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elseif a.l=ZERD or b1=ZERQ than

cS+«as*hs
¢l ZERQ
glsa
assert FALSE # shoutd have coverad & the cases sbove
endif
enddef
daf ¢ « fdlvr(a b} as
H al=NORM and b.t=NORM then
C5eas5*hs
¢« NORM
¢.8 ¢« ae-be+256
of « {af || 0396) /p g

11 priority Is given to b eperand for NaN propagation
gisail {b.I=SNAN} or (b.tsQNAN} then
¢8e=88038
Cle Dt
¢.ewbe
cfebf
elsoif {a.t=SHNAN] or (at=QNAN) then
c.8+88"bs
et at
.8 2.0
clegalf
elself a.t=ZERO and b.{=ZEROQ then
¢ « DEFAULTSNAN /7 invalid
elseil a.t=INFINITY and b.I=INFINITY then
¢ « DEFAULTSNAN /7 Invalid
elsgif at=ZERQD then
¢85+ a5*bs
¢.t « ZERD
elself 3.t=INFINITY then
cs+as*bs
G.{ « INFINITY
s
. assent FALSE # shoutd have covered al the cases above
andi
anddet

det msb « findmsb(a) as

MAXF « 218 1/ Largest possible f value after matrix muttiply
for j « 0 1 MAXF )
if BpAXF-1, § = OMAXF-14 | 1} then
Msh e j
endif
endior
enddef

del al « PackForec,s,round) as
¢ase alof
NORM:
med « findmsbia.f
m + msb-1-fhits{prec) / Ists lor normat

US 7,730,287 B2

1 « -ebias(precha.a-1-its{prac) I isb if 8 denormai

e (Mm>edn)?m:edn

FIG. 37 continued
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ety < 0 then
aift « a.fmpsgh.1..0 )l o
ead)« 0

alse
case round of

C:
§ « OMSb-rb || g 530
F:
5 « OMSD-rb g (5 curd
N, NONE:
5+ 0MSOD g s ff a1

X

1 af.1.0 2 0 then
raise FloatingPolntArithnetic /7 Inexact

endif
s+0

Z
te0

entdease

¥ « (0lla.fmsb..0) + {Clis)
if vingh *  then

&ifr + Vmeb-1..1b
eadj « 0
aise
aifr «- gfbits(prec)
eadj « 1
endif
endif
alan +« a.8 + msb -~ 1 + eadj + eblas{prec)
if alen £ 0 then
if round = NONE then
3l « o.5 || 0ebUs(PTEC) 1 arfy
glsg
i raise FloatingPointArithmetic /MUnderflow
ondi
elseif gion 3 18DUS(Prec) than
if round = NONE then
fidefault: round-to-nearest overflow handling
8l « a.s || 160its{prec) s gfbits{prec)
glsa
raise FloatingPointArithmetic UndeMow
endif
alge
ai « 8.5 || alengbits(prac)-1..0 Il Al
endid
SNAN;
if round » NONE then
endil ralse FlostingPaintsuithmetic /nvalid
if -a.0 < fbits{prac) then
aleas] qebits{prec) llatae1.0l ofbits(prec)+a.o

FI1G. 37 continued
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else
18D « a.fa o1-Mits{prec)+1.02 0
ol «-a.9 || 16B18(PREC) 10 g0 0y . o1.Mitsiprac)s2 Il 18D
endif
QNAN:
i ~g.0 < fhils{prec) then
8l e 8.5 || 195US(PTEC) | 54 5 g4 g | OPitSIPrECH 20

else
Isb + B.Lg.e-1-blis(prec)+1.0# 0
ai « a.6 |j 19DUB(PTC) 2t 5 oy .0 0. 1.its(prec)+2 |} 18D
endit
ZERC:
al « a.s || gebits(prec) | gfbils{prec)
INFINITY: ‘
i+ 5| jobitsiprec) i ofbitstprec)
endeasa
dofdel

def al « fsinki{prec, 3, round) as
case alof
NORM:
msb « findmsbla.f)
th e« -3.0
it th 50 then
oiff « a.fmeb.0 10°®
alms « msgb -0
elge
case round of
C.cD:
8 ¢ OMSD-D [ (5] 5D
F,F.D:
5 « OMSB-1D ) (g gyb
N, NONE:
§ ¢ OM3D-O | ai ) || al AP
X
if adfrpy.1. 0 Othen
raise FloatingPointAdthmetic // Inexact
endif
$«0
Z.2D:
e
endcase
¥ « (0lla.fmsb..0) + (Ofis)
fvensh = 1 then
aimg«~msb+1.th
else
aims « msb - by
angif
aift « vaims, 1o
endif
if gims > prec then
case round of
C.0. F.D, NONE, 2.0:
8i = 8.5 || (~as)prec-1

FI1G. 37 continued
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C.FNXZ
ralse FloatingPointArsithmetis /7 Overflow
endcase
elgeif g.5 = O then
al « alfr
alse
ai + ~alfr
endif
ZERO:
al « pPrec
SNAN, ONAN:
case round of
C.D, F.D,NONE, 2.0
i + gproc
C.FNXZ:
raise FloalingPointAnthmstic /f invalid
angdcase
INFINITY:
case round of
C.D, FD,NONE 2.0:
al « 2.3 || (~as)Prec-1
ralse FloalingPoinWdithmelic # Invalid
endcase
endcase
enddaf

det ¢ +- frecrest(a) a5
bs+~ 0
bt + NORM
be e 0
bie 1
¢ < fest{idiv(b.a))
enddef

@&l ¢ « Irsqrestfa) as
bs«0
b.t &= NORM
b.¢ « O
b.f e 1
¢ « festifsqr(fdivib.a))}

anddol

def ¢ « fosl(a) ss
if (3.t=NORM) then
msb « findmsb(a.n
dceae+mab- 13

af e afmsh. msbe12 1l 1
else
Ce A
endif
onddef

def ¢ « fsgr(a) as
il {@.t=NORM) and {3.6=0) then
¢s «0
.t + NORM
if {a.eg = 1) then

F1G. 37 continued
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c.e « (8.6-127)/2

cf+ sqriaf |} 0127)
elze
ce e (8.e-128)/2
cf « sqr{af || 0128)
endif
elself (at=SNAN) or (3.t=QNAN} or atsZERO or {{a.1=INFINITY} and (a.s=0)) then
cCéea
elseif ((a.t=NORM) or (a.l=INFINITY)) and (a.s=1) then
¢ « DEFALULTSNAN // lnwalid
alse
assert FALSE / should have covered al the casses above
endif
anddef

FI1G. 37 continued
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EADD.F.16 Ensemble add fioating-point half
E.ADD.F.16.C Engernble add floaling-point half celiing
E.ADD.F.16.F Ensemble add floating-point haif floor
EADD.F.16.N Enssmb%a add floating-paint half nearest
E£.ADD.F.16.X Ensemble add floating-point half exact
E.ADD.F.16.Z Ensamble add floating-point half zere
£.ADD.F.22 Enssmble add ﬂoatmg paint single
E.ADD F32.C Ensembie add fioating-point slngie cailing

E.ADD.F.32 F Ensemble add floating-point singie floor
E.ADD.F 32.N Ensemble add floating-paini single nearest
EADDF32.X Ensemb!e add fioating-paint single exacl
EADD.F.32.2 ‘Ensemble add floating-point singla zero
EADDF.684 Ensembie add ﬁoaﬁng«ymnl double
E.ADDF.64.C Ensemble add floating-point double ceiling
£.ADDF.64.F Engemble add fioating-point doubls floor
E.ADDF.64.N Ensemble add floating-point double nearest
E.ADD.F.B4.X Ensemble add floating-point double exact

E.ADD.F.64.2 Ensemble add floating-point doubls zero
E.ADD.F. 128 Ensemble add floating-point quad
E.ADD.F.128.C Ensemble add floating-point quad ceiling
EADDF.128.F Ensemble add floating-point quad floor
E.ADD.F.128.N Ensemble add fioaling-poinl quad nearest
E.ADD.F.128.X Ensemble add fioating-point quad exact
E.ADDF.128.2 Ensemble add foaling-point quad zero
E.DIV.F.16 Ensemble divide floating-point half

E.DIV.F.16.C Ensemble divide ﬂoating:gomt half ceilmg
E.QIV.F.16.F Ensemble divide foating-point half floor
E.DIV.F.16.N Ensemble divide floating-point half nearest
E.DIV.F.16.X Engemble divide floating-point half exact
E.DIV.F.16.2 Ensemble divide floating-point haif zero
E.DIV.F.32 Ensemble divide floating-point single
E.DIV.F.32.C Ensemble divide floating-point single celling
E.DIV.F.32.F ‘Engembie divide floating-point single fioor
E.DIV.F.32.N Ensemble divide floating-point single nearest
£ DIV.F.32.X Ensemble divide floating-point single exact
E.DIV.F 322 Ensemble divide floaling-point single zero
E.DIV.F.64 Ensemble divide floating-point double

FIG. 38A
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E.DIV.FE4.C Ensemble divide floating-point double celling
E.DIV.F.64 F ‘Ensemble divide floating-point double floor
E.DIV.F.84.N Ensembie divide floating-point double nearest
E.DIV.F.64.X Ensemble divide floating-point double exact
E.DIV.F.B4.2 Ensembie divida fioating-point double zero
E.DIV.F 128 Ensemble divide floating-paint guad
EDIVF128.C Ensamble divide ﬂoaﬂng—poinl guad ceiling
E.DIV.F 128.F Ensemble divide floaling-point quad Roor
|E.DIV.F.128.N Ensemble divide floating-point quad nearest
E.DIV.F.128.X Ensemble divide floating-point quad exact
E.DIV.F.128.2 Ense¢mble divide floating-point quad zero
£.MUL.CF.16 Ensemble multiply complax fioaing-point hall
1E.MUL C.F.32 Ensemble multiply complex floating-point single
E.MUL.C.F.64 Ensemble multiply complex floating-paint double
E.MULF.18 Ensemble mulliply ﬁoathag-pmnl half
E.MUL.F.18.C Ensemble mulliply floating-point half celling
[E.MUL.F16.F Ensemble multiply floating-point hall floor
E.MUL.F16.N Ensemble mulliply floating-point hall nearest
E.MUL.F.18.X 'Ensemble multiply floating-point half exact
E.MUL F.16Z Ensemb!e mulliply floating-point halfl zero
E.MUL F.32 Ensemble multiply floating-point sulgie
E.MUL.F.32.C Ensemble multiply fioating-point single celling
E.MULF32F Ensambla multiply floating-point single floor
 E.MUL.F.32.N Ensemble multiply floating-point single nearest
E.MUL F.32.X Ensemble multiply floating-point slngle exact
E.MUL.F.32.2 Ensemb!a multiply floating-point single zero
E.MUL.F.84 Ensemble multiply fioating-point doubie
E.MUL F.64.C Ensemble multiply floating-point double ceiling
E.MULF.64.F Ensembte routtiply floating-point double floor
[E.MUL.F.64.N Ensembse multiply floating-point double nearesl
E MUL.F.64.X Ensemble muliply fioating-point double exact
(E.MUL.F.64.2 Ensemble mulliply fioating-point double zero
E.MUL.F.128 Ensemble multiply floating-point quad
E.MUL.F.128.C Ensemb!e muttiply floating-point quad ceiling
E.MUL.F.128.F Ensemble multiply floating-point quad floar -
E.MUL.F.128.N Ensemble multiply floating-point qtiad nearest
|E.MUL.F.128.X Erremble muhiply floating-point qua exact
[E.MULF.128.2 Ensembis multiply fioating-point quad zero

FIG. 38A continued
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Selection
class op prec , round/trap
add EADDF |16 32 64 128 [none CFNX2Z
divida EDIVF (16 32 64 128 [None CFNXZ _
multiply EMULF |16 32 64 128 |none CFNXZ
complex muitiply EMUL.C |16 " 32 64 NowE
F
Format
E.op.prec.round rd=rc.rb
rd=eopprecround(rc,rb)
31 24 23 18 17 12 11 65 0
| E.proc ] d ] re | b | op.round |
8 3 6 ) 6

FIG. 38B
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Definition

def mul(size,v,lw,j) as
mul « fmul(F(size,vgize- 1+i,.1).F(size,Wsize.14j.j))
enddef

def EngsembleFiostingPoint{op,pre¢,round,ra,rb,rc) as
¢ « RegRead(r¢, 128)
b « RegRead(rb, 128)
for i + O to 128-prec by prec
¢i « F(prec.cisprec-1..1)
bi « Fprec bisprec-1..4)
case op of
E.ADD.F:
&l « faddr(cl,bi,round)
E.MULF:
a8l « fmul{ci,bi)
EMUL.CF:
if (i and prec} then
’ al « fadd{mul(prec,c,i,b l-prec), mul{prec,c,i-prec,b,i))
slse
al « fsub{mui(prec.c,1.b.}), mul{prec.c,i+prec.b.i+prec))
endif
EDIVF.:
ai « fdiv(ci,bi)
endcase
8j+prec-1..i « PackF(prec, ai, round)
endfor
RegWrite(rd, 128, a)
enddef

Exceptions
Floating-point arithmetic

FIG. 38C
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Operation codes
E.MUL.ADD.C.F.16 "Ensembie mulliply add complex fioating-point half

[EMUL.ADD.CF.32 | Ensemble mulliply add compiax fioaling-point singio
EMULADD CF.B4 | Ensembie mutiply 89d compiex fioating-point doubla
| E.MUL.ADD.F.16 Ensemble muitiply 8dd floating-point balf

E.MULADD.F.16.C

Ensemble multiply add floating-point half ceiling

E.MUL.ADD.F.18.F

Ensemble multiply 8ad fioating-point half floor

E.MUL.ADD.F16.N Ensamble mulliply 800 floating-point half nearest
EMULADDF.18.X  ]Ensemble mutliply add floating-point haif exsct

'E MULADD.F.16.2

Ensemble multiply Ad fioating-pont hail zero

E.MUL.ADD.F.32 ‘Ensembie milply add Nloating-point single
E.MUL.ADD.F.32.C___| Ensembis mulliply add fioafing-point single ceiling
E.MULADD.F.32.F Ensemble multiply add floating-poirt single floor
EMULADDF.32.N | Ensemble multiply add foaling-poind single naarest
E.MUL.ADDF.32.X Ensemble multiply add floating-point single exact
[E.MUL.ADD.F.32.Z | Ensemble multiply add floating-point single zero
E.MUL.ADD.F.64 Ensemble multiply add Hoating-point double
EMULACDF64.C Ensemble muliply 8dd Roating-point Gouble celiing

E.MUL.ADD.F 64.F

Ensemble multply add Boating-point double floar

EMULADD.FB4.N | Ensemble muliply add fioaling-point double nearest
E.MUL.ADD.F.64.X Ensemble multiply aad floating-point double exact
e MULADDFB4.2 Ensemble muliiply add floating-point double zero

E.MUL.ADD.F.128

Ensemble multiply 8dd floating-point quad

'€ MUL.ADD.F.128.C__| Ensembie multiply 804 floaling-poini quad celling
E.MUL.ADD.F.128.F | Ensembla mulliply add floating-point guad Roor
E.MUL.ADD.F.128.N__ | Ensembis multiply add floating-point quad nearest
E.MUL.ADD.F.128.X Ensemble muttiply add floating-point quad axac! |
E.MUL.ADD.F.126.2 | Ensamble muliiply add floating-pelnt quad zero
E.MUL.SUB.C.F.18 Ensemble muliply subtract complex floating-point halt
E.MUL.SUB.C.F.32 Ensemble multiply subraci complex ficating-point singie
[EMUL.SUB.C.F.64 | Ensembie muftiply subtract complex floating-point double
E.MUL.SUB.F.16 Ensamdle multiply suttract floating-poinl half
E.MUL.SUB F.32 Ensemble muliply subtract icaling-point singie
E.MUL_SUB.F.64 Ensamble mulliply subtract fioaling-point double
'E.MUL.SUB F.128 Enssmble mulliply subtract floatng-polnt quad

FIG. 38D
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Selection
class - op __itype lprec roundfrep
multiply add S.MUL.AD F 16 3264 128 none CFNXZ
[CF |16 3264 WORE
multiply subtract  JE.MUL.SU |F 168 32 64 128  |NOKE
B
C.F 116 3264 NOXE
Format
Eopsize rd@re,rb
rd=eopsize(rd,re,rb)
3 24 23 18 17 12 11 65 0
[T Esize | e | v | o T op |
8 6 6 ] [
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Definition

def mul{size,v.wj) as
mu « fmul(F(size,vgize. 1+i.i)F(8i28,Wgize-14]. )}
enddaf

def EnsembleinplaceFloatingPoint{op,size rd.re rb) as
d «~ RegResd(rd, 128)
¢ + RegRead(rc, 128)
b « RegRead(rd, 128)
for i « O to 128B-size by size
di « Flprec.djeprec-1.4)
case op of
-E.MUL.ADD F:
al « fadd(gl, mul{prec.c,ib,i))
EMULADD.CF:
if {1 and prec) then
| gi « fadd(di, fadd{mul{prec.c.l,b,}-prec), mul(c J-prec.b,i)}}
¢lse
duai « fadd{di, fsub{mui{prec.c.ib,i), mul{prec.c i¢prec.b,i+prec)))
en
E.MUL.SUB.F:
8 e frsubldi, mul{prec.c.i,b.i)}
E.MULSUB.C.F;
if {{ and prec) then
al « fraub{di, fadd{mul(prec c,.b.i-prec), mul{c.i-prec,b.il))
else
; i « frsub(di, fsub{mul{prec.c,ib.i), mul{prec,c.i+prec,bi+prec)))
endi
endcase
Bieprec-1.4 « PackF(prec, ai, round)
endfor
RegWrite(rd, 128, a)
enddef

Exceptions

none

FIG. 38F
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Operation codes

[E.SCALADDF.16___|Ensemble scale add floating-point half
E.SCALADD.F.32 Ensemble scale add floating-point single
E.SCAL.ADD.F.64 Ensemble scafe add floating-point double

FIG. 38G
Selection
class- op | prec
scale add E.SCALADDF (16 32 64
Format
E.SCAL.ADD.F.size ra=rd,rc.rb
rasescaladdfsize(rd,rc.rb)
31 24 23 18 _17 12 1 6 5 0
| op | rd | rc ] rb | ra |
8 8 6 6 6
FIG. 38H
Definition

def EnsembleFioatingPointTernary{op.prec,rd re,rb,ra) as

d — RegRead{rd, 128)

¢ « RegRead(rc, 128)

b « RegRead(rb, 128)

for i « O t0 128-prec by prec
di « Flprec,disprec-1..)
¢i « F(prec.Ci+pree-1..i)
ai « fadd(fmul(di, F{prec,bprec-1..0)). fmul(cl, F{prec.byprec-1..prec)))
8j+prec-1.. +~ PackF(prec, al, none)

endfor
RegWrite(ra, 128, a)
enddet
Exceptions

none
' FIG. 381
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E.SUB.F.16 Ensemble sublract floating-point half
E.SUB.F.16.C Ensemble sublract floating-point half celling
E.SUB.F.16.F Ensemble sublract floating-point half floor
E.SUB.F.16.N Ensemble subtract floating-point half nearest
E.SUB.F.16.2 Ensemble subtract-floating-polint half zero
E.SUB.F.16.X Ensemble sublrect floating-point hall exact
E.SUB.F.32 Ensamb!a subtract floating-point single
E.SUB.F.32.C Ensemble subtract floating-point single ceﬂma
E.SUB.F.32.F Ensemble subtract floating-point gingte floor
E.SUB.F.32.N Ensemble subtract fioating-point single nearest
E SUB.F.32.2 Ensemble sublract floating-point singie 2610
E.SUB.F.32.X Ensemble subtract floating-point single exact
E.SUB.F.64 Ensembla subtract floating-point double
E.SUB.F.€4.C Ensemble subtract floating-point doubls ceiling
E.SUB.F.64.F Ensem%ta subtract ﬂoat!ntpoam double floor _
E.SUB.F.64.N Ensemble subtract floating-point double nearest
E.SUB.F64.7 Ensemble sublract fioating-point double zero
E.SUB.F64.X Ensemble subtract fivating-point double exact
E.SUB.F.128 Ensemble subtract floating-point quad
E.SUB.F.128.C Ensemble subtract floating-point quad ceiling
E.SUB.F.128.F Enssmble subtract floating-point quad fioor
E.SUB.F.128.N Ensemb@e sublract floaling-point quad nearest
E.SUBF.128.2Z Ensemble subtract ioaling-point quad zero
E.SUB.F.128.X Ensemble subtract floating-point guad exact
FIG. 39A
Selection
class op _ plec roundfirap
sel SET. 16 32 64 128 [nome X
E LG
L GE
subtract |SUB 16 32 64 128 {noneCFNXZ
Format
E.opprecqound  rd=rbsc
rd=eopprecround(rb,rc)
31 24 23 18 17 12 1% 8 5 0
| E.prec | rd | re | b | op.round |
€ & 6 ]
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Definition

def EnsembleReversedFloatingPoint(op.prec,round,rd rc.rb) as
¢ « RegRead(rc, 128)
b « RegRead(rb, 128)
fori « 0 to 128-prec by prec
Ci « F(prec,Ci+prac-1..0)
bi & F(prec,bi+prec-1..1)
ai « frsubr{ci,-bi, round)
8j+prac-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 floating-point half
G.SET.EF.16.X Group sat equal Noaling-point halfl axact
G.SET.E.F 32 Group set equal floating-point singis
G.SET.EF.32.X Group set equal foalng-point singie exast
G.SET.E.F.64 Group sel equal floating-point double
G.SET.EF.684.X Group set equal fioating-point double exact
|G.SET.E.F.128 Group sat equal fogting-point quad
G.SET.E.F.128.X Group set ¢qual floating-poirt quad exact
G.SET.GE.F.16.X Group get greater equat floating-paint half exact
G.SET.GE.F.32.X Group set greater equal aUNg-point Bingle exatt
IGSET.GEF64.X Group sel greater equal floaling-point double exact
G.SET.GE.F.128.X Group sel grasier equal foatng-point quad exact
[GSETLG.F.16 Group seliess greater fioatng-point hail
G.SETLG.F.16.X Group setless greater floating-point halfl exact
G.SET.LG.F.32 | Group sl less greater floating-poinl 6mgle
G.SET.LG.F.32.X Group et less graater floating-point single exact
G.SET.LGF.64 Group setiess grester figating-poini double
G.8ET.LG.F.64.X ~ Group set less greater Aoating-point double exact

G.SET.LG.F.128

Group get lesa greatar oating-point quad

G.SET.LG.F.128.X

Group set less greater Aoalng-point quad exact

G.SET.L.F.18 Group sel less Roating-point hall
G.SET.L.F.16.X Group sel less floating-point half exact
G.SET.L.F.32 Group se! less fleating-point single
G.SET.LF 32X Group setlass fleating-point single exact
G.SET.L.F.64 Group s# less oating-point double
G.SET.LF.64.X Group set less floating-point double exact
G.SET.L.F.128 Group eet less floating-point quad
G.SET.L.F.128.X Group set less floating-point quad exact
G.SET.GE.F.16 Group sel greater squel foating-point half
G.SET.GE.F.32 Group set greater equal floating-point single
G.SET.GEF.64 Group sel greater equal foaling-poini double

G.SETGEF.128

Group sel greatar equal foating-point quad

FIG. 39D
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Equivalencies
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%ET_LE;F, 1 6.X Group el less equal Acaling-point half exact
G.SET.LEF.32.X Group set less squal flaaling-paint sinpia exact
G.SET.LEF.64.X Group sel 1835 equal flcating-poini double exact
GSETLEF.128X Group set lass equal floaling-paint quad exact
G.SET.G.F.16 Group set greaier ficating-point haif
G.SET.G.F.16X Group set greater oaling-point half exact
G.SET.G.F.32 Group set grealer foaling-poini single
G.SET.G.F.32.X Group st grealer floating-point single exact
G.SET.G.F.64 Group el graeler Poating-paint doutle
G.SET.G.F.64.X Group set grealer fosting-point double exact
|G.SET.G.F.128 Tioup SeT greaier Noatng-poant quad
G.SET.G.F.128.X Croup set gresler floating-point quad exact
G.SERLEF.16 Gronp setless equal ficaling-peintialf
G.SET.LE.F.37 Group et less equal To2lng-pGInL single
G.SET.LE.F.64 Group el less equal fioaling-point double
|G.SET.LE.F.128 Group sal less equal baling-point quad
G.SET.G.F.prec rd=rb,,c___ —_ G.SET.L.F.prec ra=rc.ib
G.SET.G.F.prec.X rd=rb,rc - G.SET.L.F.prec.X rd=rc.rb
G.SET.LE.F.prac rd=rb.rc -+ G.SET.GE.F.pre¢ rd=re,rb
G.SET.LE.F.prec. X rd=rb,rc -+ O.SET.GE.F.prec.X rd=rc,rb
FIG. 39E
Selection
class op prec roundftrap
set SET. 16 32 64 128 |noneE X
E LG
L GE
G LE
Format
G.op.precround  rd=rb,rc
re=gopprecround(rb.ra)
M 24 23 18 17 12 11 65 0
___Gprec | d ]| re L | op.round |
8 6 8 8 5

FIG. 39F
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Definition

def GroupFloatingPointReversed(op,prec,round,rd,re.rb) as
¢ + RegRead(rc, 128)
b « RegRead(rb, 128)
for i «- O 1o 128-prec by prec
¢i « F(prec,Ci+prec-1..i}
bi « F(prec.bj+prec-1..i)
if round=NONE then
if (di.t = SNAN) or (ci.t = SNAN) then
ralse FloatingPointArithmetic
endif
case op of
G.SET.L.F, G.SET.GE.F:
if (di.t = QNAN) or (ci.t = QNAN) then
raise FloatingPointArithmetic

endif
others: //inothing
endcase
endif
case op of
G.SET.L.F:
ai « bi?7z¢i
G.SET.GE.F:
al « bil?<¢i
G.SET.E.F:
al « bi=c¢i
G.SET.LG.F:
ai « bizci
endcase
Qi+prec-1..i ¢« aiprec
endfor
RegWrite(rd, 128, a)
enddef
Exceptions

Floating-point arithmetic
FIG. 39G
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Operation codes

G.COM.EF. 16 Group compare equal floating-point half
G.COM.EF. 16.X Group compare equal floating-point half exact
G.COM.E.F. 32 Group compare equal floating-point single
G.COM.EF. 32.X Group compare equal floating-point single exact
G.COM.E'F. 64 Group compare equal floating-point double
G.COM.EF. 64.X Group compare equal floating-point double exact
G.COM.E.F.128 Group compare equal floating-point quad
G.COM.E.F.128.X Group compare equal floating-point quad exact
G.COM.GEF. 16 Group compare greater or equal floating-point half

G.COM.GEF. 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.GEF. 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.GEF. 64X

Group compare greater or equal floating-point double exact

G.COM.GE.F.128

Group compare greater or equal floating-point quad

G.COM.GEF.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.LGF. 16 Group compare less or greater floating-point half
G.COM.LGF. 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.LGF.32X Group compare less or greater floating-point single exact
G.COM.LGF. 64 Group compare less or greater floating-point double

G.COM.LGF. 64X

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
G.COMG.F. 16 Group compare greater floating-point half
G.COMGF. 16X Group compare greater floating-point half exact
G.COMGF. 32 Group compare greater floating-point single
G.COMGF. 32X Group compare greater floating-point single exact
G.COMG.F. 64 Group compare greater floating-point double
G.COM.G.F, 64.X Group compare greater floating-point double exact
G.COMGF 128 Group compare greater floating-point quad
G.COMGF 128X Group compare greater floating-point quad exact
G.COMLE.F. 16 Group compare less equal floating-point half
G.COMLEF. 16X Group compare less equal floating-point half exact
G.COMLE.F. 32 Group compare less equal floating-point single
G.COMLEF. 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.COMLEF.128 Group compare less equal floating-point quad
G.COMLEF.128.X Group compare less equal floating-point quad exact
G.COM.G.F.prec rdrc — G.COM.L.F.prec rc,rd
G.COMG.FprecXrdrc — G.COM.L.F.prec.X rc,rd
G.COM.LE.F.prec rdrc — G.COM.GE.F.precre,rd
G.COM.LE.FprecXrdrc - G.COM.GE.F.prec.X rc,rd

FIG. 40A continued
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Selection

class op cond type |prec round/trap
set COM |ELGLGEGLE |F 16 32 64 128 NONE X

Format

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

rc=gcomopprecround(rd,rc)

31 24 23 18 17 12 11 65 0
| G.prec | rd | rc | op | GcoMm |
8 6 6 6 6

FIG. 40B
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Definition

def GroupCompareFloatingPaint(op,prec,round,rd rc) as
d « RegRead(rd, 128)
¢ « RegRead(rc, 128)
for i « O to 128-prec by prec
di « F(prec,dj+prec-1..i)
Ci « F(prec.Cisprec-1..i)
if round=NONE then
if (di.t = SNAN) or {ci.t = SNAN) then
raise FloatingPaintArithmetic
endif
case op of
G.COM.LF, G.COM.GE.F:
if (di.t = QNAN) or (ci.t = QNAN) then

raise FloatingPointArithmetic
endif
others: //nothing
endcase
endif
case op of
G.COM.L.F;
ai « di?2ci
G.COM.GE.F:
ai « dil?<ci
G.COM.EF;
ai « di=ci
G.COM.LG.F:
ai e dizCi
endcase
8i+prec-1..i « 8l
endfor
if (a = 0) then
raise FloatingPointArithmetic
endif
enddef
Exceptions
Floating-point arithmetic

FIG. 40C
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‘E.ABSF.16 Enspmble absoule vahs Boating-point hatl

E ABSF.16.X Ensemble absolule value Noaking. point Rl axception
E.ABS.F.32 Enssmbi absolute value foating-point Sngie

E.ABS F.32.X Ensempio gbsoiLLe value ROBTINg-point EIngle GAcepton
EABSF84 Ensembié sbaohute valus ficaiing-point double
E.ABS.F.64.X Envemble absokite vatoe ACSNINg-poid GOUDIE SXCERIoN
EABS.F.128 £nsambie abscdute value Rosting-point quad
F.ABSF.128.X Ensamble absolits valuve fostng-poitt quad excaption
E.COPY.F.16 Ensombis copy Haating-point hal
E.COPY.F.16.X Ensamiie copy NGaNg-point hall saception
E.COPY.F.32 Ensambla copy flosting-polrt single
E.COPY.F.32.X Ensemble copy llosting-poinl singla excaption
E.COPY.F.64 Ersemble copy Hoang-poi Goubie
E.COPY.F.64.X Ensembie copy fnating-point doutie exception
E.COPY.F.128 Ersemble copy 10aling-poind quag
E.COPY.F.128.X Ensamble copy Hoaung-poim quad exception
E.DEFLATE.F.32 Ensembie convart kaing-point ha¥ Trom wngis
E.DEFLATE.F.32.C | Ensembla convesi Noaling-point 1l from sirga calling
E.DEFLATE.F.32.F | Ensomble convert fioating-point Rl from Siegls 1007
E.DEFLATE.F.32.N Ensemble canvert floating-pint half from single nearest
E.DEFLATE.F.32.X Ensembla carvert fialing-pont haif from single exact
€ DEFLATE.F.32.2 | Encembio anver foaling-poink hall from singlo Z6ra
E.DEFLATE F.64 Ersemblo convert floating-point single Trom double
E.DEFLATE.F.64.C Ensemble comverl {10alng- PN sIGHS fram double caking
E.DEFLATE.F.64.F Ensamble convert fioating-point singia Tram doubls oor
E.DEFLATE.F.64.N Ensemble convert Ioating-point Smghe 1rom doutie neares!
E.DEFLATE.F.64.X Ensambie conver Roating-point SINGLe 11om doubhe exact
E.DEFLATE.F.B4.Z | Ensambla conven foaling-poini single from double zaro
E.DEFLATE.F.128 Ensemble conver aiNG-point Gouble from quad
E.DEFLATE,F,128.C | Ensembia conven fioating-point doubie From quad ceiling

E.DEFLATE.F.128.F

Ensemble conver! oaling-pant double from quad fogr

E.DEFLATE.F.128.N

Ersemble comvert foaling-poa GO oM quag nearast

E.DEFLATE.F.128.X

Ensembie convert tioaling-point double from quacd exacy

E.DEFLATE.F.128.2

Ensambie convert floabng-point double 1M quag Zere

|E.FLOAT F.16 Engembie convar floating-paint alf from docblels
EFLOATF.18C Eradmbie Convar Hoaling-poin Tl] 116M doublels ceting
E.FLOAT.F.16.F Ensemble conv=r AGaling-point hall from SOUBIES 507
[E.FLOAT.F.16.N Ensomble convert Boalng-polnt Fall from Goublals nearest
E.FLOAT.F.16.X Ensemble conven Toaling-point hall from Goublets exaci
E.FLOAT.F.18.Z Ensemble convert foallng-poirt Fall from doublets 26ro

FIG. 41A
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EFLOATF 32 ENSBINAe CONVEr II0ATTG-DOIE SIS oM GUAGIETS
E.FLOAT.F.32.C EnSEMbe coMven LIGAINE-POI SINGIE Mo QUIIES CORNg
E.FLOAT.F.32F Ensomie comvan finating-point singta fram quadiets foor
E.FLOAT.F.32.N Ensembte convert finsling-poinl singla from ouadie(s nearest
EFLOAT.F.32.X Ensembie comer foaling-point Singie iram quadiais axac
EFLOAT.F.322 Ensembie corwart fioating-paint singla froay quadiats zero
EFLOAT.FB64 Ensembie conven Noatng-point doubie Trom oetets
EFLOATF.84.C Ensambia convern fioating-powit double from ociels coiling
E.FLOAT.F.64.F ErSEmbIE Conven 10a5NG-poi GBI Trom ocllats oot
E.FLOAT.F.64.N Ersembla conver {ioating-poid double from oclists aasres!
E.FLOAT.F.64.X Ensembie conven lioatng-point doubie Irom odlleis exsc!
EFLOAT.EB4.2Z Ensermie Convert (15atng-poir double Wom GLieTs 2070

E.FLOAT.F.128

Enxamtla conven fioaling-poink quad (rom haxiet

[EFLOATF.128.C

Ensamtla convert floating-point quad from hexiet ceillng

E.FLOAT.F.128.F

Ensampia conven mng-peml quag o hexiet floor

E.FLOAT.F.128.N

Encambia CONVET G0aUNG-poiNT QUAG FOM NexIBt nEarest

E.FLOAT.F.128.X

Ensembio cotwan fioating-point quad from hexiet axazt

E.FLOATF.128.2

Encemble conver BoSHng-paint quad from hexet 2efo

E.INFLATE.F.16

Ersembie coiwen AGaUNg-pomnt Singls from hail

US 7,730,287 B2

E.INFLATE.F.16.X

Ensembie conver: Roaling-paint Bingls from half excepion

E.INFLATE.F.32

Ensemble convert fcating-point doubfe from single

E.INFLATE.F.32.X

Encemble comvert foating-paink double from single exception

E.INFLATE.F .64

Ensemble convert foating.point quad from doulie

E.INELATE.F.64.X Ensemble conven foating.point quad from double exceclion
E.NEG.F.16 Ensemble negate loating-point hall

E.NEG.F.16.X Ensembia negate Hpsling-poni hall Excephion
‘E.NEG.F.32 Endembie negale Noatng-poin] shgic

E.NEG.F.32.X Ensemble negals l0alng-point gl exception
'E.NEG.F.64 Ensambia negais 0aLNG-point GoUBTe

ENEGFB4 X Ensembla negate fiaaling.peint doubiis exceplion
ENEG.F.128 Engemble negate lI0aling-poi quUad

T E.NEG.F.128.X Enaemble negate Hoalng-polnk quad exceplion
ERECESTF.16 Ensamble reciprocs] astimate fioating-poia hatl
ERECESTFE.16.X Encambse reciprocsl estimate (03ING-POiM hatl Oxeaphion
E.RECEST.F.32 Enssmbie reciprocal estimato floating-point single
ERECEST.F.32.X | Ensomblo raciprocal estimata {ioating-point single exception
E.RECESTF.64 Ensemble recipronal esUmate 1oatng-pom Jouthe
E.RCCESTF.B4.X Ensembie recprocal estimate Noaling-pon QoL 4. CKCBpHon
ERECEST.F.128 Ensemble focorocal catmaie loating-poimt quad
E.RECEST.F.128.X Ensemble racprocal estimate NIGaling-poif QUAd exce Pl

FIG. 41A continued
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E.RSQREST.F.16 Ersembio oAk o (0Arocs) square Foo! oFImats hal
E.RSQOREST.F.16.X | Ersembls foating-poni reciprocal square root sstimate hall exact
E.RSQREST.F.32 Ensemblz oatng-polnl rechOTa) SQUETS FO S5TMate Bingle
ERSQREST.F.32.%X | Ersemuis oatng-point feGprocal square ook esimiate singie 6xact
E.RSQREST.F.64 Ensemble flosling-point reciprocal suans rool eslimate double
E.RSQREST.F.64 X Ensamble Nioaling-point reciprocal square root astimats double exact
E.RSQREST.F.128 Ensambte Nioating-point reCiprach) SQuare 100! asumats quag :
E.RSOREST.F.128.X |Ensembie fieatng-poin! reciprocal square rool estimate quad axact

£ .SINK.F.18 "Engemble convert Toating-point doUDIets from hal nearcst aefach |
E.SINK.F.16,C Ensemble convert HOSTING-pairt Goutiets from: hall cailing
E.SINKF.16.C.0 Ensambia conver Noaling-point doutiets fram hall caiing defaul
E.SiNK.F.16.F Ensembie convert foating-poind doublets from hall fogr
E.SINKF.16.F.0 Ensamiie convart (I0atng-poind GouBiets from hall 1iocs detaul

-E_SINK_F JA8.N Engemble conwvert floating-poink doublets from hatf naarest
E.SINK.F.16.X Erambie convort Moaing-point Joubiots from hall exact
E.SINK.F.16.Z Ensembie convert floating-point doublets from hatf zem
E.SINKF.16.2.0 Ensemble conver Toating-point JOUDIELE FOM RAl Zers Aerasil
E.SINK,F.32 Ensembla conven 1031Ng-pOINt QUACIES Irom SInpie neares delaud |
E.SINK.F.32.C _ Enaemble conven T0alIng-point quadints from single calihg |
E.SINKE.32.C.D Ensermble corwan floaling-point quediets from SIngie celing daTac
ESINKF32F Ensefible corwerl Hoalng-geint quadiets irom singia Hoor
E.SINK.F.32.F.D ngamble conven Noating-poinl quadits from single fiodr defauk
'E.SINK.F32.N Ensamble convert fioaling-poini quadiets from single nearest
E.SINK.F.32.X Ensemble conver Aoating-paini quade's rom sngle sxact
E.SINK.F.32.2 Ensemble conven Boating-paint quadiets from single zero
E.SINK.F.32.Z.D ¢rmble convert ficating-paint quadiars from singlo 2o default
E.SINK.F.64 Ensembla convert floating-point octats from double nearest detault
E.SINK.F.64.C Ensemble conver foabhg-paint oCtsts from dedbie ceing
E.SINKF64.C.D Enisamblo comver 10aUNg-pOINt ocbars from doutee coling delaul
E.SINK.F.64.F Ensambie covert fioaling-point ociiats from doubée oot
E.SINK.F.64.F.D Encemble convarl lloaling-point ocbiots from double floos defautt
E.SINKF.B4.N Ersembla convan floaling-poim ocllets from double nearast

E,SlNK,F Bd.X Ensemble convert ficaling-paint octlets from double exact
E.SINKF.64.Z Ensemble converi Roalng-poini oclie’s from doubia 2610
E.SINK.F.64.2.D0 Encésiiila Gorvert RGaGG-poinl OCIGIs ffom doubls 2670 JeUR

_E.SlNK. E 128 Ensamble convert fioating-point hedel from quad nearest default
E.SINK.F.128.C Engembia comen (oating-point hexiel from quad coling -
E.SINK.F.128.C.0 .| cneombia conver Tlowling-point Rexict from quad celling detaun
E.SINK.F.128.F Ersembl convert fioating-pomt hexiel Trorm quag fioor
ESINKF.128F.D Ensembi comver Noaling-pairt NeXIE: from quad Aoor getaul

FIG. 41A continued



U.S. Patent

Jun. 1, 2010 Sheet 88 of 384

US 7,730,287 B2

E.SINK.F.128.N Enzamblo comvent foaiing-point el hom qusd nearest
E.SINK.F.128.X fSEmbia DOMVErt T0alNg-pOINt NeXTel 110M Qua0 axael
ESINKF.128.7 Enseriblo convon fioaling-point heudet from qUAY 2670
'E.SINK.F.128.2.D Ensombie cawer laang-poi Hes! oM GUAG T970 CTeuh
E.SQR.F.18 Ensemble squars roct Toatng-powl Nal
£.5QR.F.16.C ble squars foot ficabng-point hail celling
E.SQR.F.16.F Ensarbie aquars ool ipatng-polnt halt Hoar
E.SQRF.16.N Ensemble 8quar o0t NG3ING-pant hall noarst
E.SQRF.16.X Entemitie quara ool Noaling-point hall exsct
E.SQRF.16.2 Ensomble square 1001 10ating-poln hal 2ero
E.SQR.F.32 Erseriio SQuare Focl TIgang-pom singio
E.SOR.F.32.C Ereembie SqUaTE 100l TCaIg-por! single callng
E.SORF.32F Eraenbio squard rock oatng-poini simgie oot
E.SQRF.32.N Ensembie squars ook fcating-pom! SIN1e nearest
E.SQRF.32.X Ensembie $quare ook RCATNg-poinl STGIe EXact
E.SORF.32.Z EnBemble 6Quara root BCatiRg-point single zer
E.SQOR.F.64 Ensambla squara root loating-polnt gouble
ESOREBIC Ensenble 6quare root NGaUng-poim GoUBIC colng
E.SQRF.64.F Ensembie square root Aosling-poin Goubie foor
'E.SQRF.64.N Ensombis 54US7G root TaaVng-pomt GOUDIE NBarest
E.SQR.F.64.X Ersamtls $qUae 001 TI0aTing-pov JOUbIa exact
E.SQR.F.64.2 Ensembls square oot fioaling-poin Goubie 2610
E.SQR.F.128 Ensarmble square 1001 HoaRNGpoRY quisd
E.SQRF.128.C Ensemble squara 1001 NIOGHng-pownl Guad Cetmg
E.SQR.F.128.F Ensamide square 160 ficatng-poat quad foor
E.SQR.F.128.N Enssmixe square rool fioating-point qued nearest
E.SQRF.128.X Ensemble 3quane rool Foatng-point quad Bxact
E.SQRF.128.Z ENGEMDBIC §q4a10 001 NGALNG-poINt GUEd Z570
E.SUMF.16 Ersembie £um Roaling-point Ralf
E.SUM.F.16,C Entemble sum floating-poim hall celing
E.SUM.F.16.F Ensamble sum foating-paint hadl fioor
E.SUM.F.16.N ErGambie sum oavg~point Faif ACarest
E.SUM.F.16.X Enaermie wim ToAShg-poit Ral exatt
E.SUM.F.16.Z Engemtse sum Toaung-paink hall 26ro
E.SUM.F.32 Ensembio sum foatig-poind s/nge
E.SUM.F.32.C Ensamues sur ficalng-poini SIngis Gailng
E.SUMF.32F [Enbamble sur FORNG-POTT SIrgIe 1007
E.SUM.F.32.N Ensamble sum (5ang-point g NGarast
E.SUM.F.32.X Ensamble sum hoaiing-paini sagle exact
E.SUMF.32.2 Ersamble sum AG3TRg-poml Sigle 260

FIG. 41 A continued
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E.SUMF.64 Ensemble sum Hoating-poind Gouble

E.SUMF.64.C Ensemble sum foating-point double ceiing

E.SUM.F.64.F Ensemibie sum (0aing-Doin double fioor

E.SUM.F.64.N Entambic sum Hoaling-point double hearest

E.SUM.F.64.X Smbie: Surm AoAMINg-poini GoULie Bxact

E.SUM. F.64. 7 Reamble som foating-pownt double Tero

E.SUM.F.126 Ensemble sum fioating-poi quad

E.SUMF.128.C "ERSambIa sum Ticaling-paint qued Celing

E.SUM.F.128.F Enaemble sum ficating-point quad floce

ESUMF.128.N Ensenibio sum Roatng-point quad nearest

E.SUM.F.128.X Ensemble sum hoating-point QUAd exscl

E.SUM.F.128.2 Ensambie sum foating-paint quad z6ro

Selection

op prec rounditrap

copy COPY 16 32 64 128 {mone X
absolute ABS 16 32 64 128 |wone X
value _
float from: | FLOAT 16 32 64 128 [wone CFNXZ
integer
integer SINK 16 32 64 128 [noneCFNXZ
from float CDFD2ZD
increase INFLATE 16 32 64 NONE X
format
preciglon
decrease |DEFLATE 32 64 128 |none CFNXZ.
format
precision
negate NEG 16 32 64 128 jwone X
reciprocal |RECEST 16 32 64 128 {none X
astimate
reciprocal |RSQREST 16 32 64 128 {nome X
square root
estimate
square root | SQR J16 32 64 128 nome CFNXZ
sum SUM 16 32 64 12BinomeCENXZ

FIG. 41A continued
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Format

E.op.prec.round  rd=rc

rd=gopprecround(rc)
3 24 2 18 17 12 11 65 0
] E.prec | rd | rc 1 op [ E.UNARY |
8 & 8 8 6

FIG. 41B
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Definition

def EnsembleUnaryFloatingPoint(op,prec,round,rd,rc) as
¢ « RegRead(rc, 128)
case op of
E.ABS.F, E.NEG.F, E.SQRF:
for i« 0 to 128-prec by prec
Ci « F{pr ©C.Ci+prec-1 i)
case op of
E.ABS.F:
ai.t « cit
aise«0
ai.e « Ci.e
aif « ci.f
E.COPY.F:
al 4= ¢i
E.NEG.F:
ai.l « cit
ai.s « ~ci.s
ai.e «ci.e
ai.f « cif
E.RECEST.F:
ai « frecest(ci)
E.RSQREST.F:
ai « frsgrest{ci)
E.SQR.F:
ai « fsqr(ci)
endcase
8j+prec-1..i + PackF(prec, ai, round)
endfor
E.SUM.F:
pl0].t « NULL
fori « 0 to 128-prec by prec
pli+prec] « fadd{pli], F(prec,Ci+prec-1..1))
endfor

a « PackF(prec, p[128], round)
E.SINK.F:

for i « 0 to 128-prec by prec
ci « F(prec,Ci+prec-1..i)
8j+prec-1..i « fsinkr(prec, ci, round)
endfor
E.FLOAT.F:
for i « O to 128-prec by prec
ci.t <« NORM
cie« 0
Ci.S « Ci+prac-1
Cif & cis ? 1+~Ciaprac-2. * Civprec-2..i
Bj+prec-1..i & PackF(prec, ci, round)
endfor

FIG. 41C
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E.INFLATE.F:
for i « 0 to 64-prec by prec
¢i « F(prec.Cisprac-1..i)
8j+i+prec+prec-1..i+i + PackF(prec+prec, ¢i, round)
endfor
E.DEFLATE.F: _
for i « 0 to 128-prec by prec
ci & F(prec.Cisprac-1..1)
if2+prac/2-1..ii2 - PackF(preci2, ci, round)
endfor
a127..64 + 0
endcase
RegWrite[rd, 128, 2}
enddef

Exceptions
Floating-point arithmetic

FI1G. 41C continued
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[E.MUL.G.8 Ensemble mulliply Galals fleld byte
E.MUL.G.64 Ensemble mulliply Galois field octlet
FIG. 42A
Format
E.MUL.G.size ra=rd,rc,ro
ra=smulgsize(rd,tc,rb)
31 ‘24 23 18_17 12 11 66 0
| EMUL.G.slze | rd j re | b { ra |
) 8 ] 6 6

FIG. 42B
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Definition

def ¢ « PolyMulliply{size,e.b} as
p[0] « 02’528
for k « 0 {0 size-1
pik+1] « plK] 4 @ 7 (08126 || b || OK) : 02'sie
andfor
¢ & pisize)
enddef

dof ¢ « PolyRosidue(size,a b} as
pl} <@
for k « size-1 100 by <1 )
Plic+ 1] «= plk] * plOJsizoen 7 (0528 |11 [ b || o) : 02"size
endfor
€ + plsizelsiza.1..0
endde!

def EnsembleTemary{op,sizesd,rc,rbra) as
d « RegRead{nd, 128)
¢ « RegRead(rc, 128)
b + RapRead{tb, 128)
case op of
EMUL.G:
for i + 0 to 128-size by size
Bgiza.1+1.i + PolyRasiduetsize PolyMul(size.Cgizo-14i. i Dgize-14i.0). dgize- 1414}
endfor
endcase
RegWrite(ra, 128, a)
enddef

Exceptions
nene

FIG. 42C
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2047 rd(128)
’ y 1] | t ! 111l 127
ARARARARARARERL AKREARE
p L 4 L [ [
L
L L b < 4 L 4 [ <
L L L < L
IR ] , _ —rc(128)
4 4"{:.', 4
3 b b 4 m.
14
r -
111} 0
0
A 4 A 4 kA Y L 4
T AT i}
N e A i
vy Y ¥y 4
1} o A N R
128 ra(128)

Ensemble mulliply Galois field bytes

FIG. 42D
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X.COMPRESS.2 Crossbar comprass signed pecks
X.COMPRESS.4 Crossbar COmpiess signed nibbles
X.COMPRESS.8 Crossbar compress signed byles
X.COMPRESS.16 Crossbar compress signed doublets
X.COMPRESS.32 Crobsbar comprass signed quadiels

[X.COMPRESS.64 Crassbar compress signed octats
X.COMPRESS. 128 | Crossber compress signed hexlet
X.COMPRESS.U.2 | Crossbar compress unsigned pecks
X.COMPRESS.U4 Crogsbar conpress unsigned nibbles
X.COMPRESS.U.8 Crossbar compress unsigned byles
X.COMPRESS.U.16 Crossbar compress unsigned doublats
X.COMPRESS.U.32  {Crossbar compress unsigned quadlets -
X.COMPRESS.U64 | Crossbar compress unsigned octiets
X.COMPRESS.U.128 | Croasbar compress Ghsigned hexiet
X.EXPAND.2 Crossbar expand signed packs
X.EXPAND.4 Crossbar expand signed nibbles
X.EXPAND.S Crosabar expond signed bytes
X.EXPAND.16 Crossber expand signed doublets
X.EXPAND.32 Crosabar expand signed quadiets
X.EXPAND.64 Crossbar expand signed octiets
X.EXPAND.128 Crossbar expand signed hexlet
X.EXPAND .2 Crosshar expand unsigned pecks
X.EXPAND. U4 Crossbar expand unsigned nibbles
X.EXPAND.U.8 Crossbar expand unsigned byles
X.EXPAND.U.16 Crossbar expand unsigned doublets
X.EXPAND.U.32 Crossbar expand unsigned quadiets
X.EXPAND.U.64 Crossbar expand unsigned actlels
X.EXPAND.U,128 Crossbar expand unsignsad hexiel
X.ROTL.2 Crogsbar rotate eft pecks
X.ROTLA4 Crossbar rotate leff nibbles
X.ROTL.8 Crossbar rotate left bytes
X.ROTL.16 Crossbar rotate left doublets
X.ROTL,32 Crossbar rotate teft quadiels
X.ROTL.64 Crossbar rotate Jeft ocliels
X.ROTL.128 Crossbar rotats left hextet

| X.ROTR.2 Crossbar rotate right pecks
X.ROTR4 Crossbar rot~a right nibbles
X.ROTR.8 Crossbar rotate right bytes
X.ROTR.16 Crosshar rotate right doublets

FIG. 43A
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X.ROTR.64 Crossbar rotate right octlets
X.ROTR.128 Crossbar rotate right hexlet
X.SHL.Z2 Crossbar shift left pecks
XSHL.2.0 Crossbar shift left signed pecks check overflow
XSHL.4 Crossbar shift ieft nibbles
X.SHL.4.0 Crossbar shift left signed nibbles check overflow
X.SHL.8 Crossbar shift left bytes
X.SHL.8.0 Crossbar shift left signed bytes check overflow
XSHL.16 Crossbar shift left doublets
XSHL.16.0 Crossbar shift left signed doublets check overflow
X.SHL.32 Crosshar shift left quadiets
XSHL32.0 Crossbar shift left signed quadlets check overflow
X.SHL.64 Crossbar shift left octlets
X.SHL.64.0 Crossbar shift left signed octlets check overflow
X.SHL.128 Crossbar shift left hexlet
X.SHL.128.0 Crossbar shift left signed hexlet check overflow
X.SHLU.2.0 Crossbar shift left unsigned pecks check overflow
XSHLU.4.0 Crossbar shift left unsigned nibbles check overflow
X.SHL.U.8.0 Crossbar shift left unsigned bytes check overflow
XSHLU.16.0 Crosshar shift left unsigned doublets check overflow
X.SHL.U.32.0 Crossbar shift left unsigned quadiets check overflow
X.SHLU.64.0 Crossbar shift left unsigned octlets check overflow
XSHLU.128.0 Crossbar shift left unsigned hexlet check overflow
X.SHR.2 Crossbar signed shift right pecks
X.SHR.4 Crossbar signed shift right nibbles
X.SHR.8 Crossbar signed shift right bytes
X.SHR.16 Crossbar signed shift right doublets
X.SHR.32 Crossbar signed shift right quadiets
X.SHR.64 Crossbar signed shift right octlets
X.SHR.128 Crossbar signed shift right hexiet
X.SHR.U.2 Crossbar shift right unsigned pecks
X.SHR.U.4 Crossbar shift right unsigned nibbles
X.SHR.U.8 Crossbar shift right unsigned bytes
X.SHR.U.16 Crossbar shift right unsigned doublets
X.SHR.U.32 Crossbar shift right unsigned quadlets
X.SHR.U.64 Crossbar shift right unsigned octlets
X.SHR.U.128 Crossbar shift right unsigned hexlet

FIG. 43A continued
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Selaction
class op ____lsize
precision EXPAND EXPAND.U 24816 32 64 128
COMPRESS
COMPRESS.
U
shift RCTR ROTL SHR SHL| 24816 32 64 128
SHL.O SHLWU.O
SHR.U
Format
Xopsize rde=rcrb
rd=xopsize(rc.rb)
a1 252423 1817 12 11 85 21 0
L XSHIFT _s] rd | | o | op |sz]
1 6 6 ) 4 2
Isize « fog(size)
8 « {sizez
82 « I8iz81.,0

FIG. 43B
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Definition

def Crossbar(ep,size,rd re b}
¢ « RegResd(rc, 128)

b « RagRead{rb, 128)
ghift « b and {size-1)
case ops, 2 [| 02 of
X.COMPRESS:
hsize + sizef2
for | « 0 to 64-hslze by hsize
if shift < hsize then
| Bi+hgize-1.4 ¢ Cleivahift+haivadt, [+isahift
glse
Bisnsize-1.0 + SFHTEREEP 1 itivaize-1. toieshit
andif
endfor
a127.64+ 0
X.COMFPRESS.U:
hsize « slzef2
for i « 0 to 64<hsize by hsize
if shift < hsize then
Sl+hgize-1.4 * Civleshiftehgizedt, ieghift
¢ise
Bivhsize-1.4 & OSNANGRE [l i e v Mivahin
endif
endfot
a127.64 ¢ 0
X EXPAND:
hsize + size/2
for i + 0 to 84-hsize by hsize
i £hift < hsize then
Biviesize-1..ivi +~ THZEEN" I Ciengize- 1. 11 051
glse )
Ao+ size-1..i4 © Ciegizeahifi-1. 4 || 05N
endif
andfor
XEXPAND.U:
nsize + sizef2
for | + 0 to B4-hsize by hsize
if shift £ hsize then
Bistegiza.1. i+ ONSZEShft e o o sl OSPIR
else
Bisi+size- 1.1 © Ciegizo-ghif 1.4 I 05N
endif
endfor
X.ROTL:
fot i « 0 to 128-slze by size _
Qesize-1.4 ¢ Civsize-t-shiL.| Il Clegiza-1.issizo-1-shift
endfor

FIG. 43C
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X.ROTR:
for i « 0 to 128-size by size
3j+size-1.i ¢ Ci+shift-1..i Il Ci+size-1..i+shift
endfor
X.SHL:
fori « 0 to 128-size by size
Qj+size-1..i — Ci+size-1-shift..i |
endfor
X.SHL.O:
for i « O to 128-size by size
if Ci+size-1..i+size-1-shift # cnsbsff%lhshiﬂ then
raise FixedPointArithmetic
endif
j+size-1..i  Ci+size-1-shift..ill
endfor
X.SHL.U.O:
fori « O to 128-size by size
if Ci+size-1..i+size-shitt # 05Nift then
raise FixedPointArithmetic
endif
Aj+size-1..i ¢ Ci+size-1-shift..ill
endfor
X.SHR:
fori « 0 to 128-size by size
foal | cShlft Ciics .
Qi+size-1..i weize-1 |l Cissize-1..i+shift
endfor
X.SHR.U:
for i « 0 to 128-size by size

Bi+size-1.i « OShift
endfor

, Qshift

oshift

oshift

I Ci+size-1..i+shift
endcase

RegWrite(rd, 128, a)
enddef

Exceptions
Fixed-point arithmetic

FIG. 43C continued
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Compress 32 bns to 16 with 4-bit n@n shift

FIG. 43D

Operation codes

X.SHL.M.2 Crossbar shift left merge pecks
X.SHL.M.4 Crossbar shift left merge nibbles
X.SHL.M.8 Crossbar shift left merge bytes
X.SHL.M.16 Crossbar shift left merge doublets
X.SHL.M.32 Crossbar shift left merge quadiets
X.SHL.M.64 Crossbar shift left merge octlets
X.SHL.M.128 Crossbar shift left merge hexlet
X.SHRM.2 Crossbar shift right merge pecks
X.SHRM 4 Crossbar shift ight merge nibbles
X.SHR.M.8 Crossbar shift right merge bytes
X.SHR.M.16 Crossbar shift right merge doublets
X.SHR.M.32 Crossbar shift right merge quadlets
X.SHR.M.B4 Crossbar shift right merge octiets
X.SHR.M.128 Crossbar shift right merge hexlet

FIG. 43E
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Format

X.opsize rd@rerb

rd=xopsize(rd.rc.tb)

31 252423 18 17 12 11 § 5 21 O
[T XSHIFT [s] W | rw© | 1 op lsz]
7 1 6 é [ 4 2

Isize « log(size)
§ « Isize2

82 « Isizey_o

FIG. 43F
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Definition

def Crossbarinplace(op,size,rd,rc,rb) as
d « RegRead(rd, 128)
¢ « RegRead(r¢, 128)
b « RegRead(rb, 128)
shift « b and (size-1)
fori « 0 to 128-size by size

case op of
X.SHR.M:
Ai+gize-1,4 < Cieshift-1..i | i+size-1..i+shift
X.SHL.M:
Bi+size-1.i « Oi+size-1-shift..i l| Ci+shift-1..4
endfor
RegWrite(rd, 128, a)
enddef
Exceptions
none

F1G. 43G
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X.COMPRESS.I. 2

Crossbar compress immediate signed pecks

X.COMPRESSI. 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.1.128

Crossbar compress immediate signed hexlet

X.COMPRESS.IU. 2

Crossbar compress immediate unsigned pecks

X.COMPRESS.I.U. 4

Crossbar compress immediate unsigned nibbles

X.COMPRESS1.U. 8

Crossbar compress immediate unsigned bytes

X.COMPRESS.IU. 16

Crossbar compress immediate unsigned doublets

X.COMPRESS.L.U. 32

Crossbar compress immediate unsigned quadlets

X.COMPRESS.I.U. 64

Crossbar compress immediate unsigned octlets

X.COMPRESS.1.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.EXPAND.L 8 Crossbar expand immediate signed bytes

X.EXPAND.I 16

Crossbar expand immediate signed doublets

X.EXPAND.L 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.LU. 2

Crossbar expand immediate unsigned pecks

X.EXPAND.LU. 4

Crossbar expand immediate unsigned nibbles

X.EXPAND.LU. 8

Crossbar expand immediate unsigned bytes

X.EXPAND.LU. 16

Crossbar expand immediate unsigned doublets

X.EXPAND.LU. 32

Crossbar expand immediate unsigned quadlets

X.EXPAND.LU. 64

Crossbar expand immediate unsigned octlets

X.EXPAND.L.U.128

Crossbar expand immediate unsigned hexlet

X.ROTLI. 2 Crossbar rotate left immediate pecks
X.ROTLI 4 Crossbar rotate left immediate nibbles
X.ROTLI 8 Crossbar rotate left immediate bytes

X ROTLI 16 Crossbar rotate left immediate doublets
X.ROTLI 32 Crossbar rotate left immediate quadiets
X.ROTLI 64 Crossbar rotate left immediate octlets
X.ROTL.I.128 Crossbar rotate left immediate hexlet

X ROTRI. 2 Crossbar rotate right immediate pecks
X.ROTR.1.4 Crossbar rotate right immediate nibbles
X.ROTR.IL 8 Crossbar rotate right immediate bytes
X.ROTRI 16 Crossbar rotate right immediate doublets
X.ROTR.I. 32 Crossbar rotate right immediate quadlets
X.ROTR.1. 64 Crossbar rotate right immediate octlets
X.ROTR.1.128 Crossbar rotate right immediate hexlet

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

X.SHL.1. 2.0 Crossbar shift left immediate signed pecks check overflow

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

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

X.SHL.L. 8 Crossbar shift left immediate bytes

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

X.SHL.L. 16 Crossbar shift left immediate doublets

X.SHL.IL. 16.0 Crossbar shift left immediate signed doublets check overflow

X.SHL.1 32 Crossbar shift left immediate quadlets

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

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

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

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

X.SHI..1.128.0 Crossbar shift left immediate signed hexlet check overflow

X.SHL.1U.2.0 Crossbar shift left immediate unsigned pecks check overflow

X.SHL.1.U. 4.0 Crossbar shift left immediate unsigned nibbles check overflow

X.SHL.1.U. 8.0 Crossbar shift left inmediate unsigned bytes check overflow

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

X.SHL.1LU.32.0 Crossbar shift left immediate unsigned quadlets check overflow

X.SHL.1.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.L. 4 Crossbar signed shift right immediate nibbles

X.SHR.1. 8 Crossbar signed shift right immediate bytes

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

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

X.SHR.L 64 Crossbar signed shift right immediate octlets

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

X.SHR.1.U.2 Crossbar shift right immediate unsigned pecks

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

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

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

X.SHR.1LU. 32 Crossbar shift right immediate unsigned quadlets

X.SHR.1L.U. 64 Crossbar shift right immediate unsigned octlets

X.SHR.1.U.128 Crossbar shift right immediate unsigned hexlet
Equivalencies

X.COPY Crossbar copy

X.NOP Crossbar no operation

X.COPY rd=rc « X.ROTL.L.128 rd=rc,0

XNOP « X.COPY r0=10

FIG. 43H continued
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Redundancies
X ROTL.Igsize rd=rc,0 < XCOPYrd=rc
X.ROTR 1 gsize rd=rc,0 & XCOPYrd=rc
X.ROTR I gsize rd=rc,shift < X ROTL.Lgsize rd=rc,gsize-shift
X.SHL.Lgsize rd=rc,0 < XCOPYrd=rc
X.SHL.1gsize.O rd=rc,0 < XCOPYrd=rc
X.SHL.ILU. gsize.O rd=rc,0 < XCOPYrd=rc
X .SHR.I gsize rd=rc,0 < XCOPYrd=rc
X.SHR.LU.gsize rd=rc,0 < XCOPYrd=rc
Selection
class op size
precision COMPRESS.I 24816 32 64 128
COMPRESS.LU EXPAND.I
EXPAND.L.U
shift ROTL.I ROTR.I 24816 32 64 128
SHL.I SHL.I.O
SHL.I.U.O
SHR.I SHR.L.U
copy COPY
Format
X.op.size rd=rc,shift
rd=xopsize(rc,shift)
31 24 23 18 17 12 11 65 0
|  XSHIFTI | rd [ rc | simm | op |
8 6 6 6 6
t < 256-2*size+shift
opl.0«17.6

simm « t5_(

FIG. 431
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Definition

def CrossbarShortimmediate{op,rd,rc,simm)
case (opy. 0 || simm) of
0.121
size « 128
128..191:
gize « 64
192..228:
§iz@ «- 32
224..239;
size « 16
240..247:
5ize « 8
248..251:
size « 4
252..253:
8iz8 + 2
254..255:
raise Reservedinstruclion
endcase
shift « (opp |l simm) and (size-1)
¢ « RegRead(rc, 128)
case (ops..2 Il 02) of
X.COMPRESS.I
hsize « sizef2
for | « O to 64-hsize by hsize
if shift < hsize then
8+hgize-1..1 « Chirshiftehsize-1.i++shift
glse
Bjhgize-1.1 — CEHILDERP (] Cis e size-1. ivivshift
endif
endfor
a127.64+ 0
X.COMPRESS.LU:
hsize « size/2
for | « 0 10 64-hsize by hsize
if shift < hsize then
Bj+hsize-1..i ¢ Ci+leghift+hgize-1..I+i+shifl
else
Bithsize-1, « OSPIRNSIZ || iy pcira 1 jeishit
endif
endfor

a127.64+ 0
FI1G. 43]
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X.EXPAND.I:
hsize « sizef2
for | « O to 64-hsize by hsize
if shift < hsize then _
Bivivsize-1..i4l  CRTEESNM | cjengize1. I OSNR
gise . .
j+i+size-1..i+ < Cirgize-shift-1..i Il gshift
endif
engfor
X.EXPAND.I.U:
hsize « size/2
for | « 0 to 64-hsize by hsize
if shift < hsize then |
Blalegize-t. o — ONSze-shifl g o o 4 i Il OSHif
else
Bi+i+size-1.iH © Civgize-shit-1..i || 02NN
endif
endfor
X.SHL.I;
for i « 0 to 128-size by size
Bi+size-1..i ¢ Ci+size-1-shift..il| pshif
endfor
X.SHL.1.O;
for i « O to 128-size by size
if Ciagize-1. [+size-1-ghift # CHIuIhl1.ghint then
raise FixedPointArithmetic
endif
Bj+gize-1..i € Ci+size-1-shift..ill 0
endfor
X.SHL.LU.O:
fori« QO to 128-size by size
if Cissize-1..i+size-shift = 0SM® then
raise FixedPointArithmetic
endif

8+size-1.4 < Ci+size-1-shif il] 05Nt
endfor

shift

FIG. 43] continued
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X.ROTR.I:
for | « O to 128-size by size
Bi+size-1.1 ¢ Ci+shift-1..] || Civsize-1..i+shift
endfor
X.SHR.I:
fori ¢~ 0 to 128-size by size
, hift ) .
8j+size-1.1  Cirsize-1 Il Ci+size-1..j+shift
endfor
X.SHR.LU;
fori « 0 to 128-size by size
Bissize-1.i ¢ O || Cjugize.1 ivshif
endfor
endcase
RegWrite(rd, 128, a)
enddef

Exceptions

Fixed-point arithmetic
Reserved Instruction
FIG. 43] continued
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Operation codes

X.SHL.M.I.2 Crosshar shift left merge immediate pecks
| X.SHL.M.1L4 Crossbar shift Ieft merge immediate nibbles
X.SHL.M.I.8 Crossbar shifl left merge immediate bytes
X.SHL.M.I.16 Crossbar shift lsft merge immediate doublets
X.SHL.M.1.32 Crossbar shift left merge immediate quadiats
X.SHL.M.1.64 Crossbar shift [eft merge immediate ocllets
X.SHL.M.|.128 Crossbar shift left merge immediate hexlet
X.SHRM.I.2 Crossbar shift right merge immediate pecks
X.SHR.M.l.4 Crossbar shifit right merge immediate nibbles
X.SHR.M...B Crossbar shift right merge immediate bytes
X.SHR.M.i.16 Crossbar shift right merge immediate doublets
X.SHR . M.1.32 Crossbar shift right merme immediate guadlets
X.SHR.M.1.84 Crossbar shift right merge immediate octiets
X.SHR.M.|.128 Crossbar shift right merge immediate hexiet
FIG. 43K
Format

X.opsize  rd@re.shift

rd=xopsize(rc,shift)

31 24 23 18 17 12 11 65 0
[ XSHIFTI rd { rc | simm | op |
8 6 6 6 6
t « 256-2*size+shift
opi.o < tr.e
simm «t5.0

FIG. 43L
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Definition

def CrossbarShortimmediatelnplace(op.rd.rc.simm)
case (op1..0 || simm) of
0..127:
size « 128
128..191:
size « 64
192..223:
size « 32
224..239:
size « 16
240..247:
size « B
248..251:
size « 4
252..253:
$iz@ « 2
254..255:;
raise Reservedinstruction
endcase
shift « (opg || simm) and (size-1)
¢ « RegRead(rc, 128)
¢ « RegRead(rd, 128)
for i « O to 128-size by size

case (ops_2 || 0¢) of

X.SHR.M.I:
Bi+gize-1..i < Cieshift-1..i |l di+size-1. i+shift
X.SHL.M.I:
Bj+size-1.4 + Ol+gize-1-shift..i Il Ci+shift-1..i
endcase
endfor
RegWrite(rd, 128, a)

enddef
Exceptions

Reserved Instruction
FIG. 43M
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Operation codes

| X EXTRACT | Crossbar extract |

Format

X.EXTRACT ra=rd,rc,tb

ra=xextract(rd,rc,rb)

31 24 23 18 17 12 11 6 5 0
| op | rd | Ic | b | ra I
8 6 6 6 6

FIG. 44A
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Definition

cef CrossbarExtract{op, ra b rc.rd) as
¢ « RegRead{rd, 128)
¢+ RegRead(rc, 128)
b + RegRead(rb, 128)
case by oof
0..255:
osize + 128
258..38%;
psize « B4
384,447,
gsize + 32
448,475
gsizg ¢ 16
480..48%
psize « 6
466..503:
psizg - 4
504..507:
. geize e 2
508.511;
f5ize « 1
engdease
m e+ by2
8s + signed « big
H « {2-m)gsize
spes + (bg o) and {(2-m)'gsize-1)
dpos « (0 {l 23,.16) and (gsize-1)
sfsize « (0[] b3, 24) ond (gsize-1}

tfsize + (5fsize w 0) or {{sfalze+dpos) > gsize) T gsize-dpous | sfsize

{size « (Hsize + spos > h) 7 h - spos | Melze
fori « 0w 120-gsiza by gsizo
caseop ol
X.EXTRACT:
if m then
P« dggize i1,
else

Sheet 113 of 384

P e (d [ Ch2*(gsizesir1..2%

endsf
anctase
v+ (85 & pn.t)lip

US 7,730,287 B2

Wt (88 & Vapogteize.1)95 28 SREIPOS | vicis o 14 ens. gpos I 09793

Hm then

Bsize-14i.1 +~ Cgsize-14l..dpos+isize+! | Wapos +tsize-1..dpos ll Cdpos-1+1.i

else

Bgize-tei W
enat!
endfor
RegWrite{ra, 128, a)
enddaf

Exceptions
none

FIG. 44B
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rel | rb

s | a ] o |
<+——fgipa—p -dpeg—
Crossbar extract

FIG. 44C

Crossbar merge extract

FIG. 44D
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E.MUL.X ‘Ensemble multiply extract .
E.EXTRACT Ensemble extract
E.SCAL ADD.X Ensemble scale add extract
FIG. 44E
Format
E.op ra=rdrcrb
ra=eop(rd,rc,ib}
31 24 23 18 17 12 11 65 0
[ op d | e ] b | }
8 [ 6 2

FIG. 44F
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mul + ((v8Vgize.1 4328 || Vgize.14i,5) * ((WS&Wsize. 145128 || weize.14j..i)

enddaf

def EnsembloExiract{op ra,th.rord) as

d « RegReadind, 128)
¢ « RegRead(rc, 128)
b « RegRead(rb, 128}
case bg o of
0..255:
sgsize « 128
256..383:
sgsize « B4
384..447:
sgsize « 32
4408,.479;
s{size « 16
480..495:
sgsize « 8
486..503:
8gsize « 4
504..507:
$8I28 = 2
508..511:
sgsize « 1
endcase
P+ D14
me+ by2
N+ b3
sighed « byg
case op of
E.EXTRACT:
gsize « sQsize
h « {2-m)'gsize
as « signed

spos « (bg..0) and ({(2-m)“gsize-1)

E.SCAL.ADDX:
i (sgsize < 8) then
gsize « 8

elseif (sgsize™(n+1) > 32) then
gsize « 32f(n+1)

elsg
gsize « sgsize

aendif

ds « C5 « signed

bs « gigned A m

as s~ signed ormorn

h « (2°gsiza) +1 +n

3pos « (bg_o) and (2'gsize-1)

FIG. 44G
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E.MUL.X:
if (sgsi2e < 8) then
gsize «— 8
elseif (sgsize®(n+1) > 128) then
gsize « 128/(n+1)
glsa
ysize « sgsize
endif
ds + signed
cs + signed Am
as « sighed ormorn
h e (2°gsize) +n
spos « (bg o) and (2'gsize-1)
endcase .
dpos « (0 ] b23 .16) and (gsize-1)
T ¢ SPOE
sfsize « (0 || baq. 24) 8nd {gsize-1)
tisize « (sfsize = §} or {(sfsize+dpos) > gsize) 7 gsize-dpos : sfsize
fsize « {ifsize + spos > h) 7 h - spos : {fsize
#f {(b1g.g = Z) and not as then
md e F
else
md « byg. 0
endif
for i « O to 128-gsize by gsize
case op of
EEXTRACT;
if m then
P « dggizesi-1.J
else
p « (d{] ch2'(gsize+ir1.2M
endif
E.MULX:
if ni then
if (i and gsize) = 0 then
g« muKgsize h,ds.di.cs.c.i) - mul{gsize h.ds.d.i+size.cs,c i+size)
else
p + mul{gsize h,ds dics,ci+size) + mul{gsize hds d.ics.citsize)
endif
else
P « mul{gsize,hds d.i,cs.c.i)
endil

FIG. 44G continued
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E.SCAL ADD.X:
if n then
if {i and gsize) = § then
p « mul{gsize h,ds,di,bs b 6&+2 guize)
+ mul{gsize,h,cs,c,.05,0,64)
- mul(gsize h.ds.d,i+gsize,bs,b,84+3'gsize)
| - mul{psize h.cs C.i+gsiza bs.b B4 +gsize}
else
p + mul{gsize.h.ds d,/,bs,b,64+3gsize)
+ mul{gsize.h,cs,c,i.bs,b,64+gsize)
+ mul{gsize.h.ds.d j+gslze bs.b,64+2*gsize)
+ mul(gsize h,cs ¢ i+gsiza bs b.64)

endif
plse
p + mukgsize.hds d,ibs b.64 +gsize) + mul{gsize.h,cs.c.i,bsb,64)
andif
engoase
case nd of
N:
5 O || ~p; (| o
Z:
g+ QM Pt
F:
s —oh
C:
s« Oh Ty 97
angcase

v« ((as & ph.1)lip) + (Oli8)

i {(Vh, refsize = (85 & vrstsize- 1) 115128) or not (1 and {op = E.EXTRACT)) then
W o (85 & Visfyize-1 1932881280008 [ vy 1y (|| 09POS

else
we{s il ..vRslzeaﬁposJ} : {9size-dpasy || gdpos

cndif

if m and (op = E.EXTRACT) then

o Bgize-1+l.1 € Cgsize-1+i.dpos+istze+i Il Wepos+fsize-1..dpos Il Capos-1+1..i

58

dgize. 14 1 & W
andif
endfor
RegWrita(ra, 128, a)
enddef

Exceptions

none

FIG. 44G continued
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X.DEPOSIT.2 Crossbar deposit signed pecks
X.DEPOSIT 4 Crossbar deposit signed nibbles
X.DEPOSIT.8 Crossbar deposit signed bytes
X.DEPOSIT.16 Crossbar deposit signed doublets
X.DEPQSIT.32 Crossbar deposit signed quadlets
X.DEPOSIT.64 Crossbar deposit signed octlets
X.DEPOSIT.128 Crossbar deposit signed hexlet
X.DEPOSIT.U.2 Crossbar deposit unsigned pecks
X.DEPOSIT.U 4 Crossbar deposit unsigned nibbles
X.DEPOSIT.U.8 Crossbar deposit unsigned bytes
X.DEPOSIT U.16 Crossbar deposit unsigned doublets
X.DEPOSIT.U32 Crossbar deposit unsigned quadlets
X.DEPOSIT.U.64 Crossbar deposh unsigned octiets
X.DEPOSIT.U.128 Crogsbar deposit unsigned hexlet
X.WITHDRAW.U.2 Crossbar withdraw unsigned pecks
X.WITHDRAW.U 4 Crossbar withdraw unsigned nibbles
X.WITHDRAW.U.8 Crossbhar withdraw unsignad bytes
XWITHDRAW.U.16 | Crossbar withdraw unsigned doublets
| XWITHDRAW.U.32 I Crossbar withdraw unsigned quadlets
XWITHDRAW.U.64 | Crossbar withdraw unsigned octiets
XWITHDRAW.U.128 | Crossbar withdraw unsignad hexlet
XWITHDRAW.2 Crossbar withdrew pecks
XWITHDRAW 4 Crossbar withdraw nibbles
XWITHORAW.8 Crossbar withdraw byles
X.WITHDRAW.16 Crossbar withdraw doublets
X.WITHDRAW.32 Crossbar withdraw quadiets
X WITHDRAW.64 Crossbar withdraw ocliets
XWITHDRAW.128 Crossbar withdraw hexlet

FIG. 45A
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X.SEX.I.2 Crossbar extend immediate signed pecks
X.SEX.1.4 Crossbar extend immediate signed nibbles
X.SEX.1.8 Crossbar extend immediate signed byles
X.SEX 116 Crossber extend Immediate signed doublets
X.SEX.1.32 Crossbar extend immediate signed quadlets
X.SEX.1.64 Crossbar extend immediate signed octiets
X.SEX.1.128 Crossbar extend immediate signed hexlet
X.ZEX.12 Crossbar exiend immediale unsigned packs
X.ZEX.L4 Crossbar extend immediate unsigned nibbles
X.ZEX.L8 Crassbar exiend immediate unsigned byles
X.ZEX.116 Crossbar extend immediate unsigned doublets
X.ZEX.1.32 Crossbar extend immediate unsigned quadiets
X.ZEX.1.64 Crossbar extend immediate unsigned ocliets
X.ZEX.1.128 Crossbar extend immediate unsigned hexlet

X.DEPOSIT gsize rd=Ic,size-1i

X.SHL.Lgsize rd=rc.,i -
| X.SHR.I.gsize rd=rc,i - X.WITHDRAW.gsize rd=rc,size-i,i
X.SHRU.l.gsize rd=rc,i - X.WITHDRAW, U gsize rd=rc,size-i,i
X.SEX.l.gsfze rd=re,i —_X.DEPOSIT gsize rd=rc,i,0
X.ZEX.Lgsize rd=rc,i — X.DEPOSIT.U.gsize rd=rc,i,0
Redundancies
X.DEPOSIT.gsize rd=rc,gsize,0 < X.COPY rd=rc
X.DEPOSIT.U.gsize rd=rc.gsize,0 < X.COPY rd=rc
X.WITHDRAW.gsize rd=rc,gsize,0 < X.COPY rd=rc
X WITHDRAW.U.gsize rd=rc.gsize,0 <« X.COPY rd=rc_

FI1G. 45A continued
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Format
X.op.gsize rd=rc,isize,ishift
rd=xopgsize(rc,isize,ishift)
31 26252423 18 17 12 11 85 0
L_op Iih] ed | re | gstp | gsfs |
) 2 8 8 6 6

assert isize+ishift s gsize
assert Isize21
ihp |} gsfs « 128-gsizetisize-1

ihq || gsfp « 128-gsize+ighift

FIG. 45B
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Definition

def CrossbarField(op,rd,rc,gsfp.gsfs) as
¢ + RegRead(rc, 128)
case {(opy 1 gsfp) and {opy || gsfs)) of
0.83:
gsize « 128
64..95,
gsize « 64
96.111:
gsize « 32
112,119
gsize « 18
120..123;
gsize « 8
124..125;
gsize + 4
126:
0size « 2
127:
raise Reservedinstruclion
endcase
ishiff « {op4 || gsfp) and (gsize-1)
Isize « ((opg |} gsfs) and (gsize-1))+1
if (ishift+isize>gsize)
raise Reservedinstruction
endif
case op of
X.DEPOSIT:
fori « 0 1o 128-gsize by gsize ‘
Blegsize-1.| ¢ CRAZESISZEISP || ¢yigire. 1.4 1] O'SHA
endfor
X.DEPOQSIT.U;
fori « 010 128-gsize by gsize
Biegsize-1.| ¢ 00siZe-eize- BRIt | gy gy 1f OfShIR
endfor
X WITHDRAW:
for | « 0 to 128-gsize by gsjze
Bjsgsize-1.i & Cﬁfﬁi‘@ﬁ?ﬂﬂm Il Cirigizarishift-1. ivighit
endfor
X.WITHDRAW.U:
fori « 0 to 128-gsize by gsize
Bjagsize-1..i ¢« 0BSREHERO || i u pishift-1, ivishift
endfor
endcase
RegWrite(rd, 128, a)
enddol

Exceptions
Reserved instruction

FIG. 45C
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127
16
32
64
fsize l:hiﬁ
ih, | igsfp
128
o
0 ih, 1 gsfs 127
encoding for crossbar field
FIG. 45D

crossbar deposit

FIG. 45E

crassbar withdraw
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X.DEPOSIT.M. 2

Crossbar deposit merge pecks

X.DEPOSIT.M. 4

Crossbar deposit merge nibbles

X.DEPOSIT.M. 8

Crossbar deposit merge bytes

X.DEPOSIT.M. 16

Crossbar deposit merge doublets

X.DEPOSIT.M. 32

Crossbar deposit merge quadlets

X.DEPOSIT.M. 64

Crossbar deposit merge octlets

X.DEPOSIT.M.128

Crossbar deposit merge hexlet

Equivalencies

| X.DEPOSIT M. 1

[ Crossbar deposit merge bits

IX.DEPOSIT.M.l rd@rc,1,0 - X.COPY rd=rc

FI1G. 45G



U.S. Patent Jun. 1, 2010 Sheet 129 of 384 US 7,730,287 B2

Redundancies
| X DEPOSIT. M gsize rd@rc, gsize,0 <> X.COPY rd=rc l
Format
X.op.gsize rd@re,isize,ishift

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

31 26252423 1817 1211 65 0
| op | ih | rd | rc I oesfp | gsfs |
6 2 6 6 6 6

assert isize+ishift < gsize
assert isize=1

ihg || gsfs ¢ 128-gsize+isize-1
ihy || gsfp « 128-gsize+ishift

FIG. 45H
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Definition

def CrossbarFieldinplace{op,rd,rc.gsfp.gsfs) as
¢ « RegRead(rc, 128)
d « RegRead(rd, 128)
case ((op1 | gsfp) and (opp || gsfs)) of
0..63;
gsize « 128
64..95:
gsize « 64
96.111:
gsize « 32
112..119:

gsize ¢« 16
120..123:

gsize ¢« 8
124..125:

gsize « 4
126:

gsize « 2
127
raise Reservedinstruction
endcase

ishift < {op1 || gsfp) and (gsize-1)
isize « ({opg || gsfs) and {gsize-1))+1
if (ishift+isize>gsize)

raise Reservedinstruction
endif

for i « O to 128-gsize by gsize

8i+gsize-1..i ¢ disgsize-1..i+isize+ishitt Il Civisize-1.. |l i+ishir-1..i
endfor
RegWrite(rd, 128, a)
enddef

Exceptions

Reserved instruction
FIG. 451
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X.SHUFFLE 4 Crossbar shuffie within pecks
X.SHUFFLE.8 Crossbar shuffie within bytes
X.SHUFFLE.16 Crossbar shuffle within doublets
| X.SHUFFLE.32 Crossbar shuffle within quadicts
X.SHUFFLE.64 Crossbar shuffie within octlets
X.SHUFFLE 128 Crossbar shuffle within hexist
X.SHUFFLE 256 [Crossbar shuffie within triclet
FIG. 46A
Format

X.SHUFFLE.256 rd=rc,rb,v,w,h
X.SHUFFLE size rd=rch,v,w

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

31 24 23 18 17 12 11 65 0
L XSHUFFLE { vd | v | m | op |
8 3 € 6 6
1c «— b «rch
x«ioga(size)
y«loga(v)
z«loga(w)

Op = ((X"X"X-3"X*X-4*X}B-(2°Z-Z)¥2 +x"z+y) + (5i26=256)"(h*32-56)

FIG. 46B
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Definition

def CrossbarShuffie(major,rd,rc,rb,op)
¢ « RegRead(rc, 128)
b « RegRead(rb, 128)

if rc=rb then
case op of
0..55:
for x « 210 7, for y « 0 to x-2; for 2 « 1 o x-y-1
if op = ((x"X"x-3"Xx"x-4"x}/B-(2"2-2)/2+x"Z+y) then
fori« Oto 127
8j < Cfig. x Niyez-1.y I ixet.yez Il iy-1.0)
end
endif
endfor; endfor; endfor
56..63:
raise Resaervedinsiruction
endcase
elseif
case opg o of
0.27:
cbecllb
Xe 8
h &« ops
fory ¢ 0 to x-2; for z « 1 to x-y-1
if op4.0 = ((17*2-2*2)/2-8+y) then
fori«- h*128 to 127+h*128
81-h*128 € CO(iyaz.q.y Il ix-T..y42 || Iy-1_0)
end
endif
endfor; endfor
28.31:
raise Raservedinstruction
endcase
endif
RegWrite(rd, 128, a)
enddef
Exceptions

Reserved Instruction

FIG. 46C
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127 rd{128) ) s
4-way shuffle bytes within hexlet
FIG. 46D
255 rc {128 128127 rb{128)
CRTL UL e e T L) G B G (s B K 6] [T Y R G NG (KSR Y T M B g i e

Rl | % ‘:"-‘d‘(i 8,{. T
4-way shuffle bytes within triclet

FIG. 46E
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Operation codes
IX SWIZZLE | Crossbar swizzle ]

Format

X.SWIZZLE rd=rc,icopy,iswap

rd=xswizzle(rc,icopy,iswap)

31 26 2524 23 1817 12 11 65 0
| X.SWIZZLE | ih | rd | rc | icopya | iswapa |
6 2 6 6 6 6
icopya <« icopys. o
iswapa « iswaps_ g
ih « icopyg || iswaps
FIG. 47A

Definition

def GroupSwizzlelmmediate(ih,rd,rc,icopya,iswapa) as

icopy « ihq || icopya

iswap « ihg || iswapa

¢ « RegRead(rc, 128)

forie« Qto 127

8j « (i & icopy) * iswap

endfor

RegWrite(rd, 128, a)
enddef

Exceptions
none

FIG. 47B
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Definition

def CrossbarTernary(op,rd,rc,rb,ra) as
d < RegRead(rd, 128)
¢ « RegRead(rc, 128)
b < RegRead(rb, 128)
dce-dlic
forie«-0to 15
J € bg*i+4. 8%
ag*i+7, 8% < dcg*j+7, 8%

endfor
RegWrite(ra, 128, a)
enddef
Exceptions
none

FIG. 47E





