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Operation codes

G.SUB.H. 8.C Group subtract halve signed bytes ceiling
G.SUBH. 8.F Group subtract halve signed bytes floor
G.SUB.H. §.N Group subtract halve signed bytes nearest
G.SUB.H.8.Z Group subtract halve signed bytes zero
G.SUB.H. 16.C Group subtract halve signed doublets ceiling
G.SUB.H. 16.F Group subtract halve signed doublets floor
G.SUB.H. 16.N Group subtract halve signed doublets nearest
G.SUB.H. 16.Z Group subtract halve signed doublets zero
G.SUB.H. 32.C Group subtract halve signed quadlets ceiling
G.SUB.H. 32.F Group subtract halve signed quadlets floor
G.SUB.H. 32.N Group subtract halve signed quadlets nearest
G.SUB.H.32.Z Group subtract halve signed quadlets zero
G.SUB.H. 64.C Group subtract halve signed octlets ceiling
G.SUB.H. 64.F Group subtract halve signed octlets floor
G.SUB.H. 64.N Group subtract halve signed octlets nearest
G.SUB.H. 64.2 Group subtract halve signed octlets zero
G.SUB.H.128.C Group subtract halve signed hexlet ceiling
G.SUB.H.128.F Group subtract halve signed hexlet floor
G.SUB.H.128.N Group subtract halve signed hexlet nearest
G.SUB.H.128.Z Group subtract halve signed hexlet zero
G.SUB.H.U. 8.C Group subtract halve unsigned bytes ceiling
G.SUB.H.U. 8.F Group subtract halve unsigned bytes floor
G.SUB.H.U. 8.N Group subtract halve unsigned bytes nearest
G.SUB.H.U. 8.Z Group subtract halve unsigned bytes zero
G.SUB.H.U. 16.C Group subtract halve unsigned doublets ceiling
G.SUB.H.U. 16.F Group subtract halve unsigned doublets floor
G.SUB.HU. 16.N - | Group subtract halve unsigned doublets nearest
G.SUB.H.U. 16.Z Group subtract halve unsigned doublets zero
G.SUB.H.U. 32.C Group subtract halve unsigned quadlets ceiling
G.SUB.H.U. 32.F Group subtract halve unsigned quadlets floor
G.SUB.H.U. 32.N Group subtract halve unsigned quadlets nearest
G.SUB.H.U. 32.Z Group subtract halve unsigned quadlets zero
G.SUB.H.U. 64.C Group subtract halve unsigned octlets ceiling
G.SUB.H.U. 64.F Group subtract halve unsigned octlets floor
G.SUB.H.U. 64.N Group subtract halve unsigned octlets nearest
G.SUB.H.U. 64.Z Group subtract halve unsigned octlets zero
G.SUB.H.U.128.C Group subtract halve unsigned hexlet ceiling
G.SUB.H.U.128.F Group subtract halve unsigned hexlet floor

FIG. 93A



U.S. Patent Jun. 1, 2010 Sheet 289 of 384 US 7,730,287 B2

G.SUB.H.U.128 N Group subtract halve unsigned hexlet nearest
G.SUB.H.U.128.Z Group subtract halve unsigned hexlet zero

Redundancies

G.SUB.H.size.rnd rd=rc,rc < G.ZERO1d
G.SUB.H.U.size.rnd rd=rc,rc < G.ZEROrd

FIG. 93A continued
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Format

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

rd=gopsizernd(rb,rc)

31 24 23 18 17 12 11 6 5 21 0
| G.size | rd | Ic | tb | op [mnd]
8 6 6 6 4 2

FIG. 93B
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Definition

def GroupSubtractHalve(op,rnd,size,rd,rc,rb)
¢ « RegRead(rc, 128)
b « RegRead(rb, 128)
case op of
G.SUB.H.C, G.SUB.H.F, G.SUB.H.N, G.SUB.H.Z:
ase—csebse 1
G.SUB.H.U.C, G.SUB.H.U.F, G.SUB.H.UN, G.SUBH.U.Z
as ¢« 1
cs—bs«0
endcase

fori « 0 to 128-size by size
p < ((bs and bgjze-1) || bsize-1+i..1) - ((¢s and cgjze-1) || Csize-1+i..1)
case rmd of
none, N:
s < 0Si2¢ || ~py
Z:
s <= 0512€ || psize
F:
s « Osize+1
C:
s « osize || 11
endcase
v < ((as & psize)llp) + (Olls)
if vsize+1 = (as & Vsjze) then
agjze-1+i..i € Vsize..l
else
asize-1+i..i < as ? (Vsize+1 || ~viize:}) - 18128
endif
endfor
RegWrite(rd, 128, a)
enddef
Exceptions

none

FIG. 93C
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Operation codes

E.CON. 8 Ensemble convolve signed bytes
E.CON.16 Ensemble convolve signed doublets
E.CON.32 Ensemble convolve signed quadlets
E.CON.64 Ensemble convolve signed octlets
E.CON.C. 8 Ensemble convolve complex bytes
E.CON.C.16 Ensemble convolve complex doublets
E.CON.C.32 Ensemble convolve complex quadlets
E.CON.M. 8 Ensemble convolve mixed-signed bytes
E.CONM.16 Ensemble convolve mixed-signed doublets
E.CON.M.32 Ensemble convolve mixed-signed quadlets
E.CON.M.64 Ensemble convolve mixed-signed octlets
E.CON.U. 8 Ensemble convolve unsigned bytes
E.CON.U.16 Ensemble convolve unsigned doublets
E.CON.U.32 Ensemble convolve unsigned quadlets
E.CON.U.64 Ensemble convolve unsigned octlets
E.DIV.64 Ensemble divide signed octlets
E.DIV.U.64 Ensemble divide unsigned octlets
E.MUL. 8 Ensemble multiply signed bytes
E.MUL.16 Ensemble multiply signed doublets
E.MUL.32 Ensemble multiply signed quadlets
E.MUL.64 Ensemble multiply signed octlets
E.MUL.SUM. 8 Ensemble multiply sum signed bytes
E.MUL.SUM.16 Ensemble multiply sum signed doublets
E.MUL.SUM.32 Ensemble multiply sum signed quadlets
E.MUL.SUM.64 Ensemble multiply sum signed octlets
E.MUL.C. 8 Ensemble complex multiply bytes
EMUL.C.16 Ensemble complex multiply doublets
EMUL.C.32 Ensemble complex multiply quadlets
EMULM. § Ensemble multiply mixed-signed bytes
EMULM.16 Ensemble multiply mixed-signed doublets
E.MUL.M.32 Ensemble multiply mixed-signed quadlets
E.MUL.M.64 Ensemble multiply mixed-signed octlets
E.MUL.P. 8 Ensemble multiply polynomial bytes
E.MUL.P.16 Ensemble multiply polynomial doublets
E.MUL.P.32 Ensemble multiply polynomial quadlets
E.MUL.P.64 Ensemble multiply polynomial octlets

E.MUL.SUM.C. 8

Ensemble multiply sum complex bytes

E.MUL.SUM.C.16

Ensemble multiply sum complex doublets

FIG. 94A
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E.MUL.SUM.C.32 Ensemble multiply sum complex quadlets
E.MUL.SUMM. 8 Ensemble multiply sum mixed-signed bytes
E.MUL.SUM.M.16 Ensemble multiply sum mixed-signed doublets
E.MUL.SUM.M.32 Ensemble multiply sum mixed-signed quadlets
E.MUL.SUM.M.64 Ensemble multiply sum mixed-signed octlets
E.MUL.SUM.U. 8 Ensemble multiply sum unsigned bytes
E.MUL.SUM.U.16 Ensemble multiply sum unsigned doublets
E.MUL.SUM.U.32 Ensemble multiply sum unsigned quadlets
E.MUL.SUM.U.64 Ensemble multiply sum unsigned octlets
EMUL.U. 8 Ensemble multiply unsigned bytes
E.MUL.U.16 Ensemble multiply unsigned doublets
E.MUL.U.32 Ensemble multiply unsigned quadlets
E.MUL.U.64 Ensemble multiply unsigned octlets

FIG. 94A continued
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Selection
class op type size
multiply EMUL NONE M U 8 16 32 64
P
C 16 32
multiply sum EMUL.SUM |none M U 16 32 64
C 8 16 32
divide EDIV None U 64
Format
E.op.size rd=rc,rb
rd=eopsize(re,rb)
31 24 23 18 17 12 11 65 0
] E.size | d ] rc | 1b | op i
8 6 6 6 6

FIG. 94B
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Definition

def mul(size,h,vs,v,i,ws,w,j) as

mul <« ((vs&vsize-1+)1-5128 || vsize-1+1. 1) * (Ws&Wsize-1+j)178128 || wsize-1+. )
enddef

def ¢ « PolyMultiply(size,a,b) as
p[0] « 02%*size
for k « 0 to size-1
p[k+1] < plk] ~ ak ? (05i2ek || b || 0k) : 02*size
endfor
¢ « p[size]
enddef

def Ensemble(op,size,rd,rc,rb)
¢ « RegRead(rc, 128)
b ¢« RegRead(rb, 128)
case op of
E.MUL:, EMUL.C:, EMUL.SUM, EMUL.SUM.C, E.CON, E.CON.C, E.DIV:
cs«bs« 1
E.MUL.M:, EMUL.SUM.M, E.CON.M:
cs <« 0
bs « 1
E.MUL.U:;, EMUL.SUM.U, E.CON.U, E.DIV.U, EMUL.P:
cs<«bse0
endcase
case op of
E.MUL, EMUL.U, EMULM:
for i « 0 to 64-size by size
d2*(i+size)-1..2%; < mul(size,2*size,cs,c,i,bs,b,i)
endfor
E.MUL.P:
for i « 0 to 64-size by size
d2*(i+size)-1..2*] « PolyMultiply(size,csize-1+i..1,Dsize-1+..i)
endfor
E.MUL.C:
for i « 0 to 64-size by size
if (i and size) = 0 then
p « mul(size,2*size,1,¢,i,1,b,i) - mul(size,2*size,1,c,i+size,1,b,i+size)
else

FIG. 94C
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p < mul(size,2*size,1,¢,i,1,b,i+size) + mul(size,2*size,1,c,1,1,b,i+size)
endif
d2*(i+size)-1.2% < P
endfor
E.MUL.SUM, EMUL.SUM.U, EMUL.SUM.M:
p(0] « 0128
for i « 0 to 128-size by size
pli+size] « p[i] + mul(size,128,cs,¢,i,bs,b,i)
endfor
a < p[128]
E.MUL.SUM.C:
p[0] « 064
plsize] « 064
for i « 0 to 128-size by size
if (1 and size) = 0 then
p[i+2*size] « p[i] + mul(size,64,1,¢,i,1,b,1)
- mul(size,64,1,c,i+size, 1,b,i+size)
else
pli+2*size] « p[i] + mul(size,64,1,c,i,1,b,i+size)
+ mul(size,64,1,c,i+size,1,b,i)

endif
endfor
a « p[128+size} || p[128]
E.CON, E.CON.U, E.CON.M:
p[0] « 0128

for j « 0 to 64-size by size
for i «— 0 to 64-size by size
plitsize]2*(i+size)-1..2*1 < plil2*(i+size)-1.2%1 +
mul(size,2*size,cs,c,i+64-j,bs,b,})
endfor
endfor
a « p[64]
E.CON.C:
p[0] « 0128
for j « 0 to 64-size by size
for i « 0 to 64-size by size
if ((~1) and j and size) = 0 then
plitsize]2*(i+size)-1..2*i < p12*(i+size)-1..2%1 +
mul(size,2*size,1,c,i+64-j,1,b,))
else
plitsize]2*(i+size)-1..2*i < p12* (i+size)-1..2%i -
mul(size,2*size,1,c,i+64-j+2*size,1,b,j)

FIG. 94C continued
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endif

endfor
endfor

a « p[64]
E.DIV:
if (b= 0) or ( (c =(1//063)) and (b = 164) ) then
a < undefined
else
qe«c/b
r<c-q*b
a<163..0 11 963..0
endif
E.DIV.U:
if b= 0 then
a < undefined
else
q<(0flc)/ (0] b)
re-c-(0]q*@]b)
a<163..011963..0

endif
endcase
RegWrite(rd, 128, a)
enddef
Exceptions
none

FIG. 94C continued
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Operation codes

E.CONXIC.8.CB

Ensemble convolve extract immediate signed complex bytes
big-endian ceiling

E.CONXIC.8F.B

Ensemble convolve extract immediate signed complex bytes
big-endian floor

E.CON.X.I.C.8N.B

Ensemble convolve extract immediate signed complex bytes
big-endian nearest

E.CONXIC.8ZB

Ensemble convolve extract immediate signed complex bytes
big-endian zero

E.CON.X.IC.16.CB

Ensemble convolve extract immediate signed complex
doublets big-endian ceiling

E.CONX.IC.16.F.B

Ensemble convolve extract immediate signed complex
doublets big-endian floor

E.CONXIC.16.N.B

Ensemble convolve extract immediate signed complex
doublets big-endian nearest

E.CONXIC.16.ZB

Ensemble convolve extract immediate signed complex
doublets big-endian zero

E.CONXI1C.32.CB Ensemble convolve extract immediate signed complex
quadlets big-endian ceiling

E.CON.X.I.C.32.FB Ensemble convolve extract immediate signed complex
quadlets big-endian floor

E.CONXI1.C.32.N.B Ensemble convolve extract immediate signed complex
quadlets big-endian nearest

E.CON.XI1C32.ZB Ensemble convolve extract immediate signed complex
quadlets big-endian zero

E.CON.X.I1.C.64.C.B Ensemble convolve extract immediate signed complex
octlets big-endian ceiling

E.CONXI.C.64.F.B Ensemble convolve extract immediate signed complex
octlets big-endian floor

E.CON.X.I.C.64.N.B Ensemble convolve extract immediate signed complex
octlets big-endian nearest

E.CONXI.C.64.ZB Ensemble convolve extract immediate signed complex

octlets big-endian zero

E.CONX.ILC.8.CL

Ensemble convolve extract immediate signed complex bytes
little-endian ceiling

E.CONX.LC.8F.L

Ensemble convolve extract immediate signed complex bytes
little-endian floor

E.CONXIC.8N.L

Ensemble convolve extract immediate signed complex bytes
little-endian nearest

E.CONXIC.8ZL

Ensemble convolve extract immediate signed complex bytes
little-endian zero

FIG. 95A
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E.CON.XI1C.16.C.L

Ensemble convolve extract immediate signed complex
doublets little-endian ceiling

E.CON.XILC.16.F.L

Ensemble convolve extract immediate signed complex
doublets little-endian floor

E.CON.X.I.C.16.N.L

Ensemble convolve extract immediate signed complex
doublets little-endian nearest

E.CON.XI.C.16.Z.L

Ensemble convolve extract immediate signed complex
doublets little-endian zero

E.CON.X.IL.C32.CL Ensemble convolve extract immediate signed complex
quadlets little-endian ceiling

E.CONXIC32FL Ensemble convolve extract immediate signed complex
quadlets little-endian floor

E.CON.XIC32.N.L Ensemble convolve extract immediate signed complex
quadlets little-endian nearest

E.CON.XI1C32.ZL Ensemble convolve extract immediate signed complex
quadlets little-endian zero

E.CONXIC.64.CL Ensemble convolve extract immediate signed complex
octlets little-endian ceiling

E.CON.XI.C.64.F.L Ensemble convolve extract immediate signed complex
octlets little-endian floor

E.CONXIC.64N.L Ensemble convolve extract immediate signed complex
octlets little-endian nearest

E.CON.X.I1.C.64.Z.L Ensemble convolve extract immediate signed complex
octlets little-endian zero

E.CON.XI 8.CB Ensemble convolve extract immediate signed bytes big-
endian ceiling

E.CONXI 8F.B Ensemble convolve extract immediate signed bytes big-

endian floor

E.CONX.I 8.N.B

Ensemble convolve extract immediate signed bytes big-
endian nearest

E.CON.XI 8ZB

Ensemble convolve extract immediate signed bytes big-
endian zero

E.CON.X.116.C.B

Ensemble convolve extract immediate signed doublets big-
endian ceiling

E.CONXIL16FB

Ensemble convolve extract immediate signed doublets big-
endian floor

E.CON.X.I.16.N.B

Ensemble convolve extract immediate signed doublets big-
endian nearest

E.CON.X.1.16.Z.B

Ensemble convolve extract immediate signed doublets big-
endian zero

E.CON.X.1.32.CB

Ensemble convolve extract immediate signed quadlets big-
endian ceiling

FIG. 95A continued
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E.CON.X.1.32.F.B Ensemble convolve extract immediate signed quadlets big-
endian floor

E.CON.X.1.32.N.B Ensemble convolve extract immediate signed quadlets big-
endian nearest

E.CON.X.1.32.Z.B Ensemble convolve extract immediate signed quadlets big-
endian zero

E.CON.X.1.64.C.B Ensemble convolve extract immediate signed octlets big-
endian ceiling

E.CON.X1.64.F.B Ensemble convolve extract immediate signed octlets big-
endian floor

E.CON.X.1.64N.B Ensemble convolve extract immediate signed octlets big-
endian nearest

E.CON.X.1.64.Z.B Ensemble convolve extract immediate signed octlets big-
endian zero

E.CONXI 8.C.L Ensemble convolve extract immediate signed bytes little-
endian ceiling

E.CONX.IL 8F.L Ensemble convolve extract immediate signed bytes little-

endian floor

E.CON.X.I. 8.N.L

Ensemble convolve extract immediate signed bytes little-
endian nearest

E.CONXI 8.ZL

Ensemble convolve extract immediate signed bytes little-
endian zero

E.CONX.I16.CL

Ensemble convolve extract immediate signed doublets little-
endian ceiling

E.CONXIL16F.L

Ensemble convolve extract immediate signed doublets little-
endian floor

E.CONXIL16N.L

Ensemble convolve extract immediate signed doublets little-
endian nearest

E.CONXIL16.ZL

Ensemble convolve extract immediate signed doublets little-
endian zero

E.CON.X.132.C.L Ensemble convolve extract immediate signed quadlets little-
endian ceiling

E.CONX.132FL Ensemble convolve extract immediate signed quadlets little-
endian floor

E.CON.X.L32N.L Ensemble convolve extract immediate signed quadlets little-
endian nearest

E.CONX.I32ZL Ensemble convolve extract immediate signed quadlets little-
endian zero

E.CON.X.1.64.C.L Ensemble convolve extract immediate signed octlets little-
endian ceiling

E.CON.X.1.64F.L Ensemble convolve extract immediate signed octlets little-

endian floor

FIG. 95A continued
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E.CON.X164NL Ensemble convolve extract immediate signed octlets little-
endian nearest
E.CON.X.1.64.Z.L Ensemble convolve extract immediate signed octlets little-

endian zero

E.CONXIM. 8.CB

Ensemble convolve extract immediate mixed-signed bytes
big-endian ceiling

E.CON.X.IM. 8F.B

Ensemble convolve extract immediate mixed-signed bytes
big-endian floor

E.CON.X.IM. 8 N.B

Ensemble convolve extract immediate mixed-signed bytes
big-endian nearest

E.CON.XIM. 8.ZB

Ensemble convolve extract immediate mixed-signed bytes
big-endian zero

E.CON.X.IM.16.C.B

Ensemble convolve extract immediate mixed-signed
doublets big-endian ceiling

E.CON.X.IM.16.F.B

Ensemble convolve extract immediate mixed-signed
doublets big-endian floor

E.CON.X.IM.16.N.B

Ensemble convolve extract immediate mixed-signed
doublets big-endian nearest

E.CONXIM.16.Z.B

Ensemble convolve extract immediate mixed-signed
doublets big-endian zero

E.CON.XIM32.C.B Ensemble convolve extract immediate mixed-signed
quadlets big-endian ceiling

E.CON.X.IM.32.F.B Ensemble convolve extract immediate mixed-signed
quadlets big-endian floor

E.CON.X.LM.32.N.B Ensemble convolve extract immediate mixed-signed
quadlets big-endian nearest

E.CON.X.IM.32.ZB Ensemble convolve extract immediate mixed-signed
quadlets big-endian zero

E.CON.X.IM.64.C.B Ensemble convolve extract immediate mixed-signed octlets
big-endian ceiling

E.CON.X.IM.64.F.B Ensemble convolve extract immediate mixed-signed octlets
big-endian floor

E.CON.X.IM.64.N.B Ensemble convolve extract immediate mixed-signed octlets
big-endian nearest

E.CON.X.IM.64.Z.B Ensemble convolve extract immediate mixed-signed octlets

big-endian zero

E.CON.X.IM.8.CL

Ensemble convolve extract immediate mixed-signed bytes
little-endian ceiling

E.CON.X.IM. 8.F.L

Ensemble convolve extract immediate mixed-signed bytes
little-endian floor

E.CON.X.IM. 8 N.L

Ensemble convolve extract immediate mixed-signed bytes
little-endian nearest :

FIG. 95A continued
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E.CON.X.IM. 8.ZL

Ensemble convolve extract immediate mixed-signed bytes
little-endian zero

E.CON.X.IM.16.C.L

Ensemble convolve extract immediate mixed-signed
doublets little-endian ceiling

E.CON.X.IM.16.FL

Ensemble convolve extract immediate mixed-signed
doublets little-endian floor

E.CON.X.IM.16 N.L

Ensemble convolve extract immediate mixed-signed
doublets little-endian nearest

E.CONXIM.16.ZL

Ensemble convolve extract immediate mixed-signed
doublets little-endian zero

E.CON.X.IM.32.C.L Ensemble convolve extract immediate mixed-signed
quadlets little-endian ceiling

E.CON.X.IM.32.F.L Ensemble convolve extract immediate mixed-signed
quadlets little-endian floor

E.CON.X.IM.32.N.L Ensemble convolve extract immediate mixed-signed
quadlets little-endian nearest

E.CONX.IM32.ZL Ensemble convolve extract immediate mixed-signed
quadlets little-endian zero

E.CON.X.IM.64.C.L Ensemble convolve extract immediate mixed-signed octlets
little-endian ceiling

E.CON.X.IM.64.F.L Ensemble convolve extract immediate mixed-signed octlets
little-endian floor

E.CON.X.IM.64.N.L Ensemble convolve extract immediate mixed-signed octlets
little-endian nearest

E.CON.X.IM.64.Z.L Ensemble convolve extract immediate mixed-signed octlets

little-endian zero

E.CONX.IU.8.CB

Ensemble convolve extract immediate unsigned bytes big-
endian ceiling

E.CON.X.1U. 8.F.B

Ensemble convolve extract immediate unsigned bytes big-
endian floor

E.CON.X.1.U. 8N.B

Ensemble convolve extract immediate unsigned bytes big-
endian nearest

E.CON.X.1U.16.C.B

Ensemble convolve extract immediate unsigned doublets
big-endian ceiling ‘

E.CONX.IU.16FB

Ensemble convolve extract immediate unsigned doublets
big-endian floor

E.CON.X.LU.16N.B

Ensemble convolve extract immediate unsigned doublets
big-endian nearest

E.CON.X.1.U.32.C.B Ensemble convolve extract immediate unsigned quadlets
big-endian ceiling
E.CON.XI1U32FB Ensemble convolve extract immediate unsigned quadlets

big-endian floor

FIG. 95A continued
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E.CON.X.LU.32.N.B Ensemble convolve extract immediate unsigned quadlets
big-endian nearest

E.CON.X.1U.64.C.B Ensemble convolve extract immediate unsigned octlets big-
endian ceiling

E.CON.X.1U.64F.B Ensemble convolve extract immediate unsigned octlets big-
endian floor

E.CON.X.1.U.64N.B Ensemble convolve extract immediate unsigned octlets big-

endian nearest

E.CON.XIU. 8.CL

Ensemble convolve extract immediate unsigned bytes little-
endian ceiling

E.CON.X.1U.8FL

Ensemble convolve extract immediate unsigned bytes little-
endian floor

E.CON.X.IU. 8.NL

Ensemble convolve extract immediate unsigned bytes little-
endian nearest

E.CONXI1U.16.C.L

Ensemble convolve extract immediate unsigned doublets
little-endian ceiling

E.CONX.IU.16.F.L

Ensemble convolve extract immediate unsigned doublets
little-endian floor

E.CON.X1U.16N.L

Ensemble convolve extract immediate unsigned doublets
little-endian nearest

E.CON.X.1U.32.C.L Ensemble convolve extract immediate unsigned quadlets
little-endian ceiling

E.CON.X.1.U.32.F.L Ensemble convolve extract immediate unsigned quadlets
little-endian floor

E.CON.X.IU.32.N.L Ensemble convolve extract immediate unsigned quadlets
little-endian nearest

E.CONX1U.64.CL Ensemble convolve extract immediate unsigned octlets
little-endian ceiling

E.CON.X.1U.64F.L Ensemble convolve extract immediate unsigned octlets
little-endian floor

E.CON.X.1L.U.64N.L Ensemble convolve extract immediate unsigned octlets

little-endian nearest

FIG. 95A continued
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Format

E.op.size.nd rd@re,rb,i

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

31 24 23 18 17 12 11 6543210
[ E.op | rd | | 1 [ sz |md] sh |
8 6 6 6 2 2 2

sz <« log(size) - 3
sh « size + 7 - log(size) - i

FIG. 95B



U.S. Patent Jun. 1, 2010 Sheet 305 of 384 US 7,730,287 B2

Definition

def mul(size,h,vs,v,i,ws,w,j) as

mul « ((vs&vsize-1-+)NS12€ || vsize-1+i..0) * (Ws&Wsize-1+j)1S1Z€ || wsize-1+5.5)
enddef

def EnsembleConvolveExtractimmediate(op,rnd,gsize,rd,rc,rb,sh)
d « RegRead(rd, 128)
¢ « RegRead(rd, 128)
b « RegRead(rb, 128)
Igsize « log(gsize)

wsize « 128
msize < 256
vsize « 128
case op of
E.CON.X.1.B, E.CON.X.LUB, E.CON.X.LIM.B, E.CON.X.I.C.B:
medjc
E.CONX.LL,ECONX.ILU.L, E.CON.X.IML, ECONX.IC.L:
me«cld
endcase
case op of
E.CONX.IL.UB,E.CON.X.LU.L:

as « ms « bs « false
E.CONX.IM.B, E.CON.X.IM.L:
ms « false
as < bs « true
E.CON.X.IB, E.CON.X.LL, E.CON.X.I.C.B, ECON.X.I.C.L:
as <~ ms « bs « true
endcase
h « (2*gsize) + 7 - Igsize
r « h - size - sh
for i « 0 to wsize-gsize by gsize
q[0] « 02*gsizet+7-Igsize
for j « 0 to vsize-gsize by gsize
case op of
E.CON.X.I.B, E.CON.X.IL, ECON.X.IM.B, E.CON.X.IM.L,
E.CON.XILUB,E.CON.XI1UL:
qli+gsize] « q[j] + mul(gsize,h,ms,m,i+128-j,bs,b,j)
E.CON.X.I.C.B,E.CON.X.I.C.L:
if (~1) & j & gsize = 0 then
q[j+gsize] « q[j] + mul(gsize,h,ms,m,i+128-j,bs,b,j)
else

FIG. 95C
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q[j+gsize] « q[j] - mul(gsize,h,ms,m,i+128-j+2*gsize,bs,b,j)
endif
endcase
endfor
p « q[vsize]
case rnd of
none, N:

s« OhT || —pp || pf-1
Z:
s Oh-T | pf, g
F
s« 0h
C:
s« oh-r | qr
endcase
v < ((as & ph-1)lip) + (Olls)
if (Vh..r-i-gsize =(as & vr+gsize_1)h+l-r-gsize then
agsize-1+i..i €= Vgsize-1+r.r
else
agsize-1+i..i <= as ? (Vh | ~vgsize-1) . 1gsize
endif
endfor

a]27..wsize < 0
RegWrite(rd, 128, a)
enddef
Exceptions

none

F1G. 95C continued
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Operation codes

E.CON.F.16.B Ensemble convolve floating-point half big-endian

E.CON.F.16.L Ensemble convolve floating-point half little-endian

E.CON.F.32.B Ensemble convolve floating-point single big-endian

E.CON.F.32.L Ensemble convolve floating-point single little-endian

E.CON.F.64.B Ensemble convolve floating-point double big-endian

E.CON.F.64.L Ensemble convolve floating-point double little-endian

E.CON.CF.16.B Ensemble convolve complex floating-point half big-endian

E.CON.CF.16.L Ensemble convolve complex floating-point half little-endian

E.CON.CF.32.B Ensemble convolve complex floating-point single big-
endian

E.CON.CF.32.L Ensemble convolve complex floating-point single little-
endian

E.CON.CF.64.B Ensemble convolve complex floating-point double big-
endian

E.CON.CF.64.L Ensemble convolve complex floating-point double little-
endian

FIG. 96A
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Format

E.op.size.order rd=rc,rb

rd=eopsizeorder(rd,rc,rb)
31 2423 1817 1211 65 0
[ E.size | rd | Ic | tb | op.order |
8 6 6 6 6

FIG. 96B
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Definition

def mul(size,v,i,w,j) as
mul < fmul(F(size,Vsize-1+i.),F (S12€,Wsize-1+i.j))
enddef

def EnsembleConvolveFloatingPoint(op,gsize,rd,rc,rb)
d « RegRead(rd, 128)
¢ « RegRead(rc, 128)
b « RegRead(rb, 128)
lgsize « log(gsize)
wsize « 128
msize « 256
vsize « 128
case op of
E.CON.F.B, E.CON.C.F.B:
me«djc
E.CON.F.L,E.CON.CF.L:
mecid
endcase
for i « 0 to wsize-gsize by gsize
//NULL value doesn’t combine with zero to alter sign bit
q[0].t « NULL
for j « 0 to vsize-gsize by gsize
case op of
E.CONF.L, E.CONF.B:
q[j+gsize] « fadd(q[j], mul(gsize,m,i+128-,b,j))
E.CONCF.L, E.CONCEF.B:
if (~1) & j & gsize = 0 then
qlj+gsize] « fadd(q[j], mul(gsize,m,i+128-j,b,j))
else
qlj+gsize] « fsub(q[j], mul(gsize,m,i+128-j+2*gsize,b,j))
endif
endcase
endfor
agsize-1+i.i < PackF(gsize,q[vsize],N)
endfor
a127.wsize < 0
RegWrite(rd, 128, a)
enddef
Exceptions

none
FIG. 96C
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Operation codes

E.EXTRACT.L. 8.C

Ensemble extract immediate signed bytes ceiling

EEXTRACT.L. 8.F

Ensemble extract immediate signed bytes floor

E.EXTRACT.L. §.N

Ensemble extract immediate signed bytes nearest

E.EXTRACT.L 8.Z

Ensemble extract immediate signed bytes zero

E.EXTRACT.I.16.C

Ensemble extract immediate signed doublets ceiling

E.EXTRACT.L.16.F

Ensemble extract immediate signed doublets floor

E.EXTRACT.L.16.N

Ensemble extract immediate signed doublets nearest

E.EXTRACT.1.16.Z

Ensemble extract immediate signed doublets zero

E.EXTRACT.1.32.C Ensemble extract immediate signed quadlets ceiling
E.EXTRACT.L.32.F Ensemble extract immediate signed quadlets floor
E.EXTRACT.L.32.N Ensemble extract immediate signed quadlets nearest
E.EXTRACT.1.32.Z Ensemble extract immediate signed quadlets zero
E.EXTRACT.1.64.C Ensemble extract immediate signed octlets ceiling
E.EXTRACT.L.64.F Ensemble extract immediate signed octlets floor
E.EXTRACT.L.64.N Ensemble extract immediate signed octlets nearest
E.EXTRACT.1.64.Z Ensemble extract immediate signed octlets zero

E.EXTRACT.L.U. 8.C

Ensemble extract immediate unsigned bytes ceiling

E.EXTRACT.L.U. 8.F

Ensemble extract immediate unsigned bytes floor

E.EXTRACT.I.U. 8.N

Ensemble extract immediate unsigned bytes nearest

E.EXTRACT.L.U.16.C

Ensemble extract immediate unsigned doublets ceiling

E.EXTRACT.LU.16.F

Ensemble extract immediate unsigned doublets floor

E.EXTRACT.ILU.1I6.N

Ensemble extract immediate unsigned doublets nearest

E.EXTRACT.L.U.32.C | Ensemble extract immediate unsigned quadlets ceiling
E.EXTRACT.L.U.32.F Ensemble extract immediate unsigned quadlets floor
E.EXTRACT.LU.32.N | Ensemble extract immediate unsigned quadlets nearest
E.EXTRACT.L.U.64.C | Ensemble extract immediate unsigned octlets ceiling
E.EXTRACT.L.U.64.F Ensemble extract immediate unsigned octlets floor
E.EXTRACT.L.U.64.N | Ensemble extract immediate unsigned octlets nearest
E.MUL.X.I. 8.C Ensemble multiply extract immediate signed bytes ceiling
EMULX.I 8.F Ensemble multiply extract immediate signed bytes floor
E.MUL.X.I. §.N Ensemble multiply extract immediate signed bytes nearest
EMUL.X.I. 8.2 Ensemble multiply extract immediate signed bytes zero
EMUL.X.1.16.C Ensemble multiply extract immediate signed doublets
ceiling
E.MUL.XL16.F Ensemble multiply extract immediate signed doublets floor
EMUL.XI16.N Ensemble multiply extract immediate signed doublets
nearest
EMUL.X.1.16.Z Ensemble multiply extract immediate signed doublets zero

FIG. 97A
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EMUL.X.1.32.C Ensemble multiply extract immediate signed quadlets ceiling
EMUL.X.1.32.F Ensemble multiply extract immediate signed quadlets floor
EMUL.X.1.32.N Ensemble multiply extract immediate signed quadlets nearest
EMUL.X.1.32.7Z Ensemble multiply extract immediate signed quadlets zero
EMUL.X.1.64.C Ensemble multiply extract immediate signed octlets ceiling
E.MUL.X.1.64.F Ensemble multiply extract immediate signed octlets floor
E.MUL.X 164N Ensemble multiply extract immediate signed octlets nearest
EMUL.X.1.64.Z Ensemble multiply extract immediate signed octlets zero

EMUL.XI.C.8.C

Ensemble multiply extract immediate complex bytes ceiling

EMUL.X.I.C. 8.F

Ensemble multiply extract immediate complex bytes floor

EMULXIC. 8.N

Ensemble multiply extract immediate complex bytes nearest

EMUL.X.1.C. 8.2

Ensemble multiply extract immediate complex bytes zero

EMUL.X.IC.16.C

Ensemble multiply extract immediate complex doublets ceiling

EMUL.XI.C.16.F

Ensemble multiply extract immediate complex doublets floor

EMUL.XI.C.16.N

Ensemble multiply extract immediate complex doublets nearest

EMUL.X1C.16.Z

Ensemble multiply extract immediate complex doublets zero

E.MUL.X1.C.32.C Ensemble multiply extract immediate complex quadlets ceiling
EMULXI.C32F Ensemble multiply extract immediate complex quadlets floor
EMUL.X.1.C.32.N Ensemble multiply extract immediate complex quadlets nearest
EMUL.X.1.C.32.Z Ensemble multiply extract immediate complex quadlets zero
EMUL.X1.C.64.C Ensemble multiply extract immediate complex octlets ceiling
EMUL.XI1.C.64.F Ensemble multiply extract immediate complex octlets floor
E.MUL.X.1.C.64.N Ensemble multiply extract immediate complex octlets nearest
EMUL.X.1.C.64.Z Ensemble multiply extract immediate complex octlets zero

EMULXIM.8.C

Ensemble multiply extract immediate mixed-signed bytes
ceiling

EMUL.X.IM. 8.F

Ensemble multiply extract immediate mixed-signed bytes floor

EMULXIM. 8.N

Ensemble multiply extract immediate mixed-signed bytes
nearest

EMULX.IM. 8.Z

Ensemble multiply extract immediate mixed-signed bytes zero

EMUL.XIM.16.C

Ensemble multiply extract immediate mixed-signed doublets
ceiling -

FIG. 97A continued
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EMULX.IM.16.F

Ensemble multiply extract immediate mixed-signed
doublets floor

EMUL.X.IM.16.N

Ensemble multiply extract immediate mixed-signed
doublets nearest

EMUL.X.IM.16.Z

Ensemble multiply extract immediate mixed-signed
doublets zero

EMUL.X.IM32.C Ensemble multiply extract immediate mixed-signed quadlets
ceiling

EMULXIMJ32F Ensemble multiply extract immediate mixed-signed quadlets
floor

EMULX.IMJ32N Ensemble multiply extract immediate mixed-signed quadlets
nearest

EMULXIM32Z Ensemble multiply extract immediate mixed-signed quadlets
Zero

E.MUL.X.IM.64.C Ensemble multiply extract immediate mixed-signed octlets
ceiling

E.MUL.X.1.M.64.F Ensemble multiply extract immediate mixed-signed octlets
floor

EMUL.XIM.64N Ensemble multiply extract immediate mixed-signed octlets
nearest

E.MUL.X.IM.64.Z Ensemble multiply extract immediate mixed-signed octlets

Zero

E.MUL.X.IU. 8.C

Ensemble multiply extract immediate unsigned bytes ceiling

EMUL.X.1.U. 8.F

Ensemble multiply extract immediate unsigned bytes floor

EMUL.X.1U. 8N

Ensemble multiply extract immediate unsigned bytes nearest

EMUL.X1U.16.C

Ensemble multiply extract immediate unsigned doublets
ceiling

EMULXIU.16.F

Ensemble multiply extract immediate unsigned doublets
floor

EMULX.IU.16.N

Ensemble multiply extract immediate unsigned doublets

_ | nearest
EMULXIU.32.C Ensemble multiply extract immediate unsigned quadlets
ceiling
E.MUL.X.1U.32.F Ensemble multiply extract immediate unsigned quadlets
floor
EMULXIU.32N Ensemble multiply extract immediate unsigned quadlets
' nearest
EMULX.I1U.64.C Ensemble multiply extract immediate unsigned octlets
ceiling
E.MUL.X.1U.64.F Ensemble multiply extract immediate unsigned octlets floor
Ensemble multiply extract immediate unsigned octlets

EMULXI.U.64 N

nearest

FIG. 97A continued
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Format

E.op.size.rnd rd=rc,1b,i

rd=eopsizernd(rc,rb,i)

31 24 23 18 17 12 11 6543210
| E.op | rd | Ic | rb | sz [md] sh |
8 6 6 6 2 2 2

sz « log(size) - 3
case op of
E.EXTRACT.I, E.EEXTRACT.LU, EMUL.X.], EMUL.X.1L.U, EMUL.X.I.M:
assert size > 1 > size-3
sh « size - i
EMULX.IC:
assert size+1 > i 2 size-2
sh<size+1-1
endcase

FIG. 97B
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Definition

def mul(size,h,vs,v,i,ws,w,j) as

mul « ((v8&Vsize-14)512€ || Vsize-14i.) * ((WS&V\’size-1+j)h‘5ize | Wsize-14j..j)
enddef

def EnsembleExtractimmediate(op,rnd,size,ra,rb,rc,sh)
¢ « RegRead(rc, 128)
b <« RegRead(rb, 128)
case op of
E.EXTRACT.I, EMUL.X.I, EMUL.X.I.C:
as« 1
cs e« 1
bs « 1
EMUL.X.IM:
as« 1
cs« 0
bs « 1
E.EXTRACT.LU, EMULX.1U:
as < 1
cs« 0O
bs « 0
if mmd = Z then
raise ReservedInstruction
endif
endcase
case op of
E.EXTRACT., EEXTRACT.LU, EMUL.X.I, EMUL.X.1.U, EMUL.X.1.M:
h « 2*size
EMULX.1C:
h « (2*size) + 1
endcase
r < h-size-sh
for i «- 0 to 128-size by size
case op of
E.EXTRACT.], E.EXTRACT.LU:
P « (¢ || B)2s(sizeti)-1.241
EMUL.X.I, EMULXIM, EMULX.IU:
p < mul(size,h,cs,c,i,bs,b,i)
EMUL.X.IC:
ifi & size = 0 then
p « mul(size,h,cs,c,i,bs,b,i) - mul(size,h,cs,c,i+size,bs,b,i+size)
else

FI1G. 97C
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p « mul(size h,cs,c,i,bs,b,i+size) + mul(size h,cs,c,1,bs,b,i+size)
endif
endcase
case rnd of
none, N:
s « 0P | ~pc || pi-!
Z:
s « 0P {| pf4
F:
s« 0Oh
C:
§ < Qhr | Ir
endcase
v « ((as & pr-1)llp) + (Olls)
if (Vi rsize = (88 & Vysgige.)F11-512¢ then
Agize-1+i..i € Vgize-1+r.r
else
Agize-1+i.i € @S ? (vp || ~viizel) o ]size
endif
endfor
RegWrite(rd, 128, a)
enddef
Exceptions

ReservedInstruction

FIG. 97C continued
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Operation codes

EMUL.ADD.X.I.C. 8.C

Ensemble multiply add extract immediate signed complex
bytes ceiling

E.MUL.ADD.X.I.C. 8.F

Ensemble multiply add extract immediate signed complex
bytes floor

E.MUL.ADD.X.I.C. 8N

Ensemble multiply add extract immediate signed complex
bytes nearest

EMUL.ADD.X.I.C. 8.2

Ensemble multiply add extract immediate signed complex
bytes zero

E.MUL.ADD.X.1.C.16.C

Ensemble multiply add extract immediate signed complex
doublets ceiling

EMUL.ADD.X.I.C.16.F

Ensemble multiply add extract immediate signed complex
doublets floor

E.MUL.ADD.X.I.C.16.N

Ensemble multiply add extract immediate signed complex
doublets nearest

EMUL.ADD.X.I.C.16.Z

Ensemble multiply add extract immediate signed complex
doublets zero

E.MUL.ADD.X.1.C.32.C

Ensemble multiply add extract immediate signed complex
quadlets ceiling

E.MUL.ADD .X.I.C.32.F

Ensemble multiply add extract immediate signed complex
quadlets floor

EMUL.ADD.X.I.C.32.N

Ensemble multiply add extract immediate signed complex
quadlets nearest

E.MUL.ADD.X.1.C.32.Z

Ensemble multiply add extract immediate signed complex
quadlets zero

E.MUL.ADD.X.1.C.64.C

Ensemble multiply add extract immediate signed complex
octlets ceiling

E.MUL.ADD.X.1.C.64.F

Ensemble multiply add extract immediate signed complex
octlets floor

E.MUL.ADD.X.I1.C.64.N

Ensemble multiply add extract immediate signed complex
octlets nearest

E.MUL.ADD.X.1.C.64.Z

Ensemble multiply add extract immediate signed complex
octlets zero

EMUL.ADD.X.IM. 8.C

Ensemble multiply add extract immediate mixed-signed
bytes ceiling

EMUL.ADD.X.IM. §.F

Ensemble multiply add extract immediate mixed-signed
bytes floor

E.MUL.ADD.X.IM. § N

Ensemble multiply add extract immediate mixed-signed
bytes nearest

E.MUL.ADD.X.IM. 8.2

Ensemble multiply add extract immediate mixed-signed
bytes zero

FIG. 98A
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EMUL.ADD.X.IM.16.
C

Ensemble multiply add extract immediate mixed-signed
doublets ceiling

EMUL.ADDX.IM.16.F

Ensemble multiply add extract immediate mixed-signed
doublets floor

E.MUL.ADD.X.I.M.16.
N

Ensemble multiply add extract immediate mixed-signed
doublets nearest

EMUL.ADD.X.IM.16.Z

Ensemble multiply add extract immediate mixed-signed
doublets zero

EMUL.ADD.X.IM.32. |Ensemble multiply add extract immediate mixed-signed

C quadlets ceiling

E.MUL.ADD.X.I.M.32.F | Ensemble multiply add extract immediate mixed-signed
quadlets floor

E.MUL.ADD.X.1.M.32. | Ensemble multiply add extract immediate mixed-signed

N quadlets nearest

E.MUL.ADD.X.1.M.32.Z | Ensemble multiply add extract immediate mixed-signed
quadlets zero

EMUL.ADD.X.IM.64. |Ensemble multiply add extract immediate mixed-signed

C octlets ceiling

E.MUL.ADD.X.1.M.64.F | Ensemble multiply add extract immediate mixed-signed
octlets floor

E.MUL.ADD.X.IM.64. |Ensemble multiply add extract immediate mixed-signed

N octlets nearest

E.MUL.ADD.X.I.M.64.Z | Ensemble multiply add extract immediate mixed-signed

octlets zero

EMUL.ADDX.I. 8.C

Ensemble multiply add extract immediate signed bytes
ceiling

E.MUL.ADD.X.I. 8.F

Ensemble multiply add extract immediate signed bytes floor

EMUL.ADD.X.I. 8N

Ensemble multiply add extract immediate signed bytes
nearest

EMUL.ADD.X.1. 8.Z

Ensemble multiply add extract immediate signed bytes zero

EMUL.ADD.X1.16.C

Ensemble multiply add extract immediate signed doublets
ceiling

E.MUL.ADD.X.L16.F

Ensemble multiply add extract immediate signed doublets
floor

E.MUL.ADD.X.1.16.N

Ensemble multiply add extract immediate signed doublets
nearest

EMUL.ADD.X.1.16.Z

Ensemble multiply add extract immediate signed doublets
Zero

EMUL.ADD.X.1.32.C | Ensemble multiply add extract immediate signed quadlets
ceiling
E.MUL.ADD.X.1.32.F | Ensemble multiply add extract immediate signed quadlets

floor

FIG. 98A continued
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EMUL.ADD.X.1.32.N

Ensemble multiply add extract immediate signed quadlets
nearest

E.MUL.ADD.X.1.32.Z | Ensemble multiply add extract immediate signed quadlets
E.MUL.ADD.X.1.64.C E::emble multiply add extract immediate signed octlets
E.MUL.ADD.X.1.64.F E:l?rible multiply add extract immediate signed octlets
E.MUL.ADD.X.1.64.N gzgémble multiply add extract immediate signed octlets
EMUL.ADD.X.1.64.Z %izfmﬁble multiply add extract immediate signed octlets

Zero

E.MUL.ADD.X.1.U. 8.C

Ensemble multiply add extract immediate unsigned bytes
ceiling

EMUL.ADD.X.LU. 8.F

Ensemble multiply add extract immediate unsigned bytes
floor

E.MUL.ADD.X.1.U. 8.N

Ensemble multiply add extract immediate unsigned bytes
nearest

E.MUL.ADD.X.1.U.16.C

Ensemble multiply add extract immediate unsigned doublets
ceiling

E.MUL.ADD.X.1.U.16.F

Ensemble multiply add extract immediate unsigned doublets
floor

E.MUL.ADD.X.1.U.16.N

Ensemble multiply add extract immediate unsigned doublets
nearest

EMUL.ADD.X.1.U32.C

Ensemble multiply add extract immediate unsigned quadlets
ceiling

EMUL.ADD.X.1.U32F

Ensemble multiply add extract immediate unsigned quadlets
floor

E.MUL.ADD.X.1.U.32.N

Ensemble multiply add extract immediate unsigned quadiets
nearest

E.MUL.ADD.X.1.U.64.C

Ensemble multiply add extract immediate unsigned octlets
ceiling

E.MUL.ADD.X.1.U.64.F

Ensemble multiply add extract immediate unsigned octlets
floor

E.MUL.ADD.X.1.U.64.N

Ensemble multiply add extract immediate unsigned octlets
nearest

FIG. 98A continued
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Format
E.op.size.rnd rd@re,rb,i
rd=eopsizernd(rd,rc,rb,i)
31 24 23 18 17 12 11 6543210
| E.op | rd ! rc | rb | sz fmd] sh |
8 6 6 6 2 2 2

sz « log(size) - 3
case op of
EMUL.ADD.X.I:

sh «size-1-1

EMUL.ADD.X.1.U, EMUL.ADD.X.IM, EMUL.ADD X .I.C:

sh ¢« size - i
endcase

FIG. 98B
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Definition

def mul(size,h,vs,v,i,ws,w,j) as
mul « ((vs&vsize-1+i)h-size || vsize-1+..i) * ((ws&wsize-1+j)h-size || wsize-14j..j)
enddef

def EnsembleExtractimmediatelnplace(op,rd,size,rd,rc,rb,sh)
d « RegRead(rd, 128)
¢ « RegRead(rc, 128)
b « RegRead(rb, 128)
case op of
E.MUL.ADD.X.I, EMUL.ADD.X.I.C:
ds« 1
cs 1
bs « 1
E.MUL.ADD.X.LM:
ds« 1
cs« 0
bs « 1
E.MUL.ADD.X.L.U:
ds« 0
cs« 0
bs « 0
if rnd = Z then
raise ReservedInstruction
endif
endcase
case op of
E.MUL.ADD.X.I, EMUL.ADD.X.1.U, EMUL.ADD.X.I.M:
h ¢ 2*size + 1
E.MUL.ADD.X.I.C:
h « (2*size) + 2
endcase
r < h-size-sh-1-(csandbs)-
fori « 0 to 128-size by size
di « ((ds and di+size-1)h-size-r||(di+size-1..1)||0r)
case op of
E.MUL.ADD.X.], EMUL.ADD.X.I.M, EMUL.ADD.X.1.U:
p < mul(size,h,cs,c,i,bs,b,i) + di

FIG. 98C
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E.MUL.ADD.X.I.C:
if 1 & size = 0 then
p « mul(size,h,cs,c,i,bs,b,i) - mul(size,h,cs,c,i+size,bs,b,itsize) + di
else
p <« mul(size,h,cs,c,i,bs,b,itsize) + mul(size,h,cs,c,i,bs,b,i+size) + di
endif
endcase
case md of
none, N:
s « Oh-r || ~pr || pr-1
Z:
s « Oh-r || ph-1
F:
s « Oh
C
s« Ohrf Ir
endcase
v <= ((ds & ph-1)|Ip) + (O]ls)
if (vh..r+size = (ds & vr+size-1)h+1-r-size then
asize-1+i..1 « vsize-1+r.r
else
asize-1+..i « ds ? (vh || ~ vhize-1) : Isize
endif
endfor
RegWrite(rd, 128, a)
enddef
Exceptions

ReservedlInstruction

FIG. 98C continued
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Operation codes
E.MUL.ADD, 8 Ensemble multiply signed bytes add doublets
E.MUL.ADD.16 Ensemble multiply signed doublets add quadlets
E.MUL.ADD.32 Ensemble multiply signed quadlets add octlets
E.MUL.ADD.64 Ensemble multiply signed octlets add hexlet
E.MUL.ADD.C. 8 Ensemble multiply complex bytes add doublets
E.MUL.ADD.C.16 Ensemble multiply complex doublets add quadlets
E.MUL.ADD.C.32 Ensemble multiply complex quadlets add octlets

EMUL.ADD.M. 8

Ensemble multiply mixed-signed bytes add doublets

E.MUL.ADD.M.16

Ensemble multiply mixed-signed doublets add quadlets

E.MUL.ADD.M.32

Ensemble multiply mixed-signed quadlets add octlets

E.MUL.ADD.M.64

Ensemble multiply mixed-signed octlets add hexlet

E.MUL.ADD.U. 8

Ensemble multiply unsigned bytes add doublets

EMUL.ADD.U.16

Ensemble multiply unsigned doublets add quadlets

E.MUL.ADD.U.32 Ensemble multiply unsigned quadlets add octlets
E.MUL.ADD.U.64 Ensemble multiply unsigned octlets add hexlet
E.MUL.SUB. 8 Ensemble multiply signed bytes subtract doublets
E.MUL.SUB.16 Ensemble multiply signed doublets subtract quadlets
E.MUL.SUB.32 Ensemble multiply signed quadlets subtract octlets
E.MUL.SUB.64 Ensemble multiply signed octlets subtract hexlet
E.MUL.SUB.C. 8 Ensemble multiply complex bytes subtract doublets
E.MUL.SUB.C.16 Ensemble multiply complex doublets subtract quadlets
E.MUL.SUB.C.32 Ensemble multiply complex quadlets subtract octlets
E.MUL.SUBM. 8 Ensemble multiply mixed-signed bytes subtract doublets
E.MUL.SUB.M.16 Ensemble multiply mixed-signed doublets subtract quadlets
E.MUL.SUB.M.32 Ensemble multiply mixed-signed quadlets subtract octlets
E.MUL.SUB.M.64 Ensemble multiply mixed-signed octlets subtract hexlet
E.MUL.SUB.U. 8 Ensemble multiply unsigned bytes subtract doublets
E.MUL.SUB.U.16 Ensemble multiply unsigned doublets subtract quadlets
E.MUL.SUB.U.32 Ensemble multiply unsigned quadlets subtract octlets
E.MUL.SUB.U.64 Ensemble multiply unsigned octlets subtract hexlet

FIG. 99A
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Selection
class op type prec
multiply EMULADD |nove M U 8 16 32 64
complex multiply E.MUL.SUB C 8 16 32
Format
E.op.size rd=rc,rb
rd=gopsize(rd,rc,rb)
31 24 23 18 17 12 11 65 0
| Esize | rd | e | 1b | op |
8 6 6 6 6

FI1G. 99B
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Definition

def mul(size,h,vs,v,i,ws,w,j) as
mul « ((vs&vsize-1+i)h-size || vsize-1+i..i) * ((Ws&wsize-1+j)h-size || wsize-14..j)
enddef

def Ensemblelnplace(op,size,rd,rc,rb) as
if size=1 then
raise ReservedInstruction
endif
d « RegRead(rd, 128)
¢ « RegRead(rc, 128)
b < RegRead(rb, 128)
case op of
E.MUL.ADD, EMULSUB, EMUL.ADDC, EMULSUBC:
s« 1
bs« 1
EMUL.ADDM, EMULSUBM.:
cs« 0
bs« 1
E.MUL.ADDU, EMULSUBU:
cs« 0
bs « 0
endcase
h « 2*size
for i « 0 to 64-size by size
di « d2*(i+size)-1..2*i
case op of
E.MUL.ADD, EMUL.ADDU, EMUL.ADDM:
p « mul(size,h,cs,c,i,bs,b,i) + di
E.MUL.ADDC:
if i & size =0 then
p « mul(size,h,cs,c,i,bs,b,i) - mul(size,h,cs,c,i+size,bs,b,i+size) + di
else
p < mul(size,h,cs,c,i,bs,b,i+size) + mul(size,h,cs,c,i,bs,b,i+size) + di
endif
E.MULSUB, EMULSUB.U, EMULSUB.M:
p « mul(size,h,cs,c,i,bs,b,i) - di

FIG. 99C
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E.MULSUBC:
if i & size = 0 then
p « mul(size,h,cs,c,i,bs,b,i) - mul(size,h,cs,c,i+size,bs,b,i+size) - di
else
p « mul(size h,cs,c,i,bs,b,i+size) + mul(size,h,cs,c,i,bs,b,i+size) - di
endif
endcase
a2*(i+size)-1..2% « p
endfor
RegWrite(rd, 128, a)
enddef
Exceptions

none

FIG. 99C continued



U.S. Patent

Jun. 1, 2010

Sheet 338 of 384

Operation codes

W.MUL.MAT. 8.B

Wide multiply matrix signed byte big-endian

W.MUL.MAT. 8.L

Wide multiply matrix signed byte little-endian

W.MUL.MAT.16.B

Wide multiply matrix signed doublet big-endian

W.MUL.MAT.16.L

Wide multiply matrix signed doublet little-endian

W.MUL.MAT.32.B

Wide multiply matrix signed quadlet big-endian

W.MUL.MAT.32.L

Wide multiply matrix signed quadlet little-endian

W.MUL.MAT.C. 8.B

Wide multiply matrix signed complex byte big-endian

W.MUL.MAT.C. 8.L

Wide multiply matrix signed complex byte little-endian

W.MUL.MAT.C.16.B

Wide multiply matrix signed complex doublet big-endian

W.MUL.MAT.C.16.L

Wide multiply matrix signed complex doublet little-endian

W.MUL.MAT.M. 8.B

Wide multiply matrix mixed-signed byte big-endian

W.MUL.MAT.M. 8.L

Wide multiply matrix mixed-signed byte little-endian

W.MUL.MAT.M.16.B

Wide multiply matrix mixed-signed doublet big-endian

W.MULMAT.M.16.L

Wide multiply matrix mixed-signed doublet little-endian

W.MUL.MAT.M.32.B

Wide multiply matrix mixed-signed quadlet big-endian

W.MULMAT.M.32.L

Wide multiply matrix mixed-signed quadlet little-endian

W.MUL.MAT.P. 8.B

Wide multiply matrix polynomial byte big-endian

W.MUL.MAT.P. 8.L

Wide multiply matrix polynomial byte little-endian

W.MUL.MAT.P.16.B

Wide multiply matrix polynomial doublet big-endian

W.MUL.MAT.P.16.L

Wide multiply matrix polynomial doublet little-endian

W.MUL.MAT.P.32.B

Wide multiply matrix polynomial quadlet big-endian

W.MUL.MAT.P.32.L

Wide multiply matrix polynomial quadlet little-endian

W.MUL.MAT.U. 8.B

Wide multiply matrix unsigned byte big-endian

W.MUL.MAT.U. 8.L

Wide multiply matrix unsigned byte little-endian

W.MULMAT.U.16.B

Wide multiply matrix unsigned doublet big-endian

W.MUL.MAT.U.16.L

Wide multiply matrix unsigned doublet little-endian

W.MUL.MAT.U.32.B

Wide multiply matrix unsigned quadlet big-endian

W.MUL.MAT.U.32.L

Wide multiply matrix unsigned quadlet little-endian

FIG. 100A
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Selection
class op type size order
multiply WMULMA {NnoneMUP 8 16 32 B
T.
L
Cc 8 16 B
L
Format
W.op.size.order rd=rc,rb
rd=wopsizeorder(rc,rb)
31 2423 1817 1211 65 43 0
| W.MINOR.order | rd ] rc | 1b isz] op |
8 6 6 6 2 4

FIG. 100B
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Definition

def mul(size,h,vs,v,i,ws,w,j) as

mul « ((vs&vsize-1+)MSIZ€ || vgize-14i..0) * (Ws&Wsize-1-+)MSIZ€ || wsize-1+]. )
enddef

def ¢ « PolyMultiply(size,a,b) as
p[0] « 02*size
for k « 0 to size-1
plic+1] - plk] " ak ? (05ize-k || b | 0k) ; 027size
endfor
¢ « plsize]
enddef

def MemoryMultiply(major,op,gsize,rd,rc,rb)
d « RegRead(rd, 128)
¢ «— RegRead(rc, 64)
b < RegRead(rb, 128)
lgsize « log(gsize)
if Clgsize-4..0 # 0 then
raise AccessDisallowedByVirtualAddress
endif
if ¢2_1gsize-3 # 0 then

wsize < (c and (0-c)) || 04
t « cand (c-1)
else
wsize < 64
t<a
endif
lwsize « log(wsize)
if tlwsize+6-Igsize. lwsize-3 # 0 then
msize « (t and (0-t)) || 04
VirtAddr « t and (t-1)
else
msize « 128*wsize/gsize
VirtAddr <t
endif
case major of
W.MINOR.B:
order « B
W.MINOR.L:
order « L

FIG. 100C
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endcase
case op of
W.MULMAT.U.8, WMULMAT.U.16, WMUL.MAT.U.32, WMUL.MAT.U.64:
ms «bs « 0
W.MULMATM.8, WMULMAT.M.16, WMULMATM.32, WMULMAT.M.64:
ms <« 0
bs <1
W.MULMAT.S8, WMULMAT.16, WMUL.MAT.32, WMUL.MAT.64,
W.MULMAT.C.8, WMULMAT.C.16, WMUL.MAT.C.32, W MUL.MAT.C.64:
ms < bs « 1
W.MUL.MAT.P.8, WMULMAT.P.16, WMULMAT.P.32, WMULMAT.P.64:
endcase
m < LoadMemory(c,VirtAddr,msize,order)
h < 2*gsize
for i « 0 to wsize-gsize by gsize
q[0] « 02*gsize
for j « 0 to vsize-gsize by gsize
case op of
W.MUL.MAT.P.8, WMULMAT.P.16, WMUL.MAT.P.32,
W.MUL.MAT.P.64:
k « i+wsize*}8. Igsize
qlj+gsize] « q[j] * PolyMultiply(gsize,mk+gsize-1. k.bj+gsize-1.j)
W MUL.MAT.C.8, WMULMAT.C.16, WMUL.MAT.C.32,
W.MULMAT.C.64:
if (~1) & j & gsize = 0 then
k« i-G&gSiZe)+WSiZC*j8,_lgsize+1
g[j+gsize] « qfj] + mul(gsize,h,ms,m.k,bs,b,j)
else
k « i+gsize+wsize*j§_ Igsize+]
qlj+gsize] « qfj] - mul(gsize,h,ms,mk,bs,b,j)
endif
W.MULMAT.8, WMUL.MAT.16, WMUL.MAT.32, WMUL.MAT.64,
W.MULMATM.8, WMULMATM.16, WMULMAT.M.32,
W.MULMAT.M.64,

W.MUL.MAT.U.8, WMULMAT.U.16, WMUL.MAT.U.32,
W.MULMAT.U.64:
q[j+gsize] < q[j] + mul(gsize,h,ms,m,i+wsize*jg. |gsize;bs,b,j)
endfor
ap*gsize-1+2%i..2*i « q[vsize]
endfor
a127..2*wsize < 0

FIG. 100C continued
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RegWrite(rd, 128, a)
enddef

Exceptions

Access disallowed by virtual address
Access disallowed by tag

Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag

Access detail required by local TB
Access detail required by global TB
Local TB miss

Global TB miss

FIG. 100C continued
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Operation codes

W.MUL.MAT.X.B Wide multiply matrix extract big-endian
W.MULMAT.X.L Wide multiply matrix extract little-endian

FIG. 101A
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Format
op ra=re¢,rd,rb
ra=op(rc,rd,rb)
31 2423 1817 1211 65 0
| op | rd | rc | b | nmn |
8 6 6 6 6

FIG. 101B



U.S. Patent Jun. 1, 2010 Sheet 347 of 384 US 7,730,287 B2

Definition

def mul(size,h,vs,v,i,ws,w,j) as

mul < ((vs&Vsize-1+{)P-S12€ || vize-14i.i) * (Ws&Wsize-1+)M"512€ || wsize-1+]..j)
enddef

def WideMultiplyExtractMatrix(op,ra,rb,rc,rd)
d « RegRead(rd, 128)
¢ « RegRead(rc, 64)
b < RegRead(rb, 128)
case bg. .0 of
0..255:

sgsize « 128
256..383:
sgsize <« 64
384..447.
sgsize « 32
448..479:
sgsize « 16
480..495:
sgsize « 8
496..503:
sgsize « 4
504..507:
sgsize ¢ 2
508..511:
sgsize « 1
endcase
l<bi11
m<«bi12
n <« bi3
signed « bi4
ifc3, 0 #0then
wsize « (c and (0-c)) || 04
t « cand (c-1)
else
wsize « 128
tecC
endif
if sgsize < 8 then
gsize « 8
elseif sgsize > wsize/2 then

FIG. 101C
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gsize < wsize/2
else
gsize « sgsize
endif
lgsize « log(gsize)
Iwsize « log(wsize)
if twsize+6-n-lgsize..lwsize-3 # 0 then
msize « (t and (0-1)) || 04
VirtAddr « tand (t-1)
else
msize « 64*(2-n)*wsize/gsize
VirtAddr « t
endif
vsize < (1+n)*msize*gsize/wsize
mm <« LoadMemory(c,VirtAddr,msize,order)
h « (2*gsize) + 7 - Igsize
Imsize « log(msize)
if (VirtAddrlmsize-A,”O # (0 then
raise AccessDisallowedByVirtual Address
endif
case op of
W.MUL.MAT.X.B:
order < B
W.MULMAT.X.L:
order «- L
endcase
ms <« signed
ds « signed *m
as «- signed orm
spos < (bg..0) and (2*gsize-1)
dpos « (0 || b23..16) and (gsize-1)
I < Spos
sfsize « (0] b31..24) and (gsize-1)
tfsize « (sfsize = 0) or ((sfsize+dpos) > gsize) ? gsize-dpos : sfsize
fsize « (tfsize + spos>h) ? h - spos : tfsize
if (b10..9 = Z) & ~signed then
md « F
else
md « b10..9
endif
for i « 0 to wsize-gsize by gsize

FIG. 101C continued
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q[0] « 02*gsize+7-Igsize
for j « 0 to vsize-gsize by gsize
if n then
if (~1) & j & gsize = 0 then
k ¢ i-(j&gsize)+wsize*j§. Igsize+]
qlj+gsize] « q[j] + mul(gsize,h,ms,mm k,ds,d,j)
else
k « it+gsize+wsize*}g. lgsize+1
q[j+gsize] « q[j] - mul(gsize,h,ms,mm k,ds,d,j)
endif
else

glj+gsize] « q[j] + mul(gsize,h,ms,mm,i+j*wsize/gsize,ds,d,j)
endif
endfor
p <« q[128]
case rnd of
none, N:

s = Ob-T || ~py || pf-1
Z:
s 00T || pp_y
F:
s « 0h
C:
s« Ohrqr
endcase
v < ((ds & ph-1)llp) + (Olls)
if (vh, .r+fsize = (as & Vr-+fsize- 1)1 1-1-1512€) or not I then
we (as & Vr+fsize-l)gSize'fSize'dpos || vfsize-1+r..r | odpos
else
W (s 7 (vh | ~vgsize-dpos-1) . 1gsize-dp03) I odpos
endif
agize-1+i..1 €& W
endfor

a127..wsize < 0
RegWrite(ra, 128, a)
enddef

FIG. 101C continued
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Exceptions

Access disallowed by virtual address
Access disallowed by tag

Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag

Access detail required by local TB
Access detail required by global TB
Local TB miss

Global TB miss

FIG. 101C continued
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Operation codes

WMULMATXI 8.CB

Wide multiply matrix extract immediate signed bytes big-
endian ceiling

W.MULMAT.XI 8.CL

Wide multiply matrix extract immediate signed bytes little-
endian ceiling

W.MULMATXI 8FB

Wide multiply matrix extract immediate signed bytes big-
endian floor

W.MULMATXI 8FL

Wide multiply matrix extract immediate signed bytes littie-
endian floor

W.MULMAT.XI. 8$.N.B

Wide multiply matrix extract immediate signed bytes big-
endian nearest

W.MUL.MAT.XI1 8§N.L

Wide multiply matrix extract immediate signed bytes little-
endian nearest

W.MULMATXI 8.ZB

Wide multiply matrix extract immediate signed bytes big-
endian zero

W.MULMAT.XI1.8.ZL

Wide multiply matrix extract immediate signed bytes little-
endian zero

W.MULMATXI116.CB

Wide multiply matrix extract immediate signed doublets
big-endian ceiling

W.MULMAT.XI1.16.C.L

Wide multiply matrix extract immediate signed doublets
little-endian ceiling

WMULMATXILI16FB

Wide multiply matrix extract immediate signed doublets
big-endian floor

W.MULMAT.XIL16FL

Wide multiply matrix extract immediate signed doublets
little-endian floor

W.MUL.MAT.X.I.16.N.B

Wide multiply matrix extract immediate signed doublets
big-endian nearest

W.MUL.MAT.XIL16.N.L

Wide multiply matrix extract immediate signed doublets
little-endian nearest

W.MULMAT.X1.16.Z.B

Wide multiply matrix extract immediate signed doublets
big-endian zero

WMULMAT.XIL16.Z.L

Wide multiply matrix extract immediate signed doublets
little-endian zero

W.MULMATX132.C.B | Wide multiply matrix extract immediate signed quadlets
big-endian ceiling

WMULMATXI132.CL |Wide multiply matrix extract immediate signed quadlets
little-endian ceiling

WMULMATXI132FB | Wide multiply matrix extract immediate signed quadlets
big-endian floor

WMULMATXIL32FL | Wide multiply matrix extract immediate signed quadlets

little-endian floor

FIG. 102A

US 7,730,287 B2




U.S. Patent

Jun. 1, 2010

Sheet 354 of 384

W.MULMAT.XI132NB | Wide multiply matrix extract immediate signed quadlets
big-endian nearest

W.MULMAT.XI132N.L | Wide multiply matrix extract immediate signed quadlets
little-endian nearest

WMULMAT.X.132.ZB | Wide multiply matrix extract immediate signed quadlets
big-endian zero

W.MULMAT.X132ZL | Wide multiply matrix extract immediate signed quadlets
little-endian zero

W.MULMAT.X.1.64.CB | Wide multiply matrix extract immediate signed octlets big-
endian ceiling

W.MULMAT.X.1.64.CL | Wide multiply matrix extract immediate signed octlets little-
endian ceiling

W.MUL.MAT.X.L.64F.B | Wide multiply matrix extract immediate signed octlets big-
endian floor

W.MULMAT.X.L64FL | Wide multiply matrix extract immediate signed octlets little-
endian floor

W.MULMAT.X.1.64NB | Wide multiply matrix extract immediate signed octlets big-
endian nearest

W.MULMAT.X.L64N.L | Wide multiply matrix extract immediate signed octlets little-
endian nearest

W.MULMAT.X.1.64.ZB | Wide multiply matrix extract immediate signed octlets big-
endian zero

W.MULMAT.X.1.64.ZL | Wide multiply matrix extract immediate signed octlets little-

endian zero

W.MULMAT.XIC.8.CB

Wide multiply matrix extract immediate complex bytes big-
endian ceiling

W.MULMAT.XIC.8.CL

Wide multiply matrix extract immediate complex bytes
little-endian ceiling

W.MULMATX.IC. 8.FB

Wide multiply matrix extract immediate complex bytes big-
endian floor

W.MULMAT.X.1C.8.FL

Wide multiply matrix extract immediate complex bytes
little-endian floor

W.MULMAT.XIC. 8.N.B

Wide multiply matrix extract immediate complex bytes big-
endian nearest

W.MULMATXIC.8NL

Wide multiply matrix extract immediate complex bytes
little-endian nearest

W.MUL.MAT.X.1.C. 8.Z2B

Wide multiply matrix extract immediate complex bytes big-
endian zero

W.MULMATXIC.8.ZL

Wide multiply matrix extract immediate complex bytes
little-endian zero

W.MULMATX.I.C.16.C.
B

Wide multiply matrix extract immediate complex doublets
big-endian ceiling

FIG. 102A continued
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W MULMAT.XIC.16.C.

L

Wide multiply matrix extract immediate complex doublets
little-endian ceiling

W.MULMAT.X.I.C.16.F.
B

Wide multiply matrix extract immediate complex doublets
big-endian floor

W MULMAT.X.I.C.16.F.
L

Wide multiply matrix extract immediate complex doublets
little-endian floor

W.MUL.MAT.X.I.C.16.N.

B

Wide multiply matrix extract immediate complex doublets
big-endian nearest

W.MUL.MAT.X.I.C.16.N,

L

Wide multiply matrix extract immediate complex doublets
little-endian nearest

W.MULMAT.XIC.16.Z
B

Wide multiply matrix extract immediate complex doublets
big-endian zero

WMULMATXIC.16.Z
L

Wide multiply matrix extract immediate complex doublets
little-endian zero

W.MULMATX.I1.C32.C

Wide multiply matrix extract immediate complex quadlets

B big-endian ceiling
W.MULMAT.XILC32.C. | Wide multiply matrix extract immediate complex quadlets
L

little-endian ceiling

W MULMAT.XI1.C32F.
B

Wide multiply matrix extract immediate complex quadlets
big-endian floor

W MULMAT.X.LC32F.
L

Wide multiply matrix extract immediate complex quadlets
little-endian floor

W.MULMAT.X.I.C32.N.

Wide multiply matrix extract immediate complex quadlets

B big-endian nearest

W.MULMAT.X.IL.C.32.N. | Wide multiply matrix extract immediate complex quadlets
L little-endian nearest

W.MULMAT.XI1.C32.Z. | Wide multiply matrix extract immediate complex quadlets
B big-endian zero

W.MULMAT.XI1.C32.Z. | Wide multiply matrix extract immediate complex quadlets
L little-endian zero

W.MULMAT.X1.C.64.C. | Wide multiply matrix extract immediate complex octlets
B big-endian ceiling

W.MUL MAT.XI.C.64.C. | Wide multiply matrix extract immediate complex octlets
L little-endian ceiling

W.MULMATXI1C.64F. | Wide multiply matrix extract immediate complex octlets
B big-endian floor

W.MULMAT.XI.C.64.F. | Wide multiply matrix extract immediate complex octlets
L little-endian floor

W.MUL.MAT.X.1.C.64.N. | Wide multiply matrix extract immediate complex octlets
B big-endian nearest

W.MULMAT.XILC.64N. | Wide multiply matrix extract immediate complex octlets
L little-endian nearest
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W.MUL.MAT.X.1.C.64.Z.
B

Wide multiply matrix extract immediate complex octlets
big-endian zero

WMULMAT.X.1.C.64.Z. | Wide multiply matrix extract immediate complex octlets

L little-endian zero

W.MULMATX.IM. Wide multiply matrix extract immediate mixed-signed bytes
8.C.B big-endian ceiling

W.MULMAT.X.LM. Wide multiply matrix extract immediate mixed-signed bytes
8.C.L little-endian ceiling

W.MUL.MAT.X.LM. Wide multiply matrix extract immediate mixed-signed bytes
8.F.B big-endian floor

WMULMAT.X.IM. 8FL

Wide multiply matrix extract immediate mixed-signed bytes
little-endian floor

W.MULMAT.X.LM. Wide multiply matrix extract immediate mixed-signed bytes
8 N.B big-endian nearest

W.MUL.MAT.X.LM. Wide multiply matrix extract immediate mixed-signed bytes
8.N.L little-endian nearest

W.MULMAT.X.IM. Wide multiply matrix extract immediate mixed-signed bytes
8.ZB big-endian zero

W.MULMAT.X.IM. Wide multiply matrix extract immediate mixed-signed bytes
8.Z.L little-endian zero

WMULMAT.X.IM.16.C.
B

Wide multiply matrix extract immediate mixed-signed
doublets big-endian ceiling

W.MULMAT.X.IM.16.C.
L

Wide multiply matrix extract immediate mixed-signed
doublets little-endian ceiling

W.MULMAT.X.I.M.16.F.
B

Wide multiply matrix extract immediate mixed-signed
doublets big-endian floor

WMULMAT.X.ILM.16.F.
L

Wide multiply matrix extract immediate fnixed-signed
doublets little-endian floor

W.MULMAT.X.IM.16.N.
B

Wide multiply matrix extract immediate mixed-signed
doublets big-endian nearest

W.MULMAT.X.IM.16.N.
L

Wide multiply matrix extract immediate mixed-signed
doublets little-endian nearest

W.MULMATX.IM.16.2.
B

Wide multiply matrix extract immediate mixed-signed
doublets big-endian zero

W.MULMAT.X.IM.16.Z.
L

Wide multiply matrix extract immediate mixed-signed
doublets little-endian zero

W.MULMAT.X.LM.32.C. | Wide multiply matrix extract immediate mixed-signed
B quadlets big-endian ceiling

W.MUL.MAT.X.I.M.32.C. | Wide multiply matrix extract immediate mixed-signed
L quadlets little-endian ceiling

W.MUL.MAT.X.LM.32F. | Wide multiply matrix extract immediate mixed-signed
B quadlets big-endian floor
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WMULMAT.X.ILM.32F. | Wide multiply matrix extract immediate mixed-signed
L quadlets little-endian floor
W.MUL.MAT.X..LM.32.N. { Wide multiply matrix extract immediate mixed-signed
B quadlets big-endian nearest
W.MUL.MAT.X.1M.32.N. | Wide multiply matrix extract immediate mixed-signed
L quadlets little-endian nearest
W.MULMAT.X1M.32.Z. | Wide multiply matrix extract immediate mixed-signed
B quadlets big-endian zero
W.MULMAT.X.LM.32.Z. | Wide multiply matrix extract immediate mixed-signed
L quadlets little-endian zero
W.MULMAT.XIM.64.C. | Wide multiply matrix extract immediate mixed-signed
B octlets big-endian ceiling
W.MULMAT.X.IM.64.C. | Wide multiply matrix extract immediate mixed-signed
L octlets little-endian ceiling
W.MULMAT.XIM.64.F. | Wide multiply matrix extract immediate mixed-signed
B B octlets big-endian floor
W.MUL.MAT.X.LM.64.F. | Wide multiply matrix extract immediate mixed-signed
L octlets little-endian floor
W.MUL.MAT.X.1.M.64.N. | Wide multiply matrix extract immediate mixed-signed
B octlets big-endian nearest

W.MUL.MAT.X.1.M.64.N.
L

Wide multiply matrix extract immediate mixed-signed
octlets little-endian nearest

W.MUL.MAT X.1.M.64.Z.
B

Wide multiply matrix extract immediate mixed-signed
octlets big-endian zero

W MULMAT X1.M.64.Z,
L

Wide multiply matrix extract immediate mixed-signed
octlets little-endian zero

W.MUL.MATX1U.8.CB

Wide multiply matrix extract immediate unsigned bytes big-
endian ceiling

W.MULMATX.1U. 8.CL

Wide multiply matrix extract immediate unsigned bytes
little-endian ceiling

W.MUL.MATX.LU. 8F.B

Wide multiply matrix extract immediate unsigned bytes big-
endian floor

W.MULMAT.XILU.8FL

Wide multiply matrix extract immediate unsigned bytes
little-endian floor

W.MULMATXIU.
8N.B

Wide multiply matrix extract immediate unsigned bytes big-
endian nearest

WMULMATXILU. 8NL

Wide multiply matrix extract immediate unsigned bytes
little-endian nearest

W.MULMAT.X.1U.16.C.
B

Wide multiply matrix extract immediate unsigned doublets
big-endian ceiling

W MULMATX.1LU.16.C.
L

Wide multiply matrix extract immediate unsigned doublets
little-endian ceiling
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W.MULMAT.X.LU.16.F.

B

Wide multiply matrix extract immediate unsigned doublets
big-endian floor

WMULMAT.X.IU.16.F.

L

Wide multiply matrix extract immediate unsigned doublets
little-endian floor

W.MULMAT.X.I.U.16.N.

B

Wide multiply matrix extract immediate unsigned doublets
big-endian nearest

W.MUL.MAT.XIU.16.N.

Wide multiply matrix extract immediate unsigned doublets

L little-endian nearest

W.MULMAT.X.LU.32.C. | Wide multiply matrix extract immediate unsigned quadlets
B big-endian ceiling

W.MULMAT.X.LU.32.C. | Wide multiply matrix extract immediate unsigned quadlets
L little-endian ceiling

W.MULMATX.IL.U32F. | Wide multiply matrix extract immediate unsigned quadlets
B big-endian floor

W.MULMAT.X.LU32.F. | Wide multiply matrix extract immediate unsigned quadlets
L little-endian floor

W.MUL.MAT X.LU32.N. | Wide multiply matrix extract immediate unsigned quadlets
B big-endian nearest

W.MULMAT X.LU.32.N. | Wide multiply matrix extract immediate unsigned quadlets
L little-endian nearest

W.MUL.MAT.X.LU.64.C. | Wide multiply matrix extract immediate unsigned octlets
B big-endian ceiling

W.MULMAT.X.LU.64.C. | Wide multiply matrix extract immediate unsigned octlets
L little-endian ceiling

W.MULMAT.X.LU.64F. | Wide multiply matrix extract immediate unsigned octlets
B big-endian floor

W.MULMATXILU.64F. | Wide multiply matrix extract immediate unsigned octlets
L little-endian floor

W.MULMAT.X.IU.64N. | Wide multiply matrix extract immediate unsigned octlets
B big-endian nearest

W.MUL MAT.X.LU.64N. | Wide multiply matrix extract immediate unsigned octlets
L little-endian nearest
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Format

W.op.size.rnd rd=rc,rb,i

rd=wopsizernd(rc,tb,i)
31 2423 1817 1211 65 43 21 0O
| op | rd | rc | tb | sz [md] sh |
8 6 6 6 2 2 2

sz « log(size) - 3
case op of
W.MULMAT.X.[, WMULMATX.1.C:
assert size + 6 - log(size) 2 i 2 size + 6 - log(size) - 3
sh « size + 6 - log(size) - i
W.MULMAT.X.LM, WMULMAT.X.I.U:
assert size + 7 - log(size) 2 i > size + 7 - log(size) - 3
sh « size + 7 - log(size) - i
endcase

FIG. 102B
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Definition

def mul(size,h,vs,v,i,ws,w,j) as

mul < ((vs&vsize-1+1)1512€ || vsize-1+i..0) * (Ws&Wsize-1-+)D"S12€ || wsize-1+4. )
enddef

def WideMultiplyExtractimmediateMatrix(op,rnd,gsize,rd,rc,rb,sh)
¢ « RegRead(rc, 64)
b « RegRead(rb, 128)
lgsize « log(gsize)
case op of
W.MULMAT.XIB, WMULMAT.X.I.L, WMULMAT.X.I.U.B,
WMULMATX.IUL,
WMUL.MAT.X.I.M.B, WMUL.MAT.X.IM.L:
if Cigsize-4__0 # 0 then
raise AccessDisallowedByVirtualAddress
endif
if ¢3..Igsize-3 # 0 then

wsize <« (¢ and (0-¢)) || 04
t « cand (c-1)
else
wsize « 128
tec
endif
lwsize « log(wsize)
if tlwsize+6-1gsize..lwsize-3 # 0 then
msize < (t and (0-t)) || 04
VirtAddr « t and (t-1)
else
msize < 128*wsize/gsize
VirtAddr « t
endif
vsize <« msize*gsize/wsize
W.MULMATX.I.CB, WMULMATXILC.L:
if clgsize-4..0 # 0 then
raise AccessDisallowedByVirtualAddress
endif
if c3. Igsize-3 # 0 then
wsize « (c and (0-c)) || 04
t<« cand (c-1)
else
wsize « 128
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tec
endif
lwsize « log(wsize)
if tiwsize+5-1gsize. lwsize-3 # 0 then
msize « (t and (0-t)) || 04
VirtAddr « tand (t-1)
else
msize « 64*wsize/gsize
VirtAddr «t
endif
vsize ¢ 2*msize*gsize/wsize
endcase
case op of
W.MUL.MAT.X.L.B, WMULMAT.X.1.U.B, WMULMAT.X.IL.M.B,
WMULMAT.X.IC.B:
order « B
W.MULMATX.LL, WMULMATX.IL.U.L, WMULMATXIM.L,
WMULMAT.X.I.C.L:
order « L
endcase
case op of
W.MULMAT.X.I.UB, WMULMAT.X.IU.L:
as e ms«bs«0
W.MULMAT.X.IM.B, WMULMAT.X.IM.L,:
bs « 0
as<ms <1
W.MUL.MAT.X.I.B, WMULMAT.X.L.L, WMULMAT.X.1.C.B,
W.MULMAT.X.I1.C.L:
as < ms < bs « 1
endcase
m <« LoadMemory(c,VirtAddr,msize,order)
h « (2*gsize) + 7 - Igsize - (ms and bs)
r < h-size-sh
for i « 0 to wsize-gsize by gsize
q[0] « 02*gsize+7-Igsize
for j < 0 to vsize-gsize by gsize
case op of
W.MULMAT X.1B, WMULMAT.XIL,
W.MULMAT.X.1L.UB, WMULMATXILU.L,
W.MULMAT.X.IM.B, WMULMAT.X.IM.L:
q[j+gsize] < q[j] + mul(gsize,h,ms,m,i+wsize*jg. lgsize,bs,b.j)
W.MULMAT.X.1.C.B, WMULMAT.X.I.CL:
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if (~) & j & gsize = 0 then
k « E-G&gSiZC)'f‘WSiZC*j8”}.gsize+1
qlj+gsize] « q[j] + mul(gsize,h,ms,mk,bs,b,j)
else
k < i+gsize+wsize*}g_ Igsize+]
qljt+gsize] « q[j] - mul(gsize,h,ms,m,k,bs,b,j)
endif
endcase
endfor

p < q[vsize]
case rnd of
none, N:
s 0BT || ~p || pf1
Z:
s« 00T || pfy g
F:
s« 0h
C:
s b 11
endcase
v « ((as & ph-1llp) + (Olis)
if (Vh..r+gsize = (as & Vrgsize-1)N 118128 then
agsize-1+i..1 < Vgsize-1+r.1
else
agsize-1+i..i < as ? (Vh || ~vﬁSize‘1) . 1gsize
endif
endfor
a127..wsize < 0
RegWrite(rd, 128, a)
enddef
Exceptions

Access disallowed by virtual address
Access disallowed by tag

Access disallowed by global TB
Access disallowed by local TB
Access detail required by tag

Access detail required by local TB
Access detail required by global TB
Local TB miss

Global TB miss

FIG. 102C continued





