endfor
RegWrite(rd, 128. a)

enddef

Exceptions
none

FIG.47B
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Definition

US 7,730,287 B2

def CrossbarTemary(op,rd,rc,rb,ra) as
d ~ RegRead(rd, 128)
c ~ RegRead(rc, 128)
b~ RegRead(rb, 128)
de +- d II c
for i +- 0 to 15

j +- b8*i+4..8*i
a8*i+7..8*i ~ dC8*j+7..8*j

endfor
RegWrite(ra, 128, a)

enddef

Exceptions

none
FIG.47E




