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vdiv.q

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Divide Quad Word

§ 7.6 5 14 3 2 1 0

01100011

1 vt

vs

6 3

Syntax:

vdiv.qg wvd,

Instruction Type

~1

vs, Vvt

Repeat (multi-cycle) instruction

Processing Time:

latency : 59

Prefixing:

Use prohibited

pitch : 56

Use prohibited

Use prohibited

7

Description:

VFPU

Four elements from the matrix registers indicated by vs are divided by four elements

from the matrix registers indicated by vt. The elements are treated as floating-point

numbers. The four-element floating-point result 1s stored at locations in the matrix

register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs
t <- ReadMatrix( QUADWORD, vt
df0] <= s[0] / t£l[0];
df1] <= sl[1] / tl1];
dl2] <= s[2] / t[2];
d[3] <= s[3] / ©[3];
WriteMatrix {( QUADWORD, wvd, d

~

© SCEL
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vdot.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Dot Product Pair Word

§ 7.6 5 14 3 2 1 0

0110011001 vt 0 \¢ 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vdot.p vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 7 pitch © 1

Prefixing:
vpfxs  vpfxt  vpfxd
Valid | Valid | Valid
Description:

The dot product of two elements from the matrix registers indicated by vs and two

elements from the matrix registers indicated by vt is calculated. The elements are

treated as floating-point numbers. The one-element floating-point result is stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD,
PATIRWORD,
* t[0];

t <- ReadMatrix(
dl0] <= s[0]
d[0] <- dJ[0]
WriteMatrix(

+ s[1]

[l

SINGLEWORD, vd, d );

)7
) ;

© SCEL
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vdot.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Dot Product Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

0110011001 vt 1 \¢ 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vdot .t wvd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 7 pitch © 1

Prefixing:

vpfxs  vpfxt
Valid | Valid

vpfxd
Valid

Description:

The dot product of three elements from the matrix registers indicated by vs and three

elements from the matrix registers indicated by vt is calculated. The elements are

treated as floating-point numbers. The one-element floating-point result is stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(

d[0] <- sl[0]
d[0] <- dJ[0]
d[0] <- d[0]
WriteMatrix(

* t[0];

+ 3
SINGLEWORD,

TRIPLEWORD,
TRIPLEWORD,

[0
+ s[1] * t[l];
(2] = tlz];

vd,

© SCEL
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vdot.q

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16 15 14 15 12 11 10 9

Dot Product Quad Word

§ 7.6 5 14 3 2 1 0

01100100

1 vt 1

vs

6 3

Syntax:

~1
—

vdot.qg vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

The dot product of four elements from the matrix registers indicated by vs and four

elements from the matrix registers indicated by vt is calculated. The elements are

treated as floating-point numbers. The one-element floating-point result is stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );

df0] <= s[0] * t[0];

df0] <= dl0] + s[1] * t[1];
dl0] <= dl0] + s[2] * t[Z2];
dl0] <= dl0] + s[3] * t[3];

WriteMatrix ( SINGLEWORD, wvd, d );

© SCEL
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vexp2.s

Exponential base 2 Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O01O01O000 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vexpZ.s vd, Vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The base 2 exponential of the floating-point value of one element from the matrix
register indicated by vs is calculated. The one-element floating-point result is stored at
the location in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
d[0] <- approx exp2( s[0] );
WriteMatrix ( SINGLEWORD, vd, d );
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vexp2.p

Exponential base 2 Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O01O01O000 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vexpZ.p vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

The base 2 exponentials of the floating-point values of two elements from the matrix
registers indicated by vs are calculated. The two-element floating-point result is stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0
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Operation:

s <- ReadMatrix({

PATIRWORD,

d[0] <- approx exp2( s[0]
d[1l] <- approx exp2( s[1]
WriteMatrix{ PAIRWORD, wvd,

vSs
) ;
)7
d

) ;

) ;
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vexp2.t

Exponential base 2 Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00000101O001 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vexpZ.t vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The base 2 exponentials of the floating-point values of three elements from the matrix
registers indicated by vs are calculated. The three-element floating-point result is stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0
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Operation:

s <-
df[0]
dafl]
alz]

ReadMatrix ( TRIPLEWORD, vs

<- approx expz{ s[0]
<- approx _exp2{ s[1]
< - approxiexp2 ( s[2]

WriteMatrix ( TRIPLEWORD,

) ;
)7
) ;
vd, d

);

);
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bvf

Branch on VFPU False

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 0010|0100 O0|imm3]|00O0 offset

6 5 3 2 16
VFPU

Syntax:
bvf imm3, offset

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

If the value of the VFPU_CC control register bit indicated by the imm3 field is false (0).
the program branches with a one instruction delay to the branch target address. The
branch target address is the sum of the PC and the 16-bit offset after 1t 1s shifted left

two bits and sign-extended to a 32 bit value.

Operation:

I+0: condition <- (VFPU _CC[imm3] == 0);
target offset <- sign extend(offset<<2)
I+1: if condition then
PC <-PC + target offset;
endif
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vexp2.9

Exponential base 2 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00000101O001 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vexpZ.q vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

The base 2 exponentials of the floating-point values of four elements from the matrix
registers indicated by vs are calculated. The four-element floating-point result is stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0
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Operation:

s <- ReadMatrix({
d[0] <- approx exp2( s[0]
d[1l] <- approx exp2

d[2] <- approx_expZ
d[3] <- approx expZ({

WriteMatrix(

QUADWORD,

sl
s[2]
s[3

QUADWORD, wvs

’

)
1)

) ;

).

’

]
vd, d

) ;

) ;
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vi2h.p

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Convert float to float16 Pair Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

11010000001 10O0100 Vs 1 vd
6 11 7 1 7
VFPU
Syntax:
viZ2h.p wvd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt
Valid No effect Only write mask 1s valid
Description:

The single-precision floating-point values of two elements from the matrix registers

indicated by vs are converted to half-precision floating-point numbers and packed into

32 bits. The 32-bit result 1s stored at the location in the matrix register file indicated by

vd.

Operation:

s <- ReadMatrix/({

PATRWORD,

d[0].1 <= float to floatle
d[0].u <= float to floatle
WriteMatrix( SINGLEWORD,

v

\as

( sl
( sl
d, d

)
0
1
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vi2h.q

Convert float to float16 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 100101 S 1 vd

6 11 7 1 7
VFPU

Syntax:
viZ2h.qg wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The single-precision floating-point values of four elements from the matrix registers
indicated by vs are converted to half-precision floating-point numbers and packed into

64 bits. The 64-bit result 1s stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs
d[0].1 <= float to floatle( s
d[0].u <= float to floatle( s
[ (s

( s

P

~e

d[1].1 <= float to floatlé
d[l].u <- flocat to floatle
WriteMatrix( PAIRWORD, vd, d );

)7
[0]
[1]
[2]
[3]

~

~.
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Round to smallest integer from float with Scaling Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010011 imm5 0 A 0 vd

6 5 5 1 7 1 7
VFPU

Syntax:

viZ2id.s vd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point value of one element from the matrix register indicated by vs is
multiplied by 2 raised to the imm5 power and rounded to the largest integer legs than or
equal to the argument. The one-element integer result is stored at the location in the
matrix register file indicated by vd. Special solutions are as follows.

Sfloor(nan) = Ox7FFFFFFF

Sfloor(+inf) = Ox7FFFFFFF

floor(-inf) = 0x80000000

floor(x) = OXTFFFFEFF ; +2"'<= x < +inf

Floor(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= floor( s[0] * (1l<<immb) );
WriteMatrix{ SINGLEWORD, vd, d );
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vf2id.p

Round to smallest integer from float with Scaling Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010011 imm5 0 A 1 vd

Syntax:

B} B} 1 7 1 7

VFPU

viZ2id.p vd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point values of two elements from the matrix registers indicated by vs are
multiplied by 2 raised to the imm5 power and rounded to the largest integer legs than or
equal to the arguments. The two-element integer result 1s stored at locations in the
matrix register file indicated by vd. Special solutions are as follows.

Sfloor(nan) = Ox7FFFFFFF

Sfloor(+inf) = Ox7FFFFFFF

floor(-inf) = 0x80000000

floor(x) = OXTFFFFEFF ; +2"'<= x < +inf

Floor(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <= floor( s[0] * (1l<<immb) );
d[1l] <- floor( s[l] * (1l<<immb) );
WriteMatrix ( PAIRWORD, wvd, d );
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vi2id.t

Round to smallest integer from float with Scaling Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 11 13 12 11 10 9 8 7 6 5 3.2 1 0
11010010011 imm5 1 Vs 0 vd
6 5 5 1 7 1 7
VFPU
Syntax:

vizid.t wvd, wvs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point values of three elements from the matrix registers indicated by vs are

multiplied by 2 raised to the imm5 power and rounded to the largest integer legs than or

equal to the arguments. The three-element integer result 1s stored at locations in the

matrix register file indicated by vd. Special solutions are as follows.
Sfloor(nan) = Ox7FFFFFFF

Sfloor(+inf) = Ox7FFFFFFF

floor(-inf) = 0x80000000

floor(x) = OXTFFFFEFF ; +2"'<= x < +inf

Floor(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( TRIPLEWORD, vs
d[0] <= floor( s[0] * (1l<<immb)
d[1l] <- floor( s[l] * (1l<<immb)
d[2] <= floor{ s[2] * (1<<immb)

)7
) ;
) ;
).

2
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WriteMatrix( TRIPLEWORD, vd, d );
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vf2id.q

Round to smallest integer from float with Scaling Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 11 13 12 11 10 9 8 7 6 5 3.2 1 0
11010010011 imm5 1 Vs 1 vd
6 5 5 1 7 1 7
VFPU
Syntax:

viZ2id.g wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point values of four elements from the matrix registers indicated by vs are

multiplied by 2 raised to the imm5b power and rounded to the largest integer less than or

equal to the arguments. The four-element integer result is stored at locations in the

matrix register file indicated by vd. Special solutions are as follows.
Sfloor(nan) = Ox7FFFFFFF

Sfloor(+inf) = Ox7FFFFFFF

floor(-inf) = 0x80000000

floor(x) = OXTFFFFEFF ; +2"'<= x < +inf

Floor(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( QUADWORD, vs

d[0] <= floor( s[0] * (l<<immb
d[1l] <- floor{( s[l] * (l<<immb
d[2] <= floor{ s[2] * (l<<immb
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d[3] <= floor( s[3] * (1<<immb) );
WriteMatrix{( QUADWORD, wvd, d );

¢ SCEI PSP™ System Manual Release 0.2.0

- 120 -



R A A RS A T A A A T A A AR

bvfl

Branch on VFPU False Likely

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 0010|/01O00O0|mmm3]|1 0 offset

6 5 3 2 16
VFPU

Syntax:
bvfl imm3, offset

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

If the value of the VFPU_CC control register bit indicated by the imm3 field is false (0).
the program branches with a one instruction delay to the branch target address. The
branch target address is the sum of the PC and the 16-bit offset after 1t 1s shifted left
two bits and sign-extended to a 32 bit value. If the branch is not taken, the instruction

in the branch delay slot 1s discarded.

Operation:

I+0: condition <- (VFPU_CC[imm3] == 0);
target offset <- slign extend(offset<<2)
I+1: if condition then
PC <-PC + target offset;
else
NullifyCurrentInstruction();
endif
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vf2in.s

Round to nearest integer from float with Scaling Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010000 imm5 0 A 0 vd

6 5 5 1 7 1 7
VFPU

Syntax:

vf2in.s wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point value of one element from the matrix register indicated by vs is
multiplied by 2 raised to the immb power and rounded to the nearest integer. The
one-element integer result 1s stored at the location in the matrix register file indicated
by vd. Special solutions are as follows.

rint(nan) = OX7FFFFFFF

rint(+inf) = Ox7FFFFFFF

rint(-inf) = 0x80000000

rint(x) = OX7FFFFFFF ; +2% <= x < +inf

rint(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <- rint({ s[0] * (1<<immb) );
WriteMatrix{ SINGLEWORD, vd, d );
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Round to nearest integer from float with Scaling Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010000 imm5 0 A 1 vd

6 5 5 1 7 1 7
VFPU

Syntax:

viZ2in.p vd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point values of two elements from the matrix registers indicated by vs are
multiplied by 2 raised to the immb power and rounded to the nearest integer. The
two-element integer result 1s stored at locations in the matrix register file indicated by
vd.

Special solutions are as follows.

rint(nan) = OX7FFFFFFF

rint(+inf) = Ox7FFFFFFF

rint(-inf) = 0x80000000

rint(x) = OX7FFFFFFF ; +2% <= x < +inf

rint(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <- rint({ s[0] * (1<<immb) );
d[l] <- rint{ s[1l] * (1<<immb) )

.
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WriteMatrix{( PAIRWORD, wvd, d );
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vf2in.t

Round to nearest integer from float with Scaling Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010000 imm5 1 A 0 vd

6 5 5 1 7 1 7
VFPU

Syntax:

viZ2in.t wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point values of three elements from the matrix registers indicated by vs are
multiplied by 2 raised to the immb power and rounded to the nearest integer. The
three-element integer result is stored at locations in the matrix register file indicated by
vd.

Special solutions are as follows.

rint(nan) = OX7FFFFFFF

rint(+inf) = Ox7FFFFFFF

rint(-inf) = 0x80000000

rint(x) = OX7FFFFFFF ; +2% <= x < +inf

rint(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
d[0] <- rint({ s[0] * (1<<immb) );
d[l] <- rint( s[l] * (l<<immb) );
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d[2] <= rint{ s[2] * (1<<immb) );
WriteMatrix{ TRIPLEWORD, vd, d );
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Round to nearest integer from float with Scaling Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010000 imm5 1 A 1 vd

6 5 5 1 7 1 7
VFPU

Syntax:

viZ2in.g wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point values of four elements from the matrix registers indicated by vs are
multiplied by 2 raised to the immb power and rounded to the nearest integer. The
four-element integer result 1s stored at locations in the matrix register file indicated by
vd.

Special solutions are as follows.

rint(nan) = OX7FFFFFFF

rint(+inf) = Ox7FFFFFFF

rint(-inf) = 0x80000000

rint(x) = OX7FFFFFFF ; +2% <= x < +inf

rint(x) = 0x80000000 ; -inf < x < -2"'

Operation:

s <- ReadMatrix( QUADWORD, vs );
d[0] <- rint({ s[0] * (1<<immb) );
d[l] <- rint{ s[1l] * (1<<immb) )

.

¢ SCEI PSP™ System Manual Release 0.2.0

- 126 -



R A A RS A T A A A T A A AR

d[2] <= rint{ s[2] * (1<<immb) );
d[3] <= rint{ s[3] * (1<<immb) );
WriteMatrix{( QUADWORD, vd, d );
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Round to largest integer from float with Scaling Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010010 imm5 0 A 0 vd

6 5 5 1 7 1 7
VFPU

Syntax:

viZ2iu.s vd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point value of one element from the matrix register indicated by vs is
multiplied by 2 raised to the immb power and rounded to the smallest integer greater
than or equal to the argument. The one-element integer result is stored at the location
in the matrix register file indicated by vd. Special solutions are as follows.

ceil(nan) = OX7FFFFFFF

ceil(+inf) = Ox7FFFFFFF

ceil(-inf) = 0x80000000

ceil(x) = OXTFFFFFFF ; +2%'<= x < +inf

ceil(x) = 0x80000000 ; -inf < x < -2°'

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= ceil( s[0] * (l<<immb) );
WriteMatrix ( SINGLEWORD, wvd, d );
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Round to largest integer from float with Scaling Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

1511153121110 9 8§ 7 6 5 4 3 2 1 0

11010010010 imm5

0

vs

6 B} B}

Syntax:

viZiu.p vd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

1

7

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

VFPU

The floating-point values of two elements from the matrix registers indicated by vs are

multiplied by 2 raised to the immb power and rounded to the smallest integers greater

than or equal to the arguments. The two-element integer result 18 stored at locations 1n

the matrix register file indicated by vd. Special solutions are as follows.

ceil(nan) = OX7FFFFFFF

ceil(+inf) = Ox7FFFFFFF

ceil(-inf) = 0x80000000

ceil(x) = OXTFFFFFFF ; +2%'<= x < +inf
ceil(x) = 0x80000000 ; -inf < x < -2°'

Operation:

s <- ReadMatrix( PAIRWORD, vs

d[0] <= ceil( s[0] * (l<<immb)
d[1l] <- ceil( s[l] * (l<<immb)

WriteMatrix ( PAIRWORD, wvd, d

)
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Round to largest integer from float with Scaling Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 1211 10 9 8 7 6 5 4 3 2 1 0
11010010010 immb 1 Vs 0 vd
6 ) D 1 7 1 7
VFPU
Syntax:
viZiu.t vd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1

Prefixing:

vpfxt
No effect

vpfxs
Valid

Only write mask 1s valid

Description:

The floating-point values of three elements from the matrix registers indicated by vs are

multiplied by 2 raised to the immb power and rounded to the smallest integers greater

than or equal to the arguments. The three-element integer result 1s stored at locations

in the matrix register file indicated by vd. Special solutions are as follows.
ceil(nan) = OX7FFFFFFF

ceil(+inf) = Ox7FFFFFFF

ceil(-inf) = 0x80000000

ceil(x) = OXTFFFFFFF ; +2%'<= x < +inf

ceil(x) = 0x80000000 ; -inf < x < -2°'

Operation:
s <- ReadMatrix( TRIPLEWORD, vs );
d[0] <= ceil( s[0] * (l<<immb) );
d[l] <= ceil({ s[1] * (1<<immb) );
d[2] <= ceil{ s[2] * (1<<immb) );
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bvt

Branch on VFPU True

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 0010|0100 O0] Mmm3] |01 offset

6 5 3 2 16
VFPU

Syntax:
bvt 1imm3, offset

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

If the value of the VFPU_CC control register bit indicated by the imm3 field is true (1),
the program branches with a one instruction delay to the branch target address. The
branch target address is the sum of the PC and the 16-bit offset after 1t 1s shifted left

two bits and sign-extended to a 32 bit value.

Operation:

I+0: condition <- (VFPU _CC[imm3] == 1);
target offset <- sign extend(offset<<2);
I+1: if condition then
PC <-PC + target offset;
endif
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WriteMatrix( TRIPLEWORD, vd, d );

¢ SCEI PSP™ System Manual Release 0.2.0



vf2iu.q

Round to largest integer from float with Scaling Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

§ 7.6 5 14 3 2 1 0

11010010010 imm5

1

vs

6 )

Syntax:

viZiu.g vd, vs, immb
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

1

7

vpfxs  vpfxt
Valid No effect

Only write mask 1s valid

Description:

VFPU

The floating-point values of four elements from the matrix registers indicated by vs are

multiplied by 2 raised to the immb power and rounded to the smallest integers greater

than or equal to the arguments. The four-element integer result is stored at locations in

the matrix register file indicated by vd. Special solutions are as follows.

ceil(nan) = OX7FFFFFFF
ceil(+inf) = Ox7FFFFFFF
ceil(-inf) = 0x80000000

ceil(x) = OXTFFFFFFF ; +2%'<= x < +inf
ceil(x) = 0x80000000 ; -inf < x < -2°'

Operation:
s <- ReadMatrix/(
d[0] <- ceil( s[O
d[l] <- ceil({ sl
d[2] <- ceil( s]?

QUADWORD,
]
]
]

Vs

* (1<<immb)
* (1<<immb)
* (1<<immb)
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d[3] <= ceil( s[3] * (1<<immb) );
WriteMatrix{( QUADWORD, wvd, d );
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Round to zero integer from float with Scaling Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101001 00O01 imm5 0 A 0 vd

6 5 5 1 7 1 7
VFPU

Syntax:

vf2iz.s wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

The floating-point value of one element from the matrix register indicated by vs is
multiplied by 2 raised to the imm5b power and rounded to the integer value closest to
zero. The one-element integer result is stored at the location in the matrix register file
indicated by vd. Special solutions are as follows.

trunc(nan) = OX7FFFFFFF

trunc(+inf) = Ox7FFFFFFF

trunc(-inf) = 0x80000000

trunc(x) = OXTFFFFFFF ; +2''<= x < +inf

trunc(x) = 0x80000000 : -inf < x < -2°

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <- trunc{ s[0] * (1<<immb) );
WriteMatrix ( SINGLEWORD, wvd, d );
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Round to zero integer from float with Scaling Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

1511153121110 9 8§ 7 6 5 4 3 2 1 0

1101001 00O01 imm5

0

vs

6 B} B}

Syntax:

viZ2iz.p wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

1

7

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

VFPU

The floating-point values of two elements from the matrix registers indicated by vs are

multiplied by 2 raised to the imm5 power and rounded to the integer values closest to

zero. The two-element integer result 1s stored at locations in the matrix register file

indicated by vd. Special solutions are as follows.

trunc(nan) = OX7FFFFFFF

trunc(+inf) = Ox7FFFFFFF

trunc(-inf) = 0x80000000

trunc(x) = OXTFFFFFFF ; +2''<= x < +inf
trunc(x) = 0x80000000 : -inf < x < -2°

Operation:
s <- ReadMatrix( PATRWORD, vs

) .

d[0] <- trunc{ s[0] * (1<<immb)
d[1l] <= trunc({ s[1l] * (1<<immb)

WriteMatrix ( PAIRWORD, wvd, d

)

) ;
) ;
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vi2iz.t

Round to zero integer from float with Scaling Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101001 00O01 imm5 1 A

6 B} B} 1 7

Syntax:

vi2iz.t wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

VFPU

The floating-point values of three elements from the matrix registers indicated by vs are

multiplied by 2 raised to the imm5 power and rounded to the integer values closest to

zero. The three-element integer result is stored at locations in the matrix register file

indicated by vd. Special solutions are as follows.
trunc(nan) = OX7FFFFFFF

trunc(+inf) = Ox7FFFFFFF

trunc(-inf) = 0x80000000

trunc(x) = OXTFFFFFFF ; +2''<= x < +inf

trunc(x) = 0x80000000 : -inf < x < -2°

Operation:

s <- ReadMatrix( TRIPLEWORD, vs
d[0] <= trunc({ s[0] * (1l<<immb)
d[1l] <= trunc({ s[1l] * (1<<immb)
d[2] <= trunc{ s[2] * (1<<immb)

)7
) ;
) ;
).

2
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WriteMatrix( TRIPLEWORD, vd, d );
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vf2iz.q

Round to zero integer from float with Scaling Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

§ 7.6 5 14 3 2 1 0

1101001 00O01 imm5 1

vs

6 B} B} 1

Syntax:

viZ2iz.g wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

7

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt

Valid No effect Only write mask 1s valid
Description:

VFPU

The floating-point values of four elements from the matrix registers indicated by vs are

multiplied by 2 raised to the immb power and rounded to the integer values closest to

zero. The four-element integer result 1s stored at locations in the matrix register file

indicated by vd. Special solutions are as follows.

trunc(nan) = OX7FFFFFFF

trunc(+inf) = Ox7FFFFFFF

trunc(-inf) = 0x80000000

trunc(x) = OXTFFFFFFF ; +2''<= x < +inf
trunc(x) = 0x80000000 : -inf < x < -2°

Operation:

s <- ReadMatrix( QUADWORD, vs

d[0] <= trunc({ s[0] * (l<<immb
d[1l] <- trunc({ s[1l] * (1l<<immb
d[2] <= trunc{ s[2] * (Il<<immb
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d[3] <= trunc( s[3] * (1<<immb5) );
WriteMatrix{( QUADWORD, wvd, d );
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vfad.p

Funnel Add Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001100 S 1 vd

6 11 7 1 7
VFPU

Syntax:
vtad.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

Two elements from the matrix registers indicated by vs are added together as
floating-point numbers. The one-element floating-point result is stored at the location in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <= s[0];

d[0] <= d[0] + s[1];

WriteMatrix{ SINGLEWORD, vd, d );
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bvtl

Branch on VFPU True Likely

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 0010|0100 O0O] MmMm3]|11 offset

6 5 3 2 16
VFPU

Syntax:
bvtl imm3, offset

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

If the value of the VFPU_CC control register bit indicated by the imm3 field is true (1),
the program branches with a one instruction delay to the branch target address. The
branch target address is the sum of the PC and the 16-bit offset after 1t 1s shifted left
two bits and sign-extended to a 32 bit value. If the branch is not taken, the instruction

in the branch delay slot 1s discarded.

Operation:

I+0: condition <- (VFPU CC[imm3] == )7
target offset <- sign extend(offset<<2);
I+1: if condition then
PC <-PC + target offset;
else
NullifyCurrentInstruction();
endif
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vfad.t

Funnel Add Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001101 S 0 vd

6 11 7 1 7
VFPU

Syntax:
vifad.t wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

Three elements from the matrix registers indicated by vs are added together as
floating-point numbers. The one-element floating-point result is stored at the location in

the matrix register file indicated by vd.

Operation:

s <— ReadMatrix( TRIPLEWORD, vs );
d[0] <- s[0];

d[0] <- d[0] + s[1];

d[0] <- d[0] + s[2];

WriteMatrix( SINGLEWORD, vd, d );
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vfad.q

Funnel Add Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001101 S 1 vd

6 11 7 1 7
VFPU

Syntax:
vtad.qg vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

Four elements from the matrix registers indicated by vs are added together as
floating-point numbers. The one-element floating-point result is stored at the location in

the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );

d[0] <- s[0];

d[0] <= d[0] + s[1];

d[0] <= d[0] + s[2];

d[0] <- d[0] + s[3];
WriteMatrix ( SINGLEWORD, vd, d );
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vfim.s

Convert float16 immediate to float Single Word

VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 141 13 12 11 10 9 8 7 0
1101111111 vt Imm1l6
6 3 7 16
Syntax:
viim.s vt, immlé6
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt
No effect No effect
Description:

The half-precision floating-point value indicated by imm16 is converted to a

single-precision floating-point value and stored at the location in the matrix register file

indicated by vt.

Operation:

f <= floatlé to float( imml6 );
WriteMatrix { SINGLEWORD,

) ;
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vflush

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

Flush Write Buffer

§ 7.6 5 14 3 2 1 0

111111

111111111 100000100000O0110O071

6

Syntax:

vflush

26

Instruction Type

Synchronization instruction

Processing Time:

latency : 0 pitch : 3
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

VFPU

The write buffer is flushed. The VFPU pipeline stalls until the write buffer has emptied.

Operation:

Flush () ;
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vh2f.s

Convert float16 to float Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 1O00110O0 Vs 0 vd
6 11 7 1 7
VFPU
Syntax:
vh2f.s wvd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1
Prefixing:
Use prohibited No effect Valid
Description:
The half-precision floating-point values of two elements from the matrix registers
indicated by vs are converted to single-precision floating-point numbers. The
two-element floating-point result is stored 1n locations of the matrix register file
indicated by vd.
Operation:
s <- ReadMatrix( SINGLEWORD, vs );
d[0] <- floatle to float( s[0].1 );
d[1] <- floatle to float( s[0].u );
WriteMatrix{ PAIRWORD, vd, d );
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vh2f.p

Convert float16 to float Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 100110 VS 1 vd
6 11 7 1 7
VFPU
Syntax:
vh2f.p vd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1
Prefixing:

Use prohibited No effect Valid

Description:

The half-precision floating-point values of four elements from the matrix registers

indicated by vs are converted to single-precision floating-point numbers. The

four-element floating-point result 1s stored in locations of the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs

d[0] <- floatlée to float( s[0]
d[1] <- floatlée to float( s[0]
d[2] <- floatl6 to float{ s[l1]
d[3] <- floatle to flcat( s[l]
WriteMatrix{( QUADWORD, vd, d )

)

’

I

Ne Ne N

~.

© SCEL

PSP'™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

vhdp.p

Homogeneous Dot Product Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1001|100 vt 0 Vs 1 vd

7 1 7

~1
—

6 3

VFPU

Syntax:
vhdp.p vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxt vpfxd
Use prohibited | Valid | Valid

Description:

The homogeneous dot product of two elements from the matrix registers indicated by vs
and two elements from the matrix registers indicated by vt is calculated. The elements
are treated as floating-point numbers. The one-element floating-point result is stored at

the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
t <- ReadMatrix ( PAIRWORD, vt );
d[0] <- s[0] * t[0];

d[o] <- d[0] + t[1];
WriteMatrix{( SINGLEWORD, wvd, d );
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vhdp.t

Homogeneous Dot Product Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1001|100 vt 1 Vs 0 vd

7 1 7

~1
—

6 3

VFPU

Syntax:
vhdp.t wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxt vpfxd
Use prohibited | Valid | Valid

Description:

The homogeneous dot product of three elements from the matrix registers indicated by
vs and three elements from the matrix registers indicated by vt 1s calculated. The
elements are treated as floating-point numbers. The one-element floating-point result is

stored at the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix ( TRIPLEWORD, vt );

d[o] <- s[0] * tl0];
d[0] <- d[0] + s[1] * ©[1];
d[o] <- d[0] + t[2];
WriteMatrix( SINGLEWORD, vd, d );
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vhdp.q

Homogeneous Dot Product Quad Word

VFPU

31 .30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 6 3 2 0
0110011100 vt 1 \¢ vd
6 3 7 1 7 7
Syntax:
vhdp.q vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 7 pitch © 1

Prefixing:

vpfxt

vpfxd

Valid

Use prohibited

Valid

Description:

The homogeneous dot product of four elements from the matrix registers indicated by vs

and four elements from the matrix registers indicated by vt is calculated. The elements

are treated as floating-point numbers. The one-element floating-point result is stored at

the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );
d[0] <- s[0] * t[0];

d[0] <= d[0] + s[1] * t[1l];

d[0] <- d[0] + s[2] * t[2];

d[o] <- d[oj] + t[3];
WriteMatrix{ SINGLEWORD, vd, d );
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vhtfm2.p

Homogeneous Transform 2 Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111100001 vt 0 Vs 0 vd

7 1 7

~1
—

6 3

VFPU

Syntax:
vhtfm2.p vd, vs, vt

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

Use prohibited Use prohibited Use prohibited

Description:

The transform of the elements of the 2x2 matrix from the matrix registers indicated by
vs and two elements from the matrix registers indicated by vt is calculated. The
elements are treated as floating-point numbers. The two-element floating-point result 1s

stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix{( PAIRXPAIRWORD, vs );
t <- ReadMatrix( PAIRWORD, vt );

d[0] <= s[0] * t£[0] + s[4];

d[l] <= s[1] * t£[0] + s[5];
WriteMatrix{( PAIRWORD, wvd, d );

¢ SCEI PSP™ System Manual Release 0.2.0

- 150 -



R A A RS A T A A A T A A AR

lv.s

Load Single Word to VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

vt
[6:5]
6 5 5 14 2

VFPU

110010 rs vt[4:0] offset

Syntax:

lv.s wvt, offset(rs)

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. The word in memory at this effective address is stored at
the location in the matrix register file indicated by vt. If the address is not word aligned,

the CPU generates an address error exception.

Operation:

vAddr <- sign extend( {offset[1l5:2], 2'b0} ) + GPR[rs];
pAddr <- AddressTranslation( vAddr, DATA, LOAD );

memword <- LoadMemory( SINGLEWORD, pAddr, vAddr, DATA );
WriteMatrix{ SINGLEWORD, {vt[6:5], vt[4:0]}, memword );

Exceptions:

Address Error exception
Bus Error exception
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vhtfm3.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Homogeneous Transform 3 Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

11 1100j010 vt

0 Vs 1

~1

6 3

Syntax:

vhtfm3.t wvd, vs, vt

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

1 7 1 7
VFPU

Use prohibited Use prohibited

Use prohibited

Description:

The transform of the elements of the 3x3 matrix from the matrix registers indicated by

vs and three elements from the matrix registers indicated by vt 1s calculated. The

elements are treated as floating-point numbers. The three-element floating-point result

1s stored at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( TRIPLEXTRIPLEWORD, vs );
t <- ReadMatrix( TRIPLEWORD, vt );
d[0] <= s[0] * t£[0] + s[4] * t[l] + sI[8];
d[l] <= s[1] * t£[0] + s[5] * t[1] + s[9];
d[2] <= s[2] * t[0] + s[6] * t[1l] + s[10];
WriteMatrix{ TRIPLEWORD, vd, d );
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Homogeneous Transform 4 Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

111100011 vt

1 Vs

6 3

~1

Syntax:
vhtfm4.qg wvd, vs, vt

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited Use prohibited

1 7

Use prohibited

Description:

VFPU

The transform of the elements of the 4x4 matrix from the matrix registers indicated by

vs and four elements from the matrix registers indicated by vt 1s calculated. The

elements are treated as floating-point numbers. The four-element floating-point result 1s

stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix/({

t <- ReadMatrix{ QUADWORD,
d[0] <- s[0] * £[0] 4+ s[4]
dl1] <- s[1] * £[0] + s[5]
d[2] <= s[2] * £[0] + s[6]
d[3] <= s[3] * £[0] + s[7]
WriteMatrix ( QUADWORD, vd,

vt

Q. % % ok %

QUADXQUADWORD, vs );

)

+ o+

t[2] + s[12];:
t[2] + s[13];
t[2] + s[1l4];
t[2] + s[15];
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vi2c.q

Convert integer to signed char Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000111 1O011 S 1 vd

6 11 7 1 7
VFPU

Syntax:

viZc.g vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Only swizzle 1s valid No effect Only write mask 1s valid
Description:

The integer values of four elements from the matrix registers indicated by vs are
converted to signed 8-bit integers and packed into 32 bits. The 32-bit result is stored at

the location in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
tmp[ 7: 0] <= s[0]>>24;
tmp[15: 8] <= s[1]>>24;
tmp[23:16] <= s[2]>>24;
tmp [31:24] <= s[3]1>>24;

d[0] <- tmp;
WriteMatrix ( SINGLEWORD, wvd, d );

¢ SCEI PSP™ System Manual Release 0.2.0

- 153 -



R A A RS A T A A A T A A AR

vi2f.s

Convert integer to float with Scaling Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010100 imm5 0 A 0 vd

6 5 5 1 7 1 7
VFPU

Syntax:

vi2f.s wvd, vs, 1immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

Only swizzle is valid No effect Valid
Description:

The integer value of one element from the matrix register indicated by vs 1s converted to
a floating-point number and divided by 2 raised to the imm3 power. The one-element

floating-point result is stored at the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <- float( s[0] ) / (1l<<immb);
WriteMatrix ( SINGLEWORD, wvd, d );
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vi2f.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Convert integer to float with Scaling Pair Word

§ 7.6 5 14 3 2 1 0

11010010100 imm5

0

vs

6 B} B}

Syntax:

viZ2f.p wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1

Prefixing:

No effect

Only swizzle is valid

1

Valid

Description:

7

VFPU

The integer values of two elements from the matrix registers indicated by vs are

converted to floating-point numbers and divided by 2 raised to the imm&b power. The

two-element floating-point result is stored at locations in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD,
d[0] <- float( s[0] ) /
d[1l] <- float( s[l1l] ) /

WriteMatrix ( PAIRWORD, wvd, d

)7

(1<<immb) ;
(1<<immb) ;
);
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vi2f.t

31 30 29 28 27 26 2

5 24 23 22 21 20 19 18 17 16

Convert integer to float with Scaling Triple Word

15 11 13 12 11 10 9

§ 7.6 5 14 3 2 1 0

11010010100

immb 1

vs

6

Syntax:
vizf.t

Instruction Type

)

B} 1

vd, vs, immb

Pipeline instruction

Processing Time:

Prefixing:

e

latency : 5

Only swizzle is valid

No effect

pitch © 1

Valid

Description:

7

VFPU

The integer values of three elements from the matrix registers indicated by vs are

converted to floating-point numbers and divided by 2 raised to the imm&b power. The

three-element floating-point result 1s stored at locations in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );

d[0] <- float( s[0] ) / (1<<immb);

d[1l] <- float( s[l1l] ) / (1l<<immb):

d[2] <- float( s[2] ) / (1<<immb);

WriteMatrix( TRIPLEWORD, wvd, d );
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vi2f.q

Convert integer to float with Scaling Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010010100 imm5 1 A 1 vd

6 5 5 1 7 1 7
VFPU

Syntax:

viZ2f.qg wvd, vs, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

Only swizzle is valid No effect Valid
Description:

The integer values of four elements from the matrix registers indicated by vs are
converted to floating-point numbers and divided by 2 raised to the imm&b power. The
four-element floating-point result is stored at locations in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
d[0] <- float{ s[0] ) / (1<<immb)
d[l] <- float( s[l] ) / (l<<immb) ;
[ s[2 )
3 )

.

2

d[2] <- float{ 1)/ (l<<immb
d[3] <- float( s[3] ) / (1<<imm5
WriteMatrix{( QUADWORD, vd, d );

’
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vi2s.p

Convert integer to signed short Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 111110 S 1 vd

6 11 7 1 7
VFPU

Syntax:

viZs.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Only swizzle 1s valid No effect Only write mask 1s valid
Description:

The integer values of two elements from the matrix registers indicated by vs are
converted to signed 16-bit integers and packed into 32 bits. The 32-bit result 1s stored at

the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
tmpO0[15: 0] <= s[0]>>16;
tmp0{31:16] <- s[1]1>>16;

d[0] <- tmpO0;

WriteMatrix{ SINGLEWORD, vd, d );
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vi2s.q

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

Convert integer to signed short Quad Word

§ 7.6 5 14 3 2 1 0

110100000011 11111 VS 1 vd
6 11 7 1 7
VFPU
Syntax:
viZs.qg vd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1

Prefixing:

Only swizzle 1s valid

No effect

Only write mask 1s valid

Description:

The integer values of four elements from the matrix registers indicated by vs are

converted to signed 16-bit integers and packed into 64 bits. The 64-bit result 1s stored at

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
tmp0[15: 0] <= s[0]>>16;
tmp0{31:16] <- s[1]>>16;

tmpl [15: 0] <= s[2]>>16;
tmpl[31:16] <- s[3]>>16;

d[0] <- tmp0;

dll] <- tmpl;

WriteMatrix{ PAIRWORD, vd, d );
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vi2uc.q

Convert integer to unsigned char Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000111 1O001 S 1 vd

6 11 7 1 7
VFPU

Syntax:

viZuc.q vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Only swizzle 1s valid No effect Only write mask 1s valid
Description:

The integer values of four elements from the matrix registers indicated by vs are
converted to unsigned 8-bit integers and packed into 32 bits. The 32-bit result 18 stored

at the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
if( s[0] < 0 )

tmpl[ 7: 0] <= 0;
else

tmp[ 7: 0] <= s[0]>>23;
if( s[1] < 0 )

tmp[l5: 8] <= 0;
else

tmp[15: 8] <- s[1]1>>23;
if( s[2] < 0)

tmp[23:16] <- 0;
else

tmp [23:16] <- s[2]1>>23;
if( s[3] < 0)
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Iv.q

Load Quad Word to VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110110 rs vtl4:0] offset 0 [V)t]
6 D D 14 1 1
VFPU
Syntax:

lv.g vt, offset(rs)

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. The quadword in memory at this effective address 1s stored
at locations in the matrix register file indicated by vt. If the address 1s not quadword

aligned, the CPU generates an address error exception.

Operation:

vAddr <- sign extend( {offset[1l5:2], 2'b0} ) + GPR[rs];
pAddr <- AddressTranslation( vAddr, DATA, LOAD );
memword <- LoadMemory( QUADWORD, pAddr, vAddr, DATA );
WriteMatrix{ QUADWORD, {vt[5], vt[4:0]1}, memword );

Exceptions:

Address Error exception
Bus Error exception
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tmp[31:24] <- 0;
else
tmp [31:24] <- s[3]>>23;
d[0] <- tmp;
WriteMatrix{ SINGLEWORD, vd, d );
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vi2us.p

Convert integer to unsigned short Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000111 1100 S 1 vd

6 11 7 1 7
VFPU

Syntax:

viZus.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Only swizzle 1s valid No effect Only write mask 1s valid
Description:

The integer values of two elements from the matrix registers indicated by vs are
converted to unsigned 16-bit integers and packed into 32 bits. The 32-bit result 1s stored

at the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
if( s[0] < 0 )
tmpO[15: 0] <= 0;
else
tmpe0[15: 0] <= s[0]>>15;
1if( s[1] < 0 )
tmpO[31:16] <= 0;
else
tmp0[31:16] <- s[1]1>>15;
d[0] <- tmpO;
WriteMatrix ( SINGLEWORD, vd, d );
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vi2us.q

Convert integer to unsigned short Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000111 1101 S 1 vd

6 11 7 1 7
VFPU

Syntax:

viZus.q vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Only swizzle 1s valid No effect Only write mask 1s valid
Description:

The integer values of four elements from the matrix registers indicated by vs are
converted to unsigned 16-bit integers and packed into 64 bits. The 64-bit result 1s stored

at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
if( s[0] < 0 )

tmpO[15: 0] <= 0;
else

tmpe0[15: 0] <= s[0]>>15;
1if( s[1] < 0 )

tmpO0[31:16] <= 0;
else

tmp0[31:16] <- s[1]1>>15;
if( s[2] < 0)

tmel[15: 0] <- 0;
else

tmpl[15: 0] <- s[2]>>15;
if( s[3] < 0)
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tmpl[31:16] <- 0;
else
tmpl [31:16] <- s[3]1>>15;
d[0] <- tmpO;
dl1l] <- tmpl;
WriteMatrix{( PAIRWORD, wvd, d );
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Identity Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/0000O000O0110000O00O0°O01 vd

6 19 7
VFPU

Syntax:
vidt.p vd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

One vector from the identity matrix 1s stored as a two-element floating-point value at

locations in the matrix register file indicated by vd.

Operation:

d[0] <= (vd[0]==0) ? 1.0 0.0;
dll] <= (vd[0]==1) 2 1.0 : 0.0;
WriteMatrix{ PAIRWORD, vd, d )

7
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Identity Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/0000000O011100000001 vd

6 19 7
VFPU

Syntax:
vidt.g wvd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

One vector from the identity matrix 1s stored as a four-element floating-point value at

locations in the matrix register file indicated by vd.

Operation:
dl0] <= (vd[1:0]==0) 2 1.0 0.0;
dll] <= (vd[1:0]==1) 2 1.0 0.0;
dl2] <= (vd[1:0]==2) 2 1.0 0.0;
dl3] <- (vd[1:0]==3) 2 1.0 0.0;
WriteMatrix ( QUADWORD, wvd, d );
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viim.s

Convert integer immediate to float Single Word

VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 11 13 12 11 10 9 8 7 6 5 2 0
1101114110 vt Imm1l6
6 3 7 16
Syntax:
viim.s vt, immlé6
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt
No effect No effect
Description:

The integer indicated by imm16 is converted to a floating-point number and stored at

the location in the matrix register file indicated by vt.

Operation:

f < float{ immlé6 );
WriteMatrix{( SINGLEWORD,

£ )
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LogB Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 1O01110 S

6 11

~1

Syntax:
vligb.s wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

VFPU

The logB of the floating-point value of one element from the matrix register indicated by

vs 1s calculated. The one-element floating-point result 1s stored at the location in the

matrix register file indicated by vd.

logB is defined by the following expression.
x =scaleBZ(x) * 2% . | <= gcaleBZ(x) < 2.
Special solutions are as follows.

logB(nan) = nan

log B(+inf) = +inf

logB(-inf) = -inf

logB(+0.0) = -inf

logB(-0.0) = -inf

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
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d[0] <= logB{( Is[0]] );
WriteMatrix( SINGLEWORD, vd, d );
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Logarithm base 2 Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O001O01010 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vliogZ.s wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The base 2 logarithm of the floating-point value of one element from the matrix register
indicated by vs 1s calculated. The one-element floating-point result 1s stored at the
location 1n the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_log2(x) - log2(x)| <27

Special solutions are as follows.

approx_log2(nan) = nan

approx_log2(+inf) = +inf

approx_log2(-inf) = nan

approx_log2(+0.0) = -inf

approx_log2(-0.0) = -inf

approx_log2(x) = nan ; -inf < x <-0.0
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Ivl.q

Load Quad Word Left to VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110101 rs vtl4:0] offset 0 [V)t]
6 D D 14 1 1
VFPU
Syntax:

lvl.g vt, offset(rs)

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. From one to four words are read from memory beginning at
this effective address such that the high-order word 1s located at this address, and the
low-order word ends on a quadword boundary. The resultant words are stored
left-justified within the quadword at locations in the matrix register file indicated by vt.
Any remaining words to the right in the quadword are unaffected by the instruction and
will not be changed. If the effective address is not word aligned, the CPU generates an

address error exception.

Operation:

vAddr <- sign extend( {offset[15:2],2'b0} ) + GPR[rs];
pAddr <- AddressTranslation( vAddr, DATA, LOAD )
offset <- pAddr[3:2];

dataword <- LoadMemory{( QUADWORD, pAddr, vAddr, DATA );
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
d[0] <- approx log2( s[0] );
WriteMatrix ( SINGLEWORD, vd, d );
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Logarithm base 2 Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O001O01010 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:
vliocgZ.p vd, vs

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

The base 2 logarithms of the floating-point values of two elements from the matrix
registers indicated by vs are calculated. The two-element floating-point result is stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_log2(x) - log2(x)| <27

Special solutions are as follows.

approx_log2(nan) = nan

approx_log2(+inf) = +inf

approx_log2(-inf) = nan

approx_log2(+0.0) = -inf

approx_log2(-0.0) = -inf

approx_log2(x) = nan ; -inf < x <-0.0
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Operation:

s <- ReadMatrix({

PATIRWORD,

d[0] <- approx log2( s[0]
d[1l] <- approx log2( s[1]
WriteMatrix{ PAIRWORD, wvd,

vSs
) ;
)7
d

) ;

) ;
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Logarithm base 2 Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 01O011 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:
vliocgZz.t wvd, vs

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The base 2 logarithms of the floating-point values of three elements from the matrix
registers indicated by vs are calculated. The three-element floating-point result is stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_log2(x) - log2(x)| <27

Special solutions are as follows.

approx_log2(nan) = nan

approx_log2(+inf) = +inf

approx_log2(-inf) = nan

approx_log2(+0.0) = -inf

approx_log2(-0.0) = -inf

approx_log2(x) = nan ; -inf < x <-0.0
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Operation:

s <-
df[0]
dafl]
alz]

ReadMatrix ( TRIPLEWORD, vs

<- approx logz{ s[0]
<- approx log2{ s[1]
< - approxiloq2( s[2]

WriteMatrix ( TRIPLEWORD,

) ;
)7
) ;
vd, d

);

);
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viog2.q

Logarithm base 2 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 01O011 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:
vliocgZ.q wvd, vs

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

The base 2 logarithms of the floating-point values of four elements from the matrix
registers indicated by vs are calculated. The four-element floating-point result is stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_log2(x) - log2(x)| <27

Special solutions are as follows.

approx_log2(nan) = nan

approx_log2(+inf) = +inf

approx_log2(-inf) = nan

approx_log2(+0.0) = -inf

approx_log2(-0.0) = -inf

approx_log2(x) = nan ; -inf < x <-0.0
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Operation:

s <- ReadMatrix({
d[0] <- approx log2( s[0]
d[1l] <- approx log2(

d[2] <- approx log2(
d[3] <- approx logZ{

WriteMatrix(

QUADWORD,

sl
s[2]
s[3

QUADWORD, wvs

’

)
1)

) ;

).

’

]
vd, d

) ;

) ;
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vmax.s

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

Maximum Single Word

9 8§ 7.6 5 4 3 2 1 0

01 1011|011 vt 0 Vs 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vmax.s vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid Vahid | Valid
Description:

One element from the matrix register indicated by vs 1s compared with one element from

the matrix register indicated by vt and the largest element is selected. The elements are

treated as floating-point numbers. The one-element floating-point result is stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD,
t <- ReadMatrix ( SINGLEWORD,
d[0] <= max( s[0] , tI[O0] );
WriteMatrix{ SINGLEWORD, vd, d );

vs ) ;
vt ) ;
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vmax.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

Maximum Pair Word

9 8§ 7.6 5 4 3 2 1 0

01 1011|011 vt 0 Vs 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vmax.p vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid Vahid | Valid
Description:

Two elements from the matrix registers indicated by vs are compared with the

corresponding two elements from the matrix registers indicated by vt and the largest

two elements from the individual comparisons are selected. The elements are treated as

floating-point numbers. The two-element floating-point result 1s stored at locations in

the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( PAIRWORD, vs );
t <- ReadMatrix ( PAIRWORD, vt );
d[0] <- max{ s[0] , ©[0] );
d[l] <= max{( s[1] , t[1] ):
WriteMatrix{( PAIRWORD, wvd, d );

© SCEL

-179 -

PSP'™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

vmax.t

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 11 15 12 11 10

Maximum Triple Word

9 8§ 7.6 5 4 3 2 1 0

01 1011|101

1 vt 1

vs

6 3

~1
—

Syntax:

vmax.t wvd, vs, vt
Instruction Type

Pipeline instruction
Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

Three elements from the matrix registers indicated by vs are compared with the

corresponding three elements from the matrix registers indicated by vt and the largest

three elements from the individual comparisons are selected. The elements are treated

as floating-point numbers. The three-element floating-point result is stored at locations

in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix( TRIPLEWORD, vt );
d[0] <- max{ s[0] , ©[0] );
dll] <= max( s[1] , t[1l] ):
d[2] <- max{( s[2] , t[Z2] ):
WriteMatrix( TRIPLEWORD, vd, d );
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d <- ReadMatrix ( QUADWORD,

switch({ offset )
{

case 0 d[3] <- dataword[0
case 1 d[3] <- dataword[1l
d[2] <- dataword[0
case 2 d[3] <- dataword[2
d[2] <- dataword[1l
d[1l] <- dataword[0
case 3 d[3] <- dataword[3
d[2] <- dataword[2
d[l] <- dataword[l
d[0] <- dataword[0

}
WriteMatrix ( QUADWORD, wvt, d)

Exceptions:

Address Error exception
Bus Error exception

~e Ne Sa

~e

Ne Ne NN,

~e

~

vt

)7

break;

break;

break;

break;
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vmax.q

Maximum Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

011011011 vt 1

vs

~1
—

6 3

Syntax:

vmax.q vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

7

VFPU

Four elements from the matrix registers indicated by vs are compared with the

corresponding four elements from the matrix registers indicated by vt and the largest

four elements from the individual comparisons are selected. The elements are treated as

floating-point numbers. The four-element floating-point result is stored at locations in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );
d[0] <- max{ s[0] , ©[0] );

d[l] <= max{( s[1] , tIl[l] );
dl2] <- max( s[2] , t[2] );
d[3] <- max( s[3] , t[3] )
WriteMatrix{ QUADWORD, vd, d );

’
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vimfvc

VFPU Move Word from VFPU Control

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000101 00O00 Imms8 0 vd

6 10 8 1 7
VFPU

Syntax:

vmfve wvd, imm8

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

The contents of the VFPU control register indicated by the imm8 field are stored as a
one-element floating-point value at the location in the matrix register file indicated by

vd.

Operation:

dataword <- ReadControl { imm8 );
WriteMatrix{ SINGLEWORD, vd, dataword );
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vmidt.p

Identity Pair x Pair Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 100000110000O000°O01 vd

6 19 7
VFPU

Syntax:
vmidt.p wvd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 4 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

The 2x2 1dentity matrix 1s generated and stored at locations in the matrix register file

indicated by vd. Elements are stored as floating-point values.

Operation:
d[o] <= 1.0;
dall] <= 0.0;
drd] <= 0.0;
d[5] <- 1.0;
WriteMatrix{ PATIRXPATIRWORD, vd, d );
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vmidt.t

Identity Triple x Triple Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 10000011100000O0O0°O0O0 vd

6 19 7
VFPU

Syntax:
vmidt.t wvd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 5 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The 3x3 1dentity matrix 1s generated and stored at locations in the matrix register file

indicated by vd. Elements are stored as floating-point values.

Operation:

~e o~

. o~

00 000 000
AN
|

O OO OO OO

~.

O oY U N O

AN
|

1.
0
0
0
<- 1.
0
0
0.
1.

’

d[10] <-
WriteMatrix

]

TRIPLEXTRIPLEWORD, wvd, d );
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vmidt.q

Identity Quad x Quad Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 100000111000000O01 vd

6 19 7

VFPU

Syntax:
vmidt.qg wvd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 6 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

The 4x4 1dentity matrix 1s generated and stored at locations in the matrix register file

indicated by vd. Elements are stored as floating-point values.

Operation:
d[(0] <= 1.0;
dfl] <= 0.0;
da[2] <= 0.0;
d[3] <- 0.0;
d[4] <= 0.0;
d[b] <= 1.0;
dle] <= 0.0;
di7] <- 0.0;
d[8] <- 0.0;
d[9] <- 0.0;
d[10] <= 1.0;
dl(ll] <- 0.0;
d[12] <= 0.0;
d[13] <= 0.0;
d[14] <- 0.0;
d[15] <- 1.0;
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WriteMatrix{ QUADXQUADWORD, wvd, d );

¢ SCEI PSP™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

vmin.s

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

Minimum Single Word

9 8§ 7.6 5 4 3 2 1 0

0110111010 vt 0 Vs 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vmin.s vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid Vahid | Valid
Description:

One element from the matrix register indicated by vs 1s compared with one element from

the matrix register indicated by vt and the smallest element 1s selected. The elements

are treated as floating-point numbers. The one-element floating-point result is stored at

the location in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD,
t <- ReadMatrix ( SINGLEWORD,
d[0] <- min( s[O0] , t[0] )
WriteMatrix{ SINGLEWORD, vd, d );

vs ) ;
vt ) ;
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31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 11 15 12 11 10

Minimum Pair Word

9 8§ 7.6 5 4 3 2 1 0

01 1011|101

0 vt

vs

6 3

~1

Syntax:

vmin.p vd, vs, Vvt
Instruction Type

Pipeline instruction
Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

Two elements from the matrix registers indicated by vs are compared with the

corresponding two elements from the matrix registers indicated by vt and the smallest

elements from the individual comparisons are selected. The elements are treated as

floating-point numbers. The two-element floating-point result 1s stored at locations in

the matrix register file indicated by vd.

Operation:

s <-
T <=
afo]
dll]

ReadMatrix/(
ReadMatrix(
<- min(
<— min (
WriteMatrix(

PAIRWORD, vs
PAIRWORD, vt
t[o] )
i1l )z
vd, d

s[0] ,
s[1] ,
PAIRWORD,

).
).

) ;

’

.
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vmin.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Minimum Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

01 1011/010 vt 1 \¢ 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vmin.t vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt
Valid | Valid

vpfxd
Valid

Description:

Three elements from the matrix registers indicated by vs are compared with the

corresponding three elements from the matrix registers indicated by vt and the smallest

elements from the individual comparisons are selected. The elements are treated as

floating-point numbers. The three-element floating-point result is stored at locations in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, Vs
(

t <- ReadMatrix

d[0] <- min
d[l] <- min
d[2] <- min
WriteMatrix

{

(
(
(

s[0] , t[O]
s[1] , t[l1]
sl2] , tl2]
TRIPLEWORD,

TRIPLEWORD, vt

) ;
)
) ;
vd, d

)7
) ;

)7
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vmin.q

Minimum Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

011011010 vt 1

vs

~1
—

6 3

Syntax:

vmin.qg vd, vs, Vvt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

7

VFPU

Four elements from the matrix registers indicated by vs are compared with the

corresponding four elements from the matrix registers indicated by vt and the smallest

elements from the individual comparisons are selected. The elements are treated as

floating-point numbers. The four-element floating-point result is stored at locations in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );
d[0] <- min{ s[0] , ©£[0] );

d[l] <= min( s[1] , t[1] ):
dl2] <= min{ s[2] , t©l[Z] );
d[3] <= min{( s[3] , t[3] )
WriteMatrix{ QUADWORD, vd, d );

’
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Ivr.q

Load Quad Word Right to VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110101 rs vtl4:0] offset 1 [V)t]
6 D D 14 1 1
VFPU
Syntax:

lvr.g vt, offset(rs)

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. From one to four words are read from memory ending at
this effective address such that the high-order word starts on a quadword boundary and
the low-order word is located at this address. The resultant words are stored
right-justified within the quadword at locations in the matrix register file indicated by
vt. Any remaining words to the left in the quadword are unaffected by the instruction
and will not be changed. If the effective address is not word aligned, the CPU generates

an address error exception.

Operation:

vAddr <- sign extend( {offset[15:2],2'b0} ) + GPR[rs];
pAddr <- AddressTranslation( vAddr, DATA, LOAD )
offset <- pAddr[3:2];

dataword <- LoadMemory{( QUADWORD, pAddr, vAddr, DATA );
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vmmov.p

Move Pair x Pair Matrix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1111001 1100000000 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vmmov.p vd, Vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 4 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

The floating-point values of the elements of the 2x2 matrix from the matrix registers

indicated by vs are copied to locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( PATRXPATIRWORD, vs );
d[0] <= s[0]:
d[1l] <- s[l];
df4] <= sl[4];
d[5] <= s[5];

WriteMatrix ( PAIRXPAIRWORD, vd, d );
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vmmov.t

Move Triple x Triple Matrix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11110011 1000000°O01 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vmmov.t vd, vs

Instruction Type

Repeat (pipeline) instruction
Processing Time:

latency : 5 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The floating-point values of the elements of the 3x3 matrix from the matrix registers

indicated by vs are copied to locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEXTRIPLEWORD, vs );
d[0] <- s[01:

dll] <= s[l]:

dal2] <= sl[2];

drd] <= sfl4];

d[5] <= s[5];

dle] <= s[6];

d[8] <- s[8]1;

d[9] <- s[91;

d[10] <= s[10];

WriteMatrix( TRIPLEXTRIPLEWORD, wvd, d );
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vmmov.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Move Quad x Quad Matrix

1511153121110 9 8§ 7 6 5 4 3 2 1 0

1111001 1100600O000O00O0

1 Vs 1

6 11

Syntax:

vmmov.q vd, Vs

Instruction Type

Repeat (pipeline) instruction

Processing Time:
latency : 6 pitch : 4

Prefixing:

~1
—
~1

VFPU

Use prohibited

No effect

Use prohibited

Description:

The floating-point values of the elements of the 4x4 matrix from the matrix registers

indicated by vs are copied to locations in the matrix register file indicated by vd.

Operation:

9]
A
|

ReadMatrix/(

d[0] <- s[07;
d[1l] <- s[l];
d[2] <- s[2]:
d[3] <- s[3];
dl4] <- s[47;
d[5] <= s[57;
d[ée] <- s[6];
di7] <- s[7];
d[8] <- s[8];
d[%9] <- s[9];
dl10] <= s[10];
d[11] <- s[117;
d[12] <- s[12];
d[13] <- s[13]1;
d[14] <- s[14];

QUADXQUADWORD,

\as

)7
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d[15] <= s[15];
WriteMatrix{ QUADXQUADWORD, wvd, d );
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vmmul.p

Multiply Pair x Pair Matrix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11 1100j000 vt 0

Vst

~1
—

6 3

Syntax:

vmmul.p vd, vs, vt
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited Use prohibited Use prohibited

7

Description:

VFPU

The 2x2 matrix from the inverted matrix registers indicated by vst 1s multiplied by the

2x2 matrix from the matrix registers indicated by vt. The elements of the matrices are

treated as floating-point values. The 2x2 matrix floating-point result is stored in

locations of the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRXPAIRWORD,
t <- ReadMatrix( PAIRXPAIRWORD,
dl 0] <= s[ 0]*t[ 0] + s[ 1]*t
dl 4] <= s[ 01*t[ 4] + s[ 1]

dl 1] <= s[ 4]1*t[ 0] + s[ 5]
dl 5] <= s[ 4]*t[ 4] + s[ 5]
WriteMatrix ( PAIRXPAIRWORD, v

Equivalence Operation:

s <- ReadMatrix( PAIRXPAIRWORD,
T <- ReadMatrix( PAIRXPAIRWORD,

© SCEL
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Note:

dl 0] <= s[ 01*t[ 0] + s[ 4]*t[ 17];
dl 4] <= s[ 01*t[ 4] + s[ 4]*t[ 5];
dl 1] <= s[ 11*t[ 0] + s[ 5]*t[ 1];
dl 5] <= s[ 11*t[ 4] + s[ 5]1*t[ 5];
WriteMatrix{ PAIRXPAIRWORD, vd, d );

In the opcode of the instruction vmmul.p, please note that the field which corresponds to
the operand vs 1s written as vst which 1s an inverted expression of the matrix registers.
The assembler exceptionally inverts the RXC hit (hit 13 of the opcode) of the operand vs
of vmmul instructions. Accordingly, the operation of multiplying the 2x2 matrix m100 by
m200 from the right can be written as follows:

vmmul.p m000, m100, m200
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vmmul.t

Multiply Triple x Triple Matrix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111100000 vt 1 vs! 0 vd

6 3

~1
—
~1
—
~1

VFPU

Syntax:

vmmul.t vd, vs, vt
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 15 pitch : 9

Prefixing:

Use prohibited Use prohibited Use prohibited

Description:

The 3x3 matrix from the inverted matrix registers indicated by vst 1s multiplied by the
3x3 matrix from the matrix registers indicated by vt. The elements of the matrices are
treated as floating-point values. The 3x3 matrix floating-point result is stored in

locations of the matrix register file indicated by vd.

Operation:

s <- ReadMatrix{ TRIPLEXTRIPLEWORD, vs  );

t <- ReadMatrix( TRIPLEXTRIPLEWORD, vt );

dl 0] <= s[ O0]*c[ O] + s[ 11*c[ 1] + sl 2]1*t[ 2];
dl 4] <= s[ 0]*tl 4] + sl 11*t[ 5] + s[ 2]*t[ ©];
dl 8] <= s[ 0]*t[ 8] + s[ 1]*t[ 9] + s[ 2]*t[10];
dl 1] <= s[ 4]*c[ 0] + s[ 5]1*c[ 1] + sl 6]*t[ 2];
dl 5] <= s[ 4]*c[ 4] + s 5]1*c[ 5] + sl 6]*t[ 6];
dl 9] <= s[ 4]*t[ 8] + s[ 5]*t[ 9] + s 6]*t[10];
dl 2] <= s 8]*t[ 0] + s[ 9]*t[ 1] + s[10]*t[ 2];
dl 6] <= s[ 8]*t[ 4] + s[ 9]*t[ 5] + s[10]*t[ 6];
d[10] <= s[ 8]*t[ 8] + s[ 9]*t[ 9] + s[10]*t[10];
WriteMatrix{ TRIPLEXTRIPLEWORD, wvd, d );
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Equivalence Operation:

s <- ReadMatrix( TRIPLEXTRIPLEWORD, wvs );
t <- ReadMatrix( TRIPLEXTRIPLEWORD, vt );
dl 0] <= s O]*t[ O] + s[ 41*t[ 1] + s[ 8]*t[ 2];
dl 4] <= s[ 0]*tl[ 4] + sl 41*t[ 5] + s[ 8]*t[ 6],
dl 8] <= s[ 01*t[ 8] + s[ 4]1*t[ 9] + s[ 81*t[10];
dl 1] <= s[ 1]*t[ 0] + s[ 51*t[ 1] + s[ S]1*t[ 2];
dl 5] <= s 1]1*t[ 4] + s[ 51*t[ 5] + s[ 9]*t[ 6];
dl 9] <= sl 1]*t[ 8] + s[ 5]*t[ 9] + s[ 9]1*t[10];
dal 2] <= sl 2]*t[ 0] + s[ 61*t[ 1] + s[10]*t[ 2];
dl 6] <= sl 2]1*t[ 4] + s[ 61*t[ 5] + s[10]*t[ &];
d[10] <= s[ 2]*t[ 8] + s[ 61*t[ 9] + s[10]*E£[10];
WriteMatrix( TRIPLEXTRIPLEWORD, wvd, d );

Note:

In the opcode of the instruction vmmul.t, please note that the field which corresponds to
the operand vs 1s written as vst which 1s an inverted expression of the matrix registers.
The assembler exceptionally inverts the RXC bit (bit 13 of the opcode) of the operand vs
of vmmul instructions. Accordingly, the operation of multiplying the 3x3 matrix m100 by
m200 from the right can be written as follows:

vmmul.t mO000, m100, m200
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vmmul.q

Multiply Quad x Quad Matrix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111100000 vt 1 vs! 1 vd

6 3 7 1 7

~1
—

VFPU

Syntax:

vmmul.g vd, vs, vt
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 22 pitch : 16

Prefixing:

Use prohibited Use prohibited Use prohibited

Description:

The 4x4 matrix from the inverted matrix registers indicated by vst 1s multiplied by the
4x4 matrix from the matrix registers indicated by vt. The elements of the matrices are
treated as floating-point values. The 4x4 matrix floating-point result is stored in

locations of the matrix register file indicated by vd.

Operation:
s <- ReadMatrix{ QUADXQUADWORD, vs  );
t <- ReadMatrix( QUADXQUADWORD, vt );
dl 0] <= s[ 0J*t[ O] + sl 11*t[ 11 + s[ 21*t[ 2] + s[ 31*t[ 31;
dl 4] <= s[ 01*t[ 4] + s 11*t[ 5] + s[ 2]1*t[ 6] + sl 31*t[ 71;
dl 8] <= s[ 01*t[ 8] + s[ 1]*t[ 9] + s[ 21*t[10] + s[ 3]*t[11];
dl12] <= s[ 01*t[12] + s[ 11*t[13] + s[ 2]7*t[14] + s[ 31*t[1l5];
dl 1] <= s[ 471*t[ 0] + s 51*t[ 1] + s[ 61*t[ 2] + s 71*t[ 31;
dl 5] <= s[ 471*t[ 4] + s 5]*t[ 5] + s[ 6]*t[ 6] + s 71*t[ 71;
dl 9] <= s[ 47*t[ 8] + sl 5]*t[ 9] + s[ 6]*t[10] + s 7]*t[11];
d[13] <= s[ 41*t[12] + s[ H]*t[13] + s 61*t[14] + s[ 7]*t[15];
dl 2] <= s 8]*c[ 0] + s[ 9]*t[ 1] + s[10]*t[ 2] + s[11]*tl[ 3];
dl 6] <= s[ 81*t[ 4] + sl 91*t[ 5] + s[10]*t[ 6] + s[1l1]1*t[ 71;
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)7

d

~

QUADXQUADWORD, wvd

WriteMatrix(

Equivalence Operation:

i B e T e B e R e e I e T e e T e B e I e I R e M}

i B e B e B e R e e e T e e T e i e R e T e e R}

PN U O O T S S

i B e T B e R e e T e e e B e R e I R e R}

i B B e B R e e I T e e e B e R e T R e R}

QO W WO O AT OO O OO o o o

Fo B T B s T e AR e B R |
nw o w n wn nununn L n un n nvnnnn
+ 4+ F+ F+++++F o+

i B e B e B R e e I I e I e R e R e R i e M}

);

d

P S S U U U T I T

QUADXQUADWORD

ReadMatrix/(

s <=

i B e B B R e e e e e i e R}

i B e B B R e e e e e i e R}

QUADXQUADWORD, wvd

WriteMatrix(

Note:

In the opcode of the instruction vimmul.q, please note that the field which corresponds to

the operand vs is written as vst which is an inverted expression of the matrix registers.

The assembler exceptionally inverts the RXC bit (bit 13 of the opcode) of the operand vs

of vmmul instructions. Accordingly, the operation of multiplying the 4x4 matrix m100 by

m200 from the right can be written as follows:

m000, m100, m200

vmmul.q

PSP'™ System Manual Release 0.2.0
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d <- ReadMatrix ( QUADWORD, vt );
switch({ offset )
{

case 0 d[3] <- dataword[3];
d[2] <- dataword[2];
d[l] <- dataword[1l];
d[0] <- dataword[0]; break;
case 1 d[2] <- dataword[3];
d[l] <- dataword[Z2];
d[0] <- dataword[1l]; break;
case 2 d[1l] <- dataword[3];
d[0] <- dataword[2]; break;
case 3 d[0] <- dataword[3]; break;
}
WriteMatrix ( QUADWORD, vt, d );
Exceptions:
Address Error exception
Bus Error exception
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vmone.p

One Pair x Pair Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 100001110000000O0°O01 vd

6 19 7
VFPU

Syntax:

vmone.p vd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 4 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

A 2x2 matrix 1s generated in which all elements have a floating-point value of 1.0. The

generated 2x2 matrix is stored at locations in the matrix register file indicated by vd.

Operation:
d[o] <= 1.0;
dalfl] <= 1.0;
dl4] <- 1.0;
d[5] <- 1.0;
WriteMatrix{ PATIRXPATIRWORD, vd, d );
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vmone.t

One Triple x Triple Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 10000111100000O0O0°O0O0 vd

6 19 7
VFPU

Syntax:

vmone .t vd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 5 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

A 3x3 matrix 1s generated in which all elements have a floating-point value of 1.0. The

generated 3x3 matrix is stored at locations in the matrix register file indicated by vd.

Operation:

~e o~

. o~

00 000 000
AN
|

O OO OO OO

~.

O oY U N O

AN
|

1.
1
1
1
<= 1.
1
1
1.
1.

’

d[10] <-
WriteMatrix

]

TRIPLEXTRIPLEWORD, wvd, d );
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vmone.q

One Quad x Quad Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 100001111000000O01 vd

6 19 7

VFPU

Syntax:

vmone.qg vd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 6 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

A 4x4 matrix 1s generated in which all elements have a floating-point value of 1.0. The

generated 4x4 matrix is stored at locations in the matrix register file indicated by vd.

Operation:
d[(0] <= 1.0;
dall] <= 1.0;
d[2] <- 1.0;
d[3] <= 1.0;
d(4] <= 1.0;
d[(b] <= 1.0;
dale] <= 1.0;
di7] <- 1.0;
dig] <- 1.0;
d[9] <= 1.0;
d[10] <= 1.0;
d[11l] <= 1.0;
d[12] <- 1.0;
d[13] <= 1.0;
d[(14] <- 1.0;
d[15] <- 1.0;
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WriteMatrix{ QUADXQUADWORD, wvd, d );
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vMmoyv.s

Move Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0O0O0O0O S 0 vd

6 11 7 1 7
VFPU

Syntax:

vmov.s vd, Vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The floating-point value of one element from the matrix register indicated by vs is stored

at the location in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( SINGLEWORD, vs );
d <- s;
WriteMatrix( SINGLEWORD, wvd, d );
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vmov.p

Move Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0O0O0O0O S 1 vd

6 11 7 1 7
VFPU

Syntax:

vmov.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The floating-point values of two elements from the matrix registers indicated by vs are

stored at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( PAIRWORD, vs );
d <- s;
WriteMatrix ( PAIRWORD, vd, d );
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vmov.t

Move Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100(000O0O0O0O0O0O0O01 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vmov.t wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The floating-point values of three elements from the matrix registers indicated by vs are

stored at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( TRIPLEWORD, vs );
d <- s;
WriteMatrix( TRIPLEWORD, wvd, d );
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vmov.q

Move Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100(000O0O0O0O0O0O0O01 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vmov.q vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The floating-point values of four elements from the matrix registers indicated by vs are

stored at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
d <- s;
WriteMatrix{ QUADWORD, vd, d );
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vmscl.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Scale Pair x Pair Matrix

§ 7.6 5 14 3 2 1 0

111100100 vt 0

vs

~1
—

6 3

Syntax:

vmscl.p vd, vs, vt

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

Use prohibited Use prohibited

7

Use prohibited

Description:

VFPU

The elements of the 2x2 matrix from the matrix registers indicated by vs are multiplied

by one element from the matrix register indicated by vt. The elements are treated as

floating-point values. The 2x2 matrix floating-point result 1s stored at locations in the

matrix register file indicated by vd.

Operation:
s <- ReadMatrix{ PATRXPATIRWORD,
t <- ReadMatrix({ SINGLEWORD, vt
df0] <= s[0] * t[0];
dfl] <= s[l] * t[0];
df4] <= s[4] * t[0];
d[5] <= s[5] * t[0];
WriteMatrix( PAIRXPATRWORD, vd,

\as

) ;

d

)7

) ;
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vmscl.t

Scale Triple x Triple Matrix

31 30 29 28 27 26 25 21 23 22 21 20 19 18 17 16 151113 121110 9 8 7 6 5 41 3 2 1 0
111100100 vt 1 Vs 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vmscl.t wvd, vs, vt

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited Use prohibited

Use prohibited

Description:

The elements of the 3x3 matrix from the matrix registers indicated by vs are multiplied
by one element from the matrix register indicated by vt. The elements are treated as
floating-point values. The 3x3 matrix floating-point result 1s stored at locations in the

matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEXTRIPLEWORD, wvs );
t <- ReadMatrix ( SINGLEWORD, vt );

d[o] <= s[0] * t[0];

dl1] <= s[1] * tl0];

dl2] <= s[2] * t[0];

df4] <= s[4] * t[0];

da[5] <= s[b] * t[0];

die] <= s[6] * t[0];

d[8] <= s[8] * t[0];

d[9] <= s[9] * t[0];

d[10] <- s[10] * t[0];

WriteMatrix{ TRIPLEXTRIPLEWORD, wvd, d );
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mfv

Move Word from VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01001000011 rt 00000O0O0O0O0 vd

6 B} 9 7

(ot

VFPU

Syntax:

mfv rt, vd

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch : 6
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

The contents of the matrix register indicated by vd are copied to CPU general-purpose

register rt.

Operation:

dataword <- ReadMatrix( SINGLEWORD, vd );
GPR[rt] <- dataword;
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vmscl.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Scale Quad x Quad Matrix

1511153121110 9 8§ 7 6 5 4 3 2 1 0

111100

100

vt

vs

6

Syntax:

vmscl.

3

g vd,

Instruction Type

vs,

~1

vt

Repeat (pipeline) instruction

Processing Time:

latency :

Prefixing:

10

Use prohibited

Use prohibited

pitch : 4

Use prohibited

7

Description:

VFPU

The elements of the 4x4 matrix from the matrix registers indicated by vs are multiplied

by one element from the matrix register indicated by vt. The elements are treated as

floating-point values. The 4x4 matrix floating-point result is stored at locations in the

matrix register file indicated by vd.

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(

(&)

Q000000000
O 0~ oYU W N

<-— s[

]
1]
2]
3]
4]
5]
6]
7]
8]
9]

w n nw n n nnn

*

S S S S S S
o o o ot of of of o of ot

OO O OO oo oo

QUADXQUADWORD, vs

SINGLEWORD,

(&)
~

Ne NaNe Ne N Ne Na N

~.

vt ) ;

)7
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WriteMatrix(

’

d

vd,

QUADXQUADWORD,
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vmtvce

VFPU Move Word to VFPU Control

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000101 O00010 Vs Imms8

6 11 7 8
VFPU

Syntax:

vmtve imm8, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

The floating-point value of one element from the matrix register indicated by vs is stored

in the VFPU control register indicated by the imma8 field.

Operation:

dataword <- ReadMatrix( SINGLEWORD, vs );
WriteControl ( imm8, dataword );
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vmul.s

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

Multiply Single Word

9 8§ 7.6 5 4 3 2 1 0

011001000 vt 0

vs

6 3

Syntax:

vmul.s wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

~1
—

7

VFPU

One element from the matrix register indicated by vs is multiplied by one element from

the matrix register indicated by vt. The elements are treated as floating-point numbers.

The one-element floating-point result 18 stored at the location in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );

t <- ReadMatrix(
d[0] <= s[0] * t[0];

WriteMatrix( SINGLEWORD, wvd, d

SINGLEWORD, vt );

);
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vmul.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

9

Multiply Pair Word

§ 7.6 5 14 3 2 1 0

0110011000 vt 0 Vs 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vmul.p vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid Vahid | Valid
Description:

Two elements from the matrix registers indicated by vs are multiplied by two elements

from the matrix registers indicated by vt. The elements are treated as floating-point

numbers. The two-element floating-point result is stored at locations in the matrix

register file indicated by vd.

Operation:

s <=
Tt <=

ReadMatrix ( PAIRWORD,
ReadMatrix ( PAIRWORD,
df0] <= s[0] * t[0];
dfl] <= s[l] = t[1];

WriteMatrix{( PAIRWORD, wvd,
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vmul.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Multiply Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

01 1001/000 vt 1 \¢ 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vmul.t wvd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1

Prefixing:

vpfxs  vpfxt
Valid | Valid

vpfxd
Valid

Description:

Three elements from the matrix registers indicated by vs are multiplied by three

elements from the matrix registers indicated by vt. The elements are treated as

floating-point numbers. The three-element floating-point result is stored at locations in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(

d[0] <- s[0]
d[1l] <- s[1]
d[2] <- s[2]
WriteMatrix(

¥ tlo];
*till;
izl
TRIPLEWORD,

TRIPLEWORD,
TRIPLEWORD,

vd,
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vmul.q

Multiply Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1001|000 vt 1 Vs 1 vd

7 1 7

~1
—

6 3

VFPU

Syntax:

vmul.qg vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Four elements from the matrix registers indicated by vs are multiplied by four elements
from the matrix registers indicated by vt. The elements are treated as floating-point
numbers. The four-element floating-point result 1s stored at locations in the matrix

register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );
d[0] <- s[0] * t[0];
dfl] <= s[1] * tll];
dl2] <= s[2] * t[2];
d[3] <= s[3] * t[3];

WriteMatrix{( QUADWORD, vd, d );
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vmzero.p

Zero Pair x Pair Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 100001100000O00O0°O01 vd

6 19 7
VFPU

Syntax:

vmzero.p vd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 4 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

The 2x2 zero matrix is generated and stored at locations in the matrix register file

indicated by vd. Elements are stored as floating-point values.

Operation:
d[o] <= 0.0;
dall] <= 0.0;
drd] <= 0.0;
da[b] <= 0.0;

WriteMatrix( PAIRXPAIRWORD, vd, d );
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vmzero.t

Zero Triple x Triple Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 10000110100000O0O0°O0O0 vd

6 19 7
VFPU

Syntax:

vmzero.t vd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 5 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The 3x3 zero matrix is generated and stored at locations in the matrix register file

indicated by vd. Elements are stored as floating-point values.

Operation:
d[o] <= 0.0;
dall] <= 0.0;
d[2] <= 0.0;
dr41 <= 0.0;
d[(5] <- 0.0;
dle] <= 0.0;
da[g8] <= 0.0;
d[9] <= 0.0;
d[10] <- 0.0;

WriteMatrix{( TRIPLEXTRIPLEWORD, vd, d );

¢ SCEI PSP™ System Manual Release 0.2.0



vmzero.q

Zero Quad x Quad Matrix

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11110011 100001101000000O01 vd

6 19 7

VFPU

Syntax:

vmzero.q vd

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 6 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

The 4x4 zero matrix is generated and stored at locations in the matrix register file

indicated by vd. Elements are stored as floating-point values.

Operation:
d[0] <= 0.0;
dfl] <= 0.0;
da[2] <= 0.0;
d[3] <- 0.0;
d[4] <= 0.0;
d[b] <= 0.0;
dle] <= 0.0;
di7] <- 0.0;
d[8] <- 0.0;
d[9] <- 0.0;
d[10] <= 0.0;
dl(ll] <- 0.0;
d[12] <= 0.0;
d[13] <= 0.0;
d[14] <- 0.0;
d[15] <= 0.0;
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mfvc

Move Word from VFPU Control

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01001000011 rt 00000000 imm§

6 B} 8 8

(ot

VFPU

Syntax:

mfvce rt, imm8

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch : 6
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

The contents of the VEPU control register indicated by the imms8 field are copied to CPU

general-purpose register rt.

Operation:

dataword <- ReadControl { imm8 );
GPR[rt] <- dataword;
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WriteMatrix{ QUADXQUADWORD, wvd, d );
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vneg.s

Negate Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0O01O0O0 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vneg.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Only swizzle is valid No effect Valid

Description:

The sign of the floating-point value of one element from the matrix register indicated by
vs 1s inverted. The one-element floating-point result 1s stored at the location in the

matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
dl0] <= -s[0];
WriteMatrix ( SINGLEWORD, wvd, d );
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vneg.p

Negate Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0O01O0O0 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vneg.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Only swizzle is valid No effect Valid

Description:

The signs of the floating-point values of two elements from the matrix registers
indicated by vs are inverted. The two-element floating-point result is stored at locations

in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <= -s[07];
dll] <- -s[1];
WriteMatrix ( PAIRWORD, wvd, d );
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vheg.t

Negate Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1 10100(000O0O0O0O0O0T1O01 Vs 0 vd
6 11 7 1 7
VFPU
Syntax:
vneg.t vd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
Only swizzle is valid No effect Valid
Description:
The signs of the floating-point values of three elements from the matrix registers
indicated by vs are inverted. The three-element floating-point result 1s stored at
locations in the matrix register file indicated by vd.
Operation:
s <- ReadMatrix( TRIPLEWORD, vs );
d[0] <= -s[0];
dlfl] <= -s[1l];
dlz] <= -s[2];
WriteMatrix( TRIPLEWORD, vd, d );:
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vneg.q

Negate Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/(000O0O0O0O0CO010O01 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vneg.q vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Only swizzle is valid No effect Valid

Description:

The signs of the floating-point values of four elements from the matrix registers
indicated by vs are inverted. The four-element floating-point result is stored at locations

in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
d[0] <- -s[0];
dll] <- -s[1];
d[2] <- -s[2];
d[3] <- -s[3]
WriteMatrix{( QUADWORD, vd, d );

’
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Nop

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1111111111111 111000000O0O00O0O0O0O0O0O0GO

6 26

VFPU

Syntax:

vnop

Instruction Type

Synchronization instruction

Processing Time:
latency : 0 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
No effect No effect No effect

Description:

No operation 1s performed.

Operation:

Nop () ;
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vnrcp.s

Negative Reciprocal Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 1O0O0O00O0 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vnrcp.s vd, Vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

The negative reciprocal of the floating-point value of one element from the matrix
register indicated by vs is calculated. The one-element floating-point result is stored at
the location in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-infy = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
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d[0] <- -1 * approx reciprocal( s[0] );
WriteMatrix{ SINGLEWORD, vd, d );
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vnrcp.p

Negative Reciprocal Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 1O0O0O00O0 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vnrcp.p vd, Vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

The negative reciprocal of the floating-point values of two elements from the matrix
registers indicated by vs is calculated. The two-element floating-point result is stored at
locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-infy = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix( PAIRWORD, vs );
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d[0] <- -1 * approx reciprocal( s[0] );
d[1l] <- -1 * approx reciprocal( s[1l] );
WriteMatrix( PAIRWORD, vd, d );
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mtv

Move Word to VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01001000111 rt 00000O0O0O0O0 vd

6 B} 9 7

(ot

VFPU

Syntax:

mtv rt, vd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

The contents of CPU general-purpose register rt are copied to the location in the matrix

register file indicated by vd.

Operation:

dataword <- GPR[rt];
WriteMatrix{( SINGLEWORD, vd, dataword );
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vnrcp.t

Negative Reciprocal Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 10001 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vnrcp.t vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The negative reciprocal of the floating-point values of three elements from the matrix
registers indicated by vs is calculated. The three-element floating-point result 1s stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-infy = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
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d[0] <- -1 * approx reciprocal( s[0] );
d[1l] <- -1 * approx reciprocal( s[1l] );
dlz] <= -1 * approx reciprocal( s[2] );
WriteMatrix ( TRIPLEWORD, wvd, d );
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vnrcp.q

Negative Reciprocal Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 10001 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vnrcp.q vd, Vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

The negative reciprocal of the floating-point values of four elements from the matrix
registers indicated by vs is calculated. The four-element floating-point result 1s stored at
locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-infy = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix( QUADWORD, vs );
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d[0] <- -1 * approx reciprocal( s[0] );
d[1l] <- -1 * approx reciprocal( s[1l] );
dlz] <= -1 * approx reciprocal( s[2] );
d[3] <- -1 * approx reciprocal( s[3] );

WriteMatrix ( QUADWORD, wvd, d );
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vnsin.s

Negative Sine Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 1O01O00 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vnsin.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

The negative sine of the floating-point value of one element from the matrix register
indicated by vs 1s calculated. The one-element floating-point result 1s stored at the
location 1n the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| (approx_sin(x) - sin(x)) / sin(x) | < 27"

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= -1 * approx sin{( M PI 2 * s[0] );
WriteMatrix{ SINGLEWORD, vd, d );
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vnsin.p

Negative Sine Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 1O01O00 S 1 vd

6 11 7 1 7

VFPU

Syntax:

vnsin.p vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

Use prohibited No effect Use prohibited

Description:

The negative sines of the floating-point values of two elements from the matrix register
indicated by vs are calculated. The two-element floating-point result is stored at
locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| (approx_sin(x) - sin(x)) / sin(x) | < 27"

Operation:

s <- ReadMatrix( PAIRWORD, vs );

d[0] <= -1 * approxisin( M PT 2 * s[0] )
d[l] <- -1 * approxisin( M PT 2 * s[1] );
WriteMatrix ( PAIRWORD, wvd, d );
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vnsin.t

Negative Sine Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 10101 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vnsin.t vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The negative sines of the floating-point values of three elements from the matrix
register indicated by vs are calculated. The three-element floating-point result is stored
at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| (approx_sin(x) - sin(x)) / sin(x) | < 27"

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
d[0] <= -1 * approx sin{( M PI 2 * s[0] );
d[l] <- -1 * approxisin( M PI 2 * s (11 )
da[2] <- -1 * approx:sin( M:PI:2 * g(2] )
WriteMatrix( TRIPLEWORD, vd, d );:
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vnsin.q

Negative Sine Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 10101 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vnsin.g vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

The negative sines of the floating-point values of four elements from the matrix register
indicated by vs are calculated. The four-element floating-point result is stored at
locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| (approx_sin(x) - sin(x)) / sin(x) | < 27"

Operation:
s <- ReadMatrix( QUADWORD, vs );

d[0] <= -1 * approxisin( M PT 2 * s[0] )
d[l] <- -1 * approxisin( M PT 2 * s[1] );
d[2] <= -1 * approx _sin( M PI 2 * s[2] );
d[3] <- -1 * approx sin( M PI 2 * s[3] );
WriteMatrix{( QUADWORD, vd, d );
¢ SCEI PSP™ System Manual Release 0.2.0

- 238 -



R A A RS A T A A A T A A AR

vocp.s

One's Complement Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001000 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vocp.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1

Prefixing:

Use prohibited Use prohibited Valid

Description:

The one's complement of the floating-point value of one element from the matrix register
indicated by vs 1s calculated. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= 1.0 - s[0];
WriteMatrix ( SINGLEWORD, wvd, d );
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vocp.p

One's Complement Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001000 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vocp.p vd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

Use prohibited Use prohibited Valid

Description:

The one's complements of the floating-point values of two elements from the matrix
registers indicated by vs are calculated. The two-element floating-point result is stored

at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <= 1.0 - s[0]

dll] <= 1.0 - s[1]
WriteMatrix{ PAIRWORD, vd, d );

7
7
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mtvc

Move Word to VFPU Control

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01001000111 rt 00000000 imm§

6 B} 8 8

(ot

VFPU

Syntax:

mtvc rt, imm8

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

The contents of CPU general-purpose register rt are copied to the VEPU control register

indicated by the imm8 field.

Operation:

dataword <- GPR[rt];
WriteControl ( imm8, dataword );
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vocp.t

One's Complement Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001O001 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vocp.t wvd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

Use prohibited Use prohibited Valid

Description:

The one's complements of the floating-point values of three elements from the matrix
registers indicated by vs are calculated. The three-element floating-point result is stored

at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix({
d[0] <= 1.0 - s[O
dfl] <- 1.0 - s[1
d[2] <- 1.0 - s[2];

WriteMatrix( TRIPLEWORD, vd, d );

7

TRIPLEWORD, vs );
]
]

7
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vocp.q

One's Complement Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001O001 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vocp.q vd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

Use prohibited Use prohibited Valid

Description:

The one's complements of the floating-point values of four elements from the matrix
registers indicated by vs are calculated. The four-element floating-point result is stored

at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix

d[0] <- 1.0 - s

d[1] <- 1.0 - s
[

( QUADWORD, vs );

[

[
d[i2] <= 1.0 - s/

[

A

o)
17
1
}.
]
W

0
1
21
d[3] <- 1.0 - s[3
WriteMatrix{( QUADWORD, vd, d );

’
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vone.s

Set One Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100(000O00001T110O0O00O000O00 vd
6 19 7
VFPU
Syntax:
vone.s vd
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
Use prohibited No effect Valid
Description:
The value 1.0 1s stored as a one-element floating-point value at the location in the
matrix register file indicated by vd.
Operation:
d[0] <= 1.0;
WriteMatrix{( SINGLEWORD, vd, d );
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vone.p

Set One Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/0000000111000000001 vd

6 19 7
VFPU

Syntax:

vone.p vd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

The value 1.0 1s stored as a two-element floating-point value at locations in the matrix

register file indicated by vd.

Operation:

d[0] <- 1.0;
dll] <= 1.0;
WriteMatrix ( PAIRWORD, vd, d );
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Set One Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

1101000000000111100000O00°O00O0 vd

6 19 7
VFPU

Syntax:

vone.t wvd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

The value 1.0 1s stored as a three-element floating-point value at locations in the matrix

register file indicated by vd.

Operation:
d[0] <- 1.0;
dl1l] <- 1.0;
d[2] <- 1.0;
WriteMatrix{ TRIPLEWORD, vd, d );
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Set One Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/0000000111100000001 vd

6 19 7
VFPU

Syntax:

vone.q vd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

The value 1.0 1s stored as a four-element floating-point value at locations in the matrix

register file indicated by vd.

Operation:
d[o] <- 1.0;
dl1] <- 1.0;
d[2] <= 1.0;
d[3] <- 1.0;
WriteMatrix ( QUADWORD, wvd, d );
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vpfxd

Destination Prefix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110111(10 imm24

6 2 24
VFPU

Syntax:
vpixd wpx, wpy, WpzZ, Wpw

Instruction Type

Prefix instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Overwrite
Description:

A saturation or write mask operation 1s applied to the destination of the following
instruction, as indicated by the arguments. The prefixing operation specified by this
instruction 1s only valid for the next VFPU instruction, excluding the b*, mf*, mt*, 1v¥,

sv*¥ vpfx*, veyne, vnop, and vflush instructions which are not affected by prefixing.

Operation:

WriteControl( VEPU PFXD, imm24[11:0] );
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vpfxs

Source Prefix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110111(00 imm24

6 2 24
VFPU

Syntax:
vpixs rpx, rpy, rpz, rpw

Instruction Type

Prefix instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
Overwrite No effect No effect
Description:

A swizzle, absolute value, constant insertion or negation operation is applied to the
source of the following instruction, as indicated by the arguments. The prefixing
operation specified by this instruction 1s only valid for the next VFPU instruction,
excluding the b*, mf*, mt*, Iv*, sv*, vpfx*, vsynec, vnop, and vflush instructions which

are not affected by prefixing.

Operation:

WriteControl( VEPU PFXS, imm24[19:0] );
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vpfxt

Target Prefix

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110111(]01 imm24

6 2 24
VFPU

Syntax:
vpixt rpx, rpy, rpz, rpw

Instruction Type

Prefix instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect Overwrite No effect
Description:

A swizzle, absolute value, constant insertion or negation operation is applied to the
target of the following instruction, as indicated by the arguments. The prefixing
operation specified by this instruction 1s only valid for the next VFPU instruction,
excluding the b*, mf*, mt*, Iv*, sv*, vpfx*, vsynec, vnop, and vflush instructions which

are not affected by prefixing.

Operation:

WriteControl( VEPU PFXT, imm24[19:0] );
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vagmul.q

Quaternion Multiply Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 114 13 12 11 10 9 8 7 6 5 3 2 0
111100101 vt 1 \¢ 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vgmul.q vd, vs, vt
Instruction Type
Repeat (pipeline) instruction
Processing Time:
latency : 10 pitch : 4
Prefixing:
Use prohibited Use prohibited Use prohibited
Description:
The gquaternion multiplication of the four elements from the matrix registers indicated

by vs and the four elements from the matrix registers indicated by vt is performed. The

elements are treated as floating-point values. The four-element floating-point result is

stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );

t <- ReadMatrix( QUADWORD, vt ):;

d[0] <= + s[0]*t[3] + s[1]*t[2] - s[21*t[1l] + s[3]1*t[0];
d[l] <= - s[01*t[2] + s[1]*t[3] + s[2]*t[0] + s[3]*t[1]

d[2] <= + s[0]*t[1] - s[1]*t[0] + s[2]1*t[3] + s[3]1*t[2]

d[3] <= s[O0]*t[0] - s[1]*t[1l] - s[2]*t[2] + s[3]*t[3];
WriteMatrix ( QUADWORD, vd, d );:
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SV.S

Store Single Word from VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111010 rs vt[4:0] offset Vt_
[6:5]
6 B B 14 2
VFPU
Syntax:

sv.s vt, offset(rs)

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch © 7
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. The single word from the location in the matrix register file
indicated by vt is written to memory at this effective address.

If the effective address 1s not word aligned, the CPU generates an address error

exception.

Operation:

vAddr <- sign extend({offset[15:2], 2'b0}) + GPR[rs];
pAddr <- AddressTranslation (vAddr, DATA, STORE) ;

dataword <- ReadMatrix{ SINGLEWORD, {vt[6:5], vt[4:0]
StoreMemory{ SINGLEWORD, dataword, pAddr, vAddr, DATA

’

}o:
)

Exceptions:

Address Error exception
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vrep.s

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Reciprocal Single Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100000001 O0O0O00O00 Vs 0 vd
6 11 7 1 7
VFPU
Syntax:
vrcp.s vd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 7 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd
Valid No effect Valid

Description:

The reciprocal of the floating-point value of one element from the matrix register

indicated by vs 1s calculated. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-inf) = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix/({
d[0] <- approx reciprocal( s[0]

WriteMatrix {( SINGLEWORD,

SINGLEWORD,

vd, d

vs )

) ;

) ;

© SCEL

PSP'™ System Manual Release 0.2.0



R A A RS A T A A A T A A R

vrep.p

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Reciprocal Pair Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100

0000010O0O0O00O0

vs

6

Syntax:

11

vrcp.p vd, vs

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency :

Prefixing:

8 pitch : 2

7

Use prohibited No effect

Use prohibited

Description:

VFPU

The reciprocals of the floating-point values of two elements from the matrix registers

indicated by vs are calculated. The two-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-infy = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix/({

PATRWORD,

vs ) ;
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d[0] <- approx reciprocal( s[0] );
d[1l] <- approx reciprocal( s[l] );
WriteMatrix ( PAIRWORD, vd, d )

’

¢ SCEI PSP™ System Manual Release 0.2.0



B s A A Rl AT

vrcp.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

Reciprocal Triple Word

§ 7.6 5 14 3 2 1 0

110100

00000100001

vs

6

Syntax:

11

vrcp.t vd, vs

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency :

Prefixing:

9 pitch : 3

7

Use prohibited

No effect

Use prohibited

Description:

VFPU

The reciprocals of the floating-point values of three elements from the matrix registers

indicated by vs are calculated. The three-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-infy = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix/({

TRIPLEWORD, vs );
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d[0] <- approx reciprocal( s[0] );
d[1l] <- approx reciprocal( s[l] );
d[2] <- approx reciprocal( s[2] );
WriteMatrix{( TRIPLEWORD, vd, d
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vrep.q

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Reciprocal Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100

00000100001

vs

6

Syntax:

11

vrcp.qg vd, vs

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency :

Prefixing:

10 pitch : 4

7

Use prohibited No effect

Use prohibited

Description:

VFPU

The reciprocals of the floating-point values of four elements from the matrix registers

indicated by vs are calculated. The four-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

Lapprox_reciprocal(x) - (1/x) | <27, 1.0 <=x <20

Special solutions are as follows.

approx_reciprocal(nan) = nan

approx_reciprocal(+inf) = +0.0

approx_reciprocal(-infy = -0.0

approx_reciprocal(+0.0) = +inf

approx_reciprocal(-0.0) = -inf

Operation:

s <- ReadMatrix/({

QUADWORD,

vs ) ;
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d[0] <- approx reciprocal( s[0] );
d[1l] <- approx reciprocal( s[l] );
d[2] <- approx reciprocal( s[2] );
d[3] <- approx reciprocal( s[3] );
WriteMatrix{ QUADWORD, vd, d );
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vrexp2.s

Reciprocal Exponential base 2 Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000011 1000 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vrexpz.s vd, Vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

The reciprocal of the base 2 exponential of the floating-point value of one element from
the matrix register indicated by vs 1s calculated. The one-element floating-point result 1s
stored at the location in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.
Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
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d[0] <= 1 / approx _expz{ s[0] );
WriteMatrix( SINGLEWORD, vd, d );
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vrexp2.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reciprocal Exponential base 2 Pair Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100

00000111000

vs

6

Syntax:

11

vrexpZz.p vd, Vs

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency :

Prefixing:

8 pitch : 2

7

Use prohibited

No effect

Use prohibited

Description:

VFPU

The reciprocals of the base 2 exponentials of the floating-point values of two elements

from the matrix registers indicated by vs are calculated. The two-element floating-point

result 1s stored at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0

Operation:

s <- ReadMatrix/({

PATRWORD,

vs ) ;
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sv.q

Store Quad Word from VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111110 rs vtl4:0] offset 0 [V)t]
6 D D 14 1 1
VFPU
Syntax:

sv.q vt, offset(rs)

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch © 7
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. The quadword from locations in the matrix register file
indicated by vt is written to memory at this effective address.

If the effective address 1s not quadword aligned, the CPU generates an address error

exception.

Operation:

vAddr <- sign extend({offset[15:2], 2'b0}) + GPR[rs];
pAddr <- AddressTranslation (vAddr, DATA, STORE) ;

dataword <- ReadMatrix( QUADWORD, {vt[5], vt[4:01} );
StoreMemory { QUADWORD, dataword, pAddr, vAddr, DATA);

Exceptions:

Address Error exception

¢ SCEI PSP™ System Manual Release 0.2.0

- 96 -



R A A RS A T A A A T A A AR

d[0] <= 1 / approx exp2( s[0] );
d[1l] <= 1 / approx exp2( s[1] );
WriteMatrix( PAIRWORD, vd, d );
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vrexp2.t

Reciprocal Exponential base 2 Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000011 1O001 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vrexpz.t wvd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited No effect Use prohibited

Description:

The reciprocals of the base 2 exponentials of the floating-point values of three elements
from the matrix registers indicated by vs are calculated. The three-element
floating-point result 1s stored at locations in the matrix register file indicated by vd.
The precision of the calculation is given by the following expression.
Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
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d[0] <= 1 / approx exp2{ sl[0

d[1l] <= 1 / approx exp2( s[1] );

dl2] <= 1 / approx exp2{( s[2 ;

WriteMatrix ( TRIPLEWORD, wvd, d );
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vrexp2.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reciprocal Exponential base 2 Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100

00000111001

vs

6

Syntax:

11

vrexpz.q vd, Vs

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency :

Prefixing:

10 pitch : 4

7

Use prohibited

No effect

Use prohibited

Description:

VFPU

The reciprocals of the base 2 exponentials of the floating-point values of four elements

from the matrix registers indicated by vs are calculated. The four-element floating-point

result 1s stored at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

Lapprox_exp2(x)-2" <2700 <=x<10

Special solutions are as follows.

approx_exp2(nan) = nan

approx_exp2(+inf) = +inf

approx_exp2(-infy=+0.0

approx_exp2(+0.0)=+1.0

approx_exp2(-0.0)=+1.0

Operation:

s <- ReadMatrix/({

QUADWORD,

vs ) ;
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d[0] <= 1 / approx exp2( s[0] );
d[1l] <= 1 / approx expz( sl[l] );
dl2] <= 1 / approx exp2( sl[2] );
d[3] <= 1 / approx exp2( sl[3] );
WriteMatrix{ QUADWORD, vd, d );
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vrndfi.s

Random Floating Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11010000001 0001000O0000O0O0°O0O0 vd

6 19 7
VFPU

Syntax:
vrndfl.s wvd

Instruction Type

Multi-cycle instruction

Processing Time:

latency : 5 pitch : 3
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Vahd
Description:

One pseudorandom number 1s generated. The one-element floating-point result is stored
at the location in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

1.0 < random() < 2.0

The period 1s > 1038,

Operation:

d[0] <- random() ;
WriteMatrix ( SINGLEWORD, wvd, d );
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vrndf1.p

Random Floating Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/00001000100000000°01 vd

6 19 7

VFPU

Syntax:
vrndfl.p wvd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 8 pitch : 6
Prefixing:
vpfxs vpfxt vpfxd

No effect No effect Use prohibited

Description:

Two pseudorandom numbers are generated. The two-element floating-point result is
stored at locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

1.0 < random() < 2.0

The period 1s > 1038,

Operation:

d[0] <- random() ;
d[1l] <- random{();
WriteMatrix ( PAIRWORD, vd, d );
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vrndf1.t

Random Floating Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11010000001 00010100000O0O0°O00O0 vd

6 19 7
VFPU

Syntax:
vrndfl.t wvd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 11 pitch : 9
Prefixing:
vpfxs vpfxt vpfxd

No effect No effect Use prohibited

Description:

Three pseudorandom numbers are generated. The three-element floating-point result 1s
stored at locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

1.0 < random() < 2.0

The period 1s > 1038,

Operation:

7

d[0] <- random{)

d[1l] <- random{();
d[2] <- random{() ;
WriteMatrix{ TRIPLEWORD, vd, d );
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vrndf1.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Random Floating Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

11010000001 00010100000001 vd

6

Syntax:
vrndfl.qg wvd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

19

latency : 14 pitch : 12
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Use prohibited
Description:

7

VFPU

Four pseudorandom numbers are generated. The four-element floating-point result is

stored at locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

1.0 < random() < 2.0

The period 1s > 1038,

Operation:
d[0] <- random{() ;
d[1l] <- random{();
d[2] <- random{() ;
d[3] <- random{);
WriteMatrix{( QUADWORD, wvd, d
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vrndf2.s

Random Floating Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11010000001 0001100O0000O0O0°O00O0 vd

6 19 7
VFPU

Syntax:
vrndfz.s wvd

Instruction Type

Multi-cycle instruction

Processing Time:

latency : 5 pitch : 3
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Vahd
Description:

One pseudorandom number 1s generated. The one-element floating-point result is stored
at the location in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

2.0 <random()<4.0

The period 1s > 1038,

Operation:

d[0] <- random() ;
WriteMatrix ( SINGLEWORD, wvd, d );
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sv.q

Store Quad Word to Write Buffer

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111110 rs vt[4:0] offset 1 [V;]
6 B B 14 1 1
VFPU
Syntax:

sv.q vt, offset({rs), wb

Instruction Type

Pipeline (non-cached) / CPU interlock (cached) instruction

Processing Time:

latency : 0 pitch © 1
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. If this effective address 1s in the cached space, the quadword
from locations in the matrix register file indicated by vt is written to memory at that
address. At the same time, the address 1s converted to a physical address and the
quadword 1s also written to physical memory via the write buffer. If the effective address
1s in the non-cached space, it 1s converted to a physical address, and the quadword 1s
only written to physical memory via the write buffer.

If the effective address 1s not quadword aligned, the CPU generates an address error

exception.

Operation:

vAddr <- sign extend({offset[15:2], 2'b0}) + GPR[rs];
pAddr <- AddressTranslation (vAddr, DATA, STORE) ;
dataword <- ReadMatrix( QUADWORD, {vt[5], vt[4:01} );
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vrndf2.p

Random Floating Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11010000001 000110000000°01 vd

6 19 7

VFPU

Syntax:
vrndfz.p vd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 8 pitch : 6
Prefixing:
vpfxs vpfxt vpfxd

No effect No effect Use prohibited

Description:

Two pseudorandom numbers are generated. The two-element floating-point result is
stored at locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

2.0 <random()<4.0

The period 1s > 1038,

Operation:

d[0] <- random() ;
d[1l] <- random{();
WriteMatrix ( PAIRWORD, vd, d );
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vrndf2.t

Random Floating Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11010000001 00011100000O00°O0O0 vd

6 19 7
VFPU

Syntax:
vrndfz.t wvd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 11 pitch : 9
Prefixing:
vpfxs vpfxt vpfxd

No effect No effect Use prohibited

Description:

Three pseudorandom numbers are generated. The three-element floating-point result 1s
stored at locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

2.0 <random()<4.0

The period 1s > 1038,

Operation:

7

d[0] <- random{)

d[1l] <- random{();
d[2] <- random{() ;
WriteMatrix{ TRIPLEWORD, vd, d );
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vrndf2.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Random Floating Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

11010000001 000111000000°O01 vd

6

Syntax:
vrndfz.q vd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 14 pitch : 12

Prefixing:

vpfxs vpfxt

No effect No effect

Use prohibited

Description:

7

VFPU

Four pseudorandom numbers are generated. The four-element floating-point result is

stored at locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

2.0 <random()<4.0

The period 1s > 1038,

Operation:
d[0] <- random{() ;
d[1l] <- random{();
d[2] <- random{() ;
d[3] <- random{);
WriteMatrix{( QUA

DWORD,
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vrndi.s

Random Integer Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11010000001 0000100O0000O0O0°O0O0 vd

6 19 7
VFPU

Syntax:

vrndi.s vd

Instruction Type

Multi-cycle instruction

Processing Time:

latency : 5 pitch : 3
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Vahd
Description:

One pseudorandom number 1s generated. The one-element integer result 1s stored at the
location 1n the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

0x00000000 <= random() <= OxFFFFFFFF

The period 18 > 1038,

Operation:

d[0] <- random() ;
WriteMatrix ( SINGLEWORD, wvd, d );
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vrndi.p

Random Integer Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/00001000010000000°O01 vd

6 19 7

VFPU

Syntax:

vrndi.p vd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 8 pitch : 6
Prefixing:
vpfxs vpfxt vpfxd

No effect No effect Use prohibited

Description:

Two pseudorandom numbers are generated. The two-element integer result 18 stored at
locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

0x00000000 <= random() <= OxFFFFFFFF

The period 18 > 1038,

Operation:

d[0] <- random() ;
d[1l] <- random{();
WriteMatrix ( PAIRWORD, vd, d );
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vrndi.t

Random Integer Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

11010000001 00001100000O00°O0O0 vd

6 19 7
VFPU

Syntax:

vrndi.t wvd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 11 pitch : 9
Prefixing:
vpfxs vpfxt vpfxd

No effect No effect Use prohibited

Description:

Three pseudorandom numbers are generated. The three-element integer result 18 stored
at locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

0x00000000 <= random() <= OxFFFFFFFF

The period 18 > 1038,

Operation:

7

d[0] <- random{)

d[1l] <- random{();
d[2] <- random{() ;
WriteMatrix{ TRIPLEWORD, vd, d );
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vrndi.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Random Integer Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

11010000001 00001100000001 vd

6

Syntax:

vrndi.qg vwvd

Instruction Type

Repeat (multi-cycle) instruction

Processing Time:

latency : 14 pitch : 12

Prefixing:

vpfxs vpfxt

No effect No effect

Use prohibited

Description:

7

VFPU

Four pseudorandom numbers are generated. The four-element integer result 1s stored at

locations in the matrix register file indicated by vd.

The range of random numbers is given by the following expression.

0x00000000 <= random() <= OxFFFFFFFF

The period 18 > 1038,

Operation:
d[0] <- random{() ;
d[1l] <- random{();
d[2] <- random{() ;
d[3] <- random{);
WriteMatrix{( QUA

DWORD,
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vrnds.s
Random Seed Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2

0000100O0O0O00O0

00000000

vs

110100
6 11 7 8
VFPU

Syntax:

vrnds.s Vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect No effect
Description:

The seed of the pseudorandom number generator 1s set with the integer value of one

element from the matrix register indicated by vs. This value must be an integer other

than zero.

Operation:
s <- ReadMatrix({
srand( s[0] )

SINGLEWORD, vs );

PSP'™ System Manual Release 0.2.0
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vrot.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Rotator Pair Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

111100

11101

immb

0 Vs 1 vd

6

Syntax:

)

3

vrot.p vd, vs, immb

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency

Prefixing:

-8

pitch : 2

1 7 1 7
VFPU

Use prohibited

No effect

Use prohibited

Description:

The rotators indicated by the immb5 field are calculated for the floating-point values of

two elements from the matrix registers indicated by vs. The two-element floating-point

result 1s stored at locations in the matrix register file indicated by vd.

If the write positions overlap, the cos values are overwritten.

The following mnemonics can be used for immb5.

Code (immb5) Mnemonic

0 [C.S]
1 [S.C]
2 L 0]
3 lS 0]
4 [C,S]
5 [S,C]
6 [0,S]
7 [0,9]
8 [C.0]
9 [0,C]

© SCEL

PSP'™ System Manual Release 0.2.0

]
-1
©



Code (immb5) Mnemonic

10 [S.S]
11 [0,0]
12 [C.0]
13 [0,C]
14 [0,0]
15 [S.S]
16 [C,-S]
17 [-S.C]
18 [-S.0]
19 [-S,0]
20 [C,-S]
21 [-S.C]
29 [0,-S]
23 [0,-S]
24 [C.0]
25 [0,C]
26 [-S,-S]
27 [0,0]
28 [C.0]
29 [0.C]
30 [0,0]
31 [-S,-S]
Operation:

s <- ReadMatrix{ SINGLEWORD, vs );
ts <- approx sin( M PI 2 * s[0] );
tc <- approx cos( M PI 2 * s[0] );

d[0] <- 0;
d[1] <- 0;
if( imm5[4] )

ts <- -ts;
1f( dmm5[3:2]==1imm5[1:0] )
begin
d[0] <= ts;
d[l] <- ts;
end
else if( imm5[3:2] <2)
d{imm5[3:271] <- ts;
if( imm5[1:0] <2)
d[ (imm5[1:0]] <- tc;
WriteMatrix{ PAIRWORD, vd, d );
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if( isCacheSpace( pAddr ) )
StoreMemory ( QUADWORD, dataword, pAddr, vAddr, DATA);
StoreMemory WriteBuffer ( QUADWORD, dataword, pAddr, vAddr, DATA);

Exceptions:

Address Error exception
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vrot.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Rotator Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

111100

11101

immb

1 Vs 0 vd

6

Syntax:

)

D

vrot.t vd, vs, immb

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 8

Prefixing:

pitch : 2

1 7 1 7
VFPU

Use prohibited

No effect

Use prohibited

Description:

The rotators indicated by the immb5 field are calculated for the floating-point values of

three elements from the matrix registers indicated by vs. The three-element

floating-point result 1s stored at locations in the matrix register file indicated by vd.

If the write positions overlap, the cos values are overwritten.

The following mnemonics can be used for immb5.

Code (immb5) Mnemonic

0 [C.S.S]
1 [S,C,0]
2 [S,0,C]
3 [S,0,0]
4 [C,S,0]
5 [S,C.S]
6 [0.S.C]
7 [0,S,0]
8 [C,0,S]
9 [0,C,S]
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Code (immb5) Mnemonic

10 [S,S,C]
11 [0.0,9]
12 [C.0,0]
13 [0,C,0]
14 [0,0,C]
15 [S.S,S]
16 [C,-S,-S]
17 [-S.C.0l
18 [-8.0.C]
19 [-S,0,0]
20 [C,-S.0]
21 [-S,C,-8]
29 [0,-S,C]
23 [0.-S,0]
24 [C,0,-S]
25 [0,C,-S]
26 [-S,-S,Cl
27 [0,0.-S]
28 [C,0,0]
29 [0.C,0]
30 [0.0,C]
31 [-S,-S,-S]
Operation:

s <- ReadMatrix{ SINGLEWORD,
ts <- approx sin{( M PI 2 * s[0O]
tc <- approx cos{ M PI 2 * s[0]

d[o] <- 0;
d[l] <- 0;
d[z2] <- 0;
if( imm5[4] )

ts <- —-ts;
1f( dmm5[3:2]==1mm5[1:0] )
begin
d[0] <- ts;
d[l] <- ts;
d[2] <- ts;
end
else 1if({ immb5[3:2] <3)
d[imm5([3:21] <- ts;
1f( dmm5[1:0] <3)
Al (immb5[1:0]] <- tc;

WriteMatrix{( TRIPLEWORD, vd, d

vs )

)
)

) ;
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vrot.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Rotator Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

111100

11101 imm5

1 Vs 1 vd

6

Syntax:

) D

vrot.q vd, vs, immb

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

1 7 1 7
VFPU

Use prohibited No effect Use prohibited

Description:

The rotators indicated by the immb5 field are calculated for the floating-point values of

four elements from the matrix registers indicated by vs. The four-element floating-point

result 1s stored at locations in the matrix register file indicated by vd.

If the write positions overlap, the cos values are overwritten.

The following mnemonics can be used for immb5.

Code (immb5) Mnemonic

0 [C.S,S,S]
1 [S,C.0,0]
2 [S,0,C.,0]
3 [S,0,0,C)
4 [C,S,0,0]
5 [S.C,S,S]
6 [0,8.C,0]
7 [0,8,0,C]
8 [C,0,8.0]
9 [0,C,S.0]
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Code (immb5) Mnemonic

10 [S,S,C,8]
11 [0.0,S,C]
12 [C.0,0,S]
13 [0,C.0,8]
14 [0,0,C.S]
15 [S.S,8.C]
16 [C,-S,-S.-S]
17 [-S.C,0,0]
18 [-S.0,C,0]
19 [-S.0.0,C]
20 [C,-S,0,0]
21 [-S.C,-S,-S]
22 [0,-S,C,0]
23 [0.-5,0,C]
24 [C,0,-S,0]
25 [0.C.-S,0]
26 [-S,-S,C,-S]
27 [0,0,-S,C]
28 [C,0,0,-S]
29 [0.C,0,-S]
30 [0.0,C,-S]
31 [-S,-8,-5.C]
Operation:

s <- ReadMatrix{
ts <- approx sin{( M PI 2 * s[0O]
tc <- approx cos{ M PI 2 * s[0]

d[o] <- 0;
d[l] <- 0;
d[z2] <- 0;
d[3] <- 0;

1f( 1dmm5[4] )
ts <- -ts;

if{ immb5[3:2]=

end

=immb5[1:0] )

ts;
ts;
ts;
ts;

else 1f( immb[3:2] <4)
dlimm5[3:2]1] <- ts;

if( imm5([1:0]

<4)

dl{(imm5[1:0]] <- tc;

WriteMatrix{( QUADWORD, wvd, d

SINGLEWORD,

VS

)
)
)
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vrsq.s

Reciprocal Square Root Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O01O0O0O01O0

vs

6 11

Syntax:

vrsg.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

7

VFPU

The reciprocal of the square root of the floating-point value of one element from the

matrix register indicated by vs 1s calculated. The one-element floating-point result is

stored at the location in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_reciprocal sqri(x) - (l/\/}) <27 1.0<=x<40

Special solutions are as follows.
approx_reciprocal sqri(nan) = nan
approx_reciprocal sqri(+inf) = +0.0
approx_reciprocal sqri(-inf) = nan
approx_reciprocal sqri(+0.0) = +inf
approx_reciprocal sqri(-0.0) = -inf

approx_reciprocal sqri(x) = nan; -inf <x <-0.0
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
d[0] <- approx reciprocal sgrt( s[0] );
WriteMatrix ( SINGLEWORD, vd, d );
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vrsq.p

Reciprocal Square Root Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O01O0O0O01O0

vs

6 11

Syntax:

vrsqg.p vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The reciprocals of the square roots of the floating-point values of two elements from the

matrix registers indicated by vs are calculated. The two-element floating-point result 1s

stored at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_reciprocal sqri(x) - (l/\/}) <27 1.0<=x<40

Special solutions are as follows.
approx_reciprocal sqri(nan) = nan
approx_reciprocal sqri(+inf) = +0.0
approx_reciprocal sqri(-inf) = nan
approx_reciprocal sqri(+0.0) = +inf
approx_reciprocal sqri(-0.0) = -inf

approx_reciprocal sqri(x) = nan; -inf <x <-0.0
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Operation:

s <- ReadMatrix( PAIRWORD, vs );

df[0]
dl1l]

<- approx reciprocal sqrt{ s[0]
<- approx_ reciprocal sqrt( s[1]

WriteMatrix ( PAIRWORD, vd, d );

).
).

’

’
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vrsq.t

Reciprocal Square Root Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 00011

vs

6 11

Syntax:

vrsg.t vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The reciprocals of the square roots of the floating-point values of three elements from

the matrix registers indicated by vs are calculated. The three-element floating-point

result 1s stored at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_reciprocal sqri(x) - (l/\/}) <27 1.0<=x<40

Special solutions are as follows.
approx_reciprocal sqri(nan) = nan
approx_reciprocal sqri(+inf) = +0.0
approx_reciprocal sqri(-inf) = nan
approx_reciprocal sqri(+0.0) = +inf
approx_reciprocal sqri(-0.0) = -inf

approx_reciprocal sqri(x) = nan; -inf <x <-0.0
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Operation:

s <-
dalo]
dafl]
alz]

ReadMatrix ( TRIPLEWORD, vs
<- approx reciprocal sqgrt/(
<- approx_ reciprocal sqgrt(
<- approx reciprocal sqrt(

WriteMatrix( TRIPLEWORD, vd, d
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svl.q

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Store Quad Word Left from VFPU

1511153121110 9 8§ 7 6 5 4 3 2 1 0

111101 rs vtl4:0] offset 0 [V)t]
6 D D 14 1 1
VFPU

Syntax:

svl.q vt,

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0

offset (rs)

Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,

sign-extending the remaining 14 bits, and adding the result to the contents of CPU

general-purpose register rs. From one to four words are read from locations in the

matrix register file indicated by vt, then stored to memory such that the high-order word

from the matrix register file is stored at the effective address, and the low-order word 1s

stored at the end of the quadword boundary. The words are stored in memory starting

with the leftmost word within the quadword from the matrix register file. Any

remaining words to the right in the quadword are not stored in memory and are

unaffected by this instruction. If the effective address 1s not word aligned, the CPU

generates an address error exception.

Operation:
vAddr

<- sign extend({offset[15:2],2'b0}) + GPR[rs];
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vrsq.q

Reciprocal Square Root Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 00011

vs

6 11

Syntax:

vrsg.q vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The reciprocals of the square roots of the floating-point values of four elements from the

matrix registers indicated by vs are calculated. The four-element floating-point result is

stored at locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_reciprocal sqri(x) - (l/\/}) <27 1.0<=x<40

Special solutions are as follows.
approx_reciprocal sqri(nan) = nan
approx_reciprocal sqri(+inf) = +0.0
approx_reciprocal sqri(-inf) = nan
approx_reciprocal sqri(+0.0) = +inf
approx_reciprocal sqri(-0.0) = -inf

approx_reciprocal sqri(x) = nan; -inf <x <-0.0
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Operation:
s <- ReadMatrix( QUADWORD, wvs );

d[0] <- approx reciprocal sgrt( s[0] );
d[1l] <- approx reciprocal sqgrt( s[l] );
d[2] <- approx reclprocal sqgrt{ s[2Z] );
d[3] <- approx reciprocal sqgrt({ s[3] );
WriteMatrix{( QUADWORD, wvd, d );
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vSs2i.s

Convert signed short to integer Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 110110 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vs2i.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Use prohibited No effect Only write mask 1s valid
Description:

The 32-bit packed data from the matrix register indicated by vs is unpacked and
converted from two signed 16-bit integers to two signed 32-bit integers. The two-element

integer result 1s stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= {s[0][15: 0], 16'b0};

dll] <= {s[0][31:16], 16'b0};
WriteMatrix ( PAIRWORD, wvd, d );
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vs2i.p

Convert signed short to integer Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 110110 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vsZ2i.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Use prohibited No effect Only write mask 1s valid
Description:

The 64-bit packed data from the matrix registers indicated by vs 1s unpacked and
converted from four signed 16-bit integers to four signed 32-bit integers. The
four-element integer result 1s stored at locations in the matrix register file indicated by

vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
dl0] <= {s[0][15: 0], 16'b0};
dll] <= {s[0][31:16], 16'b0};
d[2] <= {s[1][15: 0], 16'b0};
d[3] <= {s[1][31:16], 16'b0};
WriteMatrix{( QUADWORD, vd, d );

1
1
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vsat0.s

Saturate to [0.0:1.0] Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0T1O0O0O0 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vsatO.s wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If the floating-point value of one element from the matrix register indicated by vs 1s less
than 0.0, it 1s saturated to 0.0. If the value 1s greater than 1.0, it 1s saturated to 1.0.
Values between 0.0 and 1.0 are not changed. The saturated result 1s stored as a
one-element floating-point value at the location in the matrix register file indicated by

vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= (s[0] < 0.0) 2 0.0 ¢ ( (s[0] > 1.0) 2 1.0 : s[0]);:
WriteMatrix ( SINGLEWORD, wvd, d );
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vsat0.p

Saturate to [0.0:1.0] Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0T1O0O0O0 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vsatlO.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If any of the floating-point values of two elements from the matrix registers indicated by
vs is less than 0.0, it 18 saturated to 0.0. If any of the values 1s greater than 1.0, it 1s
saturated to 1.0. Values between 0.0 and 1.0 are not changed. The saturated result 1s
stored as a two-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );

d[0] <= (s[0] < 0.0) 2 0.0 : ( (s[0] > 1.0) 2 1.0 s[07);
dll] <= (s[1] < 0.0) 2 0.0 : ( (s[1l] > 1.0) 2 1.0 s[11);
WriteMatrix{ PAIRWORD, vd, d );
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vsat0.t

Saturate to [0.0:1.0] Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000000 1O00O01 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vsatO.t wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If any of the floating-point values of three elements from the matrix registers indicated
by vsis less than 0.0, it is saturated to 0.0. If any of the values 1s greater than 1.0, it 1
saturated to 1.0. Values between 0.0 and 1.0 are not changed. The saturated result 1s
stored as a three-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:
s <- ReadMatrix( TRIPLEWORD, vs );
d[0] <= (s[0] < 0.0) 2 0.0 : ( (s[0] > 1.0) 2 1.0 =« s[07);
dll] <= (s[l] < 0.0) 2 0.0 « ( (s[1l] > 1.0) 2 1.0 =« s[1]);
dl2] <= (s[2] < 0.0) 2 0.0 :+ ( (s[2] > 1.0) 2 1.0 : sI[2]);
WriteMatrix{ TRIPLEWORD, vd, d );
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vsat0.q

Saturate to [0.0:1.0] Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000000000 1O00O01 S 1 vd

~1
—
~1

6 11
VFPU

Syntax:

vsatO.q vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If any of the floating-point values of four elements from the matrix registers indicated by
vs is less than 0.0, it 18 saturated to 0.0. If any of the values 1s greater than 1.0, it 1s
saturated to 1.0. Values between 0.0 and 1.0 are not changed. The saturated result 1s
stored as a four-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );

d[0] <= (s[0] < 0.0) 2 0.0 ( (s[0] > 1.0) 2 1.0 s[0]);
dl1l] <- (s[1] < 0.0) 2 0.0 ( (s[11 > 1.0) 2 1.0 s[1]);
d[2] <- (s[2] < 0.0) 2 0.0 ( (s[2] > 1.0) 2 1.0 s[21);
d[3] <= (s[3] < 0.0) 2 0.0 : ( (s[3] > 1.0) 2 1.0 s[3]1):
WriteMatrix{( QUADWORD, vd, d );
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vsatil.s

Saturate to [-1.0:1.0] Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0T1O010O0 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vsatl.s wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If the floating-point value of one element from the matrix register indicated by vs 1s less
than -1.0, 1t is saturated to -1.0. If the value 1s greater than 1.0, it 1s saturated to 1.0.
Values between -1.0 and 1.0 are not changed. The saturated result is stored as a
one-element floating-point value at the location in the matrix register file indicated by

vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= (s[0] < -1.0) 2 -1.0 : ( (s[O0] > 1.0) 2 1.0 : sl[0]);
WriteMatrix ( SINGLEWORD, wvd, d );
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vsat1.p

Saturate to [-1.0:1.0] Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0T1O010O0 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vsatl.p wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If any of the floating-point values of two elements from the matrix registers indicated by
vs is less than -1.0, 1t 1s saturated to -1.0. If any of the values is greater than 1.0, 1t 1s
saturated to 1.0. Values between -1.0 and 1.0 are not changed. The saturated result 1s
stored as a two-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:
s <- ReadMatrix( PAIRWORD, vs );
d[0] <= (s[0] < -1.0) 2 -1.0 : ( (s[O] > 1.0) 2 1.0 s[07);
dll] <= (s[l] < -1.0) 2 -1.0 : ( (s[1l] > 1.0) 2 1.0 s[11);
WriteMatrix{ PAIRWORD, vd, d );
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pAddr <- AddressTranslation (vAddr, DATA, STORE);
offset <- pAddr[3:2];

dataword <- LoadMemory( QUADWORD, pAddr, vAddr, DATA );
d <- ReadMatrix( QUADWORD, vt );

switch{ offset )

{

case 0 : dataword[0] <- d[3]; break;
case 1 : dataword[1l] <- d[3];
dataword[0] <- d[2]; break;
case 2 : dataword[2] <- d[3];:
dataword[1l] <- d[2];
dataword[0] <- d[1l]; break;
case 3 : dataword[3] <- d[3];
dataword[2] <- d[2];
dataword[1l] <- d[1l];
dataword[0] <- d[0]; break;

}
StoreMemory { QUADWORD, dataword, pAddr, vAddr, DATA);

Exceptions:

Address Error exception
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Saturate to [-1.0:1.0] Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/0000O00O01O0T11 S 0 vd

~1
—
~1

6 11
VFPU

Syntax:

vsatl.t wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If any of the floating-point values of three elements from the matrix registers indicated
by vs is less than -1.0, it 1s saturated to -1.0. If any of the values is greater than 1.0, 1t is
saturated to 1.0. Values between -1.0 and 1.0 are not changed. The saturated result 1s
stored as a three-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:
s <- ReadMatrix{ TRIPLEWORD, vs );

df0] <= (s[0] < -1.0) 2 =-1.0 : ( (s[0] > 1.0) 2 1.0 : s[01);
dll] <= (s[1] < =-1.0) 2 =-1.0 : ( (s[1l] > 1.0) 2 1.0 : s[11);
dl2] <= (s[2] < =1.0) 2 =-1.0 : ( (s[2] > 1.0) 2 1.0 : s[2]);
WriteMatrix( TRIPLEWORD, wvd, d );
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vsatil.q

Saturate to [-1.0:1.0] Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/0000O00O01O0T11 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vsatl.g wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

vpfxs vpfxt vpfxd
Valid No effect Use prohibited

Description:

If any of the floating-point values of four elements from the matrix registers indicated by
vs is less than -1.0, 1t 1s saturated to -1.0. If any of the values is greater than 1.0, 1t 1s
saturated to 1.0. Values between -1.0 and 1.0 are not changed. The saturated result 1s
stored as a four-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:
s <- ReadMatrix{ QUADWORD, vs );
df0] <= (s[0] < -1.0) 2 =-1.0 : ( (s[0] > 1.0) 2 1.0 s[01);
dll] <= (s[1] < -1.0) 2 =-1.0 : ( (s[1l] > 1.0) 2 1.0 s[171);
d[2] <= (s[2] < =1.0) 2 =-1.0 : ( (s[2] > 1.0) 2 1.0 s[27);
d[3] <= (s[3] < =-1.0) 2 =-1.0 : ( (s[3] > 1.0) 2 1.0 s[3]1):
WriteMatrix ( QUADWORD, wvd, d );
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vsbn.s

ScaleBN Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

011000010 vt 0

vs

6 3

~1
—

Syntax:

vsbn.s wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

e

latency : 5 pitch © 1

Prefixing:

vpfxs  vpfxt vpfxd
Valid | Valid | Valid

Description:

7

VFPU

The scaleBN calculation (change the binary logarithmic scale) is performed on the

floating-point value of one element from the matrix register indicated by vs using the

integer value of one element of the matrix register indicated by vt. The one-element

floating-point result is stored at the location in the matrix register file indicated by vd.

The input range of vt using two’s complement representation is given by the following

expression.

-127 <=x<=127

Special solutions are as follows.
scaleBN(nan, t) = nan
scaleBN(+inf, t) = +inf
scaleBN(-inf. t) = -inf
scaleBN(+0.0, 1) = +0.0
scaleBN(-0.0, 1) = -0.0
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
t <- ReadMatrix( SINGLEWORD, vt );
d[0] <- scaleBN( s[0], t[0] );

WriteMatrix ( SINGLEWORD, wvd, d )
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ScaleBZ Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 1O01100 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vsbz.s wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The remainder from the [1.0 ... 2.0] interval of the floating-point value of one element
from the matrix register indicated by vs is calculated. The one-element floating-point
result 1s stored at the location in the matrix register file indicated by vd.

scaleBZ is defined as follows: x = scaleBZ(x) * 2% . | <= scaleBZ(x) < 2.

Special solutions are as follows.

scaleBZ(nan) = nan

scaleBZ(+inf) =+1.0

scaleBZ(-inf)=-1.0

scaleBZ(+0.0) = +0.0

scaleBZ(-0.0) = -0.0

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= scaleBZ( s[0] )
WriteMatrix{( SINGLEWORD, vd, d );
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vscl.p

Scale Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1001|010 vt 0 Vs 1 vd

7 1 7

~1
—

6 3

VFPU

Syntax:

vscl.p wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

Two elements from the matrix registers indicated by vs are each multiplied by one
element from the matrix register indicated by vt. The elements are treated as
floating-point numbers. The two-element floating-point result is stored at locations in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );

t <- ReadMatrix ( SINGLEWORD, vt );
d[0] <= s[0] * t[0];

dl1] <= s[1] * t[0];

WriteMatrix{( PAIRWORD, wvd, d );
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vscl.t

Scale Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

011

001010 vt 1

vs

~1
—

6 3

Syntax:

vscl.t wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

e

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

7

VFPU

Three elements from the matrix registers indicated by vs are each multiplied by one

element from the matrix register indicated by vt. The elements are treated as

floating-point numbers. The three-element floating-point result is stored at locations in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs
t <- ReadMatrix( SINGLEWORD, vt
d[o] <- s[0] * t£[0];
dll] <- s[1] * t£[0];
d[2] <- s[2] * t[0];
WriteMatrix( TRIPLEWORD, vd, d
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vscl.q

Scale Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 &8 7 6 &5 4 3 2 1 0
01 1001|010 vt 1 Vs 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:

vscl.g wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

e

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt

Valid Use prohibited Valid

Description:

Opera

Four elements from the matrix registers indicated by vs are each multiplied by one

element from the matrix register indicated by vt. The elements are treated as

floating-point numbers. The four-element floating-point result is stored at locations in

the matrix register file indicated by vd.

tion:

s <- ReadMatrix( QUADWORD, vs );

t <- ReadMatrix ( SINGLEWORD, vt );
d[0] <- s[0] * t[0];

d[1] <- s[1] * t[0];

dl2] <= s[2] * t[0];

d[3] <- s[3] * t[0];

WriteMatrix{ QUADWORD, vd, d );
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vscmp.s

Set Compare Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|101 vt 0 Vs 0 vd

6 3

~1
—

7 1 7

VFPU

Syntax:

vscmp.s vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

One element from the matrix register indicated by vs 1s compared with one element from
the matrix register indicated by vt, as floating-point numbers. If vs 1s equal to vt, the
result 1s set to 0.0. If vs 1s greater than vt, the result 1s set to 1.0. If vs is less than vt,
the result is set to -1.0. The one-element floating-point result is stored at the location in

the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
t <- ReadMatrix ( SINGLEWORD, vt );
d[0] <= sign( s[0] - t[0] )

WriteMatrix( SINGLEWORD, vd, d );
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vscmp.p

Set Compare Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|101 vt 0 Vs 1 vd

6 3

~1
—

7 1 7

VFPU

Syntax:

vscmp.p vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Two elements from the matrix registers indicated by vs are compared with two elements
from the matrix registers indicated by vt, as floating-point numbers. For each pair of
elements, if vs is equal to vt, the result 1s set to 0.0. If vs is greater than vt, the result 1s
set to 1.0. If vs is less than vt, the result 1s set to -1.0. The two-element floating-point

result 1s stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
t <- ReadMatrix ( PAIRWORD, vt );
d[0] <- sign( s[0] - t[0] )
dl1] <= sign{ s[1] - t[1] );
WriteMatrix{( PAIRWORD, wvd, d );
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Svr.q

Store Quad Word Right from VFPU

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111101 rs vt[4:0] offset 1 [V;]
6 B B 14 1 1
VFPU

Syntax:

svr.g vt, offset (rs)

Instruction Type

CPU interlock instruction

Processing Time:

latency : 0 pitch © 7
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

A virtual address 1s generated by 1gnoring the two low-order bits of the 16-bit offset,
sign-extending the remaining 14 bits, and adding the result to the contents of CPU
general-purpose register rs. From one to four words are read from locations in the
matrix register file indicated by vt, then stored to memory such that the low-order word
from the matrix register file is stored at the effective address, and the high-order word is
stored at the quadword boundary. The words are stored in memory starting with the
rightmost word within the quadword from the matrix register file. Any remaining words
to the left in the quadword are not stored in memory and are unaffected by this
instruction. If the effective address 1s not word aligned, the CPU generates an address

error exception.

Operation:

vAddr <- sign extend({offset[15:2],2'b0}) + GPR[rs];
pAddr <—- AddressTranslation (vAddr, DATA, STORE) ;
offset <- pAddr[3:2];
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vscmp.t

Set Compare Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|101 vt 1 Vs 0 vd

7 1 7

~1
—

6 3

VFPU

Syntax:

vscmp.t vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Three elements from the matrix registers indicated by vs are compared with three
elements from the matrix registers indicated by vt, as floating-point numbers. For each
pair of elements, if vs 1s equal to vt, the result 1s set to 0.0. If vs 1s greater than vt, the
result 1s set to 1.0. If vs 1s less than vt, the result is set to -1.0. The three-element

floating-point result 1s stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix ( TRIPLEWORD, vt );
d[0] <- sign( s[0] - t[0] )
dl1] <= sign{ s[1] - t[1] );
d[2] <- sign( s[2] - t[2] );
WriteMatrix{( TRIPLEWORD, vd, d );
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vscmp.q

Set Compare Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|101 vt 1 Vs 1 vd

7 1 7

~1
—

6 3

VFPU

Syntax:

vscmp.qg vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Four elements from the matrix registers indicated by vs are compared with four
elements from the matrix registers indicated by vt, as floating-point numbers. For each
pair of elements, if vs 1s equal to vt, the result 1s set to 0.0. If vs 1s greater than vt, the
result 1s set to 1.0. If vs 1s less than vt, the result 1s set to -1.0. The four-element

floating-point result 1s stored at locations in the matrix register file indicated by vd.

Operation:

UADWORD, vs );
UADWORD, vt );

s <- ReadMatrix( Q
Q
] - t[0]
]
]
]
W

t <- ReadMatrix(
d[0] <- sign{ s/ )
d[l] <- sign{( s - t[1] )
dlz] <= sign{ s| - tlz2] )
d[3] <- sign( s/ - t[3] )
WriteMatrix{( QUADWORD, vd, d );

7

’

0
1
2
3

’
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vsge.s

Greater Equal Single Word to Value

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|110 vt 0 Vs 0 vd

6 3

~1
—

7 1 7

VFPU

Syntax:

vsge.s vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

One element from the matrix register indicated by vs 1s compared with one element from
the matrix register indicated by vt, as floating-point numbers. If vs 1s greater than or
equal to vt, the result is set to 1.0. If vs is less than vt, the result is set to 0.0. The
one-element floating-point result is stored at the location in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
t <- ReadMatrix ( SINGLEWORD, vt );
dl0] <= ( s[0] >= t[0] );

WriteMatrix( SINGLEWORD, vd, d );
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vsge.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Greater Equal Pair Word to Value

1511153121110 9 8§ 7 6 5 4 3 2 1 0

0110111110 vt 0 \¢ 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vsge.p vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt
Valid | Valid

vpfxd
Valid

Description:

Two elements from the matrix registers indicated by vs are compared with two elements

from the matrix registers indicated by vt, as floating-point numbers. For each pair of

elements, if vs 1s greater than or equal to vt, the result is set to 1.0. If vs is less than vt,

the result is set to 0.0. The two-element floating-point result is stored at locations in the

matrix register file indicated by vd.

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(

df0] <= ( s[0] >= t[0]
dfl] <= ( s[1] >= tI[1]

WriteMatrix(

PATIRWORD,

PATRWORD,
PATRWORD,

) ;
)
vd,
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vsge.t

Greater Equal Triple Word to Value

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|110 vt 1 Vs 0 vd

7 1 7

~1
—

6 3

VFPU

Syntax:

vsge.t vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Three elements from the matrix registers indicated by vs are compared with three
elements from the matrix registers indicated by vt, as floating-point numbers. For each
pair of elements, if vs is greater than or equal to vt, the result is set to 1.0. If vs is less
than vt, the result 1s set to 0.0. The three-element floating-point result 1s stored at

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix{ TRIPLEWORD, vt );
dl0] <= ( s[0] >= t[0] ):
dil] <= ( s[l] >= t[l] );
diz] <= (s[2] >= t[2] );
WriteMatrix ( TRIPLEWORD, vd, d );
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vsge.q

Greater Equal Quad Word to Value

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|110 vt 1 Vs 1 vd

7 1 7

~1
—

6 3

VFPU

Syntax:

vsge.q vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Four elements from the matrix registers indicated by vs are compared with four
elements from the matrix registers indicated by vt, as floating-point numbers. For each
pair of elements, if vs is greater than or equal to vt, the result is set to 1.0. If vs is less
than vt, the result is set to 0.0. The four-element floating-point result 1s stored at

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );

df0] <= ( s[0] >= t[0] ),
dfl] <= ( s[1] >= t[1l] );
dlz2] <= ( s[2] >= t[2] );
dl3] <= ({ s[3] >= t[3] );
WriteMatrix{( QUADWORD, vd, d );
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vsgn.s

Sign Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000001001 0100 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vsgn.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

One element from the matrix register indicated by vs is examined. If the floating-point
value of the element is less than 0.0, equal to 0.0, or greater than 0.0, the result is set to
-1.0, 0.0, or 1.0, respectively. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <- sign{( s[0] );
WriteMatrix ( SINGLEWORD, wvd, d );
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vsgn.p

Sign Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101000001001 0100 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vsgn.p vd, vs

Instruction Type

Pipeline instruction
Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Two elements from the matrix registers indicated by vs are examined. If the
floating-point value of each of the elements 1 less than 0.0, equal to 0.0, or greater than
0.0, the result 1s set to -1.0, 0.0, or 1.0, respectively, in the corresponding element. The
two-element floating-point result is stored at locations in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <- sign( 0] )
dl1l] <- sign( 11 ) ;
WriteMatrix{ PAIRWORD, vd, d );

s [
s [
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vsgn.t

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Sign Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

1101000001001 0101 VS 0 vd
6 11 7 1 7
VFPU
Syntax:
vsgn.t wvd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid Vahid | Valid

Description:

Three elements from the matrix registers indicated by vs are examined. If the

floating-point value of each of the elements 1s less than 0.0, equal to 0.0, or greater than

0.0, the result 1s set to -1.0, 0.0, or 1.0, respectively, in the corresponding element. The

three-clement floating-point result 1s stored at locations in the matrix register file

indicated by vd.

Operation:

d[0] <- sign(

0] )=
1

s <- ReadMatrix( TRIPLEWORD, vs
]
]

d[1] <- sign{

s [
s [

) ;

d[2] <= sign{ s[2] );
WriteMatrix{( TRIPLEWORD,

vd, d

) .

)7

’
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vsgn.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

Sign Quad Word

§ 7.6 5 14 3 2 1 0

1101000001001 0101 VS 1 vd
6 11 7 1 7
VFPU
Syntax:
vsgn.q vd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid | Valid | Valid
Description:

Four elements from the matrix registers indicated by vs are examined. If the

floating-point value of each of the elements 1s less than 0.0, equal to 0.0, or greater than

0.0, the result 1s set to -1.0, 0.0, or 1.0, respectively, in the corresponding element. The

four-element floating-point result is stored at locations in the matrix register file

indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
d[0] <= sign{( s[0] );
dl1l] <- sign( s[1] );
d[2] <= sign{ s[2] );
d[3] <- sign( s[3] );
WriteMatrix{ QUADWORD, vd, d );
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dataword <- LoadMemory( QUADWORD, pAddr, vAddr, DATA );
d <- ReadMatrix ( QUADWORD, vt );

switch( offset )

{

case 0 : dataword[3] <- d[3];
dataword[2] <- d[2];
dataword([1l] <- d[1l];
dataword[0] <- d[0]; break;

case 1 : dataword[3] <- d[2];
dataword[2] <- d[1]
dataword[1l] <- d[0]; break;

case 2 : dataword[3] <- d[1l];
dataword[2] <- d[0]; break;

case 3 : dataword[3] <- d[0]; break;

}
StoreMemory ( QUADWORD, dataword, pAddr, vAddr, DATA);

Exceptions:

Address Error exception
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vsin.s

Sine Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O01O0O01O00O0

vs

6 11

Syntax:

vsin.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

7

VFPU

The sine of the floating-point value of one element from the matrix register indicated by

vs 1s calculated. The one-element floating-point result 1s stored at the location in the

matrix register file indicated by vd.
The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

| approx sin(x) - sin(x) | <27 ;27 <x < 2%

Special solutions are as follows.
approx_sin(nan * M_PI 2)=nan
approx_sin(+inf* M _PI 2) = nan
approx_sin(-inf* M Pl 2)=nan
approx_sin(+0.0 * M _PI 2)=+0.0
approx_sin(-0.0 * M _PI 2)=-0.0
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
d[0] <- approx sin( M PI 2 * s[0] );
WriteMatrix ( SINGLEWORD, vd, d )

’
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vsin.p

Sine Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O01O0O01O00O0

vs

6 11

Syntax:

vsin.p vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The sines of the floating-point values of two elements from the matrix registers

indicated by vs are calculated. The two-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

| approx sin(x) - sin(x) | <27 ;27 <x < 2%

Special solutions are as follows.
approx_sin(nan * M_PI 2)=nan
approx_sin(+inf* M _PI 2) = nan
approx_sin(-inf* M Pl 2)=nan
approx_sin(+0.0 * M _PI 2)=+0.0
approx_sin(-0.0 * M _PI 2)=-0.0
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Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <- approx sin( M PI 2 * s[0] );
d[1l] <- approx sin( M PI 2 * s[l] );
WriteMatrix ( PAIRWORD, vd, d );
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vsin.t

Sine Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 00101

vs

6 11

Syntax:

vsin.t vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The sines of the floating-point values of three elements from the matrix registers

indicated by vs are calculated. The three-element floating-point result 1s stored at

locations in the matrix register file indicated by vd.

The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

| approx sin(x) - sin(x) | <27 ;27 <x < 2%

Special solutions are as follows.
approx_sin(nan * M_PI 2)=nan
approx_sin(+inf* M _PI 2) = nan
approx_sin(-inf* M Pl 2)=nan
approx_sin(+0.0 * M _PI 2)=+0.0
approx_sin(-0.0 * M _PI 2)=-0.0
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Operation:

s <- ReadMatrix( TRIPLEWORD, wvs );
d[0] <- approx sin( M PI 2 * s[0] );
d[1l] <- approx sin( M PI 2 * s[l] );
d[2] <- approxisin( M PT 2 * s[2] )
WriteMatrix{ TRIPLEWORD, vd, d );
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vsin.q

Sine Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 00101

vs

6 11

Syntax:

vsin.qg vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The sines of the floating-point values of four elements from the matrix registers

indicated by vs are calculated. The four-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

| approx sin(x) - sin(x) | <27 ;27 <x < 2%

Special solutions are as follows.
approx_sin(nan * M_PI 2)=nan
approx_sin(+inf* M _PI 2) = nan
approx_sin(-inf* M Pl 2)=nan
approx_sin(+0.0 * M _PI 2)=+0.0
approx_sin(-0.0 * M _PI 2)=-0.0
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Operation:
s <- ReadMatrix{ QUADWORD, wvs )

d[0] <- approx sin( M PI 2 * s[0] );
d[1l] <- approx sin( M PI 2 * s[l] );
d[2] <- approxisin( M PT 2 * s[2] )
d[3] <- approx sin( M PI 2 * s[3] );
WriteMatrix{( QUADWORD, wvd, d );
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vsit.s

Less Than Single Word to Value

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|111 vt 0 Vs 0 vd

6 3

~1
—

7 1 7

VFPU

Syntax:

vslt.s wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

One element from the matrix register indicated by vs 1s compared with one element from
the matrix register indicated by vt, as floating-point numbers. If vs 1s less than vt, the
result 1s set to 1.0. If vs 1s greater than or equal to vt, the result is set to 0.0. The
one-element floating-point result is stored at the location in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
t <- ReadMatrix ( SINGLEWORD, vt );
d[0] <- sign( s[0] < £[0] );

WriteMatrix( SINGLEWORD, vd, d );
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vslt.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Less Than Pair Word to Value

1511153121110 9 8§ 7 6 5 4 3 2 1 0

011011111 vt 0 \¢ 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vslt.p vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt
Valid | Valid

vpfxd
Valid

Description:

Two elements from the matrix registers indicated by vs are compared with two elements

from the matrix registers indicated by vt, as floating-point numbers. For each pair of

elements, if vs is less than vt, the result 1s set to 1.0. If vs 1s greater than or equal to vt,

the result is set to 0.0. The two-element floating-point result is stored at locations in the

matrix register file indicated by vd.

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(

d[0] <- sign(
d[1] <- sign({
WriteMatrix(

PAIRWORD, vs
PAIRWORD, vt

s[0] < t£[0] );
s[1] < t[1] );

PATIRWORD,

vd, d

)7
) ;

) ;
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vabs.s

Absolute Value Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O0O0O0O0O0O0T1O0 S 0 vd

6 11

~1
—
~1

VFPU

Syntax:

vabs.s wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Only swizzle is valid No effect Valid

Description:

The absolute value of the floating-point value of one element from the matrix register
indicated by vs 1s calculated. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <- abs{ s[0] )
WriteMatrix ( SINGLEWORD, wvd, d );
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vsit.t

Less Than Triple Word to Value

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

01 1011|111 vt 1 Vs 0 vd

~1
—

6 3 7 1 7

VFPU

Syntax:

vslt.t wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

Three elements from the matrix registers indicated by vs are compared with three
elements from the matrix registers indicated by vt, as floating-point numbers. For each
pair of elements, if vs 1s less than vt, the result 1s set to 1.0. If vs 1s greater than or equal
to vt, the result 1s set to 0.0. The three-element floating-point result 1s stored at

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix ( TRIPLEWORD, vt );
d[0] <- sign{ s[0] < t[0] );
d[l] <- sign({ s[1l] < t[1] );
dlz2] <- sign( s[2] < t[z2] )
WriteMatrix{( TRIPLEWORD, vd, d );
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vslt.q

Less Than Quad Word to Value

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

0110111111 vt 1

vs

~1
—

6 3

Syntax:
vslt.g vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid | Valid | Valid

Description:

7

VFPU

Four elements from the matrix registers indicated by vs are compared with four

elements from the matrix registers indicated by vt, as floating-point numbers. For each

pair of elements, if vs 1s less than vt, the result 1s set to 1.0. If vs 1s greater than or equal

to vt, the result 1s set to 0.0. The four-element floating-point result is stored at locations

in the matrix register file indicated by vd

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );
d[0] <- sign{ s ] < t[0] ;
]
]
]
W

’

[ [ )
d[l] <- sign{( s < £[1] );
d[2] <- sign( s/ < t[2] )
d[3] <- sign( s/ < t[3] )
WriteMatrix{( QUADWORD, vd, d );

0
1
2
3

’
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vVSocCp.s

Saturate and One's Complement Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001010 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vsocp.s vd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

Use prohibited Use prohibited Use prohibited

Description:

The one's complement of the floating-point value of one element from the matrix register
indicated by vs 1s calculated. The original value of the element and its one’s complement
are each saturated to [0.0:1.0] and stored as a two-element floating-point result at

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= 1.0 - s[0]

d[0] <- (d[0] < O

dl1] <= s[0];
dfl] <= (d[1l] < 0.0) 2 0.0 : ( (d[1] > 1.0) 2 1.0 : d[1]);
WriteMatrix{( PAIRWORD, vd, d );

.0y 2 0.0 ¢ ( (d[O] > 1.0) 2 1.0 : d[0]);
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Saturate and One's Complement Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001010

vs

6 11

Syntax:

vsocp.p vd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

Use prohibited Use prohibited Use prohibited

7

Description:

VFPU

The one's complements of the floating-point values of two elements from the matrix

registers indicated by vs are calculated. The original values of the elements and their

one’s complements are each saturated to [0.0:1.0] and stored as a four-element

floating-point result at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <- 1.0 - s[0];
d[0] <= (d[0] < 0.0) 2 0.0 : ( (d[0] 1.0y 2 1.0 d[01);
di1l] <- s[0];
d[l] <= (d[1] < 0.0) 2 0.0 : ( (d[1] 1.0) 2 1.0 dr11);
dr2] <- 1.0 - s[1];
d[2] <- (d[2] < 0.0) 2 0.0 ( (d[2] 1.0) 2 1.0 di21):
d[3] <- s[17;
d[3] <= (d[3] < 0.0) 2 0.0 : ( (d[3] 1.0y 2 1.0 di31);
WriteMatrix{( QUADWORD, wvd, d );
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vsqrt.s

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

8

Square Root Single Word

110100{(00000101100 VS 0 vd
6 11 7 1 7
VFPU
Syntax:
vsgrt.s vd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 7 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd
Valid No effect Valid

Description:

The square root of the floating-point value of one element of the matrix register

indicated by vs 1s calculated. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| (approx_sqrt(x) - sqri(x)) / sqrt(x)

< 2—2() :

Special solutions are as follows.

approx_sqri(nan) = nan

approx_sqri(+inf) = tinf

approx_sqri(-inf) = nan

approx_sqri(+0.0) = +0.0

approx_sqr(-0.0) = +0.0

approx_sqri(x) = nan; -inf <x <-0.0
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
d[0] <- approx sqrt( s[0] );
WriteMatrix ( SINGLEWORD, vd, d );
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vsqrt.p

Square Root Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O001O01100

vs

6 11

Syntax:

vsgrt.p wvd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The square roots of the floating-point values of two elements of the matrix registers

indicated by vs are calculated. The two-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

< 2—2() :

| (approx_sqrt(x) - sqri(x)) / sqrt(x)
Special solutions are as follows.
approx_sqri(nan) = nan
approx_sqri(+inf) = tinf
approx_sqri(-inf) = nan
approx_sqri(+0.0) = +0.0
approx_sqr(-0.0) = +0.0

approx_sqri(x) = nan; -inf <x <-0.0
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Operation:

s <- ReadMatrix({

PATIRWORD,

d[0] <- approx sqrt( s[0]
dl1l] <- approx sqrt( s[1]
WriteMatrix{ PAIRWORD, wvd,

vSs
) ;
)7
d

) ;

) ;
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vsqrt.t

Square Root Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 01101

vs

6 11

Syntax:

vsgrt.t wvd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The square roots of the floating-point values of three elements of the matrix registers

indicated by vs are calculated. The three-element floating-point result 1s stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

< 2—2() :

| (approx_sqrt(x) - sqri(x)) / sqrt(x)
Special solutions are as follows.
approx_sqri(nan) = nan
approx_sqri(+inf) = tinf
approx_sqri(-inf) = nan
approx_sqri(+0.0) = +0.0
approx_sqr(-0.0) = +0.0

approx_sqri(x) = nan; -inf <x <-0.0
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Operation:

s <-
df[0]
dafl]
alz]

ReadMatrix ( TRIPLEWORD, vs

<- approx sqgrt{ s[0]
<- approx_sqgrt( s[l]
<- approx_sqrt{ s[Z]

WriteMatrix ( TRIPLEWORD,

) ;
)7
) ;
vd, d

);

);
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vabs.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

8

Absolute Value Pair Word

11010000 0O0O0O0O0O0O0T1O0 \¢ 1 vd

6 11 7 1 7

VFPU

Syntax:

vabs.p vd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 3 pitch © 1
Prefixing:

Only swizzle is valid No effect Valid

Description:

The absolute values of the floating-point values of two elements from the matrix

registers indicated by vs are calculated. The two-element floating-point result is stored

at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );

d[0] <- abs( s[0] );
d[1l] <- abs{( s[1] ):

WriteMatrix{ PAIRWORD, vd, d );
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Square Root Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 01101 S 1 vd

6 11

~1
—
~1

VFPU

Syntax:

vsgrt.g wvd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited No effect Use prohibited

Description:

The square roots of the floating-point values of four elements of the matrix registers
indicated by vs are calculated. The four-element floating-point result is stored at
locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| (approx_sqri(x) - sqrt(x)) / sqrt(x) | <27":

Special solutions are as follows.

approx_sqri(nan) = nan

approx_sqri(+inf) = tinf

approx_sqri(-inf) = nan

approx_sqri(+0.0) = +0.0

approx_sqr(-0.0) = +0.0

approx_sqri(x) = nan; -inf <x <-0.0
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Operation:

s <- ReadMatrix({
d[0] <- approx sqrt( s[0]
dl1l] <- approx sqgrt/(

d[2] <- approx_ sqrt({
d[3] <- approx_ sqrt{

WriteMatrix(

QUADWORD,

sl
s[2]
s[3

QUADWORD, wvs

’

)
1)

) ;

).

’

]
vd, d

) ;

) ;
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Sort 1 Quad Word

§ 7.6 5 14 3 2 1 0

110100(000

10000001 S

6

Syntax:
vsrtl.g vd,

Instruction Type

11 7

S

Pipeline instruction

Processing Time:

e

latency : 5

Prefixing:

pitch © 1

vpfxs vpfxt
Valid Use prohibited Valid
Description:

VFPU

The floating-point values of four elements from the matrix registers indicated by vs are

sorted. The four-element floating-point result is stored at locations in the matrix register

file indicated by vd.

Operation:
s <- ReadMatrix({
d[0] <= min({
d[1l] <- max(
d[2] <- min{
d[3] <- max(
WriteMatrix(

QUADWORD, wvs );

s[01 , sI[1l] );
s[01 , sI[1l] );
s[2] , s[3] )
s[2] , s[3] )
QUADWORD, vd, d );
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Sort 2 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010000O011 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vsrtZ.q vd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

The floating-point values of four elements from the matrix registers indicated by vs are
sorted. The four-element floating-point result is stored at locations in the matrix register

file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
d[0] <= min{ s[0] , s[3] );
d[1l] <- min({ [1] , si2] )
d[2] <= max{ s[1] , sl2] ):
d[3] <- max( s[0] , s[3])
WriteMatrix{( QUADWORD, vd, d );

0
1 ;
1

O .

’

S
S
S
S

¢ SCEI PSP™ System Manual Release 0.2.0



vsrt3.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Sort 3 Quad Word

§ 7.6 5 14 3 2 1 0

110100(000

10010001 S

6

Syntax:
vsrt3.qg vd,

Instruction Type

11 7

S

Pipeline instruction

Processing Time:

e

latency : 5

Prefixing:

pitch © 1

vpfxs vpfxt
Valid Use prohibited Valid
Description:

VFPU

The floating-point values of four elements from the matrix registers indicated by vs are

sorted. The four-element floating-point result is stored at locations in the matrix register

file indicated by vd.

Operation:
s <- ReadMatrix({
d[0] <- max(
d[1l] <- min({
d[2] <- max({
d[3] <- min({
WriteMatrix(

QUADWORD, wvs );

s[01 , sI[1l] );
s[01 , sI[1l] );
s[2] , s[3] )
s[2] , s[3] )
QUADWORD, vd, d );
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Sort 4 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010010011 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vsrtd.q vd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

The floating-point values of four elements from the matrix registers indicated by vs are
sorted. The four-element floating-point result is stored at locations in the matrix register

file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
dl0] <- max{ s[0] , s[3] );
dll] <- max( s[1] , s[2] )
d[2] <= min{ (11 , s[2]1 );
d[3] <= min( s[0] , s[3] )
WriteMatrix{( QUADWORD, vd, d );

0
1 ;
1

O .

’

S
S
S
S
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vsub.s

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

Subtract Single Word

9 8§ 7.6 5 4 3 2 1 0

011000001 vt 0

vs

~1
—

6 3

Syntax:

vsub.s wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

One element from the matrix register indicated by vt is subtracted from one element

from the matrix register indicated by vs. The elements are treated as floating-point

values. The one-element floating-point result is stored at the location in the matrix

register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs
t <- ReadMatrix( SINGLEWORD, vt
df0] <- s[0] - t[0];

WriteMatrix( SINGLEWORD, wvd, d

) .

)7
) ;

2
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vsub.p

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 11 15 12 11 10

Subtract Pair Word

9 8§ 7.6 5 4 3 2 1 0

01100000

1 vt

vs

6 3

Syntax:

vsub.p vd,

Instruction Type

~1

vs, Vvt

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

Two elements from the matrix registers indicated by vt are subtracted from two

elements from the matrix registers indicated by vs. The elements are treated as

floating-point values. The two-element floating-point result 1s stored at locations in the

matrix register file indicated by vd.

Operation:

s <-
t <-
da[o] <-
ar1] <-

ReadMatrix/(
ReadMatrix(
s[0]
s[1]
WriteMatrix(

PAIRWORD, vs
PAIRWORD, vt
- t[0];
- tlill;

PATRWORD, vd, d

© SCEL

- 348 -

PSP'™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

vsub.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Subtract Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

011000001 vt 1 \¢ 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vsub.t wvd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1

Prefixing:

vpfxs  vpfxt
Valid | Valid

vpfxd
Valid

Description:

Three elements from the matrix registers indicated by vt are subtracted from three

elements from the matrix registers indicated by vs. The elements are treated as

floating-point values. The three-element floating-point result 1s stored at locations in the

matrix register file indicated by vd.

Operation:

s <- ReadMatrix
t <- ReadMatrix

d[0] <- sl[0]
d[1l] <- s[1]
d[2] <- s[2]
WriteMatrix(

{

(
- t[0];
- t[l1;
- t[z];
TRIPLEWORD,

TRIPLEWORD,
TRIPLEWORD,

vd,
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vsub.q

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Subtract Quad Word

§ 7.6 5 14 3 2 1 0

01100000

1 vt

vs

6 3

Syntax:
vsub.qg wvd,

Instruction Type

~1

vs, Vvt

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

Four elements from the matrix registers indicated by vt are subtracted from four

elements from the matrix registers indicated by vs. The elements are treated as

floating-point values. The four-element floating-point result 1s stored at locations in the

matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );
d[0] <= s[0] - t[0];
drl] <- s[1] - t[1l];
dl2] <= s[2] - t[2];
d[3] <- s[3] - t[3];
WriteMatrix{( QUADWORD, vd, d );
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vabs.t

Absolute Value Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/0000O0O0O0CO0O0CT11 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vabs.t wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Only swizzle is valid No effect Valid

Description:
The absolute values of the floating-point values of three elements from the matrix
registers indicated by vs are calculated. The three-element floating-point result is stored

at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( TRIPLEWORD, vs );
df0] <- abs( s[0] )
d[l] <= abs{ s[1] );
d[2] <= abs{ s[2] );
WriteMatrix( TRIPLEWORD, wvd, d );
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vsync

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Synchronize

§ 7.6 5 14 3 2 1 0

111111

111111111 100000011O001O000O00

6

Syntax:

vsync

26

Instruction Type

Synchronization instruction

Processing Time:

latency : 0 pitch : 3
Prefixing:
vpfxs vpfxt vpfxd
No effect No effect No effect
Description:

VFPU

The VFPU’s internal state is synchronized. Subsequent VFPU instructions stall until

the pipeline has emptied. If the instruction following the vsync is not a VFPU

instruction, a vnop should be inserted.

Operation:

Sync{);
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vtdd44.q

Convert to colord444 from packed unsigned chars Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100000101 10011 VS 1 vd
6 11 7 1 7
VFPU
Syntax:
vtd444.q vd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:

Only swizzle is valid

No effect

Use prohibited

Description:

The packed, unsigned 8-bit data of four elements from the matrix registers indicated by

vs 1s converted to packed 4444 color data and converted to 64 bits. This 64 bits 1s stored

as two elements (32bits each) at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
tmp0 [ 0] <= (s[0]>> 4)&l5;
tmp0 [ 471 <= (s[0]>>12)&15;
tmpO0[1 8] <= (s[0]>>20)¢&15;
tmp0[15:12] <= (s[0]1>>28)&15;
tmp0[19:16] <- (s[1]1>> 4)&l15;
tmp0[23:20] <= (s[1]1>>12)&15;
tmp0[27:24] <= (s[1]1>>20)&15;
tmp0[31:28] <- (s[1]>>28)&15;
tmpl [ 0] <= (s[2]>> 4)&l5;
tmpl [ 4] <= (s[2]>>12)&15;
tmpl[1 8] <— (s[2]>>20)¢&15;
tmpl [15:12] <= (s[2]1>>28)&15;
tmpl [19:16] <= (s[3]1>> 4)&15;
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tmpl [23:20] <= (s[3]1>>12)&15;
tmpl[27:24] <= (s[3]1>>20)&15;
tmpl[31:28] <- (s[3]1>>28)&15;
d[0] <- tmp0;

dl1l] <- tmpl;

WriteMatrix{( PAIRWORD, wvd, d );
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vt5551.q

31 30 29 28 27 26 25 21 23 22 21

Convert to color5551 from packed unsigned chars Quad Word

20 19 18 17 16 156 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

110100000101 10101 \¢ 1 vd
6 11 7 1 7
VFPU
Syntax:
vtbbbl.g wvd, vs
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1

Prefixing:

Only swizzle is valid

No effect

Use prohibited

Description:

The packed, unsigned 8-bit data of four elements from the matrix registers indicated by

vs 1s converted to packed 5551 color data and converted to 64 bits. This 64 bits 1s stored

as two elements (32bits each) at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
tmpe0[ 4: 0] <= (s[0]>> 3)&31;
tmpe0f{ 9: 5] <= (s[0]>>11)&31;
tmp0[14:10] <- (S[O}>>19)&31;
tmp0[15] <= (s[0]>>31)&1 ;
tmp0[20:16] <- (s[1l]>> 3)&31;
tmp0[25:21] <= (s[1]>>11)&31;
tmp0[30:26] <- (s[l}>>19)&31;
tmp0[31] <= (s[1]>>31) ;
tmel[ 4: 0] <- (s[2]>> 3)&31;
tmpl[ 9: 5] <- (s[2]1>>11)&31;
tmpl[14:10] <- (s 2}>>19)&31;
tmpl [15] <= (s[2]>>31) ;
tmel[20:16] <- (s[3]>> 3)&31;
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tmpl[25:21] <- (s
tmpl[30:26] <= (s
tmpel [31] <- (s[3
d[0] <- tmpO;
dl1l] <- tmpl;
WriteMatrix{( PAIRWORD, wvd, d );

31>>11) &31;
31>>19) &31;
1>>31)6&1 ;
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vt5650.q

31 30 29 28 27 26 25 21 23 22 21

Convert to color5650 from packed unsigned chars Quad Word

20 19 18 17 16 156 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

110100000101 10111 VS 1 vd

6 11 7 1 7

VFPU

Syntax:

vt5650.g wvd, vs
Instruction Type

Pipeline instruction
Processing Time:

latency : 3 pitch © 1

Prefixing:

Only swizzle is valid

No effect

Use prohibited

Description:

The packed, unsigned 8-bit data of four elements from the matrix registers indicated by

vs 1s converted to packed 5650 color data and converted to 64 bits. This 64 bits 1s stored

as two elements (32bits each) at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix({
tmpO[ 4: 0] <= (s
tmpO0[10: 5] <= (s
tmpO0[15:11] <= (s
tmpe0[20:16] <- (s
tmp0[26:21] <- (s
tmp0[31:27] <= (s
tmpl[ 4: 0] <= (s
tmpl[10: 5] <- (s
tmpl [15:11] <= (s
tmel[20:16] <- (s
tmpl [26:21] <- (s
tmpl [31:27] <= (s
d[0] <- tmpO;

W W WwNhNDNN R REPEREPEOOOC

1>> 3)&31;
1>>10) &63;
1>>19)6&31;
1>> 3)&31;
1>>10) &63;
1>>19)&31;
1>> 3)&31;
1>>10)&63;
1>>19)&31;
1>> 3)&31;
1>>10) &63;
1>>19)6&31;

ADWORD, vs );

© SCEL

o

PSP'™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

dll] <- tmpl;
WriteMatrix{( PAIRWORD, wvd, d );
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vtfm2.p

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Transform 2 Pair Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

11 1100(001

vt 0 Vs 1

6 3

Syntax:

vtfm2.p wvd, vs,

Instruction Type

7 1 7

~1
—

VFPU

vt

Repeat (pipeline) instruction

Processing Time:

latency : 8

Prefixing:

pitch : 2

Use prohibited

Use prohibited

Use prohibited

Description:

The transform of the elements of the 2x2 matrix from the matrix registers indicated by

vs with the two elements from the matrix registers indicated by vt 1s calculated. The

elements are treated as floating-point values. The two-element floating-point result 1s

stored at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix{( PAIRXPAIRWORD, vs );
t <- ReadMatrix( PAIRWORD, vt );
d[0] <= s[0] * t£[0] + s[4] * t[1l];
d[l] <= s[1] * t£[0] + s[5] * t[1];
WriteMatrix{( PAIRWORD, wvd, d );
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vifm3.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

Transform 3 Triple Word

§ 7.6 5 14 3 2 1 0

11 1100j010

vs

~1
—

6 3

Syntax:

vtfm3.t wvd, wvs, vt

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited Use prohibited

7

Use prohibited

Description:

VFPU

The transform of the elements of the 3x3 matrix from the matrix registers indicated by

vs with the three elements from the matrix registers indicated by vt is calculated. The

elements are treated as floating-point values. The three-element floating-point result 1s

stored at locations in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix{ TRIPLEXTRIPLEWORD,
t <- ReadMatrix( TRIPLEWORD, vt );
d[0] <= s[0] * t£[0] + s[4] * t[l] +
d[l] <= s[1] * t£[0] + s[5] * t[1] +
d[2] <= s[2] * t[0] + s[6] * t[l] +

WriteMatrix ( TRIPLEWORD, vd, d );
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vifm4.q

Transform 4 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

111 100]011 vt 1 Vs

6 3

~1
—
~1

Syntax:

vtfm4.g vd, vs, vt

Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

Use prohibited

Use prohibited Use prohibited

Description:

VFPU

The transform of the elements of the 4x4 matrix from the matrix registers indicated by

vs with the four elements from the matrix registers indicated by vt is calculated. The

elements are treated as floating-point values. The four-element floating-point result is

stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix
t <- ReadMatrix

QUADXQUADWORD, vs );
QUADWORD, vt )

(

(

t
ot
t

d[0] <= s[0] * [0] + s[4] * t[1l] + s[8]
dil] <- s[1] [0] + s[5] * t[1] + s[9]
d[2] <- s[2] * [0] + s[6] * t[1] + s[10]
d[3] <= s[3] * t£[0] + s[7] * t[1l] + s[11]
WriteMatrix{( QUADWORD, vd, d );

t(2] + s[12] * ©[3];
t[2] + s[13] * t[3];
t[2] + s[14] * t[3];
t[2] + s[15] * t[3];
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vabs.q

Absolute Value Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/0000O0O0O0CO0O0CT11 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vabs.qg wvd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Only swizzle is valid No effect Valid

Description:

The absolute values of the floating-point values of four elements from the matrix
registers indicated by vs are calculated. The four-element floating-point result is stored

at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
d[0] <- abs{ s[0]
d[l] <= abs{ s[1]
d[2] <- abs/{ 2]
d[3] <= abs{ s[3]

( D

U

)

)

);

)

WriteMatrix{( QUADWORD, vd, d );
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vus2i.s

Convert unsigned short to integer Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 110100 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vus2i.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Use prohibited No effect Only write mask 1s valid
Description:

32-bit packed data from the matrix register indicated by vs is unpacked and converted
from unsigned 16-bit integers to signed 32-bit integers. The two-element integer result

1s stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <= {s[0][15: 0], 15'b0O};

dll] <= {s[0][31:16], 15'b0};
WriteMatrix ( PAIRWORD, wvd, d );

¢ SCEI PSP™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

vus2i.p

Convert unsigned short to integer Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000001 110100 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vusZ2i.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

Use prohibited No effect Only write mask 1s valid
Description:

64-bit packed data from the matrix registers indicated by vs 1s unpacked and converted
from unsigned 16-bit integers to signed 32-bit integers. The four-element integer result

1s stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <= {s[0][15: 0], 15'b0};
dll] <= {s[0][31:16], 15'b0};
di2] <= {s[1]1[15: 0], 15'b0};
d[3] <= {s[1][31:16], 15'b0};
WriteMatrix{( QUADWORD, vd, d );
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vwbn.s

WrapBN Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010011 Imms8 0 Vs 0 vd

6 2 8 1 7 1 7
VFPU

Syntax:

vwbn.s vd, vs, 1imm8

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The modulus of the floating-point value of one element from the matrix register
indicated by vs with the exponent indicated by the imm8 field 1s calculated. The
one-element floating-point result 1s stored at the location in the matrix register file
indicated by vd.

wrapBN 1s defined by the following expression.

wrapBN(s) = fmod(s, 277" + (5 < 0.0 9 212 TimmE L gl 2rimmdy

The input range of iImm& 1s as follows.

| <=imm8 <= 254

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
d[0] <- wrapBN{ s[0], imm8 );
WriteMatrix{ SINGLEWORD, vd, d );
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vZero.s

Set Zero Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/000000011000O000O0O0O0O0 vd

6 19 7
VFPU

Syntax:

vzero.s vd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

0.0 1s stored as a one-element floating-point value at the location in the matrix register

file indicated by vd.

Operation:

d[o] <- 0.0;
WriteMatrix{( SINGLEWORD, vd, d );
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vzero.p

Set Zero Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/00000001100000000°O01 vd

6 19 7
VFPU

Syntax:

vzero.p vd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

0.0 1s stored as a two-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:

d[0] <= 0.0;
dll] <= 0.0;
WriteMatrix ( PAIRWORD, vd, d );
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Set Zero Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/0000000110100000O0O0°O00O0 vd

6 19 7
VFPU

Syntax:

vzero.t wvd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

0.0 1s stored as a three-element floating-point value at locations in the matrix register

file indicated by vd.

Operation:
d[0o] <- 0.0;
dl1l] <- 0.0;
d[2] <- 0.0;
WriteMatrix{ TRIPLEWORD, vd, d );
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Set Zero Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

110100/0000000110100000001 vd

6 19 7

VFPU

Syntax:

vzero.qg vd

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1

Prefixing:

Use prohibited No effect Valid

Description:

0.0 1s stored as a four-element floating-point value at locations in the matrix register file

indicated by vd.

Operation:
d[0] <- 0.0;
dl1] <- 0.0;
d[2] <- 0.0;
d[3] <- 0.0;
WriteMatrix ( QUADWORD, wvd, d );
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vadd.s

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

Add Single Word

9 8§ 7.6 5 4 3 2 1 0

011000000 vt 0

vs

~1
—

6 3

Syntax:

vadd.s wvd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

One element from the matrix register indicated by vs 1s added to one element from the

matrix register indicated by vt. The elements are treated as floating-point numbers. The

one-element floating-point result 1s stored at the location in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, Vs
t <- ReadMatrix( SINGLEWORD, vt
df0] <= s[0] + t[0];

WriteMatrix( SINGLEWORD, wvd, d

)7

) ;

);
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vadd.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

9

Add Pair Word

§ 7.6 5 14 3 2 1 0

01 1000|000 vt 0 Vs 1 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vadd.p vd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid Vahid | Valid
Description:

Two elements from the matrix registers indicated by vs are added to two elements from

the matrix registers indicated by vt. The elements are treated as floating-point numbers.

The two-element floating-point result 1s stored at locations in the matrix register file

indicated by vd.

Operation:

s <=
Tt <=

ReadMatrix ( PAIRWORD,
ReadMatrix ( PAIRWORD,
df0] <= s[0] + t[0];
dl1l] <= s[1] + t[1];

WriteMatrix{( PAIRWORD, wvd,
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vadd.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Add Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

011000000 vt 1 \¢ 0 vd
6 3 7 1 7 1 7
VFPU
Syntax:
vadd.t wvd, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 5 pitch © 1

Prefixing:

vpfxs  vpfxt
Valid | Valid

vpfxd
Valid

Description:

Three elements from the matrix registers indicated by vs are added to three elements

from the matrix registers indicated by vt. The elements are treated as floating-point

numbers. The three-element floating-point result is stored at locations in the matrix

register file indicated by vd.

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(

d[0] <- s[0]
d[1l] <- s[1]
d[2] <- s[2]
WriteMatrix(

+ t[0];
+ t[1l];
+ tl2];
TRIPLEWORD,

TRIPLEWORD,
TRIPLEWORD,

vd,
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vadd.q

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Add Quad Word

§ 7.6 5 14 3 2 1 0

01100000

0 vt

vs

6 3

Syntax:
vadd.qg wvd,

Instruction Type

~1

vs, Vvt

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

Four elements from the matrix registers indicated by vs are added to four elements from

the matrix registers indicated by vt. The elements are treated as floating-point numbers.

The four-element floating-point result is stored at locations in the matrix register file

indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vt );
d[0] <- s[0] + t[0];
drl] <- s[1] + t[1l];
dlz2] <= s[2] + t[2];
dl3] <= s[3] + ©[3];
WriteMatrix{( QUADWORD, vd, d );
¢ SCEI PSP™ System Manual Release 0.2.0

.40.



R A A RS A T A A A T A A AR

vasin.s

Arc Sine Single Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O001O01110 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vasin.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valhid

Description:

The arcsine of the floating-point value of one element from the matrix register indicated
by vs is calculated. The one-element floating-point result is stored at the location in the
matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_asin(x) - asin(x) | <27 0 <= <=0.9

X

| approx_asin(x) - asin(x) | <2 ; otherwise
Special solutions are as follows.
approx_asin(nan) = nan
approx_asin(tinf) = nan

approx_asin(-inf) = nan
approx_asin(+0.0) = +0.0
approx_asin(-0.0) =-0.0

approx_asin(x) = nan; -inf <x <-1.0

approx_asin(x) = nan; +1.0 <x < +inf
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
d[0] <- approx asin( s[0] ) / M PI 2;
WriteMatrix ( SINGLEWORD, vd, d );
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vasin.p

Arc Sine Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O001O01110

vs

6 11

Syntax:

vasin.p vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The aresines of the floating-point values of two elements from the matrix registers

indicated by vs are calculated. The two-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_asin(x) - asin(x) | <27 0 <= <=0.9

X

| approx_asin(x) - asin(x) | <2 ; otherwise
Special solutions are as follows.
approx_asin(nan) = nan
approx_asin(tinf) = nan

approx_asin(-inf) = nan
approx_asin(+0.0) = +0.0
approx_asin(-0.0) =-0.0

approx_asin(x) = nan; -inf <x <-1.0

approx_asin(x) = nan; +1.0 <x < +inf

© SCEL

PSP'™ System Manual Release 0.2.0



e

Operation:
s <- ReadMatrix( PAIRWORD, vs );
d[0] <- approx asin( s[0] ) / M PI 2;
d[1] <- approx asin( s[1] ) / M PI 2;
WriteMatrix ( PAIRWORD, vd, d );
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vasin.t

Arc Sine Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00000101111

vs

6 11

Syntax:

vasin.t vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The aresines of the floating-point values of three elements from the matrix registers

indicated by vs are calculated. The three-element floating-point result 1s stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_asin(x) - asin(x) | <27 0 <= <=0.9

X

| approx_asin(x) - asin(x) | <2 ; otherwise
Special solutions are as follows.
approx_asin(nan) = nan
approx_asin(tinf) = nan

approx_asin(-inf) = nan
approx_asin(+0.0) = +0.0
approx_asin(-0.0) =-0.0

approx_asin(x) = nan; -inf <x <-1.0

approx_asin(x) = nan; +1.0 <x < +inf
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Operation:
s <- ReadMatrix( TRIPLEWORD, wvs );

d[0] <- approx asin( s[0] ) / M PI 2;
d[1] <- approx asin( s[1] ) / M PI 2;
d[2] <- approx asin( s[2] ) / M PI 2;

WriteMatrix{ TRIPLEWORD, vd, d );
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vasin.q

Arc Sine Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00000101111

vs

6 11

Syntax:

vasin.qg vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The arcsines of the floating-point values of four elements from the matrix registers

indicated by vs are calculated. The four-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The precision of the calculation is given by the following expression.

| approx_asin(x) - asin(x) | <27 0 <= <=0.9

X

| approx_asin(x) - asin(x) | <2 ; otherwise
Special solutions are as follows.
approx_asin(nan) = nan
approx_asin(tinf) = nan

approx_asin(-inf) = nan
approx_asin(+0.0) = +0.0
approx_asin(-0.0) =-0.0

approx_asin(x) = nan; -inf <x <-1.0

approx_asin(x) = nan; +1.0 <x < +inf
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Operation:

s <=
df[0]
dl1l]
drz]
df3]

ReadMatrix ( QUADWORD, wvs );

<- approx asin( s[0] ) / M PI 2;
<- approx asin( s[1] ) / M PI 2;
<- approx asin( s[2] ) / M PI 2;
<- approx asin{ s[3] ) / M PI 2;

WriteMatrix{( QUADWORD, wvd, d );

© SCEL

.48.

PSP'™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

vavg.p

Average Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001110 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vavg.p vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

The average of the floating-point values of two elements from the matrix registers
indicated by vs 1s calculated. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <- s[0]/2;

d[0] <- d[0] + s[1]/2;
WriteMatrix{ SINGLEWORD, vd, d );
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vavg.t

Average Triple Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001111 S 0 vd

6 11 7 1 7
VFPU

Syntax:

vavg.t vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

The average of the floating-point values of three elements from the matrix registers
indicated by vs 1s calculated. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

Operation:

s <— ReadMatrix{ TRIPLEWORD, vs );
d[0] <= s[0]1/3;

d[0] <- d[0] + s[1]/3;

d[0] <- d[0] + s[2]/3;
WriteMatrix( SINGLEWORD, vd, d );
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vavg.q

Average Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010001111 S 1 vd

6 11 7 1 7
VFPU

Syntax:

vavg.q vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:
The average of the floating-point values of four elements from the matrix registers
indicated by vs 1s calculated. The one-element floating-point result 1s stored at the

location 1n the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );

dl0] <- s[0]/4;

d[0] <= d[0] + s[1l1/4;
dro] <= d[0] + s[2]1/4;
d[0] <= d[0] + s[3]1/4;

WriteMatrix( SINGLEWORD, vd, d );
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Butterfly 1 Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000100001O00 S 1 vd

6 11 7 1 7
VFPU

Syntax:
vbfyl.p vd, vs

Instruction Type
Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

The butterfly of the floating-point values of two elements from the matrix registers
indicated by vs 1s calculated. The two-element floating-point result 1s stored at locations

in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <= s[0] + s[1];
dll] <= s[0] - s[1];
WriteMatrix{ PAIRWORD, vd, d );
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Butterfly 1 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010000101 S 1 vd

6 11 7 1 7
VFPU

Syntax:
vbfyl.qg vd, vs

Instruction Type
Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:
The butterfly of the floating-point values of four elements from the matrix registers
indicated by vs 1s caleulated. The four-element floating-point result 1s stored at locations

in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
d[0] <- s[0] + s[1];
d[1] <- s[0] - s[1];
d[2] <= s[2] + s[3];
dl3] <= s[2] - s[3];

WriteMatrix{( QUADWORD, vd, d );
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Butterfly 2 Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/00010000111 S 1 vd

6 11 7 1 7
VFPU

Syntax:
vbfy2.q wvd, vs

Instruction Type
Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:
The butterfly of the floating-point values of four elements from the matrix registers
indicated by vs 1s caleulated. The four-element floating-point result 1s stored at locations

in the matrix register file indicated by vd.

Operation:
s <- ReadMatrix( QUADWORD, vs );
d[0] <- s[0] + s[2];
dll] <= s[l] + s[3];
df2] <= s[0] - sl2];
dl3] <= s[1] - s[3];

WriteMatrix{( QUADWORD, vd, d );

¢ SCEI PSP™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

vcmovf.s

Conditional Move on False Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100101010 1] imm3]|0 A 0 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vemovi.s vd, vs, 1imm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s false
(0), one floating-point element from the matrix register indicated by vs is copied to the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
t <- ReadMatrix ( SINGLEWORD, vd );
c <- ReadControlBit{( VFPU CC );
d[o] <= t[0];
1f( 1imm3<6 )
begin
1if( !lc[imm3] )
begin
d[o] <- s[0];
end
end
else 1f( imm3==6 )
begin
1f( 'c[0] )
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end
WriteMatrix ( SINGLEWORD, vd, d );
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vcemovf.p

Conditional Move on False Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100101010 1] imm3]|0 A 1 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vemovi.p vd, vs, 1imm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s false
(0), two floating-point elements from the matrix registers indicated by vs are copied to

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
t <- ReadMatrix ( PAIRWORD, vd );
c <- ReadControlBit{( VFPU CC );
d[o] <= t[0];

d[l] <- t[1];

1f( imm3<o )

begin
if( !c[imm3] )
begin
d[0] <= s[0];
dll] <= s[1];
end
end

else 1f( imm3==6 )
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if( !cl[0] )
d[0] <= s[0];
if( 'c[l] )
dl1] <= s[1];
end
PAIRWORD, vd, d

WriteMatrix(

) ;
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vemovt.t

Conditional Move on False Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100101010 1]imm3]|I1 A 0 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vemovi.t vd, vs, 1imm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s false
(0), three floating-point elements from the matrix registers indicated by vs are copied to

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix ( TRIPLEWORD, vd );
c <- ReadControlBit{( VFPU CC );

droyr <= ti[ol;
dri] <= t[17;
d[z2] <- ti[27;
1f( 1mm3<6 )
begin
if( !c[imm3] )
begin
d[0] <= sl[0];
dlfl] <= s[11;
di2] <= s[(2];
end
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end

else 1f( imm3==6 )

begin
if( !

end
WriteMatrix(

TRIPLEWORD,

vd, d

);
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Conditional Move on False Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100101010 1]imm3]|I1 A 1 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vemovfi.g vd, vs, 1imm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s false
(0), four floating-point elements from the matrix registers indicated by vs are copied to

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vd );
c <- ReadControlBit{( VFPU CC );
d[o] <= t[0];

[

dll] <- t[17];

d[z] <- t[2];

d[3] <- t[37;

if{ imm3<6 )

begin
1f( lc[imm3] )
begin
d[o] <- s[071;
dl1l] <= sl1];
dlz] <= s[2];
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d[3] <- sI[3];
end
end
else 1f( imm3==6 )
begin
if( !cl[0] )
d[o] <= s[07];
if( lcll] )
dl1l] <- s[17;
if( 'cl[2] )
d[2] <- s[2];
if( !'c[3] )
d[3] <- s[3];
end

WriteMatrix ( QUADWORD,

vd, d

)
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vcemovt.s

Conditional Move on True Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100101010 0] imm3]|0 A 0 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vcmovt.s vd, vs, imm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s true
(1), one floating-point element from the matrix register indicated by vs is copied to the

location 1n the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( SINGLEWORD, vs );
t <- ReadMatrix ( SINGLEWORD, vd );
c <- ReadControlBit{( VFPU CC );
d[o] <= t[0];

1f( 1imm3<6 )

begin
1f( ¢limm3] )
begin
d[0] <= =s[0];
end
end
else 1f( imm3==6 )
begin
1f( c[0] )
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end
WriteMatrix ( SINGLEWORD, vd, d );
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vcmovt.p

Conditional Move on True Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100101010 0] imm3]|0 A 1 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vecmovt.p vd, vs, 1mm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s true
(1), two floating-point elements from the matrix registers indicated by vs are copied to

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
t <- ReadMatrix ( PAIRWORD, vd );
c <- ReadControlBit{( VFPU CC );
d[o] <= t[0];

d[l] <- t[1];

1f( imm3<o )

begin
if( c[imm3] )
begin
d[0] <= s[0];
dll] <= s[1];
end
end

else 1f( imm3==6 )
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begin
1f( c[0] )
d[0] <= s[0];
it cl[1] )
dll] <= s[1];
end
WriteMatrix( PAIRWORD, vd, d );
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vcmovt.t

Conditional Move on True Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101001010100 imm3]|I1 A 0 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vcmovt.t wvd, vs, imm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s true
(1), three floating-point elements from the matrix registers indicated by vs are copied to

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix ( TRIPLEWORD, vd );
c <- ReadControlBit{( VFPU CC );

droyr <= ti[ol;
dri] <= t[17;
d[z2] <- ti[27;
1f( 1mm3<6 )
begin
if( c[imm3] )
begin
d[0] <= sl[0];
dlfl] <= s[11;
di2] <= s[(2];
end
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end

else 1f( imm3==6 )
begin
if( c[0] )
da[o] <= sf[0];
1f( c[1l] )
dll] <= s[1];
if( cl2] )

dlz] <- s[2];

end
WriteMatrix(

TRIPLEWORD,

vd, d

);
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vcmovt.q

Conditional Move on True Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

1101001010100 imm3]|I1 A 1 vd

6 7 3 1 7 1 7
VFPU

Syntax:

vemovt.g vd, vs, 1mm3

Instruction Type

Pipeline instruction

Processing Time:

latency : 5 pitch © 1
Prefixing:
vpfxs  vpfxt vpfxd

Valid No effect Valid

Description:

If the condition of the VFPU_CC control register bit indicated by the imma3 field 1s true
(1), four floating-point elements from the matrix registers indicated by vs are copied to

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( QUADWORD, vs );
t <- ReadMatrix ( QUADWORD, vd );
c <- ReadControlBit{( VFPU CC );
d[o] <= t[0];

[
dll] <- t[17];
d[z] <- t[2];
d[3] <- t[37;
if{ imm3<6 )
begin
1f( c¢[imm3] )
begin
d[o] <- s[071;
dl1l] <= sl1];
dlz] <= s[2];
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d[3] <= s[3];
end
end
else 1f( imm3==6 )
begin
if( c[0] )
d[o] <= s[07];
if( c[1] )
dl1l] <- s[17;
if( c[2] )
d[2] <- s[2];
1f( c[3] )
d[3] <- s[3];
end
WriteMatrix ( QUADWORD, wvd, d

)
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vemp.s

Compare Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 41 3 2 1 0

0110111000 vt 0 Vs 0O 0 0 0 cond

6 3 7 1 7 4 4
VFPU

Syntax:

vcmp.s cond, vs, vt

Instruction Type

Pipeline instruction

Processing Time:
latency : 3 pitch © 1

Prefixing:

vpfxs  vpfxt  vpfxd
Valid Valid No effect

Description:

One element from the matrix register indicated by vs 1s compared with one element from
the matrix register indicated by vt according to the condition cond. The elements are
treated as floating-point numbers. The 6-bit comparison result is stored in control
register VFPU_CC.

The following mnemonics can be used for cond.

Code (cond) Mnemonic Function
0 FL. Always false
1 EQ Equal
2 LT Less than
3 LE Less than or equal
4 TR Always true
5 NE Not equal
6 GE Greater than or equal
7 5T Greater than
3 EZ Equal to zero
9 EN Equal to NaN
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Code (cond) Mnemonic Function

10 EI Absolute value equal to
infinity

11 ES Equal to infinity or NaN

12 NZ Not equal to zero

13 NN Not equal to NaN

14 NI Absolute value not equal to
infinity

15 NS Not equal to infinity and not
equal to NaN

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(
c[0] <- Compare

cl4] <= c[0];
c[b5] <= cl0];

WriteControlBit (
WriteControlBit (
WriteControlBit {

SINGLEWORD, vs );
SINGLEWORD, vt );
cond, s[0], t[0] );

VFPU CC, 0, cl[0] );
VFPU CC, 4, cl4] );
VFPU CC, 5, c[5] );
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vemp.p

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Compare Pair Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

01101100

0

vt

vs

6 3

Syntax:

vcmp.p cond, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 3

Prefixing:

vpfxs  vpfxt
Valid | Valid

pitch © 1

vpfxd

No effect

Description:

{

VFPU

Two elements from the matrix registers indicated by vs are compared with two elements

from the matrix registers indicated by vt according to the condition cond. The elements

are treated as floating-point numbers. The 6-bit comparison result is stored in control

register VFPU_CC.

The following mnemonics can be used for cond.

Code (cond) Mnemonic Function

0 FL. Always false

1 EQ Equal

2 LT Less than

3 LE Less than or equal
4 TR Always true

5 NE Not equal

6 GE Greater than or equal
7 5T Greater than

3 EZ Equal to zero

9 EN Equal to NaN
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Code (cond) Mnemonic Function

10 EI Absolute value equal to
infinity

11 ES Equal to infinity or NaN

12 NZ Not equal to zero

13 NN Not equal to NaN

14 NI Absolute value not equal to
infinity

15 NS Not equal to infinity and not
equal to NaN

Operation:

s <- ReadMatrix( PAIRWORD, vs );

t <- ReadMatrix ( PAIRWORD, vt );

c[0] <= Compare( cond, s[0], t[0] )

cld4] <- cl0];

c[5] <= c[0];

WriteControlBit ( VFPU CC, 0, cl[0] );

c[1] <- Compare( cond, s[1], t[1] );

cl[4] <- c[4] | cl1l];

c[5] <= c[5] & c[1];

WriteControlBit( VFPU CC, 1, c[1l] )~

WriteControlBit( VFPU CC, 4, c[4] );

WriteControlBit( VFPU CC, 5, c[53] )
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vemp.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Compare Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

01101100

VFPU

0 vt 1 \¢ 00 00 cond

6 3 7 1 7 4 4
Syntax:

vcmp.t cond, vs, vt
Instruction Type

Pipeline instruction
Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs  vpfxt  vpfxd

Valid Valid No effect

Description:

Three elements from the matrix registers indicated by vs are compared with three

elements from the matrix registers indicated by vt according to the condition cond. The

elements are treated as floating-point numbers. The 6-bit comparison result 1s stored in

control register VFPU_CC.

The following mnemonics can be used for cond.

Code (cond) Mnemonic Function

0 FL. Always false

1 EQ Equal

2 LT Less than

3 LE Less than or equal
4 TR Always true

5 NE Not equal

6 GE Greater than or equal
7 5T Greater than

3 EZ Equal to zero

9 EN Equal to NaN
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Code (cond) Mnemonic Function

10 EI Absolute value equal to
infinity

11 ES Equal to infinity or NaN

12 NZ Not equal to zero

13 NN Not equal to NaN

14 NI Absolute value not equal to
infinity

15 NS Not equal to infinity and not
equal to NaN

Operation:

s <- ReadMatrix( TRIPLEWORD, vs );
t <- ReadMatrix ( TRIPLEWORD, vt );

c[0] <- Compare{ cond, s[0], t[0] );
cl4] <= c[0];
c[5] <- cl[0];
WriteControlBit( VFPU CC, 0O, c[0] );

[
[
[
r
c[l] <= Compare( cond, s[1], tl[l] ):
cl4] <= cl4] | cl[1];
c[5] <= ¢[5] & c[1];
r
[
[

WriteControlBit( VFPU CC, 1, c[1l] )~
cl[2] <- Compare{ cond, s[2], tl[2] );
cl4] <= cl4] | cl2];

c[5] <= ¢[5] & c[2];

WriteControlBit( VFPU CC, 2, c[2] );
WriteControlBit( VEFPU CC, 4, c[4] )
WriteControlBit( VFPU CC, 5, c[5] );
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vemp.q

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Compare Quad Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

01101100

VFPU

0 vt 1 \¢ 1000 cond
6 3 7 1 7 4 4
Syntax:
vecmp.q cond, vs, vt
Instruction Type
Pipeline instruction
Processing Time:
latency : 3 pitch © 1
Prefixing:
vpfxs  vpfxt  vpfxd
Valid Valid No effect

Description:

Four elements from the matrix registers indicated by vs are compared with four

elements from the matrix registers indicated by vt according to the condition cond. The

elements are treated as floating-point numbers. The 6-bit comparison result 1s stored in

control register VFPU_CC.

The following mnemonics can be used for cond.

Code (cond) Mnemonic Function

0 FL. Always false

1 EQ Equal

2 LT Less than

3 LE Less than or equal
4 TR Always true

5 NE Not equal

6 GE Greater than or equal
7 5T Greater than

3 EZ Equal to zero

9 EN Equal to NaN

© SCEL

PSP'™ System Manual Release 0.2.0



e

Code (cond) Mnemonic Function

10 EI Absolute value equal to
infinity

11 ES Equal to infinity or NaN

12 NZ Not equal to zero

13 NN Not equal to NaN

14 NI Absolute value not equal to
infinity

15 NS Not equal to infinity and not
equal to NaN

Operation:

s <- ReadMatrix( QUADWORD, vs );

t <- ReadMatrix ( QUADWORD, vt );

c[0] <= Compare( cond, s[0], t[0] )

cl4] <= c[0];

c[5] <= c[0];

WriteControlBit ( VEPU CC, 0, cl[0] )

1]
4]
5]

Q 0 Q

2]
4]

c
c
c[5]

<- Compare{ cond,

<- c[4] | c[1];
<- c[5] & c[1l];

<- Compare{ cond,

<- c[4] | c[2];
<- c[5] & cl[2];

s(1], tll] )=

sl2], tlz2] )

WriteControlBit( VFPU CC, 2, c[2] );

c[3]
cl4d]
c[5]

WriteControlBit (
WriteControlBit{ VFPU
WriteControlBit (

[

[

r

[

[

[

WriteControlBit( VFPU CC, 1, c[1l] )~

[

[

[

r

[ <- Compare{ cond,
[

<- c[4] | c[3];
<- c[5] & c[3];

VFPU

VFPU

s3], tl3] );

cc, 3, cl[3] );
cc, 4, cl4] ):
cc, 5/ C[SJ )
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VCOS.S

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Cosine Single Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100

00000100110

vs

6 11

Syntax:

vcos.s vd, vs

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1
Prefixing:

vpfxs  vpfxt vpfxd

Valid No effect Valid
Description:

7

VFPU

The cosine of the floating-point value of one element from the matrix register indicated

by vs is calculated. The one-element floating-point result is stored at the location in the

matrix register file indicated by vd.

The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

| approx cos(Ex x) - cos(x) | <27 ;

Special solutions are as follows.

approx _cos(nan)= nan
approx_cos(+inf) = nan
approx_cos(-inf) = nan
approx_cos(+0.0)=+1.0

approx_cos(-0.0)=+1.0

_212 <x< 232
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Operation:

s <- ReadMatrix( SINGLEWORD, wvs );
d[0] <- approx cos( M PI 2 * s[0] );
WriteMatrix ( SINGLEWORD, vd, d )

’
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vVCOS.p

Cosine Pair Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100/000O001O0011O0

vs

6 11

Syntax:

vcos.p vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 8 pitch : 2

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The cosines of the floating-point values of two elements from the matrix registers

indicated by vs are calculated. The two-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

Lapprox cos(Ex x) - cos(x) | <27, 27 <x<2”
Special solutions are as follows.

approx _cos(nan)= nan

approx_cos(+inf) = nan

approx_cos(-inf) = nan

approx_cos(+0.0)=+1.0

approx_cos(-0.0)=+1.0
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Operation:

s <- ReadMatrix( PAIRWORD, vs );
d[0] <- approx cos( M PI 2 * s[0] );
d[1l] <- approx cos( M PI 2 * s[l] );
WriteMatrix ( PAIRWORD, vd, d );
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vcos.t

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

Cosine Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

110100

00000100111

vs

6

Syntax:

11

vcos.t wvd, vs

Instruction Type

Repeat (pipeline) instruction

Processing Time:

latency :

Prefixing:

9 pitch : 3

7

Use prohibited No effect

Use prohibited

Description:

VFPU

The cosines of the floating-point values of three elements from the matrix registers

indicated by vs are calculated. The three-element floating-point result 1s stored at

locations in the matrix register file indicated by vd.

The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

| approx cos(Ex x) - cos(x) | <27 ;

Special solutions are as follows.

approx_cos(nan) = nan

approx_cos(+inf) = nan

approx_cos(-inf) = nan

approx_cos(+0.0)=+1.0

approx_cos(-0.0)=+1.0

_212 <x< 232
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Operation:

s <- ReadMatrix( TRIPLEWORD, vs

d[0] <- approx cos( M PI 2 * s[0
d[1l] <- approx cos( M PI 2 * s][l
d[2] <- approx cos{ M PI 2 * s[2
WriteMatrix{ TRIPLEWORD, vd, d );
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VCOS.q

Cosine Quad Word

31 30 29 28 27 26 25 214 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

110100000001 00111

vs

6 11

Syntax:

vcos.qg vd, vs
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 10 pitch : 4

Prefixing:

7

Use prohibited No effect Use prohibited

Description:

VFPU

The cosines of the floating-point values of four elements from the matrix registers

indicated by vs are calculated. The four-element floating-point result is stored at

locations in the matrix register file indicated by vd.

The valid input range 1s as follows.

_233 <x< 2‘\2

The precision of the calculation is given by the following expression.

Lapprox cos(Ex x) - cos(x) | <27, 2 <x<2¥

Special solutions are as follows.
approx _cos(nan)= nan
approx_cos(+inf) = nan
approx_cos(-inf) = nan
approx_cos(+0.0)=+1.0

approx_cos(-0.0)=+1.0

© SCEL

.85.

PSP'™ System Manual Release 0.2.0



R A A RS A T A A A T A A AR

Operation:
s <- ReadMatrix{ QUADWORD, wvs )

d[0] <- approx cos( M PI 2 * s[0] );
d[1l] <- approx cos( M PI 2 * s[l] );
d[2] <- approx cos( M PI 2 * s[Z2] );
d[3] <- approx cos( M PI 2 * s[3] );
WriteMatrix{( QUADWORD, wvd, d );
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vers.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Cross Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

011001101 vt

vs

~1

6 3

Syntax:

vcrs.t wvd, vs, vt

Instruction Type

Pipeline instruction
Processing Time:

latency : 5 pitch © 1

Prefixing:

Use prohibited Use prohibited

Valid

Description:

7

VFPU

The first part of the cross product between three elements from the matrix registers

indicated by vs and three elements from the matrix registers indicated by vt 1s

calculated. The elements are treated as floating-point numbers. The three-element

floating-point result 1s stored at locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD,
t <- ReadMatrix ( TRIPLEWORD,

d[o] <- s[1] * t[2];
d[l] <= s[2] * t[0];
d[2] <= s[0] * t[1l];
WriteMatrix ( TRIPLEWORD,

vd,
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versp.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Cross Product Triple Word

§ 7.6 5 14 3 2 1 0

111100101 vt

1 Vs

~1

6 3

Syntax:

vcrsp.t vd, vs, vt
Instruction Type
Repeat (pipeline) instruction

Processing Time:

latency : 9 pitch : 3

Prefixing:

Use prohibited

Use prohibited

1 7

Use prohibited

Description:

VFPU

The cross product between three elements from the matrix registers indicated by vs and

three elements from the matrix registers indicated by vt 1s calculated. The elements are

treated as floating-point numbers. The three-element floating-point result is stored at

locations in the matrix register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD,
( TRIPLEWORD,

t <- ReadMatrix
d[0] <= + s[l1l]*t
dll] <- + s[2]*

WriteMatrix({ TRI

(2] - s[2)7t]
[(2]*t[0] - s[O]*t]

d[2] <- + s[0]1*t[1] - s[1
{ PLEWORD,

vs ) ;
vt ) ;
1]
21;
0],
d )
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Set Constant Single Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000011 immb 00000O0O0O0O0 vd

6 B} B} 9 7

VFPU

Syntax:

vest.s vd, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Vahd
Description:

The constant indicated by imm5b 1s stored as a one-element floating-point value at the
location 1n the matrix register file indicated by vd.
The table below shows the constants that can be specified for imm5 and their

corresponding mnemonics.

Code (imm5) Mnemonic Value Expression
0 - Undefined
1 VFPU _HUGE 3.402823e+38 Maximum value that can

be represented by a
32-bit single-precision
floating-point number

2 VFPU_SQRT2 1.414214e+00 | +[2
VFPU_SQRT1_2 7.071068e-01 \/1
B}
4 VFPU_2_SQRTPI 1.128379e+00 \/3_
5 VFPU_2_PI 6.366197e-01 7
6 VFPU_1_PI 3.183099e-01 7
7 VFPU_PI_4 7.853982¢-01 e
¢ SCEI PSP™ System Manual Release 0.2.0
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Code (imm5) Mnemonic Value Expression
3 VFPU_PI 2 1.570796e+00 z
9 VFPU_PI 3.141593e+00 7
10 VFPU_E 2.718282e+00 e (base of natural
logarithm)
11 VFPU_LOG2E 1.442695e+00 logze
12 VFPU_LOGI10E 4,.342945e-01 logine
13 VFPU_LN2 6.931472e-01 In2
14 VFPU_LN10 2.302585e+00 In10
15 VFPU_2PI 6.283185e+00 27
16 VFPU_PI 6 5.235988e-01 pAS
17 VFPU_LOG10TWO 3.010300e-01 log102
18 VFPU_LOG2TEN 3.321928e+00 log210
19 VFPU_SQRT3_2 8.660254¢-01 3?
20 Undefined
21 Undefined
22 Undefined
23 Undefined
24 Undefined
25 Undefined
26 Undefined
27 Undefined
28 Undefined
29 Undefined
30 Undefined
31 Undefined
Operation:
d[0] <- const( imm5 );
WriteMatrix ( SINGLEWORD, wvd, d );
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vest.p

Set Constant Pair Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000011 immb 00000O0O0°O01 vd

6 B} B} 9 7

VFPU

Syntax:

vest.p vd, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Vahd
Description:

The constant indicated by immb 1s stored as a two-element floating-point value at
locations in the matrix register file indicated by vd.
The table below shows the constants that can be specified for imm5 and their

corresponding mnemonics.

Code (imm5) Mnemonic Value Expression
0 - Undefined
1 VFPU _HUGE 3.402823e+38 Maximum value that can

be represented by a
32-bit single-precision
floating-point number

2 VFPU_SQRT2 1.414214e+00 | +[2
VFPU_SQRT1_2 7.071068e-01 \/1
B}
4 VFPU_2_SQRTPI 1.128379e+00 \/3_
5 VFPU_2_PI 6.366197e-01 7
6 VFPU_1_PI 3.183099e-01 7
7 VFPU_PI_4 7.853982¢-01 e
¢ SCEI PSP™ System Manual Release 0.2.0



Code (imm5) Mnemonic Value Expression
3 VFPU_PI 2 1.570796e+00 z
9 VFPU_PI 3.141593e+00 7
10 VFPU_E 2.718282e+00 e (base of natural
logarithm)
11 VFPU_LOG2E 1.442695e+00 logze
12 VFPU_LOGI10E 4,.342945e-01 logine
13 VFPU_LN2 6.931472e-01 In2
14 VFPU_LN10 2.302585e+00 In10
15 VFPU_2PI 6.283185e+00 27
16 VFPU_PI 6 5.235988e-01 pAS
17 VFPU_LOG10TWO 3.010300e-01 log102
18 VFPU_LOG2TEN 3.321928e+00 log210
19 VFPU_SQRT3_2 8.660254¢-01 3@
20 Undefined
21 Undefined
22 Undefined
23 Undefined
24 Undefined
25 Undefined
26 Undefined
27 Undefined
28 Undefined
29 Undefined
30 Undefined
31 Undefined
Operation:
d[0] <- const( imm5 );
d[l] <- const{ immb5 );
WriteMatrix{ PAIRWORD, vd, d );
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vcest.t

Set Constant Triple Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000011 immb 100000000 vd

6 B} B} 9 7

VFPU

Syntax:

vest.t vd, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Vahd
Description:

The constant indicated by immb 1s stored as a three-element floating-point value at
locations in the matrix register file indicated by vd.
The table below shows the constants that can be specified for imm5 and their

corresponding mnemonics.

Code (imm5) Mnemonic Value Expression
0 - Undefined
1 VFPU _HUGE 3.402823e+38 Maximum value that can

be represented by a
32-bit single-precision
floating-point number

2 VFPU_SQRT2 1.414214e+00 | +[2
VFPU_SQRT1_2 7.071068e-01 \/1
B}
4 VFPU_2_SQRTPI 1.128379e+00 \/3_
5 VFPU_2_PI 6.366197e-01 7
6 VFPU_1_PI 3.183099e-01 7
7 VFPU_PI_4 7.853982¢-01 e
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Code (imm5) Mnemonic Value Expression
3 VFPU_PI 2 1.570796e+00 z
9 VFPU_PI 3.141593e+00 7
10 VFPU_E 2.718282e+00 e (base of natural
logarithm)
11 VFPU_LOG2E 1.442695e+00 logze
12 VFPU_LOGI10E 4,.342945e-01 logine
13 VFPU_LN2 6.931472e-01 In2
14 VFPU_LN10 2.302585e+00 In10
15 VFPU_2PI 6.283185e+00 27
16 VFPU_PI 6 5.235988e-01 pAS
17 VFPU_LOG10TWO 3.010300e-01 log102
18 VFPU_LOG2TEN 3.321928e+00 log210
19 VFPU_SQRT3_2 8.660254¢-01 3?
20 Undefined
21 Undefined
22 Undefined
23 Undefined
24 Undefined
25 Undefined
26 Undefined
27 Undefined
28 Undefined
29 Undefined
30 Undefined
31 Undefined
Operation:
d[0] <- const( imm5 );
d[l] <- const{ immb5 );
d[2] <- const{ imm5 );
WriteMatrix( TRIPLEWORD, vd, d );:
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Set Constant Quad Word

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 6 5 4 3 2 1 0

11010000011 immb 100000001 vd

6 B} B} 9 7

VFPU

Syntax:

vest.g vd, immb

Instruction Type

Pipeline instruction

Processing Time:

latency : 3 pitch © 1
Prefixing:

vpfxs vpfxt vpfxd

No effect No effect Vahd
Description:

The constant indicated by immb 1s stored as a four-element floating-point value at
locations in the matrix register file indicated by vd.
The table below shows the constants that can be specified for imm5 and their

corresponding mnemonics.

Code (imm5) Mnemonic Value Expression
0 - Undefined
1 VFPU _HUGE 3.402823e+38 Maximum value that can

be represented by a
32-bit single-precision
floating-point number

2 VFPU_SQRT2 1.414214e+00 | +[2
VFPU_SQRT1_2 7.071068e-01 \/1
B}
4 VFPU_2_SQRTPI 1.128379e+00 \/3_
5 VFPU_2_PI 6.366197e-01 7
6 VFPU_1_PI 3.183099e-01 7
7 VFPU_PI_4 7.853982¢-01 e
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Code (imm5) Mnemonic Value Expression
3 VFPU_PI 2 1.570796e+00 z
9 VFPU_PI 3.141593e+00 7
10 VFPU_E 2.718282e+00 e (base of natural
logarithm)
11 VFPU_LOG2E 1.442695e+00 logze
12 VFPU_LOGI10E 4.342945e-01 logine
13 VFPU_LN2 6.931472¢-01 In2
14 VFPU_LNI10 2.302585e+00 In10
15 VFPU_2PI 6.283185e+00 21
16 VFPU_PI 6 5.235988e-01 z
17 VFPU_LOG10TWO 3.010300e-01 log102
18 VFPU_LOG2TEN 3.321928e+00 log210
19 VFPU_SQRT3_2 8.660254¢-01 3@
20 Undefined
21 Undefined
22 Undefined
23 Undefined
24 Undefined
25 Undefined
26 Undefined
27 Undefined
28 Undefined
29 Undefined
30 Undefined
31 Undefined
Operation:
d[0] <- const( imm5 );
d[l] <- const{ immb5 );
d[2] <- const{ imm5 );
d[3] <- const( immb );
WriteMatrix{( QUADWORD, vd, d );
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vdet.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

2X2 Matrix Determinant

9 8§ 7.6 5 4 3 2 1 0

0110011110 vt 0

vs

~1
—

6 3

Syntax:
vdet.p vd, vs, vt

Instruction Type

Pipeline instruction

Processing Time:

latency : 7 pitch © 1

Prefixing:

vpfxs vpfxt
Valid Use prohibited Valid

Description:

7

VFPU

Two elements from the matrix registers indicated by vs and two elements from the

matrix registers indicated by vt are treated as elements of a 2x2 matrix. The elements

are treated as floating-point numbers and the determinant of the matrix i1s calculated.

The one-element floating-point result 1s stored at the location in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD, vs );
t <- ReadMatrix ( PAIRWORD, vt );
d[0] <= s[0] * t[1l] - s[1l] * t[0];
WriteMatrix( SINGLEWORD, vd, d )

2
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vdiv.s

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16 15 14 13 12 11 10

Divide Single Word

9 8§ 7.6 5 4 3 2 1 0

01100011

1 vt 0

vs

6 3

Syntax:

vdiv.s

Instruction Type

vd,

~1
—

vs, Vvt

Multi-cycle instruction

Processing Time:

latency : 17 pitch : 14
Prefixing:

vpfxs  vpfxt  vpfxd

Valid | Valid | Valid
Description:

7

VFPU

One element from the matrix register indicated by vs 1s divided by one element from the

matrix register indicated by vt. The elements are treated as floating-point numbers. The

one-element floating-point result 1s stored at the location in the matrix register file

indicated by vd.

Operation:

s <- ReadMatrix/({
t <- ReadMatrix(
s[0]
WriteMatrix(

daro] <-

/otl0];

SINGLEWORD, vd, d

SINGLEWORD, vs );
SINGLEWORD, vt );

);
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vdiv.p

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 11 13 12 11 10 9

Divide Pair Word

§ 7.6 5 14 3 2 1 0

011000111 vt

vs

~1

6 3

Syntax:

vdiv.p vd, vs, vt
Instruction Type
Repeat (multi-cycle) instruction

Processing Time:

latency : 31 pitch : 28

Prefixing:

Use prohibited Use prohibited

Use prohibited

7

Description:

VFPU

Two elements from the matrix registers indicated by vs are divided by two elements

from the matrix registers indicated by vt. The elements are treated as floating-point

numbers. The two-element floating-point result is stored at locations in the matrix

register file indicated by vd.

Operation:

s <- ReadMatrix( PAIRWORD,
t <- ReadMatrix ( PAIRWORD,
d[0] <= s[0] / t[0];
df1] <= sl[1] / tl1];
WriteMatrix{( PAIRWORD, wvd,
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vdiv.t

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Divide Triple Word

1511153121110 9 8§ 7 6 5 4 3 2 1 0

011000111 vt

vs

~1

6 3

Syntax:

vdiv.t vd, vs, vt
Instruction Type
Repeat (multi-cycle) instruction

Processing Time:

latency : 45 pitch : 42

Prefixing:

Use prohibited Use prohibited

Use prohibited

7

Description:

VFPU

Three elements from the matrix registers indicated by vs are divided by three elements

from the matrix registers indicated by vt. The elements are treated as floating-point

numbers. The three-element floating-point result is stored at locations in the matrix

register file indicated by vd.

Operation:

s <- ReadMatrix( TRIPLEWORD,
t <- ReadMatrix ( TRIPLEWORD,

df0] <= s[0] / tl0];
df1] <= s[1] / t[1];
dl2] <= s[2] / tl2];
WriteMatrix( TRIPLEWORD,

vd,
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