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NNNNNNNNNNN NN ANNOND T 

d & c & b 128 LLULULLU ULLULLULLLLL OODAAS Mimi 

UMN * * * * * * * * * * 1234 
254 

1111111 DEV 

dcb * * * CELULLU 
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Format 

G . BOOLEAN rd @ trc , trb , 
rd = gbooleani ( rd , rcrb , 1 ) 

252423 
G . BOOLEAN in rd IC . . . . . . . . . . . ro 11111 1111111 VILLA111111111 

if f 5 then 
# $ 2 = 11 then 

it f2 then 
FC How max ( trc , trb ) 
r - Into try 

else 

| ra - max ( trc , tro 
endir 

il + 0 ] fa t1f7 11 f4 | | 13 | | fo 
else 

it fa then 

else 
rc fm tre 
rb * trb 

endit 

! 1 f 

else 

if fo then 
rc E trb 

il - f1 | | 12 | | 17 | | 4 ll 3 fo 

rb trb 
t th # 2 | | 61 | f7 | | 14 | 13 | | f0 

endir 

FIG . 31B 
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Definition 

. 

def GroupBoolean ( ih . rd . rc . ro , il ) 
d RegRead ( rd , 128 ) 
C phone RegRead ( rc , 128 ) 
bf RegRead ( rb , 128 ) 
if ih = 0 then 

if ils = 0 then 
fc ils | | 114 | | 114 | | 12 | | 114 | | ( rc > rb ) 2 | | ilo 

else 
f il3 | | il4 | | il4 il ila il ila | | 0 | | 1 | | ilo 

endir 
else 

f - i3 | | 0 | | 1 | | 112 | | ila | | ils | | il4 | | ilo 
endir 
for if to 127 by size 

aj from f ( dilcibi ) 
endfor 
RegWrite ( rd , 128 , a ) 

enddef 

S 
RTS 

1 

Exceptions 
pone 

FIG . 31C 
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Operation codes 

G . MUX _ Group multiplex 
. . . 99999999 9 9 

Redundancies 
www 

SOO NNNNNNNNNNNNNNNNNNNN 

G . MUX ra = rd . c . rc 
G . MUX razra sc . ro 
G MUX razrd rarb 
G . MUX razrd , rara 
G . MUX ra = rd . ro , rb 
G . MUX rasrd . rc . ro 

1 

8 GCOPY R = rg 
G . BOOLEAN ra @ ro . b , 0x11001010 
G . BOOLEAN ra @ rd , b , 0x11100010 
G BOOLEAN ra @ rd , rc , 0x11011000 
G . OR ra = id , 
G AND ra + r0 , rc 

ALAM ???????????? ??????????????????????????????????????? ?? ? 

M AN 

Format 

raard , rcrb 

facHard , C , D } 
24 23 

mu 11 

GMUX 
w 1111111111111111111111 
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Definition 

def Group Ternary ( op , size , rd , rc , rb , ra ) as 
d + - RegRead ( rd , 128 ) 
C RegRead ( rc , 128 ) 
b RegRead ( rb , 128 ) 
case op of 

G . MUX 
a fimm ( c and d ) or ( b and not d ) 

endcase 
RegWrite ( ra , 128 , a ) 

enddef 
Exceptions 

AT 

1 

none 

FIG . 31E 
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Operation codes 
G . ADD . 8 
G . ADD . 16 
G . ADD . 32 
G . ADD . 64 
G . ADD . 128 
G . ADD . L . 8 
G . ADD . L . 16 
G . ADD . L . 32 
G . ADD . L . 64 
GADD . L . 128 
G . ADD . L . U . 8 
GADD . L . U . 16 
G . ADD . L . U . 32 
G . ADD . L . U . 64 
G . ADD . L . U . 128 
G . ADD . 8 . 0 
G . ADD . 16 . 0 
G . ADD . 32 . 0 
GADD . 64 . 0 
GADD . 128 . 0 
G . ADD . U . 8 . 0 
G . ADD . U . 16 . 0 
G . ADD . U . 32 . 0 
GADD . U . 64 . 0 
G . ADD . U . 128 . 0 

Group add bytes 
Group add doublets 
Group add quadlets 
Group add octlets 
Group add hcxlct 
Group add limit signed bytes 
Group add limit signed doublets 
Group add limit signed quadlets 
Group add limit signed octlets 
Group add limit signed hexlet 
Group add limit unsigned bytes 
Group add limit unsigned doublets 
Group add limit unsigned quadlets 
Group add limit unsigned octlcts 
Group add limit unsigned hexlet 
Group add signed bytes check overflow 
Group add signed doublets check overflow 
Group add signed quadlets check overflow 
Group add signed octlets check overflow 
Group add signed hexlet check overflow 
Group add unsigned bytes check overflow 
Group add unsigned doublets check overflow 
Group add unsigned quadlets check overflow 
Group add unsigned octlets check overflow 
Group add unsigned hexlet check overflow 

Redundancies 

G . ADD . size rd = rc , rc 
G . ADD . size . O rd = rc , rc 
G . ADD . U . size . O rd = rc , rc 

Ø 
Ø 

G . SHL . I . size rd = rc , 1 
G . SHL . I . size . O rd = rc , 1 
G . SHL . I . U . size . O rd = rc , 1 

FIG . 32A 
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format 

G . op . size durc , ro 
rd = gopsize ( rc . ro ) 

?????????? 
. 

" Z 

FIG 32B 
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Definition 
def Group ( op , size , rd , rc , rb ) 

ct RegRead ( rc , 128 ) 
br RegRead ( rb , 128 ) 
case op of 

G . ADD : 
for it 0 to 128 - size by size 

Zi + size - 1 . . it Ci + size - 1 . . i + bi + size - 1 . . i 
endfor 

G . ADD . L : 
for it 0 to 128 - size by size 

tt ( ci + size - 1 | | Ci + size - 1 . . . ) + ( bi + size - 1 | | bi + size - 1 . . . ) 
zi + size - 1 . . . + ( tsize # tsize - 1 ) ? ( tsize | | tsiz8 - 1 ) : tsize - 1 . . 0 

endfor 
G . ADD . L . U : 

for in 0 to 128 - size by size 
tr ( 01 | | Ci + size - 1 . 1 ) + ( 01 | | bi + size - 1 . . . ) 
zi + size - 1 . . . + ( tsize = 0 ) ? ( 1size ) : tsize - 1 . . 0 

endfor 
G . ADD . O : 

for i = 0 to 128 - size by size 
tt ( Ci + size - 1 | | Ci + size - 1 . . . ) + ( bi + size - 1 | | bi + size - 1 . . . ) 
if tsize # tsize - 1 then 

raise FixedPointArithmetic 
endif 
zi + size - 1 . . . + tsize - 1 . . 0 

endfor 
G . ADD . U . O : 

for it 0 to 128 - size by size 
tr ( 01 | | Ci + size - 1 . . . ) + ( 01 | | bi + size - 1 . . . ) 
if tsize = 0 then 

raise FixedPointArithmetic 
endir 
Zi + size - 1 . . i + tsize - 1 . . 0 

endfor 
endcase 
RegWrite ( rd , 128 , z ) 

enddef 
Exceptions 

Fixed - point arithmetic 

FIG . 320 
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Operation codes 

G . SET . AND . E . 8 
G . SET . AND . E . 16 
G . SET . AND . E . 32 
G . SET . AND . E . 64 
G . SET . AND . E . 128 
G . SET . AND . NE . 8 
G . SET . AND . NE . 16 
G . SET . AND . NE . 32 
G . SET . AND . NE . 64 
G . SET . AND . NE . 128 
G . SET . E . 8 
G . SET . E . 16 
G . SET . E . 32 
G . SET . E . 64 
G . SET . E . 128 
G . SET . GE . 8 
G . SET . GE . 16 
G . SET . GE . 32 
G . SET . GE . 64 
G . SET . GE . 128 
G . SET . GE . U . 8 
G . SET . GE . U . 16 
G . SET . GE . U . 32 
G . SET . GE . U . 64 
G . SET . GE . U . 128 
G . SET . L . 8 
G . SET . L . 16 
G . SET . L . 32 
G . SET . L . 64 
G . SET . L . 128 
G . SET . L . U . 8 
G . SET . L . U . 16 
G . SET . L . U . 32 
G . SET . L . U . 64 
G . SET . L . U . 128 
G . SET . NE . 8 
G . SET . NE . 16 

Group set and equal zero bytes 
Group set and equal zero doublets 
Group set and equal zero quadlets 
Group set and equal zero octlets 
Group set and equal zero hexlet 
Group set and not equal zero bytes 
Group set and not equal zero doublets 
Group set and not equal zero quadlets 
Group set and not equal zero octlets 
Group sct and not cqual zero hcxlct 
Group set equal bytes 
Group set equal doublets 
Group set equal quadlets 
Group set equal octlets 
Group set equal hexlet 
Group set greater equal signed bytes 
Group set greater equal signed doublets 
Group set greater equal signed quadlets 
Group set greater equal signed octlets 
Group set greater equal signed hexlet 
Group set greater equal unsigned bytes 
Group set greater equal unsigned doublets 
Group set greater equal unsigned quadlets 
Group set greater equal unsigned octlets 
Group set greater equal unsigned hexlet 
Group set signed less bytes 
Group set signed less doublets 
Group set signed less quadlets 
Group set signed less octlets 
Group set signed less hexlet 
Group set less unsigned bytes 
Group set less unsigned doublets 
Group set less unsigned quadlets 
Group set less unsigned octlets 
Group set less unsigned hexlet 
Group set not equal bytes 
Group sct not cqual doublets 

FIG 33A 
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G . SET . NE . 32 
G . SET . NE . 64 
G . SET . NE . 128 
G . SUB . 8 
G . SUB . 8 . 0 
G . SUB . 16 
G . SUB . 16 . 0 
G . SUB . 32 
G . SUB . 32 . 0 
G . SUB . 64 
G . SUB . 64 . 0 
G . SUB . 128 
G . SUB . 128 . 0 
G . SUB . L . 8 
G . SUB . L . 16 
G . SUB . L . 32 
G . SUB . L . 64 
G . SUB . L . 128 
G . SUB . L . U . 8 
G . SUB . L . U . 16 
G . SUB . L . U . 32 
G . SUB . L . U . 64 
G . SUB . L . U . 128 
G . SUB . U . 8 . 0 
G . SUB . U . 16 . 0 
G . SUB . U . 32 . 0 
G . SUB . U . 64 . 0 
G . SUB . U . 128 . 0 

Group set not equal quadlets 
Group set not equal octlets 
Group set not equal hexlet 

| Group subtract bytes 
Group subtract signed bytes check overflow 
Group subtract doublets 
Group subtract signed doublets check overflow 
Group subtract quadlets 
Group subtract signed quadlets check overflow 
Group subtract octlets 
Group subtract signed octlets check overflow 
Group subtract hexlet 
Group subtract signed hexlet check overflow 
Group subtract limit signed bytes 
Group subtract limit signed doublets 
Group subtract limit signed quadlets 
Group subtract limit signed octlets 
Group subtract limit signed hexlet 
Group subtract limit unsigned bytes 
Group subtract limit unsigned doublets 
Group subtract limit unsigned quadlets 
Group subtract limit unsigned octlets 
Group subtract limit unsigned hexlet 
Group subtract unsigned bytes check overflow 
Group subtract unsigned doublets check overflow 
Group subtract unsigned quadlets check overflow 
Group subtract unsigned octlets check overflow 
Group subtract unsigned hexlet check overflow 

Equivalencies 

G . SET . E . Z . 8 
G . SET . E . Z . 16 
G . SET . E . Z . 32 
G . SET . E . Z . 64 
G . SET . E . Z . 128 
G . SET . G . Z . 8 
G . SET . G . Z . 16 

Group set equal zero bytes 
Group set equal zero doublets 
Group set equal zero quadlets 
Group set equal zero octlets 
Group set equal zero hexlet 
Group set greater zero signed bytes 
Group set greater zero signed doublets 

FIG 33A continued 
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G . SET . G . Z . 32 
G . SET . G . Z . 64 
G . SET . G . Z . 128 
G . SET . GE . Z . 8 
G . SET . GE . Z . 16 
G . SET . GE . Z . 32 
G . SET . GE . Z . 64 
G . SET . GE . Z . 128 
G . SET . L . Z . 8 
G . SET . L . Z . 16 
G . SET . L . Z . 32 
G . SET . L . Z . 64 
G . SET . L . Z . 128 
G . SET . LE . Z . 8 
G . SET . LE . Z . 16 
G . SET . LE . Z . 32 
G . SET . LE . Z . 64 
G . SET . LE . Z . 128 
G . SET . NE . Z . 8 
G . SET . NE . Z . 16 
G . SET . NE . Z . 32 
G . SET . NE . Z . 64 
G . SET . NE . Z . 128 
G . SET . LE . 8 
G . SET . LE . 16 
G . SET . LE . 32 
G . SET . LE . 64 
G . SET . LE . 128 
G . SET . LE . U . 8 
G . SET . LE . U . 16 
G . SET . LE . U . 32 
G . SET . LE . U . 64 
G . SET . LE . U . 128 
G . SET . G . 8 
G . SET . G . 16 
G . SET . G . 32 
G . SET . G . 64 
G . SET . G . 128 

Group set greater zero signed quadlets 
Group set greater zero signed octlets 
Group set greater zero signed hexlet 
Group set greater equal zero signed bytes 
Group set greater equal zero signed doublets 
Group set greater equal zero signed quadlets 
Group set greater equal zero signed octlets 
Group set greater equal zero signed hexlet 
Group set less zero signed bytes 
Group set less zero signed doublets 
Group set less zero signed quadlets 
Group set less zero signed octlets 
Group set less zero signed hexlet 
Group set less equal zero signed bytes 
Group set less equal zero signed doublets 
Group set less equal zero signed quadlets 
Group set less equal zero signed octlets 
Group set less equal zero signed hexlet 
Group set not equal zero bytes 
Group set not equal zero doublets 
Group set not equal zero quadlets 
Group set not equal zero octlets 
Group set not equal zero hexlet 
Group set less equal signed bytes 
Group set less equal signed doublets 
Group set less equal signed quadlets 
Group set less equal signed octlets 
Group set less equal signed hexlet 
Group set less equal unsigned bytes 
Group set less equal unsigned doublets 
Group set less equal unsigned quadlets 
Group set less equal unsigned octlets 
Group sct less cqual unsigned hcxlct 
Group set signed greater bytes 
Group set signed greater doublets 
Group set signed greater quadlets 
Group set signed greater octlets 
Group set signed greater hexlet 

FIG 33A continued 
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G . SET . G . U . 8 
G . SET . G . U . 16 
G . SET . G . U . 32 
G . SET . G . U . 64 
G . SET . G . U . 128 

Group set greater unsigned bytes 
Group set greater unsigned doublets 
Group set greater unsigned quadlets 
Group set greater unsigned octlets 
Group set greater unsigned hexlet 

A G . SET . E . Z . size rd = rc 
G . SET . G . Z . size rd = rc 
G . SET . GE . Z . size rd = rc 
G . SET . L . Z . size rd = rc 
G . SET . LE . Z . size rd = rc 
G . SET . NE . Z . size rd = rc 
G . SET . G . size rd = rb , rc 
G . SET . G . U . size rd = rb , rc 
G . SET . LE . size rd = rb , rc 
G . SET . LE . U . size rd = rb , rc 

= 
= 
+ 

G . SET . AND . E . size rd = rc , rc 
G . SET . L . U . size rd = rc , rc 
G . SET . GE . size rd = rc , rc 
G . SET . L . size rd = rc , rc 
G . SET . GE . U . size rd = rc , rc 
G . SET . AND . NE . size rd = rc , rc 
G . SET . L . size rd = rc , rb 
G . SET . L . U . size rd = rc , rb 
G . SET . GE . size rd = rc , rb 
G . SET . GE . U . size rd = rc , rb 

? 
I TI TI 1 

? 
+ 

FIG 33A continued 
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Redundancies 
Ø 

o 

G . SET . E . size rd = rc , rc 
G . SET . NE . size rd = rc , rc 
G . SUB . size rd = rc , rc 
G . SUB . L . size rd = rc , rc 
G . SUB . L . U . size rd = rc , rc 
G . SUB . size . O rd = rc , rc 
G . SUB . U . size . O rd = rc , rc 

G . SET rd 
G . ZERO rd 
G . ZERO rd 
G . ZERO rd 
G . ZERO rd 
G . ZERO rd 
G . ZERO rd 

? 
o 

Selection 

cond operand size check class 
arithmetic 

operation 
SUB 

NONE U 
NONE U 

8 16 32 64 128 
8 16 32 64 128 
8 16 32 64 128 
8 16 32 64 128 boolean E 

SUB . L 
SET . AND 
SET 
SET 8 16 32 64 128 

NE 
L GE G NONE U 
LE 
G GEL Z SET 8 16 32 64 128 
LE 

Format 

G . op . size rd = rb , rc 
rd = gopsize ( rb , rc ) 

31 24 23 18 17 12 11 65 
G . size rd rc rb op 

6 

FIG . 33B 
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Definition 

def GroupReversed ( op , size , rd , rc , rb ) 
ct RegRead ( rc , 128 ) 
bf RegRead ( rb , 128 ) 
for i 0 to 128 - size by size 

case op of 
G . SUB : 

zi + size - 1 . . it bi + size - 1 . . . - Ci + size - 1 . . i 
G . SUB . L : 

tt ( bi + size - 1 | | bi + size - 1 . . . ) - ( Ci + size - 1 | | Ci + size - 1 . . . ) 
zi + size - 1 . . . + ( tsize 7 tsize - 1 ) ? ( tsize | | tSize = 1 ) : tsize - 1 . . 0 

G . SUB . LU : 

tr ( 01 | | bi + size - 1 . . . ) - ( 01 | | ci + size - 1 . . . ) 
zi + size - 1 . . . + ( tsize + 0 ) ? Osize : tsize - 1 . . 0 

G . SUB . O : 
tt ( bi + size - 1 | | bi + size - 1 . j ) - ( Ci + size - 1 | | Ci + size - 1 . . . ) 
if ( tsize = tsize - 1 ) then 

raise FixedPointArithmetic 
endif 
zi + size - 1 . . . + tsize - 1 . . 0 

G . SUB . U . O : 
tr ( 01 | | bi + size - 1 . . i ) - ( 01 | | Ci + size - 1 . . . ) 
if ( tsize 70 ) then 

raise FixedPointArithmetic 
endir 
Zi + size - 1 . . i + tsize - 1 . . 0 

G . SET . E : 
zi + size - 1 . . . + ( bi + size - 1 . . . = Ci + size - 1 . . . ) Size 

G . SET . NE : 
Zi + size - 1 . . . + ( bi + size - 1 . . i 7 Ci + size - 1 . . . ) Size 

G . SET . AND . E : 
zi + size - 1 . . . + ( ( bi + size - 1 . . ; and ci + size - 1 . . . ) = 0 ) size 

FIG . 330 
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G . SET . AND . NE : 
Zi + size - 1 . . i + ( ( bi + size - 1 . . j and ci + size - 1 . . ; ) # 0 ) size 

G . SET . L : 
Zi + size - 1 . . i + ( ( rc = rb ) ? ( bi + size - 1 . . < 0 ) : ( bi + size - 1 . . i < Ci + size 

1 . . ; ) ) Size 
G . SET . GE : 

Zi + size - 1 . . + ( ( rc = rb ) ? ( bi + size - 1 . . 20 ) : ( bi + size - 1 . . , 2 Ci + size 
1 . . ; ) ) size 

G . SET . L . U : 
Zi + size - 1 . . . + ( ( rc = rb ) ? ( bi + size - 1 . . . > 0 ) : 

( ( 0 | | bi + size - 1 . . ; ) < ( 0 | | Ci + size - 1 . . . ) ) ) size 
G . SET . GE . U : 

zi + size - 1 . . . + ( ( rc = rb ) ? ( bi + size - 1 . . 150 ) : 
( O | | bi + size - 1 . . . i ) 2 ( 0 | | Ci + size - 1 . . . ) ) ) Size 

endcase 
endfor 
RegWrite ( rd , 128 , z ) 

enddef 
Exceptions 

Fixed - point arithmetic 

FIG . 33C continued 
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E . DIV . 64 
E . DIV . U . 64 
E . MUL . 8 
E . MUL . 16 
E . MUL . 32 
E . MUL . 64 
E . MUL . SUM . 8 
E . MUL . SUM . 16 
E . MUL . SUM . 32 
E . MUL . SUM . 64 
E . MUL . C . 8 
E . MUL . C . 16 
E . MUL . C . 32 
E . MUL . M . 8 
E . MUL . M . 16 
E . MUL . M . 32 
E . MUL . M . 64 
E . MUL . P . 8 
E . MUL . P . 16 
E . MUL . P . 32 
E . MUL . P . 64 
E . MUL . SUM . C . 8 
E . MUL . SUM . C . 16 
E . MUL . SUM . C . 32 
E . MUL . SUM . M . 8 
E . MUL . SUM . M . 16 
E . MUL . SUM . M . 32 
E . MUL . SUM . M . 64 
E . MUL . SUM . U . 8 
E . MUL . SUM . U . 16 
E . MUL . SUM . U . 32 
E . MUL . SUM . U . 64 
E . MUL . U . 8 
E . MUL . U . 16 
E . MUL . U . 32 
E . MUL . U . 64 

Ensemble divide signed octlets 
Ensemble divide unsigned octlets 
Ensemble multiply signed bytes 
Ensemble multiply signed doublets 
Ensemble multiply signed quadlets 
Ensemble multiply signed octlets 
Ensemble multiply sum signed bytes 
Ensemble multiply sum signed doublets 
Ensemble multiply sum signcd quadlcts 
Ensemble multiply sum signed octlets 
Ensemble complex multiply bytes 
Ensemble complex multiply doublets 
Ensemble complex multiply quadlets 
Ensemble multiply mixed - signed bytes 
Ensemble multiply mixed - signed doublets 
Ensemble multiply mixed - signed quadlets 
Ensemble multiply mixed - signed octlets 
Ensemble multiply polynomial bytes 
Ensemble multiply polynomial doublets 
Ensemble multiply polynomial quadlets 
Ensemble multiply polynomial octlets 
Ensemble multiply sum complex bytes 
Ensemble multiply sum complex doublets 
Ensemble multiply sum complex quadlets 
Ensemble multiply sum mixed - signed bytes 
Ensemble multiply sum mixed - signed doublets 
Ensemble multiply sum mixed - signed quadlets 
Ensemble multiply sum mixed - signed octlets 
Ensemble multiply sum unsigned bytes 
Ensemble multiply sum unsigned doublets 
Ensemble multiply sum unsigned quadlets 
Ensemble multiply sum unsigned octlets 
Ensemble multiply unsigned bytes 
Ensemble multiply unsigned doublets 
Ensemble multiply unsigned quadlets 
Ensemble multiply unsigned octlets 

FIG . 34A 
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daeopsize ( rc . rb ) 

FIG . 34B 
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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 + 1 . . . ) * ( ( ws & wsize - 1 + j ) h - size | | Wsize - 1 + j . . ; ) 

enddef 

def cf PolyMultiply ( size , a , b ) as 
p [ 0 ] + 02 * size 
for kr 0 to size - 1 

p [ k + 1 ] ? p [ k ] ̂  ( ak ? ( osize - k | | b | | 0k ) : 02 * size ) 
endfor 
ct p [ size ] 

enddef 

def Ensemble ( op , size , rd , rc , rb ) 
ct RegRead ( rc , 128 ) 
br 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 : 
CSO 
bs + 1 

E . MUL . U . , EMUL . SUM . U , E . CON . U , E . DIV . U , E . MUL . P : 
CS bsto 

endcase 
case op of 

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

z2 * ( i + size ) - 1 . . 2 * i + mul ( size , 2 * size , cs , c , i , bs , b , i ) 
endfor 

E . MUL . P : 
for ik 0 to 64 - size by size 

Z2 * ( i + size ) - 1 . . 2 * it PolyMultiply ( size , Csize - 1 + 1 . . i , bsize - 1 + 1 . . ; ) 
endfor 

E . MUL . C : 
for it 0 to 64 - size by size 

if ( i and size ) = 0 then 
pt mul ( size , 2 * size , 1 , c , i , 1 , b , i ) - 

FIG . 34C 
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mul ( size , 2 * size , 1 , c , i + size , 1 , b , i + size ) 
else 
pt mul ( size , 2 * size , 1 , c , i , 1 , b , i - size ) + mul ( size , 2 * size , 1 , c , i 

size , 1 , b , i ) 
endif 
z2 * ( i + size ) - 1 . . 2 * i + p 

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

p [ O ] < 0128 
for i 0 to 128 - size by size 

p [ i + size ] p [ i ] + mul ( size , 128 , cs , c , i , bs , b , i ) 
endfor 
za p [ 128 ] 

E . MUL . SUM . C : 
p [ O ] < 064 
p [ size ] < 064 
for it 0 to 128 - size by size 

if ( i and size ) = 0 then 
p [ i + 2 * size ] + pli ] + mul ( size , 64 , 1 , 0 , 1 , 1 , b , i ) 

- mul ( size , 64 , 1 , 0 , i + size , 1 , b , i + size ) 
else 

p [ i + 2 * size ] + pli ] + mul ( size , 64 , 1 , c , i , 1 , b , i - size ) 
+ mul ( size , 64 , 1 , c , i - size , 1 , b , i ) 

endir 
endfor 
za p [ 128 + size ] Il p [ 128 ] 

E . CON , E . CON . U , E . CON . M : 
p [ 0 ] + 0128 
forje 0 to 64 - size by size 

for i 0 to 64 - size by size 
p [ j + size ] 2 * ( i + size ) - 1 . . 2 * it p [ j ] 2 * ( i + size ) - 1 . . 2 * i + 

mul ( size , 2 * size , cs , c , i + 64 - j , bs , b , j ) 
endfor 

endfor 
zt p [ 64 ] 

FIG . 34C continued 
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E . CON . C : 
p [ O ] < 0128 
for j 0 to 64 - size by size 

for it 0 to 64 - size by size 
if ( ( - i ) and j and size ) = 0 then 

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

else 
p [ j + size ] 2 * ( i + size ) - 1 . . 2 * i + p [ j ] 2 * ( i + size ) - 1 . . 2 * - 

mul ( size , 2 * size , 1 , c , i + 64 - j + 2 * size , 1 , b , j ) 
endif 

endfor 
endfor 
zt p [ 64 ] 

E . DIV : 

if ( b = 0 ) or ( ( c = ( 1 | | 063 ) ) and ( b = 164 ) ) then 
zt undefined 

else 
q + clb 
rec - q * b 
zt 163 . . 0 | | 963 . . 0 

endif 
E . DIV . U : 

if b = 0 then 
zt undefined 

else 
9 + ( 0 | | c ) / ( 0 | | b ) 
pt C - ( 0 | | 9 ) * ( 0 | | b ) 
zt r63 . . o | | 963 . 0 

endir 
endcase 
RegWrite ( rd , 128 , z ) 

enddef 
Exceptions 

none 

FIG . 34C continued 
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Operation codes 

G . COM . AND . E . 8 
G . COM . AND . E . 16 
G . COM . AND . E . 32 
G . COM . AND . E . 64 
G . COM . AND . E . 128 
G . COM . AND . NE . 8 
G . COM . AND . NE . 16 
G . COM . AND . NE . 32 
G . COM . AND . NE . 64 
G . COM . AND . NE . 128 
G . COM . E . 8 
G . COM . E . 16 
G . COM . E . 32 
G . COM . E . 64 
G . COM . E . 128 
G . COM . GE . 8 
G . COM . GE . 16 
G . COM . GE . 32 
G . COM . GE . 64 
G . COM . GE . 128 
G . COM . GE . U . 8 
G . COM . GE . U . 16 
G . COM . GE . U . 32 
G . COM . GE . U . 64 
G . COM . GE . U . 128 
G . COM . L . 8 
G . COM . L . 16 
G . COM . L . 32 
G . COM . L . 64 
G . COM . L . 128 
G . COM . L . U . 8 
G . COM . L . U . 16 
G . COM . L . U . 32 
G . COM . L . U . 64 
G . COM . L . U . 128 
G . COM . NE . 8 
G . COM . NE . 16 
G . COM . NE . 32 
G . COM . NE . 64 
G . COM . NE . 128 

Group compare and equal zero bytes 
Group compare and equal zero doublets 
Group compare and equal zero quadlets 
Group compare and equal zero octlets 
Group compare and cqual zero hexlct 
Group compare and not equal zero bytes 
Group compare and not equal zero doublets 
Group compare and not equal zero quadlets 
Group compare and not equal zero octlets 
Group compare and not equal zero hexlet 
Group compare equal bytes 
Group compare equal doublets 
Group compare equal quadlets 
Group compare equal octlets 
Group compare equal hexlet 
Group compare greater equal signed bytes 
Group compare greater equal signed doublets 
Group compare greater equal signed quadlets 
Group compare greater equal signed octlets 
Group compare greater equal signed hexlet 
Group compare greater equal unsigned bytes 
Group compare greater equal unsigned doublets 
Group compare greater cqual unsigned quadlets 
Group compare greater equal unsigned octlets 
Group compare greater equal unsigned hexlet 
Group compare signed less bytes 
Group compare signed less doublets 
Group compare signed less quadlets 
Group compare signed less octlets 
Group compare signed less hexlet 
Group compare less unsigned bytes 
Group compare less unsigned doublets 
Group compare less unsigned quadlets 
Group compare less unsigned octlets 

| Group compare less unsigned hexlet 
Group compare not equal bytes 
Group compare not equal doublets 
Group compare not equal quadlets 
Group compare not equal octlets 
Group compare not equal hexlet 

FIG . 35A 
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Equivalencies 

G . COM . E . Z . 8 
G . COM . E . Z . 16 
G . COM . E . Z . 32 
G . COM . E . Z . 64 
G . COM . E . Z . 128 
G . COM . G . 8 
G . COM . G . 16 
G . COM . G . 32 
G . COM . G . 64 
G . COM . G . 128 
G . COM . G . U . 8 
G . COM . G . U . 16 
G . COM . G . U . 32 
G . COM . G . U . 64 
G . COM . G . U . 128 
G . COM . G . Z . 8 
G . COM . G . Z . 16 
G . COM . G . Z . 32 
G . COM . G . Z . 64 
G . COM . G . Z . 128 
G . COM . GE . Z . 8 
G . COM . GE . Z . 16 
G . COM . GE . Z . 32 
G . COM . GE . Z . 64 
G . COM . GE . Z . 128 
G . COM . L . Z . 8 
G . COM . L . Z . 16 
G . COM . L . Z . 32 
G . COM . L . Z . 64 
G . COM . L . Z . 128 
G . COM . LE . 8 
G . COM . LE . 16 
G . COM . LE . 32 
G . COM . LE . 64 
G . COM . LE . 128 
G . COM . LE . U . 8 
G . COM . LE . U . 16 
G . COM . LE . U . 32 
G . COM . LE . U . 64 
G . COM . LE . U . 128 

Group compare equal zero signed bytes 
Group compare equal zero signed doublets 
Group compare equal zero signed quadlets 
Group compare equal zero signed octlets 
Group compare equal zero signed hexlet 
Group compare signed greater bytes 
Group compare signed greater doublets 
Group compare signed greater quadlets 
Group compare signed greater octlets 
Group compare signed greater hexlet 
Group compare greater unsigned bytes 
Group compare greater unsigned doublets 
Group compare greater unsigned quadlets 
Group compare greater unsigned octlets 
Group compare greater unsigned hexlet 
Group compare greater zero signed bytes 
Group compare greater zero signed doublets 
Group compare greater zero signed quadlets 
Group compare greater zero signed octlets 
Group compare greater zero signed hexlet 
Group compare greater equal zero signed bytes 
Group comparc grcater cqual zero signcd doublets 
Group compare greater equal zero signed quadlets 
Group compare greater equal zero signed octlets 
Group compare greater equal zero signed hexlet 
Group compare less zero signed bytes 
Group compare less zero signed doublets 
Group compare less zero signed quadlets 
Group compare less zero signed octlets 
Group compare less zero signed hexlet 
Group compare less equal signed bytes 
Group compare less equal signed doublets 
Group compare less equal signed quadlets 
Group compare less equal signed octlets 
Group compare less equal signed hexlet 
Group compare less equal unsigned bytes 
Group compare less equal unsigned doublets 
Group compare less equal unsigned quadlets 
Group compare less equal unsigned octlets 
Group compare less equal unsigned hexlet 

FIG . 35A continued 
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G . COM . LE . Z . 8 
G . COM . LE . Z . 16 
G . COM . LE . Z . 32 
G . COM . LE . Z . 64 
G . COM . LE . Z . 128 
G . COM . NE . Z . 8 
G . COM . NE . Z . 16 
G . COM . NE . Z . 32 
G . COM . NE . Z . 64 
G . COM . NE . Z . 128 
G . FIX 
G . NOP 

Group compare less equal zero signed bytes 
Group compare less equal zero signed doublets 
Group compare less equal zero signed quadlets 
Group compare less equal zero signed octlets 
Group compare less equal zero signed hexlet 
Group compare not equal zero signed bytes 
Group compare not equal zero signed doublets 
Group compare not equal zero signed quadlets 
Group compare not equal zero signed octlets 
Group compare not equal zero signed hexlet 
Group fixed point arithmetic exception 
Group no operation 

G . COM . E . Z . size rc 
G . COM . G . size rd , rc 
G . COM . G . U . size rd , rc 
G . COM . G . Z . size rc 
G . COM . GE . Z . size rc 
G . COM . L . Z . size rc 
G . COM . LE . size rd , rc 
G . COM . LE . U . size rd , rc 
G . COM . LE . Z . size rc 
G . COM . NE . Z . size rc 
G . FIX 
G . NOP 

+ 
? 
? 
= 
= 
= 
> 
? 

e 
A 
* 
- 

G . COM . AND . E . size rc . ro 
G . COM . L . size rc , rd 
G . COM . L . U . size rc , rd 
G . COM . L . U . size rc , rc 
G . COM . GE . size rc , rc 
G . COM . L . size rcrc 
G . COM . GE . size rc , rd 
G . COM . GE . U . size rc , rd 
G . COM . GE . U . size rc , rc 
G . COM . AND . NE . size rc , rc 
G . COM . E . 128 r0 , r0 
G . COM . NE . 128 r0 , r0 

FIG . 35A continued 
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Redundancies 

G . COM . E . size rd , rd 
G . COM . NE . size rd , rd 

© 
o 

G . FIX 
G . NOP 

Selection 

typc sizc class 
boolcan 

cond 
E NE 8 16 32 64 128 

operation 
COM . AN 
D COM 
COM 
COM 

arithmetic NONE U L GE G LE 
L GE GLE E NE 

16 32 64 128 
8 16 32 64 128 

Format 

rd , rc G . COM . op . size 
G . COM . opz . size rcd 

gcomopsize ( rd , rc ) 
31 24 23 18 17 6 5 

I GCOM G . size 
12 11 

rc T 
6 

rd 
6 

op 

FIG . 35B 
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Definition 

def GroupCompare ( op , size , rd , rc ) 
d < RegRead ( rd , 128 ) 
ct RegRead ( rc , 128 ) 
for it 0 to 128 - size by size 

case op of 
G . COM . E : 

zi + size - 1 . . . + ( di + size - 1 . . i = Ci + size - 1 . . . ) Size 
G . COM . NE : 

Zi + size - 1 . . . + ( di + size - 1 . . i # Ci + size - 1 . . ; ) size 
G . COM . AND . E : 

Zi + size - 1 . . . + ( ( ci + size - 1 . . ; and di + size - 1 . . . ) = 0 ) size 
G . COM . AND . NE : 

zi + size - 1 . . . + ( ( Ci + size - 1 . . ; and di + size - 1 . . . ) + 0 ) size 
G . COM . L : 

Zi + size - 1 . . it ( rd = rc ) ? ( Ci + size - 1 . . i < 0 ) : ( di + size - 1 . . i < Ci + size 
1 . . ; ) size 

G . COM . GE : 
zi + size - 1 . . . + ( ( rd = rc ) ? ( ci + size - 1 . . 120 ) : ( di + size - 1 . . , 2 Ci + size 

1 . . ; ) size 
G . COM . L . U : 

Zi + size - 1 . . . + ( ( rd = rc ) ? ( ci + size - 1 . . . > 0 ) : 
( ( 0 | | d + size - 1 . . . ) < ( 0 | | Ci + size - 1 . . : ) ) ) size 

G . COM . GE . U : 
zi + size - 1 . . . + ( ( rd = rc ) ? ( Ci + size - 1 . . i50 ) : 

( ( 0 | | di + size - 1 . . . ) 2 ( 0 | | Ci + size - 1 . . . ) ) ) size 
endcase 

endfor 
if ( Z = 0 ) then 

raise FixedPointArithmetic 
endif 

enddef 
Exceptions 

Fixed - point arithmetic 

FIG . 35C 
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Operation codes 

E . LOG . MOST . 8 
E . LOG . MOST . 16 
E . LOG . MOST . 32 
E . LOG . MOST . 64 
E . LOG . MOST . 128 
E . LOG . MOST . U . 8 
E . LOG . MOST . U . 16 
E . LOG . MOST . U . 32 
E . LOG . MOST . U . 64 
E . LOG . MOST . U . 128 
E . SUM . 8 
E . SUM . 16 
E . SUM . 32 
E . SUM . 64 
E . SUM . U . 1 
E . SUM . U . 8 
E . SUM . U . 16 
E . SUM . U . 32 
E . SUM . U . 64 

Ensemble log of most significant bit signed bytes 
Ensemble log of most significant bit signed doublets 
Ensemble log of most significant bit signed quadlets 
Ensemble log of most significant bit signed octlets 
Ensemble log of most significant bit signed hexlet 
Ensemble log of most significant bit unsigned bytes 
Ensemblc log of most significant bit unsigned doublets 
Ensemble log of most significant bit unsigned quadlets 
Ensemble log of most significant bit unsigned octlets 
Ensemble log of most significant bit unsigned hexlet 
Ensemble sum signed bytes 
Ensemble sum signed doublets 
Ensemble sum signed quadlets 
Ensemble sum signed octlets 
Ensemble sum unsigned bits 
Ensemble sum unsigned bytes 
Ensemble sum unsigned doublets 
Ensemble sum unsigned quadlcts 
Ensemble sum unsigned octlets 

Selection 

class size 
sum 

op 
SUM 
SUM . U 
LOG . MOST 

1 
8 16 
8 16 
8 16 

32 64 
32 64 
32 64 128 LOG . MOST . U log most 

significant bit 

FIG . 36A 
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Format 

dreopsize ( rc ) 
LES 

???? . ? . . ? . ???????? ??? 2 01406100 . LIRE RSSA LYS111 Es * * * EUNARY E . UNARY RK . ??????????? 

FIG . 36B 
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Definition 

def EnsembleUnary ( op , size , rd , rc ) 
cr RegRead ( rc , 128 ) 
case op of 

E . LOG . MOST : 
for i = 0 to 128 - size by size 

if ( ci + size - 1 . . i = c $ 128 - 1 + i ) then 
zi + size - 1 . . it - 1 

else 
forj 0 to size - 2 

if Csize - 1 + 1 . . j + i = ( c?i38 - 18 | | not Csize - 1 + 1 ) then 
zi + size - 1 . . . + 

endif 
endfor 

endir 
endfor 

E . LOG . MOSTU : 
for it 0 to 128 - size by size 

if ( ci + size - 1 . . . = 0 ) then 
Zi + size - 1 . . it - 1 

else 
for j < 0 to size - 1 

if Csize - 1 + 1 . j + i = ( osize - 1 - 1 | | 1 ) then 
Zi + size - 1 . . . + 1 

endif 
endfor 

endif 
endfor 

E . SUM : 
p [ 0 ] < 0128 
for it 0 to 128 - size by size 

p [ i + size ] + p [ i ] + ( cf28 - 917€ | | Csize - 1 + i . . . ) 
endfor 
zt p [ 128 ] 

FIG . 36C 
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E . SUM . C : 
p [ O ] < 064 
p [ size ] < 064 
for i = 0 to 128 - size by size 

p [ i + 2 * size ] + p [ i ] + ( caixei7i | | Csize - 1 + i . . . ) 
endfor 
zt p [ 128 + size ] | | p [ 128 ] 

E . SUM . P : 
p [ 0 ] 0128 
for it 0 to 128 - size by size 

p [ i + size ] + pl ] ̂  ( 0128 - size | | Csize - 1 + i . ) 
endfor 
zt p [ 128 ] 

E . SUMU : 
p [ 0 ] + 0128 
for in 0 to 128 - size by size 

p [ i + size ] + pli ] + ( 0128 - size | | Csize - 1 + 1 . . 1 ) 
endfor 
ze p [ 128 ] 

endcase 
RegWrite ( rd , 128 , z ) 

enddef 
Exceptions 

none 

FIG . 36C continued 
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Floating - point function definitions 
def eb ebits ( prec ) as 

case pref of 
16 : 
eb5 

32 : 
web 8 64 : 

ebé 11 
15 

128 : 
eb 

endcase 
enddef 
def eb ebias ( prec ) as 

eb + 0 | | 1ebits ( prec ) - 1 
enddef 

def fb fbits ( prec ) as 
for prec - 1 - eb 

enddef 

def a + F ( prec , ai ) as 
a . staiprec - 1 
ae < - aiprec - 2 . . fbits ( prec ) 
af ai?bits ( prec ) - 1 . . 0 
if ae = 1 ebits ( prec ) then 

if af = 0 then 
a . t + INFINITY 

elseif affbits ( prec ) - 1 then 
a . t + SNAN 
a . er - fbits ( prec ) 
a . ft 1 | | affbits ( prec ) - 2 . . 0 

else 
att QNaN 
a . er - fbits ( prec ) 
a . ft af 

endif 

FIG . 37 



Patent Application Publication Mar . 6 , 2008 Sheet 62 of 396 US 2008 / 0059766 A1 

elseif ae = 0 then 
if af = 0 then 

a . t + ZERO 
else 

a . t + NORM 
a . et 1 - ebias ( prec ) - fbits ( prec ) 
a . ft Olaf 

endif 
else 

att NORM 
a . er ae - ebias ( prec ) - fbits ( prec ) 
aft 1 | | af 

endif 
enddef 

def at DEFAULTQNAN as 
a . sto 
att QNAN 
a . et - 1 
a . fx1 

enddef 
def ar DEFAULTSNAN as 

a . sto 
att SNAN 
a . et - 1 
a . ft 1 

enddef 

def fadd ( a , b ) as faddr ( a , b , N ) enddef 

def ct faddr ( a , b , round ) as 
if a . t = NORM and b . t = NORM then 

Il d , e are a , b with exponent aligned and fraction adjusted 
if a . e > b . e then 
dra 
eta bit 
e . s – b . s 
e . eta . e 
e . fr b . f | | 0a . e - b . e 

FIG . 37 continued 
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else if a . e < b . e then 
d . tt at 
d . sta . s 
d . er b . e 
d . ffa . f | | Ob . e - a . e 
eeb 

endif 
c . tt dit 
c . ed . e 
if d . s = e . s then 

c . sd . s 
c . ft d . f + e . f 

elseif d . f > e . f then 
C . Std . s 
c . fed . f - e . f 

elseif d . f < e . f then 
C . Sfe . s 
c . f e . f - d . f 

else 
C . Sr = F 
c . t + ZERO 

endif 
/ / priority is given to b operand for NaN propagation 
elseif ( b . t = SNAN ) or ( b . t = QNAN ) then 

Cab 
elseif ( a . t = SNAN ) or ( a . t = QNAN ) then 
Cfa 

elseif a . t = ZERO and b . t = ZERO then 
c . t + ZERO 
C . S + ( a . s and b . s ) or ( round = F and ( a . s or b . s ) ) 

/ / NULL values are like zero , but do not combine with ZERO to alter sign 
elseif a . t = ZERO or a . t = NULL then 
Ceb 

elseif b . t = ZERO or b . t = NULL then 
cta 

elseif a . t = INFINITY and b . t = INFINITY then 
if a . s # b . s then 

CA DEFAULTSNAN / / Invalid 
else 
Cea 

endir 

FIG . 37 continued 
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elseif a . t = INFINITY then 
Cra 

elseif b . t = INFINITY then 
Ceb 

else 
assert FALSE / / should have covered al the cases above 

endif 
enddef 

def bf fneg ( a ) as 
b . s - a . s 
bitt a . t 
b . eta . e 
b . ft af 

enddef 

def fsub ( a , b ) as fsubr ( a , b , N ) enddef 
def fsubr ( a , b , round ) as faddr ( a , fneg ( b ) , round ) enddef 
def frsub ( a , b ) as frsubr ( a , b , N ) enddef 
def frsubr ( a , b , round ) as faddr ( fneg ( a ) , b , round ) enddef 

def ct fcom ( a , b ) as 
if ( a . t = SNAN ) or ( a . t = QNAN ) or ( b . t = SNAN ) or ( b . t = QNAN ) then 
CAU 

elseif a . t = INFINITY and b . t = INFINITY then 
if a . sub . s then 

Ct ( a . s = 0 ) ? G : L 
else 
CAE 

endif 
elseif at = INFINITY then 

cf ( a . s = 0 ) ? G : L 
elseif b . t = INFINITY then 

ct ( b . s = 0 ) ? G : L 
elseif a . t = NORM and b . t = NORM then 

if a . s # b . s then 
ct ( a . s = 0 ) ? G : L 

FIG . 37 continued 
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else 
if a . e > b . e then 

aft af 
bf bf | | 0a . e - b . e 

else 
af a . f | | Ob . e - a . e 
bfbf 

endif 
if af = bf then 
CAE 

else 
C + ( ( a . s = 0 ) ̂  ( af > bf ) ) ? G : L 

endif 
endif 

elseif a . t = NORM then 
C + ( a . s = 0 ) ? G : L 

elseif b . t = NOR? then 
ct ( b . s = 0 ) ? G : L 

elseif a . t = ZERO and b . t = ZERO then 
CAE 

else 
assert FALSE / / should have covered al the cases above 

endif 
enddef 

def cf fmul ( a , b ) as 
if a . t = NORM and b . t = NORM then 

C . SA a . sb . s 
c . t + NORM 
c . et a . e + b . e 
c . fta . f * b . f 

Il priority is given to b operand for NaN propagation 
elseif ( b . t = SNAN ) or ( b . t = QNAN ) then 

C . S a . s ^ b . s 
c . tab . t 
c . et ble 
c . feb . f 

FIG . 37 continued 
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elseif ( a . t = SNAN ) or ( a . t = QNAN ) then 
C . SE a . s ^ b . s 
c . tt at 
c . eta . e 
c . ft af 

elseif a . t = ZERO and b . t = INFINITY then 
C + DEFAULTSNAN / / Invalid 

elseif a . t = INFINITY and b . t = ZERO then 
CA DEFAULTSNAN / / Invalid 

elseif a . t = ZERO or b . t = ZERO then 
C . S a . s ^ b . s 
c . t ZERO 

else 
assert FALSE / / should have covered al the cases above 

endir 
enddef 

def ct fdivr ( a , b ) as 
if a . t = NORM and b . t = NORM then 

C . S a . s ^ b . s 
c . te NORM 
c . era . e - b . e + 256 
c . fr ( a . f | | 0256 ) / b . f 

/ / priority is given to b operand for NaN propagation 
elseif ( b . t = SNAN ) or ( b . t = QNAN ) then 

C . S a . s ^ b . s 
c . tt b . t 
c . eb . e 
c . fb . f 

elseif ( a . t = SNAN ) or ( a . t = QNAN ) then 
C . S a . s ^ b . s 
c . tt a . t 
c . ea . e 
c . fta . f 

elseif a . t = ZERO and b . t = ZERO then 
CK DEFAULTSNAN / / Invalid 

elseif a . t = INFINITY and b . t = INFINITY then 
CA DEFAULTSNAN / / Invalid 

elseif a . t = ZERO then 
C . S a . s ^ b . s 
c . tA ZERO 

FIG . 37 continued 
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elseif a . t = INFINITY then 
C . S + as ̂ b . s 
c . te INFINITY 

else 
assert FALSE / / should have covered al the cases above 

endir 
enddef 

def msb < findmsb ( a ) as 
MAXF + 218 | | Largest possible f value after matrix multiply 
forj to MAXF 

if AMAXF - 1 . . 1 = ( OMAXF - 1 - 1 | | 1 ) then 
msbj 

endif 
endfor 

enddef 

def ai + PackF ( prec , a , round ) as 
case act of 

NORM : 
msbt findmsb ( a . f ) 
rn msb - 1 - fbits ( prec ) / / Isb for normal 
rdn * - ebias ( prec ) - a . e - 1 - fbits ( prec ) / / Isb if a denormal 
rb ( rn > rdn ) ? rn : rdn 
if rb 50 then 

aifr - a . fmsb - 1 . . 0 | | 0 - rb 
eadj + 0 

else 
case round of 

C : 
szomsb - rb 11 ( ~ a . s ) rb 

F : 
sr omsb - rb | | ( a . s ) rb 

N , NONE : 
szomsb - rb | | a . frb | | ~ a . ffb - 1 

X : 
if a . frb - 1 . . 0 = 0 then 

raise Floating PointArithmetic / / Inexact 
endif 

FIG . 37 continued 
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SEO 
Z : 

S60 
endcase 
Vr ( Olla . fmsb . . c ) + ( Ol | s ) 
if vmsb = 1 then 

aifr + Vmsb - 1 . . rb 
eadj + 0 

else 
aif + Ofbits ( prec ) 
eadj < 1 

endif 
endif 
aien + a . e + msb - 1 + eadj + ebias ( prec ) 
if aien < 0 then 

if round = NONE then 
ai a . s | | Oebits ( prec ) | | aifr 

else 
raise Floating PointArithmetic / / Underflow 

endir 
elseif aien > 1ebits ( prec ) then 

if round = NONE then 
l / default : round - to - nearest overflow handling 
air a . s | | 1ebits ( prec ) | | Ofbits ( prec ) 

else 
raise Floating PointArithmetic / / Overflow 

endif 
else 

ai a . s | | aienebits ( prec ) - 1 . . o | | aifr 
endif 

SNAN : 
if round # NONE then 

raise Floating PointArithmetic / / Invalid 
endir 
if - a . e < fbits ( prec ) then 

ai a . s | | 1ebits ( prec ) | | a . f - a . e - 1 . . 0 | | Ofbits ( prec ) + a . e 
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else 
Isba . f - a . e - 1 - fbits ( prec ) + 1 . . 0 0 
ai < a . s | | 1ebits ( prec ) | | a . f - a . e - 1 . . - a . e - 1 - fbits ( prec ) + 2 | | Isb 

endif 
QNAN : 

if - a . e < fbits ( prec ) then 
ai < a . s | | 1ebits ( prec ) | | a . f - a . e - 1 . . 0 | | Ofbits ( prec ) + a . e 

else 
Isb c a . f - a . e - 1 - fbits ( prec ) + 1 . . 0 = 0 
ai a . s | | 1ebits ( prec ) | | a . f - a . e - 1 . . - a . e - 1 - fbits ( prec ) + 2 | | Isb 

endif 
ZERO : 

ai - a . s | | Debits ( prec ) | | Ofbits ( prec ) 
INFINITY : 

ai - a . s | | 1ebits ( prec ) | | Ofbits ( prec ) 
endcase 

defdef 

def air fsinkr ( prec , a , round ) as 
case act of 

NORM : 
msbé findmsb ( a . f ) 
rb - a . e 
if rb < 0 then 

aifra . fmsb . . o | | O - rb 
aims + msb - rb 

else 
case round of 

C , C . D : 
szomsb - rb | | ( - ai . s ) rb 

F , F . D : 
s omsb - rb | | ( ai . s ) rb 

N , NONE : 
szomsb - rb | | ai . frb II - ai . ffb - 1 
if ai . frb - 1 . . 0 = 0 then 

raise Floating PointArithmetic / / Inexact 
endir 

FIG . 37 continued 
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SEO 
Z , Z . D : 
SAO 

endcase 
V + ( Olla . fmsb . . 0 ) + ( OIS ) 
if vmsb = 1 then 

aims + msb + 1 - rb 
else 

aims + msb - rb 
endif 
aifr + Vaims . . rb 

endir 
if aims > prec then 

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

ai - a . s | | ( - as ) prec - 1 
C , F , N , X , Z : 

raise Floating PointArithmetic / / Overflow 
endcase 

elseif a . s = 0 then 
ai aif 

else 
ai + - aifr 

endif 
ZERO : 

ai oprec 
SNAN , QNAN : 

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

ait oprec 
C , F , N , X , Z : 

raise Floating PointArithmetic / / Invalid 
endcase 

FIG . 37 continued 
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INFINITY : 
case round of 

C . D , F . D , NONE , Z . D : 
ai a . s | | ( - as ) prec - 1 

C , F , N , X , Z : 
raise Floating PointArithmetic / / Invalid 

endcase 
endcase 

enddef 

def ct frecrest ( a ) as 
b . sto 
b . tr NORM 
b . ero 
b . fr 1 
ct fest ( fdiv ( b , a ) ) 

enddef 

def ct frsqrest ( a ) as 
b . sto 
b . te NORM 
b . eto 
b . fr 1 
cr fest ( fsqr ( fdiv ( b , a ) ) ) 

enddef 

def ct fest ( a ) as 
if ( a . t = NORM ) then 

msbé findmsb ( a . f ) 
a . era . e + msb - 13 
a . ft a . fmsb . . msb - 12 | | 1 

else 
Cra 

endir 
enddef 

def cf fsqr ( a ) as 
if ( a . t = NORM ) and ( a . s = 0 ) then 

cas - 0 
c . tr NORM 

FIG . 37 continued 
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if ( a . eo = 1 ) then 
c . et ( a . e - 127 ) / 2 
c . fr sqr ( a . f | | 0127 ) 

else 
c . e + ( a . e - 128 ) / 2 
c . fr sqr ( a . f | | 0128 ) 

endir 
elseif ( a . t = SNAN ) or ( a . t = QNAN ) or a . t = ZERO or ( ( a . t = INFINITY ) and ( a . s = 0 ) ) then 

Cea 
elseif ( ( a . t = NORM ) or ( a . t = INFINITY ) ) and ( a . s = 1 ) then 

CE DEFAULTSNAN / / Invalid 
else 

assert FALSE / / should have covered al the cases above 
endif 

enddef 

FIG . 37 continued 
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Operation codes 

E . ADD . F . 16 
E . ADD . F . 16 . C 
E . ADD . F . 16 . F 
E . ADD . F . 16 . N . 
E . ADD . F . 16 . X 
E . ADD . F . 16 . Z 
E . ADD . F . 32 
E . ADD . F . 32 . C 
E . ADD . F . 32 . F 
E . ADD . F . 32 . N 
E . ADD . F . 32 . X 
E . ADD . F . 32 . Z 
E . ADD . F . 64 
E . ADD . F . 64 . C 
E . ADD . F . 64 . F 
E . ADD . F . 64 . N 
E . ADD . F . 64 . X 
E . ADD . F . 64 . Z 
E . ADD . F . 128 
E . ADD . F . 128 . C 
E . ADD . F . 128 . F 
E . ADD . F . 128 . N . 
E . ADD . F . 128 . X 
E . ADD . F . 128 . Z 
E . DIV . F . 16 
E . DIV . F . 16 . C 
E . DIV . F . 16 . F 
E . DIV . F . 16 . N 
E . DIV . F . 16 . X 
E . DIV . F . 16 . Z 
E . DIV . F . 32 
E . DIV . F . 32 . C 
E . DIV . F . 32 . F 
E . DIV . F . 32 . N 
E . DIV . F . 32 . X 
E . DIV . F . 32 . Z 
E . DIV . F . 64 

Ensemble add floating - point half 
Ensemble add floating - point half ceiling 
Ensemble add floating - point half floor 
Ensemble add floating - point half nearest 
Ensemble add floating - point half exact 
Ensemble add floating - point half zero 
Ensemble add floating - point single 
Ensemble add floating - point single ceiling 
Ensemble add floating - point single floor 
Ensemble add floating - point single nearest 
Ensemble add floating - point single exact 
Ensemble add floating - point single zero 
Ensemble add floating - point double 
Ensemble add floating - point double ceiling 
Ensemble add floating - point double floor 
Ensemble add floating - point double nearest 
Ensemble add floating - point double exact 
Ensemble add floating - point double zero 
Ensemble add floating - point quad 
Ensemble add floating - point quad ceiling 
Ensemble add floating - point quad floor 
Ensemble add floating - point quad nearest 
Ensemble add floating - point quad exact 
Ensemble add floating - point quad zero 
Ensemble divide floating - point half 
Ensemble divide floating - point half ceiling 
Ensemble divide floating - point half floor 
Ensemble divide floating - point half nearest 
Ensemble divide floating - point half exact 
Ensemble divide floating - point half zero 
Ensemble divide floating - point single 
Ensemble divide floating - point single ceiling 
Ensemble divide floating - point single floor 
Ensemble divide floating - point single nearest 
Ensemble divide floating - point single exact 
Ensemble divide floating - point single zero 
Ensemble divide floating - point double 

FIG . 38A 
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Definition 

def mul ( size , v , i , w , j ) as 
mul < fmul ( F ( size , Vsize - 1 + i . . . ) , F ( size , wsize - 1 + j . ; ) ) 

enddef 

def EnsembleFloating Point ( op , prec , round , rd , rc , rb ) as 
cf RegRead ( rc , 128 ) 
br RegRead ( rb , 128 ) 
case op of 

E . ADD . F : 
for it 0 to 128 - prec by prec 

ci + F ( prec , Ci + prec - 1 . . . ) 
bi + F ( prec , bi + prec - 1 . . . ) 
zit faddr ( ci , bi , round ) 
zi + prec - 1 . . . + PackF ( prec , zi , round ) 

endfor 
E . MUL . F : 

for i 0 to 128 - prec by prec 
ci + F ( prec , Ci + prec - 1 . . . ) 
bi + F ( prec , bi + prec - 1 . . . ) 
zi < fmul ( ci , bi ) 
Zi + prec - 1 . . it PackF ( prec , zi , round ) 

endfor 
E . MUL . SUM . F : 

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

ci + F ( prec , Ci + prec - 1 . . . ) 
bi + F ( prec , bi + prec - 1 . . . ) 
p [ i + prec ] + fadd ( p [ i ] , fmul ( ci , bi ) ) 

endfor 
zt PackF ( prec , p [ 128 ] , round ) 

E . MUL . C . F : 
for it 0 to 128 - prec by prec 

if ( i and prec ) then 
zi < fadd ( mul ( prec , c , 1 , b , i - prec ) , mul ( prec , c , i - prec , b , i ) ) 

FIG . 38C 
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else 
zi < fsub ( mul ( prec , c , i , b , i ) , mul ( prec , c , i + prec , b , i + prec ) ) 

endif 
Zi + prec - 1 . . . + PackF ( prec , zi , round ) 

endfor 
E . MUL . SUM . C . F : 

p [ O ] . t + NULL 
p [ prec ] . tr NULL 
forit 0 to 128 - prec by prec 

if ( i and prec ) then 
zi fadd ( mul ( prec , c , i , b , i - prec ) , mul ( prec , c , i - prec , b , i ) ) 

else 
zi + fsub ( mul ( prec , c , i , b , i ) , mul ( prec , c , i + prec , b , i + prec ) ) 

endir 
p [ i + prec + prec ] + fadd ( p ( i ) , zi ) 

endfor 
zt PackF ( prec , p [ 128 + prec ] , round ) | | PackF ( prec , p [ 128 ] , round ) 

E . DIV . F . : 
for it 0 to 128 - prec by prec 

ci + F ( prec , Ci + prec - 1 . . . ) 
bi + F ( prec , bi + prec - 1 . . . ) 
zi + fdiv ( ci , bi ) 
Zi + prec - 1 . . if PackF ( prec , zi , round ) 

endfor 
endcase 
RegWrite ( rd , 128 , z ) 

enddef 
Exceptions 

Floating - point arithmetic 

FIG . 38C continued 



Patent Application Publication Mar . 6 , 2008 Sheet 77 of 396 US 2008 / 0059766 A1 

Operation codes 

E . CON . C . F . 16 
E . CON . C . F . 32 
E . CON . F . 16 
E . CON . F . 32 
E . CON . F . 64 
E . MUL . ADD . C . F . 16 
E . MUL . ADD . C . F . 32 
E . MUL . ADD . C . F . 64 
E . MUL . ADD . F . 16 
E . MUL . ADD . F . 16 . C 
E . MUL . ADD . F . 16 . F 
E . MUL . ADD . F . 16 . N . 
E . MUL . ADD . F . 16 . X 
E . MUL . ADD . F . 16 . Z 
E . MUL . ADD . F . 32 
E . MUL . ADD . F . 32 . C 
E . MUL . ADD . F . 32 . F 
E . MUL . ADD . F . 32 . N 
E . MUL . ADD . F . 32 . X 
E . MUL . ADD . F . 32 . Z 
E . MUL . ADD . F . 64 
E . MUL . ADD . F . 64 . C 
E . MUL . ADD . F . 64 . F 
E . MUL . ADD . F . 64 . N 
E . MUL . ADD . F . 64 . X 
E . MUL . ADD . F . 64 . Z 
E . MUL . ADD . F . 128 
E . MUL . ADD . F . 128 . C 
E . MUL . ADD . F . 128 . F 
E . MUL . ADD . F . 128 . N 
E . MUL . ADD . F . 128 . X 
E . MUL . ADD . F . 128 . Z 
E . MUL . SUB . C . F . 16 
E . MUL . SUB . C . F . 32 
E . MUL . SUB . C . F . 64 
E . MUL . SUB . F . 16 
E . MUL . SUB . F . 32 
E . MUL . SUB . F . 64 
E . MUL . SUB . F . 128 

Ensemble convolve complex floating - point half 
Ensemble convolve complex floating - point single 
Ensemble convolve floating - point half 
Ensemble convolve floating - point single 
Ensemble convolve floating - point double 
Ensemble multiply add complex floating - point half 
Ensemble multiply add complex floating - point single 
Ensemble multiply add complex floating - point double 
Ensemble multiply add floating - point half 
Ensemble multiply add floating - point half ceiling 
Ensemble multiply add floating - point half floor 
Ensemble multiply add floating - point half nearest 
Ensemble multiply add floating - point half exact 
Ensemble multiply add floating - point half zero 
Ensemble multiply add floating - point single 
Ensemble multiply add floating - point single ceiling 
Ensemble multiply add floating - point single floor 
Ensemble multiply add floating - point single nearest 
Ensemble multiply add floating - point single exact 
Ensemble multiply add floating - point single zero 
Ensemble multiply add floating - point double 
Ensemble multiply add floating - point double ceiling 
Ensemble multiply add floating - point double floor 
Ensemble multiply add floating - point double nearest 
Ensemble multiply add floating - point double exact 
Ensemble multiply add floating - point double zero 
Ensemble multiply add floating - point quad 
Ensemble multiply add floating - point quad ceiling 
Ensemble multiply add floating - point quad floor 
Ensemble multiply add floating - point quad nearest 
Ensemble multiply add floating - point quad exact 
Ensemble multiply add floating - point quad zero 
Ensemble multiply subtract complex floating - point half 
Ensemble multiply subtract complex floating - point single 
Ensemble multiply subtract complex floating - point double 
Ensemble multiply subtract floating - point half 
Ensemble multiply subtract floating - point single 
Ensemble multiply subtract floating - point double 
Ensemble multiply subtract floating - point quad 

FIG . 38D 
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Definition 

def mul ( size , v , i , w , j ) as 
mul < fmul ( F ( size , Vsize - 1 + 1 . . . ) , F ( size , wsize - 1 + j . . ; ) ) 

enddef 
def EnsemblelnplaceFloating Point ( op , prec , rd , rc , rb ) as 

d + RegRead ( rd , 128 ) 
cf RegRead ( rc , 128 ) 
b + RegRead ( rb , 128 ) 
wsize 128 
vsize 128 
mc | | d 

for i = 0 to wsize - prec by prec 
case op of 

E . CONF : 
/ / NULL value doesn ' t combine with zero to alter sign bit 
q [ O ] . t NULL 
for j to vsize - prec by prec 

q [ i + prec ] + fadd ( q [ ] , mul ( prec , m , i + 128 - j , b , j ) ) 
endfor 
zi q [ vsize ] 

E . CONCF : 
/ / NULL value doesn ' t combine with zero to alter sign bit 
q [ 0 ] . t + NULL 
forje O to vsize - prec by prec 

if ( ~ i ) & j & prec = 0 then 
q [ j + prec ] + fadd ( a [ i ] , mul ( prec , m , i + 128 - j , b , j ) ) 

else 
q [ i + prec ] + fsub ( q [ ] , mul ( prec , m , i + 128 - j + 2 * prec , b , j ) ) 

endif 
endfor 
zi q [ vsize ] 

E . MUL . ADD . F : 
di + F ( prec , di + prec - 1 . . . ) 
zi + fadd ( di , mul ( prec , c , i , b , i ) ) 

FIG . 38F 
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E . MUL . ADD . C . F : 
di + F ( prec , di + prec - 1 . . . ) 
if ( i and prec ) then 

zit fadd ( di , fadd ( mul ( prec , c , i , b , i - prec ) , mul ( c , i - prec , b , i ) ) ) 
else 

zi + fadd ( di , fsub ( mul ( prec , c , i , b , i ) , mul ( prec , c , i + prec , b , i + prec ) ) ) 
endif 

E . MUL . SUB . F : 
di + F ( prec , di + prec - 1 . . . ) 
zi + frsub ( di , mul ( prec , c , i , b , i ) ) 

E . MUL . SUB . C . F : 
di F ( prec , di + prec - 1 . . . ) 
if ( i and prec ) then 

zi + frsub ( di , fadd ( mul ( prec , c , i , b , i - prec ) , mul ( c , i - prec , b , i ) ) ) 
else 

zi + frsub ( di , fsub ( mul ( prec , c , i , b , i ) , mul ( prec , c , i + prec , b , i + prec ) ) ) 
endif 

endcase 
Zi + prec - 1 . . i + PackF ( prec , zi , round ) 

endfor 
RegWrite ( rd , 128 , z ) 

enddef 
Exceptions 

Floating - point arithmetic 

FIG . 38F continued 
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Operation codes 
M uitos JESCALADO . F . 16 

ESCALADD . F . 32 COLLALLA 
Ensemble scale add Noatino - point half 
Ensemble scale add toating - point single 

| Ensemble scale add floating - point double 
LLLLLLL 

????????????????????? . . . ? 

FIG . 38G 
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Operation codes 

E . SUB . F . 16 
E . SUB . F . 16 . C 
E . SUB . F . 16 . F 
E . SUB . F . 16 . N 
E . SUB . F . 16 . Z 
E . SUB . F . 16 . X 
E . SUB . F . 32 
E . SUB . F . 32 . C 
E . SUB . F . 32 . F 
E . SUB . F . 32 . N 
E . SUB . F . 32 . Z 
E . SUB . F . 32 . X 
E . SUB . F . 64 
E . SUB . F . 64 . C 
E . SUB . F . 64 . F 
E . SUB . F . 64 . N . 
E . SUB . F . 64 . Z 
E . SUB . F . 64 . X 
E . SUB . F . 128 
E . SUB . F . 128 . C 
E . SUB . F . 128 . F 
E . SUB . F . 128 . N 
E . SUB . F . 128 . Z 
E . SUB . F . 128 . X 

Ensemble subtract floating - point half 
Ensemble subtract floating - point half ceiling 
Ensemble subtract floating - point half floor 
Ensemble subtract floating - point half ncarcst 
Ensemble subtract floating - point half zero 
Ensemble subtract floating - point half exact 
Ensemble subtract floating - point single 
Ensemble subtract floating - point single ceiling 
Ensemble subtract floating - point single floor 
Ensemble subtract floating - point single nearest 
Ensemble subtract floating - point single zero 
Ensemble subtract floating - point single exact 
Ensemble subtract floating - point double 
Ensemble subtract floating - point double ceiling 
Ensemble subtract floating - point double floor 
Ensemble subtract floating - point double nearest 
Ensemble subtract floating - point double zero 
Ensemble subtract floating - point double exact 
Ensemble subtract floating - point quad 
Ensemble subtract floating - point quad ceiling 
Ensemblc subtract floating - point quad floor 
Ensemble subtract floating - point quad nearest 
Ensemble subtract floating - point quad zero 
Ensemble subtract floating - point quad exact 

FIG . 39A 
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Definition 
am ASSON WS2 der EnsembleReversedFloatingPoint ( op prec . round . d . ro . b ) as 

Chus RegRead ( re : 128 ) 
b RegRead ( rb , 128 ) 
for i f0 to 128 - prec by prec 

ci fu F ( prec , Ci + prec - 1 . . . ) 
bit F ( prec , bi + prec - 1 , ) 
ai e frsubr ( ci - bi , round ) 
ai + prec - 1 PackF ( prec , ai , round ) 

endfor 
RegWrite ( ro , 128 , a ) 

endder 

Exceptions 
Floating - pom arithmetic 

FIG . 39C 
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Operation codes 
G . SET . E . F . 16 
G . SET . E . F . 16 . X 
G . SET . E . F . 32 
G . SET . E . F . 32 . X 
G . SET . E . F . 64 
G . SET . E . F . 64 . X 
G . SET . E . F . 128 
G . SET . E . F . 128 . X 
G . SET . GE . F . 16 . X 
G . SET . GE . F . 32 . X 
G . SET . GE . F . 64 . X 
G . SET . GE . F . 128 . X 
G . SET . LG . F . 16 
G . SET . LG . F . 16 . X 
G . SET . LG . F . 32 
G . SET . LG . F . 32 . X 
G . SET . LG . F . 64 
G . SET . LG . F . 64 . X 
G . SET . LG . F . 128 
G . SET . LG . F . 128 . X 
G . SET . L . F . 16 
G . SET . L . F . 16 . X 
G . SET . L . F . 32 
G . SET . L . F . 32 . X 
G . SET . L . F . 64 
G . SET . L . F . 64 . X 
G . SET . L . F . 128 
G . SET . L . F . 128 . X 
G . SET . GE . F . 16 
G . SET . GE . F . 32 
G . SET . GE . F . 64 
G . SET . GE . F . 128 

Group set equal floating - point half 
Group set equal floating - point half exact 
Group set equal floating - point single 
Group set equal floating - point single exact 
Group set equal floating - point double 
Group set equal floating - point double exact 
Group set equal floating - point quad 
Group sct cqual floating - point quad cxact 
Group set greater equal floating - point half exact 
Group set greater equal floating - point single exact 
Group set greater equal floating - point double exact 
Group set greater equal floating - point quad exact 
Group set less greater floating - point half 
Group set less greater floating - point half exact 
Group set less greater floating - point single 
Group set less greater floating - point single exact 
Group set less greater floating - point double 
Group set less greater floating - point double exact 
Group set less greater floating - point quad 
Group sct less grcater floating - point quad exact 
Group set less floating - point half 
Group set less floating - point half exact 
Group set less floating - point single 
Group set less floating - point single exact 
Group set less floating - point double 
Group set less floating - point double exact 
Group set less floating - point quad 
Group set less floating - point quad exact 
Group set greater equal floating - point half 
Group set greater equal floating - point single 
Group set greater equal floating - point double 
Group set greater equal floating - point quad 

FIG . 39D 
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Equivalencies 

G . SET . LE . F . 16 . X 
G . SET . LE . F . 32 . X 
G . SET . LE . F . 64 . X 
G . SET . LE . F . 128 . X 
G . SET . G . F . 16 
G . SET . G . F . 16 . X 
G . SET . G . F . 32 
G . SET . G . F . 32 . x 
G . SET . G . F . 64 
G . SET . G . F . 64 . X 
G . SET . G . F . 128 
G . SET . G . F . 128 . X 
G . SET . LE . F . 16 
G . SET . LE . F . 32 
G . SET . LE . F . 64 
G . SET . LE . F . 128 

Group set less equal floating - point half exact 
Group set less equal floating - point single exact 
Group set less equal floating - point double exact 
Group set less equal floating - point quad exact 
Group set greater floating - point half 
Group set greater floating - point half exact 
Group set greater floating - point single 
Group set greater floating - point single exact 
Group set greater floating - point double 
Group set greater floating - point double exact 
Group set greater floating - point quad 
Group set greater floating - point quad exact 
Group set less equal floating - point half 
Group sct less cqual floating - point single 
Group set less equal floating - point double 
Group set less equal floating - point quad 

G . SET . G . F . prec rd = rb , rc 
G . SET . G . F . prec . Xrd = rb , rc 
G . SET . LE . F . prec rd = rb , rc 
G . SET . LE . F . prec . X rd = rb , rc 

? 
+ 
? 
> 

G . SET . L . F . prec rd = rc , rb 
G . SET . L . F . prec . X rd = rcorb 
G . SET . GE . F . prec rd = rc , rb 
G . SET . GE . F . prec . X rd = rc , rb 

FIG . 39E 
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with G . SETLF . Oroc . X Fo = 0rb 
G . SET . GEA preciderc , rb 

b ert G . SET . GE . F . prec . X der , ro 

Nyyyyyy MY 

G . SETLE Forec herbro 
GSETLE pe X reso , ro 

99999991011111111 

- - - - - - - 

FIG . 39E 

Selection 
OSLO 

- 

Po . . . 

32 64 128 NONE X wa111 Yr777 
NNNNRINTI Iiiuiiiiiiiiiiiiii OOOO - - - - O S 

Format 

G . op prec . round id = 6 , 10 

12 31 
Z . . ???????????????????????????????????????????????????? ? G . pree TU TV op . round . . . . . . . ? : : ???????? 

FIG . 39F 
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Definition 
toi def GroupFloating PointReversed ( op . precround . ro , rerb ) as 22 + 96 PER TE 

D . RegRead ( rb , 128 ) 
for i 0 to 128 - prec by prec 

ci F ( prec . Ci + prec - 1 . . . ) 
bi + F ( prec , bi + prec - 1 . ) 
of round = NONE then 

if ( dl . 1 - SNAN ) or ( cit = SNAN ) then 
raise FloatingPointArithmetic 

w 

VWN 

" 

????? ??? ( 
G . SETLF , G . SET . GEF : 

if ( d1 . 1 - QNAN ) or ( cit = QNAN ) then 
raise FloatingPointArithmetic 

11 . 

others : / / nothing 
endcase 

G . SET LF 
ai biici 

G . SET . GE . F : 
, Die 

G . SETEF : 
al in bici 

G . SET . LG . F 
AYU 

endfor 
RegWrite ( rd , 128 . a ) 

enddes 
Exceptions 

T , Floating - point arithmetic YES " WY . 10 

FIG . 39G 
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Operation codes 

G . COM . E . F . 16 
G . COM . E . F . 16 . X 
G . COM . E . F . 32 
G . COM . E . F . 32 . X 
G . COM . E . F . 64 
G . COM . E . F . 64 . X 
G . COM . E . F . 128 
G . COM . E . F . 128 . X 
G . COM . GE . F . 16 
G . COM . GE . F . 16 . X 
G . COM . GE . F . 32 
G . COM . GE . F . 32 . X 
G . COM . GE . F . 64 
G . COM . GE . F . 64 . X 
G . COM . GE . F . 128 
G . COM . GE . F . 128 . X 
G . COM . L . F . 16 
G . COM . L . F . 16 . X 
G . COM . L . F . 32 
G . COM . L . F . 32 . X 
G . COM . L . F . 64 
G . COM . L . F . 64 . X 
G . COM . L . F . 128 
G . COM . L . F . 128 . X 
G . COM . LG . F . 16 
G . COM . LG . F . 16 . X 
G . COM . LG . F . 32 
G . COM . LG . F . 32 . X 
G . COM . LG . F . 64 
G . COM . LG . F . 64 . X 
G . COM . LG . F . 128 

| G . COM . LG . F . 128 . X 

Group compare equal floating - point half 
Group compare equal floating - point half exact 
Group compare equal floating - point single 
Group compare equal floating - point single exact 
Group compare equal floating - point double 
Group comparc cqual floating - point double exact 
Group compare equal floating - point quad 
Group compare equal floating - point quad exact 
Group compare greater or equal floating - point half 
Group compare greater or equal floating - point half exact 
Group compare greater or equal floating - point single 
Group compare greater or equal floating - point single exact 
Group compare greater or equal floating - point double 
Group compare greater or equal floating - point double exact 
Group compare greater or equal floating - point quad 
Group compare greater or equal floating - point quad exact 
Group compare less floating - point half 
Group compare less floating - point half cxact 
Group compare less floating - point single 
Group compare less floating - point single exact 
Group compare less floating - point double 
Group compare less floating - point double exact 
Group compare less floating - point quad 
Group compare less floating - point quad exact 
Group compare less or greater floating - point half 
Group compare less or greater floating - point half exact 
Group compare less or greater floating - point single 
Group compare less or greater floating - point single exact 
Group compare less or greater floating - point double 
Group compare less or greater floating - point double exact 
Group compare less or greater floating - point quad 
Group compare less or greater floating - point quad exact 

FIG . 40A 



Patent Application Publication Mar . 6 , 2008 Sheet 90 of 396 US 2008 / 0059766 A1 
Equivalencies 

G . COM . G . F . 16 
G . COM . G . F . 16 . X 
G . COM . G . F . 32 
G . COM . G . F . 32 . X 
G . COM . G . F . 64 
G . COM . G . F . 64 . X 
G . COM . G . F . 128 
G . COM . G . F . 128 . X 
G . COM . LE . F . 16 
G . COM . LE . F . 16 . X 
G . COM . LE . F . 32 
G . COM . LE . F . 32 . X 
G . COM . LE . F . 64 
G . COM . LE . F . 64 . X 
G . COM . LE . F . 128 
G . COM . LE . F . 128 . X 

Group compare greater floating - point half 
Group compare greater floating - point half exact 
Group compare greater floating - point single 
Group compare greater floating - point single exact 
Group compare greater floating - point double 
Group compare greater floating - point double exact 
Group compare greater floating - point quad 
Group compare greater floating - point quad exact 
Group compare less equal floating - point half 
Group compare less equal floating - point half exact 
Group compare less equal floating - point single 
Group compare less equal floating - point single exact 
Group compare less equal floating - point double 
Group compare less equal floating - point double exact 
Group compare less equal floating - point quad 
Group compare less equal floating - point quad exact 

? G . COM . G . F . prec rd , rc 
G . COM . G . F . prec . X rd , rc 
G . COM . LE . F . prec rd , rc 
G . COM . LE . F . prec . Xrd , rc 

G . COM . L . F . prec rc . rd 
G . COM . L . F . prec . X rc , rd 
G . COM . GE . F . prec rc , rd 
G . COM . GE . F . prec . X rc , rd 

> 

FIG . 40A continued 
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Selection 

class | op 
COM 

cond 
E LG L GE G LE 

type 
F 

prec 
16 32 64 128 

round / trap 
NONE X round / trap 

set 

Format 

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

rc = gcomopprecround ( rd , rc ) 
31 24 23 

G . prec 
6 5 18 17 12 11 

rd Trc Top 
6 6 

GCOM 

FIG . 40B 
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Definition 

def GroupCompareFloating Point { op prec , round . ro , c ) as 
- RegReadere , 128 ) 

for i 0 to 12B - prec by prec 
di F ( prec . dimprec - 1 ) 

if round : NONE then 
if ( 06 . 1 * SNAN ) or ( cit = SNAN ) then 

raise FloatingPointArithmetic 

A 

G . COM . LF , G . COM . GES : 
if ( cit = QNAN ) or ( olt * QNAN ) then 

raise FloatingPointAnthmetic 
endir 

others : Jinothing 

G . COM . L . F ; 

G . COM . LG . FI 
ai dieci 

erdcase 

aise Floatingpointarithmetic 

enddet 

Exceptions 
Floating - point aritmetic 

FIG . 40C 
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Operation codes 

E . ABS . F . 16 
E . ABS . F . 16 . X 
E . ABS . F . 32 
E . ABS . F . 32 . X 
E . ABS . F . 64 
E . ABS . F . 64 . X 
E . ABS . F . 128 
E . ABS . F . 128 . X 
E . COPY . F . 16 
E . COPY . F . 16 . X 
E . COPY . F . 32 
E . COPY . F . 32 . X 
E . COPY . F . 64 
E . COPY . F . 64 . X 
E . COPY . F . 128 
E . COPY . F . 128 . X 
E . DEFLATE . F . 32 
E . DEFLATE . F . 32 . C 
E . DEFLATE . F . 32 . F 
E . DEFLATE . F . 32 . N 
E . DEFLATE . F . 32 . X 
E . DEFLATE . F . 32 . Z 
E . DEFLATE . F . 64 

| E . DEFLATE . F . 64 . C 
E . DEFLATE . F . 64 . F . 
E . DEFLATE . F . 64 . N . 
E . DEFLATE . F . 64 . X 
E . DEFLATE . F . 64 . Z 
E . DEFLATE . F . 128 
E . DEFLATE . F . 128 . C 
E . DEFLATE . F . 128 . F 
E . DEFLATE . F . 128 . N 
E . DEFLATE . F . 128 . X 
E . DEFLATE . F . 128 . Z 
E . FLOAT . F . 16 
E . FLOAT . F . 16 . C 
E . FLOAT . F . 16 . F 

Ensemble absolute value floating - point half 
Ensemble absolute value floating - point half exception 
Ensemble absolute value floating - point single 
Ensemble absolute value floating - point single cxccption 
Ensemble absolute value floating - point double 
Ensemble absolute value floating - point double exception 
Ensemble absolute value floating - point quad 
Ensemble absolute valuc floating - point quad cxccption 
Ensemble copy floating - point half 
Ensemble copy floating - point half exception 
Ensemble copy floating - point single 
Ensemble copy floating - point single cxccption 
Ensemble copy floating - point double 
Ensemble copy floating - point double exception 
Ensemble copy floating - point quad 
Ensemble copy floating - point quad cxccption 
Ensemble convert floating - point half from single 
Ensemble convert floating - point half from single ceiling 
Ensemble convert floating - point half from single floor 
Ensemble convert floating - point half from single nearest 
Ensemble convert floating - point half from single exact 
Ensemble convert floating - point half from single zero 
Ensemble convert floating - point single from double 
Ensemble convert floating - point single from double ceiling 
Ensemble convert floating - point single from double floor 
Ensemble convert floating - point single from double nearest 
Ensemble convert floating - point single from double exact 
Ensemble convert floating - point single from double zero 
Ensemble convert floating - point double from quad 
Ensemble convert floating - point double from quad ceiling 
Ensemble convert floating - point double from quad floor 
Ensemblc convert floating - point doublc from quad ncarcst 
Ensemble convert floating - point double from quad exact 
Ensemble convert floating - point double from quad zero 
Ensemble convert floating - point half from doublets 
Ensemble convert floating - point half from doublets ceiling 
Ensemble convert floating - point half from doublets floor 

FEDEELATED 

FIG . 41A 
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E . FLOAT . F . 16 . N 
E . FLOAT . F . 16 . X 
E . FLOAT . F . 16 . Z 
E . FLOAT . F . 32 
E . FLOAT . F . 32 . C 
E . FLOAT . F . 32 . F 
E . FLOAT . F . 32 . N 

E . FLOAT . F . 32 . X 
E . FLOAT . F . 32 . Z 
E . FLOAT . F . 64 
E . FLOAT . F . 64 . C 
E . FLOAT . F . 64 . F 
E . FLOAT . F . 64 . N 
E . FLOAT . F . 64 . X 
E . FLOAT . F . 64 . Z 
E . FLOAT . F . 128 
E . FLOAT . F . 128 . C 
E . FLOAT . F . 128 . F 
E . FLOAT . F . 128 . N 
E . FLOAT . F . 128 . X 
E . FLOAT . F . 128 . Z 
E . INFLATE . F . 16 
E . INFLATE . F . 16 . X 
E . INFLATE . F . 32 
E . INFLATE . F . 32 . X 

Ensemble convert floating - point half from doublets nearest 
Ensemble convert floating - point half from doublets exact 
Ensemble convert floating - point half from doublets zero 
Ensemble convert floating - point single from quadlets 
Ensemble convert floating - point single from quadlets ceiling 
Ensemble convert floating - point single from quadlets floor 
Ensemble convert floating - point single from quadlets 
nearest 
Ensemble convert floating - point single from quadlets exact 
Ensemble convert floating - point single from quadlets zero 
Ensemble convert floating - point double from octlets 
Ensemble convert floating - point double from octlets ceiling 
Ensemble convert floating - point double from octlets floor 
Ensemble convert floating - point double from octlets nearest 
Ensemble convert floating - point double from octlets exact 
Ensemble convert floating - point double from octlets zero 
Ensemble convert floating - point quad from hexlet 
Ensemble convert floating - point quad from hexlet ceiling 
Ensemble convert floating - point quad from hexlet floor 
Ensemble convert floating - point quad from hexlet nearest 
Ensemble convert floating - point quad from hexlet exact 
Ensemble convert floating - point quad from hexlet zero 
Ensemble convert floating - point single from half 
Ensemble convert floating - point single from half exception 
Ensemble convert floating - point double from single 
Ensemble convert floating - point double from single 
exception 
Ensemble convert floating - point quad from double 
Ensemble convert floating - point quad from double 
exception 
Ensemble negate floating - point half 
Ensemble negate floating - point half exception 
Ensemble negate floating - point single 
Ensemble negate floating - point single exception 
Ensemble negate floating - point double 
Ensemble negate floating - point double exception 
Ensemble negate floating - point quad 
Ensemble negate floating - point quad exception 

E . INFLATE . F . 64 
E . INFLATE . F . 64 . X 

E . NEG . F . 16 
E . NEG . F . 16 . X 
E . NEG . F . 32 
E . NEG . F . 32 . X 
E . NEG . F . 64 
E . NEG . F . 64 . X 
E . NEG . F . 128 
E . NEG . F . 128 . X 

FIG . 41A continued 



Patent Application Publication Mar . 6 , 2008 Sheet 95 of 396 US 2008 / 0059766 A1 

E . RECEST . F . 16 
E . RECEST . F . 16 . X 
E . RECEST . F . 32 
E . RECEST . F . 32 . X 
E . RECEST . F . 64 
E . RECEST . F . 64 . X 

E . RECEST . F . 128 
E . RECEST . F . 128 . X 
E . RSQREST . F . 16 
E . RSQREST . F . 16 . X 

E . RSQREST . F . 32 

E . RSQREST . F . 32 . X 

E . RSQREST . F . 64 

E . RSQREST . F . 64 . X 

Ensemble reciprocal estimate floating - point half 
Ensemble reciprocal estimate floating - point half exception 
Ensemble reciprocal estimate floating - point single 
Ensemble reciprocal estimate floating - point single exception 
Ensemble reciprocal estimate floating - point double 
Ensemble reciprocal estimate floating - point double 
exception 
Ensemble reciprocal estimate floating - point quad 
Ensemble reciprocal estimate floating - point quad exception 
Ensemble floating - point reciprocal square root estimate half 
Ensemble floating - point reciprocal square root estimate half 
exact 
Ensemble floating - point reciprocal square root estimate 
single 
Ensemble floating - point reciprocal square root estimate 
single exact 
Ensemble floating - point reciprocal square root estimate 
double 
Ensemble floating - point reciprocal square root estimate 
double exact 
Ensemble floating - point reciprocal square root estimate 
quad 
Ensemble floating - point reciprocal square root estimate 
quad exact 
Ensemble convert floating - point doublets from half nearest 
default 
Ensemble convert floating - point doublets from half ceiling 
Ensemble convert floating - point doublets from half ceiling 
default 
Ensemble convert floating - point doublets from half floor 
Ensemble convert floating - point doublets from half floor 
default 

| Ensemble convert floating - point doublets from half nearest 
Ensemble convert floating - point doublets from half exact 
Ensemble convert floating - point doublets from half zero 
Ensemble convert floating - point doublets from half zero 
default 

| Ensemble convert floating - point quadlets from single 
nearest default 

E . RSQREST . F . 128 

E . RSQREST . F . 128 . X 

E . SINK . F . 16 

E . SINK . F . 16 . C 
E . SINK . F . 16 . C . D 

E . SINK . F . 16 . F 
E . SINK . F . 16 . F . D 

E . SINK . F . 16 . N 
E . SINK . F . 16 . X 
E . SINK . F . 16 . Z 

| E . SINK . F . 16 . Z . D 

E . SINK . F . 32 

FIG . 41A continued 
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E . SINK . F . 32 . C 
E . SINK . F . 32 . C . D 

| E . SINK . F . 32 . F 
E . SINK . F . 32 . F . D 

E . SINK . F . 32 . N 

E . SINK . F . 32 . X 
E . SINK . F . 32 . Z 
E . SINK . F . 32 . Z . D 

| E . SINK . F . 64 

E . SINK . F . 64 . C 
E . SINK . F . 64 . C . D 

| E . SINK . F . 64 . F 
E . SINK . F . 64 . F . D 

Ensemble convert floating - point quadlets from single ceiling 
Ensemble convert floating - point quadlets from single ceiling 
default 
Ensemble convert floating - point quadlets from single floor 
Ensemble convert floating - point quadlets from single floor 
default 
Ensemble convert floating - point quadlets from single 
nearest 
Ensemble convert floating - point quadlets from single exact 
Ensemble convert floating - point quadlets from single zero 
Ensemble convert floating - point quadlets from single zero 
default 
Ensemble convert floating - point octlets from double nearest 
default 
Ensemble convert floating - point octlets from double ceiling 
Ensemble convert floating - point octlets from double ceiling 
default 
Ensemble convert floating - point octlets from double floor 
Ensemble convert floating - point octlets from double floor 
default 
Ensemble convert floating - point octlets from double nearest 
Ensemble convert floating - point octlets from double exact 
Ensemble convert floating - point octlets from double zero 
Ensemble convert floating - point octlets from double zero 
default 
Enscmblc convert floating - point hcxlct from quad ncarcst 
default 
Ensemble convert floating - point hexlet from quad ceiling 
Ensemble convcrt floating - point hexlet from quad cciling 
default 
Ensemble convert floating - point hexlet from quad floor 
Ensemble convert floating - point hcxlct from quad floor 
default 
Ensemble convert floating - point hexlet from quad nearest 
Ensemble convert floating - point hcxlct from quad cxact 
Ensemble convert floating - point hexlet from quad zero 
Ensemble convert floating - point hexlet from quad zero 
default 
Ensemble square root floating - point half 
Ensemble square root floating - point half ceiling 

E . SINK . F . 64 . N 
E . SINK . F . 64 . X 
E . SINK . F . 64 . Z 
E . SINK . F . 64 . Z . D 

E . SINK . F . 128 

E . SINK . F . 128 . C 
E . SINK . F . 128 . C . D 

E . SINK . F . 128 . F 
E . SINK . F . 128 . F . D 

E . SINK . F . 128 . N . 
E . SINK . F . 128 . X 
E . SINK . F . 128 . Z 
E . SINK . F . 128 . Z . D 

E . SQR . F . 16 
E . SOR . F . 16 . C 

FIG . 41A continued 
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E . SOR . F . 16 . F 
E . SOR . F . 16 . N 
E . SOR . F . 16 . X 
E . SOR . F . 16 . Z 
E . SQR . F . 32 
E . SQR . F . 32 . C 
E . SQR . F . 32 . F 
E . SQR . F . 32 . N 
E . SQR . F . 32 . X 
E . SOR . F . 32 . Z 
E . SQR . F . 64 
E . SQR . F . 64 . C 
E . SOR . F . 64 . F 
E . SOR . F . 64 . N 
E . SQR . F . 64 . X 
E . SOR . F . 64 . Z 
E . SQR . F . 128 
E . SOR . F . 128 . C 
E . SQR . F . 128 . F 
E . SOR . F . 128 . N 
E . SQR . F . 128 . X 
E . SOR . F . 128 . Z 
E . SUM . F . 16 
E . SUM . F . 16 . C 
E . SUM . F . 16 . F 
E . SUM . F . 16 . N 
E . SUM . F . 16 . X 
E . SUM . F . 16 . Z 
E . SUM . F . 32 
E . SUM . F . 32 . C 
E . SUM . F . 32 . F 
E . SUM . F . 32 . N 
E . SUM . F . 32 . X 
E . SUM . F . 32 . Z 
E . SUM . F . 64 
E . SUM . F . 64 . C 
E . SUM . F . 64 . F 
E . SUM . F . 64 . N 
E . SUM . F . 64 . X 

Ensemble square root floating - point half floor 
Ensemble square root floating - point half nearest 
Ensemble square root floating - point half exact 
Ensemble square root floating - point half zero 
Ensemble square root floating - point single 
Ensemble square root floating - point single ceiling 
Ensemble square root floating - point single floor 
Ensemble square root floating - point single nearest 
Ensemble square root floating - point single exact 
Ensemble square root floating - point single zero 
Ensemble square root floating - point double 
Ensemble square root floating - point double ceiling 
Ensemble square root floating - point double floor 
Ensemble square root floating - point double nearest 
Ensemble square root floating - point double exact 
Ensemble square root floating - point double zero 
Ensemble square root floating - point quad 
Ensemble square root floating - point quad ceiling 
Ensemble square root floating - point quad floor 
Ensemble square root floating - point quad nearest 
Ensemble square root floating - point quad exact 
Ensemble square root floating - point quad zero 
Ensemble sum floating - point half 
Ensemble sum floating - point half ceiling 
Ensemble sum floating - point half floor 
Ensemble sum floating - point half nearest 
Ensemble sum floating - point half exact 
Ensemble sum floating - point half zero 
Ensemble sum floating - point single 
Ensemble sum floating - point single ceiling 
Ensemble sum floating - point single floor 
Ensemble sum floating - point single nearest 
Ensemble sum floating - point single exact 
Ensemble sum floating - point single zero 
Ensemble sum floating - point double 
Ensemble sum floating - point double ceiling 
Ensemble sum floating - point double floor 
Ensemble sum floating - point double nearest 
Ensemble sum floating - point double exact 

FIG . 41A continued 
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E . SUM . F . 64 . Z 
E . SUM . F . 128 
E . SUM . F . 128 . C 
E . SUM . F . 128 . F 
E . SUM . F . 128 . N 
E . SUM . F . 128 . X 
E . SUM . F . 128 . Z 

Ensemble sum floating - point double zero 
Ensemble sum floating - point quad 
Ensemble sum floating - point quad ceiling 
Ensemble sum floating - point quad floor 
Ensemble sum floating - point quad nearest 
Ensemble sum floating - point quad exact 
Ensemble sum floating - point quad zero 

Selection 

op 
COPY 
ABS 

prec 
16 
16 

32 
32 

64 
64 

round / trap 
128 NONE X 
128 NONE X 

FLOAT 16 
16 

32 64 
32 64 SINK 

128 NONE CFNXZ 
128 NONE CFNXZ 

C . DF . D Z . D 
NONE X INFLATE 16 32 64 

copy 
absolute 
value 
float from 
integer 
integer from 
float 
increase 
format 
precision 
decrease 
format 
precision 
negate 
reciprocal 
estimate 
reciprocal 
square root 
estimate 
square root 
sum 

DEFLATE 32 64 128 NONE CFNXZ 

NEG 
RECEST 

16 
16 

32 
32 

64 
64 

128 NONE X 
128 NONE X 

RSQREST 16 32 64 128 NONE X 

SOR 
SUM 

16 
16 

32 64 
32 64 

128 NONE CFNXZ 
128 NONE CFNXZ 

FIG . 41A continued 
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Operation codes 
E . MUL . G . 8 
E . MUL . G . 64 

Ensemble multiply Galois field byte 
Ensemble multiply Galois field octlet 

FIG . 42A 

razemulgsize ( rd . sc . b ) 

EVUL . G . size . 
TA 

FIG . 42B 






































































































































































































































































































































































































































































































































































































































































































































































































































