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G.SUB.H. 8.C Group subtract halve signed bytes ceiling
G.SUB.H.8.F Group subtract halve signed bytes floor
G.SUB.H. S.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.Z 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.l28.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.D. 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.H.U.16.N Group subtract halve unsigned doublets nearest
G.SUB.H.D. 16.2 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.SURH.U. 32.2 Group subtract halve unsigned quadlets zero
G.SUB.H.U. 64.C Group subtract halve unsigned octlets ceiling
G.SURH.U. 64.F Group subtract halve unsigned oCtlets floor
G.SUB.H.U.64.N Group subtract halve unsigned octlets nearest
G.SURH.U. 64.2 Group subtract halve unsigned octlets zero
G.SURH.U.l28.C Group subtract halve unsigned hexlet ceiling
G.SURH.U.l28.F Group subtract halve unsigned hexlet floor

FIG.93A
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G.8UB.H.U.l28.N
G.8UB.H.U.l28.Z

Group subtract halve unsigned hexlet nearest
Group subtract halve unsigned hexlet zero

Redundancies

G.8UB.H.size.md rd=rc,rc
G.8UB.H.U.size.md rd=rc,rc

¢::> G.ZERO rd
¢::> G.ZERO rd

FIG. 93A continued
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G.op.size.md rd=rb,rc

rd=gopsizemd(rb,rc)

31 24 23 18 17 12 11
1_--.;;;G~.sl;;;;;·ze~......LI_...;r~d_...JIL.._.:.:rc:....-_1
866

FIG.93B
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def GroupSubtractHalve(op,rnd,size,rd,rc,rb)
c +- RegRead(rc, 128)
b +- RegRead(rb, 128)
case op of

G.SUB.H.C, G.SUB.H.F, G.SUB.H.N, G.8UB.H.Z:
as +- cs +- bs +- 1

G.SUB.H.U.C, G.SUB.H.U.F, G.SUB.H.U.N, G.SUB.H.U.Z
as +- 1
cs +- bs +- 0

endcase
for i +- 0 to 128-size by size

P~ «bs and bsize-I) II bsize-1+i..j) - «cs and csize-I) II csize-1+i..i)
case rnd of

none, N:
s~ osize II-PI

Z:
s +- OSlze II Psize

F:
s~ osize+I

C:

s +- osize 111 1
endcase
v +- «(as & Psize)llp) + (Oils)
ifvsize+1 = (as & vsize) then

asize-l+i..i ~ vsize.. l
else

asize-I +Li +- as ? (vsize+1 II ~v~l~g+~) : Isize
endif

endfor
RegWrite(rd, 128, a)

enddef
Exceptions

none

FIG.93C
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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.CON.M.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.l6 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
E.MUL.C.16 Ensemble complex multiply doublets
E.MUL.C.32 Ensemble complex multiply quadlets
E.MUL.M.8 Ensemble multiply mixed-signed bytes
E.MUL.M.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.SUM.M. 8 Ensemble multiply sum mixed-signed bytes
E.MUL.SUM.M.16 Ensemble multiply sum mixed-sig;ned 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 unsig;ned octlets
E.MUL.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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class op type size
multiply E.MUL NONE M U 8 16 32 64

P
C 8 16 32

multiply sum E.MUL.SUM NONE M U 8 16 32 64
C 8 16 32

divide E.DIV NONE U 64

Format

E.op.size rd=rc,rb

rd=eopsize(rc,rb)

31 24 23 18 17 12 11 6 5 0

I E.size I rd I rc I rb I op I
8 6 6 6 6

FIG.94B
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defmul(size,h,vs,v,i,ws,w,j) as

mul ~ ((vs&vsize_l+i)h-size II vsize-1+i..i) * ((ws&wsize_l+j)h-size II wsize-1+j ..j)
enddef

def c ~ PolyMultiply(size,a,b) as
prO] ~ 02*size

for k~ 0 to size-l
p[k+l] ~ p[k] A ak? (osize-k II b II Ok): 02*size

endfor
c~ p[size]

enddef

def Ensemble(op,size,rd,rc,rb)
c ~ RegRead(rc, 128)
b~ RegRead(rb, 128)
case op of

E.MUL:, E.MUL.C:, EMUL.SUM, E.MUL.SUM.C, E.CON, E.CON.C, E.DIV:
cs ~ bs ~ 1

E.MUL.M:, EMUL.SUM.M, E.CON.M:
cs~O

bs~ 1
E.MUL.U:, EMUL.SUM.U, E.CON.U, E.DIV.U, E.MUL.P:

cs~ bs ~O
endcase
case op of

E.MUL, E.MUL.U, E.MUL.M:
for i ~ 0 to 64-size by size

d2*(i+size)-1..2*i ~ 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*i ~ PolyMultiply(size,csize-l +i..i,bsize-l+i..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 ,c,i,1 ,b,i) - mul(size,2*size,1,c,i+size,1 ,b,i+size)

else

FIG.94C
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p 0(- mul(size,2*size,1,e,i,1,b,i+size) + mul(size,2*size,1,e,i, 1,b,i+size)
endif
d2*(i+size)-1..2*i 0(- P

endfor
E.MUL.SUM, E.MUL.SUM.U, E.MUL.8UM.M:

prO] 0(- 0128

for i 0(- 0 to 128-size by size
p[i+size] 0(- p[i] + mul(size,128,cs,c,i,bS,b,i)

endfor
a 0(- p[128]

E.MUL.SUM.C:

prO] 0(- 064

p[size] 0(- 064

for i 0(- 0 to 128-size by size
if (i and size) =0 then

p[i+2*size] 0(- p[i] + mul(size,64,I,e,i,l,b,i)
- mul(size,64,1 ,c,i+size, l,b,i+size)

else
p[i+2*size] 0(- p[i] + mul(size,64,I,c,i,l,b,i+size)

+ mulesize,64,1,e,i+size,1,b,i)
endif

endfor
a 0(- p[128+size] II p[128]

E.CON, E.CON.U, E.CON.M:
prO] 0(- 0128

for j 0(- 0 to 64-size by size
for i 0(- 0 to 64-size by size

p[j+size]2*(i+size)-1..2*i 0(- PDl2*(i+size)-1..2*i +
mul(size,2*size,cs,c,i+64-j,bs,b,j)

endfor
endfor
a 0(- p[64]

E.CON.C:

prO] 0(- 0128

for j 0(- 0 to 64-size by size
for i 0(- 0 to 64-size by size

if ((-i) and j and size) = 0 then
p[j+sizel2*(i+size)-1..2*i 0(- P[j]2*(i+size)-1..2*i +

mul(size,2*size,1 ,c,i+64-j,1,bJ)
else

p[j+sizel2*(i+size)-1..2*i 0(- PDl2*(i+size)-1..2*i 
mul(size,2*size,1 ,c,i+64-j+2*size, l,b,j)

FIG. 94C continued
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endif
endfor

endfor
a~ p[64]

E.DIV:

if (b = 0) or ( (c = (111063» and (b = 164) ) then
a~ undefined

else
q ~c/b
r~ c - q*b
a~ r63 ..0 II Q63 ..0

endif
E.DIV.U:

ifb = 0 then
a~ undefined

else
q~ (0 II c) / (0 II b)
r~ c - (0 II q)*(0 II b)
a <E- r63 ..0 II Q63..0

endif
endcase
RegWrite(rd, 128, a)

enddef
Exceptions

none

FIG. 94C continued
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E.CON.XI.C. 8.C.B Ensemble convolve extract immediate signed complex bytes
big-endian ceiling

E.CON.XI.C. 8.F.B Ensemble convolve extract immediate signed complex bytes
big-endian floor

E.CON.XI.C. 8.N.B Ensemble convolve extract immediate signed complex bytes
big-endian nearest

E.CON.XI.C.8.Z.B Ensemble convolve extract immediate signed complex bytes
big-endian zero

E.CONX.I.C.16.C.B Ensemble convolve extract immediate signed complex
doublets big-endian ceiling

E.CON.XI.C.16.F.B Ensemble convolve extract immediate signed complex
doublets big-endian floor

E.CONX.I.C.16.N.B Ensemble convolve extract immediate signed complex
doublets big-endian nearest

E.CONX.I.C.16.Z.B Ensemble convolve extract immediate signed complex
doublets big-endian zero

E.CONX.I.C.32.C.B Ensemble convolve extract immediate signed complex
quadlets big-endian ceiling

E.CONX.I.C.32.F.B Ensemble convolve extract immediate signed complex
quadlets big-endian floor

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

E.CON.X.I.C.32.Z.B Ensemble convolve extract immediate signed complex
quadlets big-endian zero

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

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

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

E.CON.XI.C.64.Z.B Ensemble convolve extract immediate signed complex
octlets big-endian zero

E.CON.XI.C. 8.C.L Ensemble convolve extract immediate signed complex bytes
Iittle-endian ceiling

E.CON.XI.C. 8.F.L Ensemble convolve extract immediate signed complex bytes
little-endian floor

E.CON.XI.C. 8.N.L Ensemble convolve extract immediate signed complex bytes
little-endian nearest

E.CON.XI.C. 8.Z.L Ensemble convolve extract immediate signed complex bytes
Iittle-endian zero

FIG.95A
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E.CON'x.I.C.16.C.L Ensemble convolve extract immediate signed complex
doublets little-endian ceiling

E.CON.X.I.C.16.F.L Ensemble convolve extract immediate signed complex
doublets little-endian floor

E.CON'x.I.C.l6.N.L Ensemble convolve extract immediate signed complex
doublets little-endian nearest

E.CON.X.I.C.16.Z.L Ensemble convolve extract immediate signed complex
doublets little-endian zero

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

E.CON.X.I.C,32.F.L Ensemble convolve extract immediate signed complex
quadlets little-endian floor

E.CON.X.I.C.32.N.L Ensemble convolve extract immediate signed complex
quadlets little-endian nearest

E.CON'x.I.C.32.Z.L Ensemble convolve extract immediate signed complex
quadlets little-endian zero

E.CON.X,I.C.64.C.L Ensemble convolve extract immediate signed complex
octlets little-endian ceiling

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

E.CON'x.I.C.64.N.L Ensemble convolve extract immediate signed complex
octlets little-endian nearest

E.CON'x.I.C.64.Z.L Ensemble convolve extract immediate signed complex
octlets little-endian zero

E.CON.X.I. 8.C.B Ensemble convolve extract immediate signed bytes big-
endian ceiling

E.CON.X.I. 8.F.B Ensemble convolve extract immediate signed bytes big-
endian floor

E.CON.X.I. 8.N.B Ensemble convolve extract immediate signed bytes big-
endian nearest

E.CON.X.I. 8.Z.B Ensemble convolve extract immediate signed bytes big-
endian zero

E.CON.X.I.16.C.B Ensemble convolve extract immediate signed doublets big-
endian ceiling

E.CON'x.U6.F.B Ensemble convolve extract immediate signed doublets big-
endian floor

E.CONX.I.16.N.B Ensemble convolve extract immediate signed doublets big-
endian nearest

E.CON.X.U6.Z.B Ensemble convolve extract immediate signed doublets big-
endian zero

E.CON.X.I.32.C.B Ensemble convolve extract immediate signed quadlets big-
endian ceiling

FIG. 95A continued
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E.CONX.I.32.F.B Ensemble convolve extract immediate signed quadlets big-
endian floor

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

E.CONX.I.32.Z.B Ensemble convolve extract immediate signed quadlets big-
endian zero

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

E.CONX.I.64.F.B Ensemble convolve extract immediate signed octlets big-
endian floor

E.CONX.I.64.N.B Ensemble convolve extract immediate signed octlets big-
endian nearest

E.CONX.I.64.Z.B Ensemble convolve extract immediate signed octlets big-
endian zero

E.CONX.I. 8.C.L Ensemble convolve extract immediate signed bytes Iittle-
endian ceiling

E.CONX.I. 8.F.L Ensemble convolve extract immediate signed bytes little-
endian floor

E.CONX.I. 8.N.L Ensemble convolve extract immediate signed bytes little-
endian nearest

E.CONX.I. 8.Z.L Ensemble convolve extract immediate signed bytes little-
endian zero

E.CONX.I.l6.C.L Ensemble convolve extract immediate signed doublets little-
endian ceiling

E.CONX.I.16.F.L Ensemble convolve extract immediate signed doublets little-
endian floor

E.CONX.I.16.N.L Ensemble convolve extract immediate signed doublets little-
endian nearest

E.CONX.I.16.Z.L Ensemble convolve extract immediate signed doublets little-
endian zero

E.CONX.I.32.C.L Ensemble convolve extract immediate signed quadlets little-
endian ceiling

E.CONX.I.32.F.L Ensemble convolve extract immediate signed quadlets little-
endian floor

E.CONX.I.32.N.L Ensemble convolve extract immediate signed quadlets little-
endian nearest

E.CONX.I.32.Z.L Ensemble convolve extract immediate signed quadlets little-
endian zero

E.CONX.I.64.C.L Ensemble convolve extract immediate signed octlcts little-
endian ceiling

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

FIG. 95A continued
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E.CONX.I.64.N.L Ensemble convolve extract immediate signed octlets little-
endian nearest

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

E.CON.X.I.M. 8.C.B Ensemble convolve extract immediate mixed-signed bytes
big-endian ceiling

E.CON.X.I.M. 8.F.B Ensemble convolve extract immediate mixed-signed bytes
big-endian floor

E.CON.X.I.M. 8.N.B Ensemble convolve extract immediate mixed-signed bytes
big-endian nearest

E.CON.X.I.M.8.Z.B Ensemble convolve extract immediate mixed-signed bytes
big-endian zero

E.CON.X.I.M.16.C.B Ensemble convolve extract immediate mixed-signed
doublets big-endian ceiling

E.CON.X.I.M.16.F.B Ensemble convolve extract immediate mixed-signed
doublets big-endian floor

E.CON.X.I.M.l6.N.B Ensemble convolve extract immediate mixed-signed
doublets big-endian nearest

E.CON.X.I.M.16.Z.B Ensemble convolve extract immediate mixed-signed
doublets big-endian zero

E.CON.X.I.M.32.C.B Ensemble convolve extract immediate mixed-signed
quadlets big-endian ceiling

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

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

E.CON.X.I.M.32.Z.B Ensemble convolve extract immediate mixed-signed
quadlets big-endian zero

E.CONX.I.M.64.C.B Ensemble convolve extract immediate mixed-signed octlets
big-endian ceiling

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

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

E.CON.X.I.M.64.Z.B Ensemble convolve extract immediate mixed-signed octlets
big-endian zero

E.CONX.I.M. 8.C.L Ensemble convolve extract immediate mixed-signed bytes
little-endian ceiling

E.CON.X.I.M. 8.F.L Ensemble convolve extract immediate mixed-signed bytes
little-endian floor

E.CON.X.I.M. 8.N.L Ensemble convolve extract immediate mixed-signed bytes
little-endian nearest

FIG. 95A continued
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E.CONX.I.M.8.Z.L Ensemble convolve extract immediate mixed-signed bytes
little-endian zero

E.CONX.I.M.16.C.L Ensemble convolve extract immediate mixed-signed
doublets little-endian ceiling

E.CONX.I.M.16.F.L Ensemble convolve extract immediate mixed-signed
doublets little-endian floor

E.CONX.I.M.l6.N.L Ensemble convolve extract immediate mixed-signed
doublets little-endian nearest

E.CONX.I.M.16.Z.L Ensemble convolve extract immediate mixed-signed
doublets little-endian zero

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

E.CON.X.I.M.32.F.L Ensemble convolve extract immediate mixed-signed
Quadlets little-endian floor

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

E.CON.X.I.M.32.Z.L Ensemble convolve extract immediate mixed-signed
quadlets little-endian zero

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

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

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

E.CON.X.I.M.64.Z.L Ensemble convolve extract immediate mixed-signed octlets
little-endian zero

E.CON.X.I.U. 8.C.B Ensemble convolve extract immediate unsigned bytes big-
endian ceiling

E.CON.X.I.U. 8.F.B Ensemble convolve extract immediate unsigned bytes big-
endian floor

E.CON.X.I.U. 8.N.B Ensemble convolve extract immediate unsigned bytes big-
endian nearest

E.CON.X.I.U.16.C.B Ensemble convolve extract immediate unsigned doublets
big-endian ceiling

E.CON.X.I.U.l6.F.B Ensemble convolve extract immediate unsigned doublets
big-endian floor

E.CON.X.I.U.l6.N.B Ensemble convolve extract immediate unsigned doublets
big-endian nearest

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

E.CON.X.I.U.32.F.B Ensemble convolve extract immediate unsigned quadlets
big-endian floor

FIG. 95A continued



u.s. Patent Jun. 1,2010 Sheet 303 of 384 US 7,730,287 B2

E.CON.XI.U.32.N.B Ensemble convolve extract immediate unsigned quadlets
big-endian nearest

E.CON.XI.D.64.C.B Ensemble convolve extract immediate unsigned octlets big-
endian ceiling

E.CON.XI.D.64.F.B Ensemble convolve extract immediate unsigned octlets big-
endian floor

E.CONX.I.U.64.N.B Ensemble convolve extract immediate unsigned octlets big-
endian nearest

E.CON.XI.U. 8.C.L Ensemble convolve extract immediate unsigned bytes little-
endian ceiling

E.CON.XI.U. 8.F.L Ensemble convolve extract immediate unsigned bytes little-
endian floor

E.CON.XI.D. 8.N.L Ensemble convolve extract immediate unsigned bytes little-
endian nearest

E.CON.XI.D.16.C.L Ensemble convolve extract immediate unsigned doublets
little-endian ceiling

E.CON.XI.D.16.F.L Ensemble convolve extract immediate unsigned doublets
little-endian floor

E.CON.X.I.D.16.N.L Ensemble convolve extract immediate unsigned doublets
little-endian nearest

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

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

E.CONX.I.D.32.N.L Ensemble convolve extract immediate unsigned quadlets
little-endian nearest

E.CON.XI.U.64.C.L Ensemble convolve extract immediate unsigned octlets
little-endian ceiling

E.CON.XI.D.64.F.L Ensemble convolve extract immediate unsigned octlets
little-endian floor

E.CONX.I.U.64.N.L Ensemble convolve extract immediate unsigned octlets
little-endian nearest

FIG. 95A continued
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E.op.size.md rd@rc,rb,i

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

31 24 23 18 17 12 11 6 5 4 3 2 1 0
l_--.;;E~.o~p_---Il,-_~rd:""---Ll_.....:r.;.c_....JIL.._~rb~--l~

8 6 6 6 222

sz~ log(size) - 3
sh~ size + 7 -log(size) - i

FIG.95B
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Sheet 305 of 384 US 7,730,287 B2

defmul(size,h,vs,v,i,ws,wJ) as

mul f- «vs&vsize_l+i)h-size II vsize-1+i.. i) * «ws&wsize_l+j)h-size II wsize-l+j ..j)
enddef

def EnsembleConvolveExtractImmediate(op,md,gsize,rd,rc,rb,sh)
d f- RegRead(rd, 128)
c f- RegRead(rd, 128)
b f- RegRead(rb, 128)
19size~ log(gsize)
wsize ~ 128
msize f- 256
vsize f- 128
case op of

E.CON.X.I.B, E.CON.X.I.U.B, E.CON.X.I.M.B, E.CON.X.I.C.B:
mf-dllc

E.CON.X.I.L, E.CON.X.I.U.L, E.CONX.LM.L, E.CON.X.LC.L:
mf-C II d

endcase
case op of

E.CON.X.LU.B, E.CONX.LU.L:
as~ ms f- bs f- false

E.CONX.I.M.B, E.CON.X.LM.L:
ms f- false
as f- bs~ true

E.CON.X.I.B, E.CON.X.LL, E.CONX.I.C.B, E.CONX.LC.L:
as f- ms f- bs f- true

endcase
h f- (2*gsize) + 7 -lgsize
r f- h - size - sh
for i f- 0 to wsize-gsize by gsize

q(O] f- 02*gsize+7-lgsize

for j f- 0 to vsize-gsize by gsize
case op of

E.CONX.LB, E.CONX.LL, E.CONX.I.M.B, E.CON.X.I.M.L,
E.CONX.LU.B, E.CON.X.LU.L:

q[j+gsize] f- q[j] + mul(gsize,h,ms,m,i+128-j,bs,bj)
E.CONX.I.C.B, E.CON.X.I.C.L:

if (-i) & j & gsize =0 then
q[j+gsize] f- q[j] + mul(gsize,h,ms,m,i+128-j,bs,bJ)

else

FIG.95C
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q[j+gsize] ~ q[j] - mul(gsize,h,ms,m,i+128-j+2*gsize,bs,bJ)
endif

endcase
endfor
P~ q[vsize]
case rod of

none,N:

s ~ oh-r II ~Pr II pf-l

z:
s~ oh-r II Ph-l

F:
s~Oh

c:

endcase
v ~ ((as & Ph-I)lIp) + (Oils)

if (vh..r+gsize ;:= (as & vr+gsize_I)h+l-r-gsize then

agsize-l +i..i ~ vgsize-1+r..r
else

agsize-l +i..i ~ as ? (vh II ~vgsize-l) : 1gsize

endif
endfor
a127..wsize ~ 0
RegWrite(rd, 128, a)

enddef
Exceptions

none

FIG. 95C continued
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Operation codes

Sheet 309 of 384 US 7,730,287 B2

E.CON.F.16.B Ensemble convolve floating-point halfbig-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.C.F.16.B Ensemble convolve complex floating-point half big-endian
E.CON.C.F.16.L Ensemble convolve complex floating-point half little-endian
E.CON.C.F.32.B Ensemble convolve complex floating-point single big-

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

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

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

endian

FIG.96A
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rd;;;eopsizeorder(rd,rc,rb)

31 2423 1817 1211 65 0

I E.size I rd I rc I rb I op.order I
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Definition
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defmul(size,v,i,w,j) as

mul f- fmul(F(size,Vsize-l+i.. i),F(size,wsize-l+j ..j))
enddef

def EnsembleConvolveFloatingPoint(op,gsize,rd,rc,rb)
d f- RegRead(rd, 128)
C f- RegRead(rc, 128)
b f- RegRead(rb, 128)
19size f- 10g(gsize)
wsize f- 128
msize f- 256
vsize f- 128
case op of

E.CON.F.B, E.CON.C.F.B:
m f- d II c

E.CON.F.L, E.CON.C.F.L :

m f- c II d
endcase
for i f- 0 to wsize-gsize by gsize

IINULL value doesn't combine with zero to alter sign bit
q[O].t f- NULL
for j f- 0 to vsize-gsize by gsize

case op of
E.CONF.L, E.CONF.B:

qU+gsize] f- fadd(qU], mul(gsize,m,i+128-j,b,j))
E.CONCF.L, E.CONCF.B:

if(-i) &j & gsize = 0 then
qU+gsize] f- fadd(qU], mul(gsize,m,i+128-j,bJ))

else
qU+gsize] f- fsub(qU], mul(gsize,m,i+128-j+2*gsize,b,j))

endif
endcase

endfor
agsize-I+i..i f- PackF(gsize,q[vsize],N)

endfor

al27..wsize f- 0
RegWrite(rd, 128, a)

enddef
Exceptions

none
FIG.96C
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Operation codes

Sheet 314 of 384 US 7,730,287 B2

E.EXTRACT.I. 8.C Ensemble extract immediate signed bytes ceiling
E.EXTRACT.I. 8.F Ensemble extract immediate signed bytes floor
E.EXTRACT.I. 8.N Ensemble extract immediate signed bytes nearest
E.EXTRACT.I. 8.l Ensemble extract immediate signed bytes zero
E.EXTRACT.I.16.C Ensemble extract immediate signed doublets ceiling
E.EXTRACT.I.l6.F Ensemble extract immediate signed doublets floor
E.EXTRACT.I.I6.N Ensemble extract immediate signed doublets nearest
E.EXTRACT.I.I6.l Ensemble extract immediate signed doublets zero
E.EXTRACT.I.32.C Ensemble extract immediate signed quadlets ceiling
E.EXTRACT.I.32.F Ensemble extract immediate signed quadlets floor
E.EXTRACT.I.32.N Ensemble extract immediate signed quadlets nearest
E.EXTRACT.I.32.l Ensemble extract immediate signed quadlets zero
E.EXTRACT.I.64.C Ensemble extract immediate signed octlets ceiling
E.EXTRACT.I.64.F Ensemble extract immediate signed octlets floor
E.EXTRACT.I.64.N Ensemble extract immediate signed octlets nearest
E.EXTRACT.I.64.l Ensemble extract immediate signed octlets zero
E.EXTRACT.I.U. 8.C Ensemble extract immediate unsigned bytes ceiling
E.EXTRACT.I.U. 8.F Ensemble extract immediate unsigned bytes floor
E.EXTRACT.I.U. 8.N Ensemble extract immediate unsigned bytes nearest
E.EXTRACT.I.U.16.C Ensemble extract immediate unsigned doublets ceiling
E.EXTRACT.I.U.16.F Ensemble extract immediate unsigned doublets floor
E.EXTRACT.I.U.16.N Ensemble extract immediate unsigned doublets nearest
E.EXTRACT.I.U.32.C Ensemble extract immediate unsigned quadlets ceiling
E.EXTRACT.I.U.32.F Ensemble extract immediate unsigned Quadlets floor
E.EXTRACT.I.U.32.N Ensemble extract immediate unsigned Quadlets nearest
E.EXTRACT.I.U.64.C Ensemble extract immediate unsigned octlets ceiling
E.EXTRACT.I.U.64.F Ensemble extract immediate unsigned oetlets floor
E.EXTRACT.I.U.64.N Ensemble extract immediate unsigned octlets nearest
E.MUL.X.I. 8.C Ensemble multiply extract immediate signed bytes ceiling
E.MUL.X.I. 8.F Ensemble multiply extract immediate signed bytes floor
E.MUL.X.I. 8.N Ensemble multiply extract immediate signed bytes nearest
E.MUL.X.I. 8.l Ensemble multiply extract immediate signed bytes zero
E.MUL.X.I. 16.C Ensemble multiply extract immediate signed doublets

ceiling
E.MUL.X.I.16.F Ensemble multiply extract immediate signed doublets floor
E.MUL.X.I. 16.N Ensemble multiply extract immediate signed doublets

nearest
E.MUL.X.I.16.l Ensemble multiply extract immediate signed doublets zero

FIG.97A
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E.MUL.X.I.32.C Ensemble multiply extract immediate signed quadlets ceiling
E.MUL.X.I.32.F Ensemble multiply extract immediate signed quadlets floor
E.MUL.X.I.32.N Ensemble multiply extract immediate signed quadlets nearest
E.MUL.X.I.32.Z Ensemble multiply extract immediate signed quadlets zero
E.MUL.X.I.64.C Ensemble multiply extract immediate signed octlets ceiling
E.MUL.X.I.64.F Ensemble multiply extract immediate signed octlets floor
E.MUL.X.I.64.N Ensemble multiply extract immediate signed octlets nearest
E.MUL.X.I.64.Z Ensemble multiply extract immediate signed octlets zero
E.MUL.X.I.C. 8.C Ensemble multiply extract immediate complex bytes ceiling,
E.MUL.X.I.C. 8.F Ensemble multiply extract immediate complex bytes floor
E.MUL.X.I.C. 8.N Ensemble multiply extract immediate complex bytes nearest
E.MUL.X.I.C. 8.Z Ensemble multiply extract immediate complex bytes zero
E.MUL.X.I.C.16.C Ensemble multiply extract immediate complex doublets ceiling
E.MUL.X.I.C.16.F Ensemble multiply extract immediate complex doublets floor
E.MUL.X.I.C.16.N Ensemble multiply extract immediate complex doublets nearest
E.MUL.X.I.C.16.Z Ensemble multiply extract immediate complex doublets zero
E.MUL.X.I.C.32.C Ensemble multiply extract immediate complex quadlets ceiling
E.MUL.X.I.C.32.F Ensemble multiply extract immediate complex Quadlets floor
E.MUL.X.I.C.32.N Ensemble multiply extract immediate complex quadlets nearest
E.MUL.X.I.C.32.Z Ensemble multiply extract immediate complex quadlets zero
E.MUL.X.I.C.64.C Ensemble multiply extract immediate complex octlets ceiling
E.MUL.X.I.C.64.F Ensemble multiply extract immediate complex octlets floor
E.MUL.X.I.C.64.N Ensemble multiply extract immediate complex octlets nearest
E.MUL.X.I.C.64.Z Ensemble multiply extract immediate complex octlets zero
E.MUL.X.I.M. 8.C Ensemble multiply extract immediate mixed-signed bytes

ceiling
E.MUL.X.I.M. 8.F Ensemble multiply extract immediate mixed-signed bytes floor
E.MUL.X.I.M. 8.N Ensemble multiply extract immediate mixed-signed bytes

nearest
E.MUL.X.I.M.8.Z Ensemble multiply extract immediate mixed-signed bytes zero
E.MUL.X.I.M.16.C Ensemble multiply extract immediate mixed-signed doublets

ceiling

FIG. 97A continued
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E.MUL.X.I.M.16.F Ensemble multiply extract immediate mixed-signed
doublets floor

E.MUL.X.I.M.16.N Ensemble multiply extract immediate mixed-signed
doublets nearest

E.MUL.X.I.M.16.Z Ensemble multiply extract immediate mixed-signed
doublets zero

E.MUL.X.I.M.32.C Ensemble multiply extract immediate mixed-signed quadlets
ceiling

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

E.MUL.X.I.M.32.N Ensemble multiply extract immediate mixed-signed quadlets
nearest

E.MUL.X.I.M.32.Z Ensemble multiply extract immediate mixed-signed quadlets
zero

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

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

E.MUL.X.I.M.64.N Ensemble multiply extract immediate mixed-signed octlets
nearest

E.MUL.X.I.M.64.Z Ensemble multiply extract immediate mixed-signed octlets
zero

E.MUL.X.I.D. S.C Ensemble multiply extract immediate unsigned bytes ceiling
E.MUL.X.I.U. 8.F Ensemble multiply extract immediate unsigned bytes floor
E.MUL.X.I.U.8.N Ensemble multiply extract immediate unsigned bytes nearest
E.MUL.X.I.U.16.C Ensemble multiply extract immediate unsigned doublets

ceiling
E.MUL.X.I.U.16.F Ensemble multiply extract immediate unsigned doublets

floor
E.MUL.X.I.U.16.N Ensemble multiply extract immediate unsigned doublets

nearest
E.MUL.X.I.U.32.C Ensemble multiply extract immediate unsigned quadlets

ceiling
E.MUL.X.I.U.32.F Ensemble multiply extract immediate unsigned quadlets

floor
E.MUL.X.I.D.32.N Ensemble multiply extract immediate unsigned quadlets

nearest
E.MUL.X.I.D.64.C Ensemble multiply extract immediate unsigned octlets

ceiling
E.MUL.X.I.D.64.F Ensemble multiply extract immediate unsigned octlets floor
E.MUL.X.I.U.64.N Ensemble multiply extract immediate unsigned octlets

nearest

FIG. 97A continued
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E.op.size.rnd rd=rc,rb,i

rd=eopsizernd(rc,rb,i)

3;..,;1 --.;;.24..,;.;.;23;.....-----.;;1.;;,.8.,.;;1-7--...;1;,;;;;2..,.1;.,;;1---6;;...,5 4 3 2 1 0
I E.op I rd I rc I rb ~
866 6 222

sz~ log(size) - 3
case op of

E.EXTRACT.I, E.EXTRACT.I.U, E.MUL.X.I, E.MUL.X.I.U, E.MUL.X.I.M:
assert size ~ i ~ size-3
sh~ size - i

E.MULX.I.C:
assert size+1 ~ i ~ size-2
sh~ size + 1 - i

endcase

FIG.97B
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Definition

Sheet 318 of 384 US 7,730,287 B2

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

mul +- «VS&Vsize_l+i)h-size II Vsize-1+U) * «WS&Wsize_l+j)h-size II Wsize-1+j..j)

enddef

def EnsembleExtractImmediate(op,rnd,size,ra,rb,rc,sh)
C +- RegRead(rc, 128)
b +- RegRead(rb, 128)
case op of

E.EXTRACT.I, E.MUL.X.I, E.MUL.X.I.C:
as +- 1
cs +- 1
bs +- 1

E.MUL.X.I.M:

as +- 1
cs +- 0
bs +- 1

E.EXTRACT.I.U, E.MUL.X.I.U:
as +- 1
cs +- 0
bs +- 0
if rnd =Z then

raise Reservedlnstruction
endif

endcase
case op of

E.EXTRACT.I, E.EXTRACT.I.U, E.MUL.X.I, E.MUL.X.I.U, E.MUL.X.I.M:
h +- 2*size

E.MUL.X.I.C:
h +- (2*size) + 1

endcase
r +- h • size - sh
for i +- 0 to 128-size by size

case op of
E.EXTRACT.I, E.EXTRACT.I.U:

p +- (c II bh*(size+i)-1..2*I

E.MUL.X.I, E.MUL.X.I.M, E.MUL.X.I.U:
p +- mul(size,h,cs,c,i,bs,b,i)

E.MUL.X.I.C:
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

FIG.97C
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p~ mul(size,h,cs,c,i,bs,b,i+size) + mul(size,h,cs,c,i,bs,b,i+size)
endif

endcase
case rod of

none, N:
s~ Oh-r II ~Pr II p~-l

z:
s~ Oh-r II Ph-l

F:
s~ Oh

c:

endcase
v~ ((as & Ph-\)llp) + (Oils)
if (Vh..r+size = (as & vr+size-! )h+I-r-size then

asize-I+i..i ~ Vsize-I+r..r
else

asize-!+i..i ~ as? (Vh II_v~ize.l) : lsize
endif

endfor
RegWrite(rd, 128, a)

enddef
Exceptions

ReservedInstruction

FIG. 97C continued
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Operation codes

Sheet 324 of 384 US 7,730,287 B2

E.MUL.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. 8.N Ensemble multiply add extract immediate signed complex
bytes nearest

E.MUL.ADD.X.I.C.8.Z Ensemble multiply add extract immediate signed complex
bytes zero

E.MUL.ADD.X.I.C.16.C Ensemble multiply add extract immediate signed complex
doublets ceiling;

E.MUL.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

E.MUL.ADD.X.I.C.16.Z Ensemble multiply add extract immediate signed complex
doublets zero

E.MUL.ADDX.I.C.32.C Ensemble multiply add extract immediate signed complex
quadlets ceiling

E.MUL.ADDX.I.C.32.F Ensemble multiply add extract immediate signed complex
quadlets floor

E.MUL.ADD.X.I.C.32.N Ensemble multiply add extract immediate signed complex
quadlets nearest

E.MUL.ADDX.I.C.32.Z Ensemble multiply add extract immediate signed complex
quadlets zero

E.MUL.ADDX.I.C.64.C Ensemble multiply add extract immediate signed complex
octlets ceiling

E.MUL.ADDX.I.C.64.F Ensemble multiply add extract immediate signed complex
octlets floor

E.MUL.ADD.X.I.C.64.N Ensemble multiply add extract immediate signed complex
octlets nearest

E.MUL.ADD.X.I.C.64.Z Ensemble multiply add extract immediate signed complex
octlets zero

E.MUL.ADDX.I.M. 8.C Ensemble multiply add extract immediate mixed-signed
bytes ceiling

E.MUL.ADD.X.I.M. 8.F Ensemble multiply add extract immediate mixed-signed
bytes floor

E.MUL.ADOX.I.M. 8.N Ensemble multiply add extract immediate mixed-signed
bytes nearest

E.MUL.ADO.X.I.M. 8.Z Ensemble multiply add extract immediate mixed-signed
bytes zero

FIG.98A
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E.MUL.ADD.x.I.M.16. Ensemble multiply add extract immediate mixed-signed
C doublets ceiling
E.MUL.ADDX.I.M.16.F Ensemble multiply add extract immediate mixed-signed

doublets floor
E.MUL.ADD.x.I.M.16. Ensemble multiply add extract immediate mixed-signed
N doublets nearest
E.MUL.ADD.X.I.M.16.Z Ensemble multiply add extract immediate mixed-signed

doublets zero
E.MUL.ADDX.I.M.32. Ensemble multiply add extract immediate mixed-signed
C quadlets ceiling
E.MUL.ADDX.I.M.32.F Ensemble multiply add extract immediate mixed-signed

quadlets floor
E.MUL.ADD.x.I.M.32. Ensemble multiply add extract immediate mixed-signed
N quadlets nearest
E.MUL.ADD.x.I.M.32.Z Ensemble multiply add extract immediate mixed-signed

quadlets zero
E.MUL.ADDX.I.M.64. Ensemble multiply add extract immediate mixed-signed
C octlets ceiling
E.MUL.ADDX.I.M.64.F Ensemble multiply add extract immediate mixed-signed

octlets floor
E.MUL.ADD.x.I.M.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
E.MUL.ADDX.I. 8.C Ensemble multiply add extract immediate signed bytes

ceiling
E.MUL.ADDX.I. 8.F Ensemble multiply add extract immediate signed bytes floor
E.MUL.ADDX.I. 8.N Ensemble multiply add extract immediate signed bytes

nearest
E.MUL.ADDX.I. 8.Z Ensemble multiply add extract immediate signed bytes zero
E.MUL.ADDX.I.16.C Ensemble multiply add extract immediate signed doublets

ceiling
E.MUL.ADD.x.I.16.F Ensemble multiply add extract immediate signed doublets

floor
E.MUL.ADDX.I.16.N Ensemble multiply add extract immediate signed doublets

nearest
E.MUL.ADDX.I.16.Z Ensemble multiply add extract immediate signed doublets

zero
E.MUL.ADD.x.I.32.C Ensemble multiply add extract immediate signed quadlets

ceiling
E.MUL.ADD.x.I.32.F Ensemble multiply add extract immediate signed quadlets

floor

FIG. 98A continued
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E.MUL.ADD.X.I.32.N Ensemble multiply add extract immediate signed quadlets
nearest

E.MUL.ADDX.I.32.Z Ensemble multiply add extract immediate signed quadlets
zero

E.MUL.ADD.X.I.64.C Ensemble multiply add extract immediate signed ocdets
ceiling

E.MUL.ADDX.I.64.F Ensemble multiply add extract immediate signed octlets
floor

E.MUL.ADDX.I.64.N Ensemble multiply add extract immediate signed octlets
nearest

E.MUL.ADDX.I.64.Z Ensemble multiply add extract immediate signed ocdets
zero

E.MUL.ADDX.I.U. 8.C Ensemble multiply add extract immediate unsigned bytes
ceiling

E.MUL.ADD.X.I.U. 8.F Ensemble multiply add extract immediate unsigned bytes
floor

E.MUL.ADDX.I.U. 8.N Ensemble multiply add extract immediate unsigned bytes
nearest

E.MUL.ADDX.I.U.16.C Ensemble multiply add extract immediate unsigned doublets
ceiling

E.MUL.ADD.X.I.U.l6.F Ensemble multiply add extract immediate unsigned doublets
floor

E.MUL.ADD.X.I.U.l6.N Ensemble multiply add extract immediate unsigned doublets
nearest

E.MUL.ADDX.I.U.32.C Ensemble multiply add extract immediate unsigned quadlets
ceiling

E.MUL.ADDX.I.U.32.F Ensemble multiply add extract immediate unsigned quadlets
floor

E.MUL.ADDX.I.U.32.N Ensemble multiply add extract immediate unsigned quadlets
nearest

E.MUL.ADDX.I.U.64.C Ensemble multiply add extract immediate unsigned octlets
ceiling

E.MUL.ADD.X.I.U.64.F Ensemble multiply add extract immediate unsigned octlets
floor

E.MUL.ADDX.I.U.64.N Ensemble multiply add extract immediate unsigned octlets
nearest

FIG. 98A continued
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E.op.size.md rd@rc,rb,i

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

31 24 23 18 17 12 11 6 5 4 3 2 1 0
1__E_.o.....p_---lI...._..;;.;rd_---'-I_.....;r;.;;...c__IL-_..;;;.;rb;;...-._~

8 6 6 6 222

sz~ log(size) - 3
case op of

E.MUL.ADD.X.I:
sh~ size - i-I

E.MUL.ADDX.I.U, E.MUL.ADD.X.I.M, E.MUL.ADD.X.I.C:
sh~ size - i

endcase

FIG.98B
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def mul(size,h,vs,v,i,ws,wJ) as
mul (- ((vs&vsize-l+i)h-size II vsize-1+i ..i) * ((ws&wsize-1+j)h-size II wsize-1+j ..j)

enddef

def EnsembleExtractImmediatelnplace(op,md,size,rd,rc,rb,sh)
d (- RegRead(rd, 128)
c (- RegRead(rc, 128)
b (- RegRead(rb, 128)
case op of

E.MUL.ADD.X.I, E.MUL.ADDX.I.C:
ds (- 1
cs~ 1
bs +-1

E.MUL.ADDX.I.M:
ds (- 1
cs (- 0
bs +-1

E.MUL.ADDX.I.U:
ds (- 0
cs (- 0
bs+- 0
ifmd = Z then

raise Reservedlnstruction
endif

endcase
case op of

E.MUL.ADDX.I, E.MUL.ADD.XI.U, E.MUL.ADD.X.I.M:
h (- 2*size + 1

E.MUL.ADDX.I.C:
h +- (2*size) + 2

endcase
r +- h - size - sh - 1 - (cs and bs) ,
for i (- 0 to 128-size by size

di +- ((ds and di+size-l )h-size-rll(di+size-l..i)IIOr)
case op of

E.MUL.ADD.X.I, E.MUL.ADD.XI.M, E.MUL.ADD.XI.U:
p +- mul(size,h,cs,c,i,bs,b,i) + di

FIG.98C
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E.MUL.ADD.X.I.C:
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) + 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
case md of

none,N:
s~ Oh-r II-pr II pr-l

z:
s~ Oh-r II ph-l

F:
s~Oh

C:
s~ Oh-r IIlr

endcase
v~ «ds & ph-l)llp) + (Oils)
if (vh..r+size = (ds & vr+size-l )h+l-r-size then

asize-l+i..i ~ vsize-l+r..r
else

asize-l+i..i ~ ds ? (vh 11- vIDze-l) : 1size
endif

endfor
RegWrite(rd, 128, a)

enddef
Exceptions

ReservedInstruction

FIG. 98C continued
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Ensemble multiply add extract immediate
doublets
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FIG.98F

Ensemble multiply add extract immediate
complex doublets
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ord(128)128

1

0 0 0 0
27

0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

b(128)
0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

Ensemble multiply add extract immediate
complex doublets

FIG.98G
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Operation codes

Sheet 334 of 384 US 7,730,287 B2

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 quadlcts
E.MUL.ADD.C.32 Ensemble multiply complex quadlets add octlets
E.MUL.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
E.MUL.ADD.U.16 Ensemble multiply unsh~ned 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 octiets
E.MUL.SUB.M. 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
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class op type prec
multiply E.MUL.ADD NONE 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 6 5 0

I E.size I rd I rc I rb I op I
8 6 6 6 6

FIG.99B
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Definition
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defmul(size,h,vs,v,i,ws,wJ) as
mul t- «vs&vsize-l +i)h-size II vsize-1+i..i) * «ws&wsize-1+j)h-size II wsize-l+j ..j)

enddef

def Ensemblelnplace(op,size,rd,rc,rb) as
if size=1 then

raise Reservedlnstruction
endif
d t- RegRead(rd, 128)
c t- RegRead(rc, 128)
b t- RegRead(rb, 128)
case op of

E.MUL.ADD, E.MULSUB, E.MUL.ADDC, E.MULSUBC:
cs t- 1
bs t-l

E.MUL.ADDM, E.MULSUBM:
cs t- 0
bs t-l

E.MUL.ADDU, E.MULSUBU:
cs t- 0
bs t- 0

endcase
h t- 2*size
for it-O to 64-size by size

di t- d2*(i+size)-1..2*i
case op of

E.MUL.ADD, E.MUL.ADDU, E.MUL.ADDM:
p t- mul(size,h,cs,c,i,bs,b,i) + di

E.MUL.ADDC:
ifi & size = 0 then

p t- mul(size,h,cs,c,i,bs,b,i) - mul(size,h,cs,c,i+size,bs,b,i+size) + di
else

p t- mul(size,h,cs,c,i,bs,b,i+size) + mul(size,h,cs,c,i,bs,b,i+size) + di
endif

E.MULSUB, E.MULSUB.U, E.MULSUB.M:
p t- mul(size,h,cs,c,i,bs,b,i) - di

FIG.99C
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E.MULSUBC:
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) - 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*i ~ p

endfor
RegWrite(rd, 128, a)

enddef
Exceptions

none

FIG. 99C continued
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Operation codes

Sheet 338 of 384 US 7,730,287 B2

W.MUL.MAT.8.B Wide multiply matrix signed byte big-endian
W.MUL.MAT. 8.L Wide multiply matrix signed byte Iittle-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.l6.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.MUL.MAT.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.MUL.MAT.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.MUL.MAT.U.16.B Wide multiply matrix unsigned doublet big-endian
W.MUL.MAT.U.l6.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 Iittle-endian

FIG.lOOA
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Selection
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class op type size order
multiply W.MUL.MA NONEMU P 8 16 32 B

T.
L

C 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 I rd I rc I rb ~ op I

8 6 6 6 2 4

FIG.IOOB
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defmul(size,h,vs,v,i,ws,w,j) as

mul +- «vs&vsize_1+i)h-size II vsize-l+i..i) * «ws&wsize_1+j)h-size II wsize-1+j ..j)
enddef

def c +- PolyMultiply(size,a,b) as
prO] +- 02*size

for k +- 0 to size-l

p[k+l] +- p[k] 1\ ak? (osize-k II b II Ok) : 02*size

endfor
c +- p[size]

enddef

def MernoryMultiply(rnajor,op,gsize,rd,rc,rb)
d +- RegRead(rd, 128)
c +- RegRead(rc, 64)
b +- RegRead(rb, 128)
19size +- log(gsize)
if Clgsize-4..0 '* 0 then

raise AccessDisallowedByVirtualAddress
eodif

if c2..lgsize-3 '* 0 then

wsize +- (c and (O-c)) II 04

t +- c and (c-l)
else

wsize +- 64
t+-a

endif
lwsize +- log(wsize)

if tlwsize+6-lgsize..lwsize-3 '* 0 then

msize +- (t and (O-t)) II 04

VirtAddr +- t and (t-1)
else

rnsize +- 128*wsize/gsize
VirtAddr +- t

endif
case major of

W.MINOR.B:
order +- B

W.MINOR.L:
order +- L

FIG.looe
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endcase
case op of

W.MUL.MAT.U.8, W.MUL.MAT.U.16, W.MUL.MAT.U.32, W.MUL.MAT.U.64:
ms~bs~O

W.MUL.MAT.M.8, W.MUL.MAT.M.16, W.MUL.MAT.M.32, W.MUL.MAT.M.64:
ms~O

bs~ 1
W.MUL.MAT.8, W.MUL.MAT.l6, W.MUL.MAT.32, W.MUL.MAT.64,
W.MUL.MAT.C.8, W.MUL.MAT.C.l6, W.MUL.MAT.C.32, W.MUL.MAT.C.64:

ms~ bs~ 1
W.MUL.MAT.P.8, W.MUL.MAT.P.16, W.MUL.MAT.P,32, W.MUL.MAT.P.64:

endcase
m ~ LoadMemory(c,VirtAddr,msize,order)
h ~ 2*gsize
for i~ 0 to wsize-gsize by gsize

q[O] ~ 02*gsize

for j ~ 0 to vsize-gsize by gsize
case op of

W.MUL.MAT.P.8, W.MUL.MAT.P.l6, W.MUL.MAT.P.32,
W.MUL.MAT.P.64:

k ~ i+wsize*jS ..lgsize

q[j+gsize] ~ q[j] 1\ PolyMultiply(gsize,mk+gsize-1..k,bj+gsize-1..j)
W.MUL.MAT.C.8, W.MUL.MAT.C.16, W.MUL.MAT.C.32,

W.MUL.MAT.C.64:
if (-i) & j & gsize = 0 then

k ~ i-G&gsize)+wsize*j8 ..lgsize+1
q[j+gsize] ~ q[j] + mul(gsize,h,ms,m,k,bs,b,j)

else
k ~ i+gsize+wsize*jS..Igsize+1
q[j+gsize] ~ q[j] - mul(gsize,h,ms,m,k,bs,b,j)

endif
W.MUL.MAT.8, W.MUL.MAT.16, W.MUL.MAT.32, W.MUL.MAT.64,
W.MUL.MAT.M.8, W.MUL.MAT.M.l6, W.MUL.MAT.M.32,

W.MUL.MAT.M.64,
W.MUL.MAT.U.8, W.MUL.MAT.U.l6, W.MUL.MAT.U,32,

W.MUL.MAT.U.64:
q[j+gsize] ~ q[j] + mul(gsize,h,ms,m,i+wsize*j8..lgsize,bs,b,j)

endfor
a2*gsize-l+2*i..2*i ~ q[vsize]

endfor

a127..2*wsize ~ 0

FIG. lOOC 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. lOGe continued
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m[rc](128*64/size)
511

US 7,730,287 B2

127
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Wide multiply matrix
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Operation codes

Sheet 345 of 384 US 7,730,287 B2

W.MUL.MAT.X.B
W.MUL.MAT.X.L

Wide multiply matrix extract big-endian
Wide multiply matrix extract little-endian

FIG. lOlA
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Format
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ra=op(rc,rd,rb)

31
rd
6

1817
rc
6

1211
rb
6

65

ra
6

o

FIG. lOIB
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Definition

Sheet 347 of 384 US 7,730,287 B2

defmul(size,h,vs,v,i,ws,wj) as

mul ~ ((vs&vsize-1 +j)h-size II Vsize-1 +i..j) * ((ws&wsize-1+j)h-size II Wsize-1 +j ..j)
enddef

def WideMultiplyExtractMatrix(op,ra,rb,rc,rd)
d ~ RegRead(rd, 128)
c~ RegRead(rc, 64)
b ~ RegRead(rb, 128)
case bS..Oof

0..255:
sgsize ~ 128

256..383:
sgsize ~ 64

384..447:
sgsize ~ 32

448..479:
sgsize ~ 16

480..495:
sgsize ~ S

496..503:
sgsize ~ 4

504..507:
sgsize ~ 2

508..511:
sgsize ~ 1

endcase
l~bll

m~b12

n~b13

signed~ bl4

if c3 ..0 *- 0 then

wsize~ (c and (O-c» II 04

t ~ c and (c-l)
else

wsize~ 128
t~c

endif
if sgsize < 8 then

gsize ~ 8
elseif sgsize > wsize/2 then

FIG.101e
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gsize~ wsize/2
else

gsize~ sgsize
endif
19size~ log(gsize)
lwsize ~ log(wsize)

if tlwsize+6-n-lgsize..lwsize-3 '* 0 then

msize ~ (t and (O-t) II 04

VirtAddr~ t and (t-l)
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 - 19size
Imsize~ log(msize)
if (VirtAddrImsize-4..0 "# 0 then

raise AccessDisallowedByVirtualAddress
endif
case op of

W.MUL.MATX.B:
order~B

W.MUL.MATX.L:
order~ L

endcase
ms~ signed
ds +- signed 1\ m
as +- signed or m
spos +- (b8..0) and (2*gsize-l)

dpos ~ (0 II b23.. 16) and (gsize-l)

r ~ spos
sfsize +- (0 II b31..24) and (gsize-l)
tfsize~ (sfsize =0) or «sfsize+dpos) > gsize) ? gsize-dpos : sfsize
fsize ~ (tfsize + spos > h) ? h - spos : tfsize
if (blO..9 = Z) & -signed then

md+-F
else

md +- blO..9
endif
for i +- 0 to wsize-gsize by gsize

FIG. 101 C continued
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q[O] ~ 02*gsize+7-lgsize

for j ~ 0 to vsize-gsize by gsize
ifn then

if (-i) &j & gsize =0 then
k~ i-G&gsize)+wsize*j8..lgsize+1

q[j+gsize] ~ q[j] + mul(gsize,h,ms,mm,k,ds,d,j)
else

k~ i+gsize+wsize*j8..lgsize+1
q[j+gsize] ~ q[j] - mul(gsize,h,ms,mm,k,ds,d,j)

endif
else

q[j+gsize] ~ q[j] + mul(gsize,h,ms,mm,i+j*wsize/gsize,ds,dJ)
endif

endfor
p ~ q[128]
case md of

none, N:

s~ oh-r II ~Pr II Pt- l

z:
s~ oh-r II Ph-l

F:
s~Oh

c:

endcase
v ~ «ds & Ph-Ollp) + (Oils)

if (vh..r+fsize = (as & vr+fsize_Oh+l-r-fsize) or not I then

w ~ (as & vr+fsize_l)gsize-fsize-dpos II vfsize-l +r..r II Odpos
else

w~ (s ? (vh II ~vfisize-dpos-l) : 19size-dpos) II Odpos

endif
asize-l +i.. i~ w

endfor

al27..wsize~ 0
RegWrite(ra, 128, a)

enddef

FIG. lOIC continued
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Exceptions
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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. IOIC continued
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W.MUL.MAT.X.I. 8.C.B Wide multiply matrix extract immediate signed bytes big-
endian ceiling

W.MUL.MAT.x.I. 8.C.L Wide multiply matrix extract immediate signed bytes little-
endian ceiling

W.MUL.MAT.x.I. 8.F.B Wide multiply matrix extract immediate signed bytes big-
endian floor

W.MUL.MAT.X.I. 8.F.L Wide multiply matrix extract immediate signed bytes little-
endian floor

W.MUL.MAT.X.I. 8.N.B Wide multiply matrix extract immediate signed bytes big-
endian nearest

W.MUL.MAT.x.I. 8.N.L Wide multiply matrix extract immediate signed bytes little-
endian nearest

W.MUL.MAT.x.I. 8.Z.B Wide multiply matrix extract immediate signed bytes big-
endian zero

W.MUL.MAT.X.I. 8.Z.L Wide multiply matrix extract immediate signed bytes little-
endian zero

W.MUL.MAT.x.I.16.C.B Wide multiply matrix extract immediate signed doublets
big-endian ceiling

W.MUL.MAT.x.I.16.C.L Wide multiply matrix extract immediate signed doublets
little-endian ceiling

W.MUL.MAT.x.I.16.F.B Wide multiply matrix extract immediate signed doublets
big-endian floor

W.MUL.MAT.X.I.16.F.L 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.x.I.16.N.L Wide multiply matrix extract immediate signed doublets
little-endian nearest

W.MUL.MAT.x.I.16.Z.B Wide multiply matrix extract immediate signed doublets
big-endian zero

W.MUL.MAT.x.I.16.Z.L Wide multiply matrix extract immediate signed doublets
little-endian zero

W.MUL.MAT.X.I.32.C.B Wide multiply matrix extract immediate signed quadlets
big-endian ceiling

W.MUL.MATX.I.32.C.L Wide multiply matrix extract immediate signed quadlets
little-endian ceiling

W.MUL.MAT.X.I.32.F.B Wide multiply matrix extract immediate signed quadlets
big-endian floor

W.MUL.MAT.x.I.32.F.L Wide multiply matrix extract immediate signed quadlets
little-endian floor

FIG.I02A
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W.MUL.MAT.X.1.32.N.B Wide multiply matrix extract immediate signed quadlets
big-endian nearest

W.MUL.MAT.x.1.32.N.L Wide multiply matrix extract immediate signed qmidlets
little-endian nearest

W.MUL.MATXI.32.Z.B Wide multiply matrix extract immediate signed quadlets
big-endian zero

W.MUL.MATXI.32.Z.L Wide multiply matrix extract immediate signed quadlets
little-endian zero

W.MUL.MAT.X.I.64.C.B Wide multiply matrix extract immediate signed octlets big-
endian ceiling

W.MUL.MAT.X.I.64.C.L Wide multiply matrix extract immediate signed octlets little-
endian ceiling

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

W.MUL.MAT.X.I.64.F.L Wide multiply matrix extract immediate signed octlets little-
endian floor

W.MUL.MAT.X.I.64.N.B Wide multiply matrix extract immediate signed octlets big-
endian nearest

W.MUL.MATXI.64.N.L Wide multiply matrix extract immediate signed octlets little-
endian nearest

W.MUL.MAT.X.I.64.Z.B Wide multiply matrix extract immediate signed octlets big-
endian zero

W.MUL.MATXI.64.2.L Wide multiply matrix extract immediate signed octlets little-
endianzero

W.MUL.MAT.X.I.C.8.C.B Wide multiply matrix extract immediate complex bytes big-
endian ceiling

W.MUL.MAT.X.I.C.8.C.L Wide multiply matrix extract immediate complex bytes
little-endian ceiling

W.MUL.MAT.X.I.C. 8.F.B Wide multiply matrix extract immediate complex bytes big-
endian floor

W.MUL.MAT.X.I.C.8.F.L Wide multiply matrix extract immediate complex bytes
little-endian floor

W.MUL.MAT.X.I.C.8.N.B Wide multiply matrix extract immediate complex bytes big-
endian nearest

W.MUL.MAT.x.I.C.8.N.L Wide multiply matrix extract immediate complex bytes
little-endian nearest

W.MUL.MATXI.c.~demultiply matrix extract immediate complex bytes big-
endian zero

W.MUL.MAT.X.I.C. 8.Z.L Wide multiply matrix extract immediate complex bytes
little-endian zero

W.MUL.MAT.x.I.C.16.C. Wide multiply matrix extract immediate complex doublets
B bi!!-endian ceiling

FIG. I02A continued



u.s. Patent Juo.l,2010 Sheet 355 of 384 US 7,730,287 B2

W.MUL.MATX.I.C.16.C. Wide multiply matrix extract immediate complex doublets
L little-endian ceiling
W.MUL.MATXI.C.16.F. Wide multiply matrix extract immediate complex doublets
B big-endian floor
W.MUL.MATXI.C.16.F. Wide multiply matrix extract immediate complex doublets
L little-endian floor
W.MUL.MATX.I.C.16.N. Wide multiply matrix extract immediate complex doublets
B big-endian nearest
W.MUL.MATX.I.C.16.N. Wide multiply matrix extract immediate complex doublets
L little-endian nearest
W.MUL.MATXI.C.16.Z. Wide multiply matrix extract immediate complex doublets
B big-endian zero
W.MUL.MATX.I.C.16.Z. Wide multiply matrix extract immediate complex doublets
L little-endian zero
W.MUL.MAT.X.I.C.32.C. Wide multiply matrix extract immediate complex quadlets
B big-endian ceiling
W.MUL.MATX.I.C.32.C. Wide multiply matrix extract immediate complex quadlets
L little-endian ceiling
W.MUL.MATX.I.C.32.F. Wide multiply matrix extract immediate complex quadlets
B big-endian floor
W.MUL.MATX.I.C.32.F. Wide multiply matrix extract immediate complex quadlets
L little-endian floor
W.MUL.MATXI.C.32.N. Wide multiply matrix extract immediate complex quadlets
B big-endian nearest
W.MUL.MATXI.C.32.N. Wide multiply matrix extract immediate complex quadlets
L little-endian nearest
W.MUL.MATXI.C.32.Z. Wide multiply matrix extract immediate complex quadlets
B bil!-endian zero
W.MUL.MATXI.C.32.Z. Wide multiply matrix extract immediate complex quadlets
L little-endian zero
W.MUL.MATX1.C.64.C. Wide multiply matrix extract immediate complex octlets
B big-endian ceiling
W.MUL.MATXI.C.64.C. Wide multiply matrix extract immediate complex octlets
L little-endian ceiling;
W.MUL.MATXI.C.64.F. Wide multiply matrix extract immediate complex octlets
B bil!-endian floor
W.MUL.MATXI.C.64.F. Wide multiply matrix extract immediate complex octlets
L little-endian floor
W.MUL.MATXI.C.64.N. Wide multiply matrix extract immediate complex octlets
B big-endian nearest
W.MUL.MATXI.C.64.N. Wide multiply matrix extract immediate complex octlets
L little-endian nearest

FIG. I02A continued
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W.MUL.MATX.I.C.64.Z. Wide multiply matrix extract immediate complex octlets
B big-endian zero
W.MUL.MAT.X.I.C.64.Z. Wide multiply matrix extract immediate complex octlets
L little-endian zero
W.MUL.MATX.I.M. Wide multiply matrix extract immediate mixed-signed bytes
8.C.B big-endian ceiling
W.MUL.MAT.X.I.M. Wide multiply matrix extract immediate mixed-signed bytes
8.C.L little-endian ceiling
W.MUL.MAT.X.I.M. Wide multiply matrix extract immediate mixed-signed bytes
8.F.B big-endian floor
W.MUL.MAT.X.I.M. 8.F.L Wide multiply matrix extract immediate mixed-signed bytes

little-endian floor
W.MUL.MATX.I.M. Wide multiply matrix extract immediate mixed-signed bytes
8.N.B big-endian nearest
W.MUL.MAT.X.I.M. Wide multiply matrix extract immediate mixed-signed bytes
8.N.L little-endian nearest
W.MUL.MATX.I.M. Wide multiply matrix extract immediate mixed-signed bytes
8.Z.B big-endian zero
W.MUL.MAT.X.I.M. Wide multiply matrix extract immediate mixed-signed bytes
8.Z.L little-endian zero
W.MUL.MAT.X.I.M.16.C. Wide multiply matrix extract immediate mixed-signed
B doublets big-endian ceiling
W.MUL.MAT.X.I.M.16.C. Wide multiply matrix extract immediate mixed-signed
L doublets little-endian ceiling
W.MUL.MAT.X.I.M.16.F. Wide multiply matrix extract immediate mixed-signed
B doublets big-endian floor
W.MUL.MAT.X.I.M.16.F. Wide multiply matrix extract immediate mixed-signed
L doublets little-endian floor
W.MUL.MAT.X.I.M.16.N. Wide multiply matrix extract immediate mixed-signed
B doublets big-endian nearest
W.MUL.MAT.X.I.M.16.N. Wide multiply matrix extract immediate mixed-signed
L doublets little-endian nearest
W.MUL.MAT.X.I.M.16.Z. Wide multiply matrix extract immediate mixed-signed
B doublets big-endian zero
W.MUL.MATX.I.M.16.Z. Wide multiply matrix extract immediate mixed-signed
L doublets little-endian zero
W.MUL.MAT.X.I.M.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.I.M.32.F. Wide multiply matrix extract immediate mixed-signed
B quadlets big-endian floor
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W.MUL.MATXI.M.32.F. Wide multiply matrix extract immediate mixed-signed
L Iauadlets little-endian floor
W.MUL.MATXI.M.32.N. Wide multiply matrix extract immediate mixed-signed
B quadlets big-endian nearest
W.MUL.MATX.I.M.32.N. Wide multiply matrix extract immediate mixed-signed
L auadlets little-endian nearest
W.MUL.MATX.I.M.32.Z. Wide multiply matrix extract immediate mixed-signed
B auadlets big-endian zero
W.MUL.MATX.I.M.32.Z. Wide multiply matrix extract immediate mixed-signed
L •quadlets little-endian zero
W.MUL.MATXI.M.64.C. Wide multiply matrix extract immediate mixed-signed
B octlets big-endian ceiling
W.MUL.MATX.I.M.64.C. Wide multiply matrix extract immediate mixed-signed
L octlets little-endian ceiling
W.MUL.MATX.I.M.64.F. Wide multiply matrix extract immediate mixed-signed
B octlets big-endian floor
W.MUL.MATXI.M.64.F. Wide multiply matrix extract immediate mixed-signed
L octlets little-endian floor
W.MUL.MATXI.M.64.N. Wide multiply matrix extract immediate mixed-signed
B octlets big-endian nearest
W.MUL.MATXI.M.64.N. Wide multiply matrix extract immediate mixed-signed
L octlets little-endian nearest
W.MUL.MATXI.M.64.Z. Wide multiply matrix extract immediate mixed-signed
B octlets big-endian zero
W.MUL.MATXI.M.64.Z. Wide multiply matrix extract immediate mixed-signed
L octlets little-endian zero
W.MUL.MATXI.U.8.C.B Wide multiply matrix extract immediate unsigned bytes big-

endian ceiling
W.MUL.MATXI.U.8.C.L Wide multiply matrix extract immediate unsigned bytes

little-endian ceiling
W.MUL.MAT.X.I.U.8.F.B Wide multiply matrix extract immediate unsigned bytes big-

endian floor
W.MUL.MATX.I.U.8.F.L Wide multiply matrix extract immediate unsigned bytes

little-endian floor
W.MUL.MATXI.U. Wide multiply matrix extract immediate unsigned bytes big-
8.N.B endian nearest
W.MUL.MAT.X.I.U. 8.N.L Wide multiply matrix extract immediate unsigned bytes

little-endian nearest
W.MUL.MAT.X.I.U.16.C. Wide multiply matrix extract immediate unsigned doublets
B big-endian ceiling
W.MUL.MAT.X.I.U.16.C. Wide multiply matrix extract immediate unsigned doublets
L little-endian ceiling
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W.MUL.MATXI.U.16.F. Wide multiply matrix extract immediate unsigned doublets
B biQ-endian floor
W.MUL.MATXI.U.16.F. Wide multiply matrix extract immediate unsigned doublets
L little-endian floor
W.MUL.MATXI.U.16.N. Wide multiply matrix extract immediate unsigned doublets
B big-endian nearest
W.MUL.MATXI.U.16.N. Wide multiply matrix extract immediate unsigned doublets
L little-endian nearest
W.MUL.MATXI.U.32.C. Wide multiply matrix extract immediate unsigned quadlets
B big-endian ceiling
W.MUL.MAT.X.I.U.32.C. Wide multiply matrix extract immediate unsigned quadlets
L little-endian ceiling
W.MUL.MATXI.U.32.F. Wide multiply matrix extract immediate unsigned quadlets
B biQ-endian floor
W.MUL.MAT.X.I.U.32.F. Wide multiply matrix extract immediate unsigned quadlets
L little-endian floor
W.MUL.MATXI.U.32.N. Wide multiply matrix extract immediate unsigned quadlets
B big-endian nearest
W.MUL.MAT.X.I.U.32.N. Wide multiply matrix extract immediate unsigned quadlets
L little-endian nearest
W.MUL.MAT.X.I.U.64.C. Wide multiply matrix extract immediate unsigned octlets
B big-endian ceiling
W.MUL.MAT.X.I.U.64.C. Wide multiply matrix extract immediate unsigned octlets
L little-endian ceiling
W.MUL.MAT.X.I.U.64.F. Wide multiply matrix extract immediate unsigned octlets
B biQ-endian floor
W.MUL.MAT.X.I.U.64.F. Wide multiply matrix extract immediate unsigned octlets
L little-endian floor
W.MUL.MAT.X.I.U.64.N. Wide multiply matrix extract immediate unsigned octlets
B big-endian nearest
W.MUL.MAT.X.I:U.64.N. Wide multiply matrix extract immediate unsigned octlets
L little-endian nearest

FIG. I02A continued
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W.op.size.md rd=rc,rb,i

rd=wopsizemd(rc,rb,i)

31 2423 1817 1211 65 43 21 0
Ir-;--o-p---I,....;--rd-.....;.,.I--r-c--Ir--~rb--~

8 6 6 6 222

SZ'f- log(size) - 3
case op of

W.MUL.MATX.I, W.MUL.MAT.X.I.C:
assert size + 6 -log(size) ;.:;: i ;.:;: size + 6 -log(size) - 3
sh 'f- size + 6 -log(size) - i

W.MUL.MATX.I.M, W.MUL.MAT.X.I.U:
assert size + 7 - logesize) ;.:;: i ;.:;: size + 7 - logesize) - 3
sh 'f- size + 7 - logesize) - i

endcase

FIG.102B
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defmul(size,h,vs,v,i,ws,wJ) as

fiul ~ «vs&vsize_l+i)h-size II vsize-1+i..i) * «ws&wsize_l+j)h-size II wsize-l+j ..j)
enddef

def WideMultiplyExtractImmediateMatrix(op,rnd,gsize,rd,rc,rb,sh)
c ~ RegRead(rc, 64)
b~ RegRead(rb, 128)
19size~ log(gsize)
case op of

W.MUL.MATX.I.B, WMUL.MAT.X.I.L, WMUL.MATX.I.U.B,
WMUL.MAT.X.I.U.L,

WMUL.MATX.I.M.B, WMUL.MAT.X.I.M.L :
if Clgsize-4..0 ':# 0 then

raise AccessDisallowedByVirtualAddress
endif
if c3 ..lgsize-3 ;# 0 then

wsize ~ (c and (O-c» II 04

t ~ c and (c-l)
else

wsize ~ 128
t~c

endif
Iwsize ~ log(wsize)
if tlwsize+6-lgsize..lwsize-3 ;# 0 then

msize ~ (t and (O-t» II 04

VirtAddr ~ t and (t-l)
else

msize~ l28*wsize/gsize
VirtAddr ~ t

endif
vsize ~ msize*gsize/wsize

W.MUL.MAT.X.I.C.B, W.MUL.MAT.X.I.C.L:
if Clgsize-4..0 ;# 0 then

raise AccessDisallowedByVirtualAddress
endif
if c3..lgsize-3 ;# 0 then

wsize ~ (c and (O-c» II 04

t~ c and (c-l)
else

wsize ~ 128

FIG. l02C
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t~c

endif
lwsize ~ log(wsize)
iftlwsize+5-1gsize..lwsize-3 ¢ 0 then

msize ~ (t and (O-t» II 04

VirtAddr ~ t and (t-l)
else

msize ~ 64*wsize/gsize
VirtAddr~ t

endif
vsize ~ 2*msize*gsize/wsize

endcase
case op of

W.MUL.MAT.X.I.B, W.MUL.MAr.X.I.U.B, W.MUL.MAT.X.I.M.B,
W.MUL.MAT.X.I.C.B:

order~ B
W.MUL.MATX.I.L, W.MUL.MAT.X.I.U.L, W.MUL.MAT.X.I.M.L,

W.MUL.MAr.x.I.C.],.,:
order~ L

endcase
case op of

W.MUL.MATX.I.U.B, W.MUL.MAr.X.I.U.L:
as~ms ~ bs~O

W.MUL.MATX.I.M.B, W.MUL.MAr.X.I.M.L,:
bs -(- 0
as -(- ms -(- 1

W.MUL.MATX.I.B, W.MUL.MAT.X.I.L, W.MUL.MAT.X.I.C.B,
W.MUL.MAT.X.I.C.L:

as ~ ms -(- bs~ 1
endcase
m -(- LoadMemory(c,VirtAddr,msize,order)
h -(- (2*gsize) + 7 -lgsize - (ms and bs)
r -(- h - size - sh
for i~ 0 to wsize-gsize by gsize

q[O] -(- 02*gsize+7-lgsize

for j ~ 0 to vsize-gsize by gsize
case op of

W.MUL.MATX.I.B, W.MUL.MATX.I.L,
W.MUL.MATX.I.U.B, W.MUL.MAr.X.I.U.L,
W.MUL.MATX.I.M.B, W.MUL.MAT.X.I.M.L:

qU+gsize] -(- qU] + mul(gsize,h,ms,m,i+wsize*jg..lgsize,bs,bJ)
W.MUL.MATX.I.C.B, W.MUL.MATX.I.C.L:

FIG. 102C continued
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if (~i) & j & gsize =0 then
k ~ i-U&gsize)+wsize*j8 ..lgsize+1
q[j+gsize] ~ q[j] + mul(gsize,h,ms,m,k,bs,bj)

else
k~ i+gsize+wsize*jg..1gsize+1
q[j+gsize] ~ q[j] - mul(gsize,h,ms,m,k,bs,b,j)

eodif
endcase

endfor
P~ q[vsize]
case md of

none, N:

s~ oh-r II-Pr II Pt- l

z:
s~ oh-r II Ph-l

F:
s~Oh

c:

endcase
v ~ «as & Ph-})lIp) + (Oils)

if (vh..r+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 II-vllsize-1): 19size

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




