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(57] ABSTRACT

Two or more address spaces are provided in a data
processor. One of the address spaces comprises control
registers so that the control registers can be accessed
using instructions having an address in the second ad-
dress space. High-speed context switching can be ac-
complished by allotting the context-saving area to the
second address space. The context can be saved in vari-
ous formats specified by a context format register.
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Fig. 7:
? “““““““ S 63 Allocation of 64-
Bit
In the case of Data case
of Data Processor64
of the present
invention <<LX>>
?p 16 43% Allocation of 32-
Bit Data Word (W)
0 15 .
p———— Allocation of 16-
Bit Data Half
Word (H)
l———l Allocation of 8-
Bit Data Byte (B)
CooIIIIir 0
b= - R1
- ———— R2
b — - R3
Fooooo -oos RS 2
R
FoIooiiiis e 2
f‘ _________ R7
e m e — - R8
- m—————— RY
bemmm - - : R10
f. _________ R11
o= - R12
F--------- R13
bmmmmm—— - - FP (R14)
e o e e e e - - SP (R15)
C o _____ I 1T Jre

L T [psB | psw

— PSH —i
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Fig. 8:
base_a?dress base_addfess+offset/8
v v 49
[ MSB 1 oo ]fj - -
1< offset >
Related bit
Fig. 9:
base_a?dress base_addrefs+offset/8
....... Y eoz== . S
T wsB T -1 18l | I
'< offset >|( width ——-)'
Related bit field
16
Fig. 10:
base-a?dress base_addre?s+offset/8
....... ) S czzzz==dzzc=c==
[ WsB [ . T Twss 1 -
l(-———-—— offset >|< width —>|

Related bit field
I8
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Signed 8-bit integer

S: Signed bit

bit0 bit?

tsl 7

Unsigned 8-bit integer 20
bitd bit7 /

L J

Signed 16-bit integer
S: Signed bit

bit0 bit15
(sl |
Unsigned 16-bit integer

bit0 » bit15
L ]

Singed 32-bit integer
S: Signed bit

bit0 bit3l
{si |
Unsigned 32-bit integer
bit0 bit3l
L ]

Signed 64-bit integer <<LX>>
S: Signed bit

bit0d bit63

sl ]

Unsigned 64-bit integer <<LX>»

bit0 bit63

L | il

5,201,039
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Fig. 12:
- 1-byte (2-digit) unsigned BCD /22
The digit 0 becomes the most significant digit.
bit0 bit?7
[_digit0 | digitl |
- 2-byte {(4-digit) unsigned BCD
The digit O becomes the most significant digit.
bit0 bitlh

[Caigito 1~~~ - T digit3 ]

- 4-byte (B-digit) unsigned BCD
The digit 0 becomes the most significant digit.
bit0 bit31

[Cdigito | digitt | _ _ _ ~ T digit7 ]

- 8-byte (16-digit) unsigned BCD <<LX>>
The digit 0 becomes the most significant digit.
bit0 bit63

[ digito T digit1 | digitz | _ _ _ _ digitlh
4 g gite , . _ .

- 1-byte (2-digit) signed BCD <<L2>>
bit0 bit?
[_digit0 lsign-digit]

- 2-byte (4-digit) signed BCD <<L2>»

bit0 bit15
{ digit0 | digitl | digit2 ;sign-digit]

- 4-byte (B-digit) signed BCD <<L2>>
bito bit31

[Cdigito_| digitl | _ T T digité_|sign-digit]

- 8-byte (16-digit) signed BCD <<LX>>
bito bit63
[digito_| digitl | digitz | _ _ _ _ | digitld  sign-digit]

Multiple length BCD <<Co-processor>
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Fig. 13:
- 8-bit data string
bit0 bit? /24
L B
L |
L ]
- 16~bit data string
bit0 bitlb
| ]
[ ]
L ]
- 32-bit data string
bit0 bit3dl
| ]
L )
L }
- 64-bit data string <<LX>>
bito0 bit63
L il
L ]

r —
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Fig. 14:

Qgeue header
. <

. (— <—l

§ e

> > ! > . 1 I
] 1 ] [} L 1 ] ]
Fig. 15:
28
<Serial Bit Nuamber> ’(
0 78 15 16 23 24 31

<Bit Number in Each Byte>

] 70 . 70 70 7
La-z-2- , MM | , bbbbbbbb, | -c-s-c , [RR | , sagagaga, , |
N N+l N+2 N+3
<Address>
<- Low-order address High-order address ~->
<~ MSB side LSB side ->

-~> Direction where the instruction is fetched -->
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olooloww lllshw.l 'l'..lﬁwl'l."‘/zg

00000000 00010010

42 +3

S-format
L-format / 30

Extension Portion of Sh '
d A4 A dd i dd i aardraald

Specify the operand size of Sh. The size of

another operand located in the register, is fixed

Specify the source {(destination) operand.

Specify the destination (source) register.

/3I

Fig. 16:
MOV:1
01001000 11110000
<Address> + 0 +1
Fig. 17:
Example: MOV:S Rn,Sh
MOV:L Sh,Rn
byte: 0 1
- Rn RR |-- Sh
RR
to 32 bits.
Sh
Rn
Fig. 18:
Example: AND:R Rm,Rn
byte: 0 1
== | BRn == |-- {-- Ra
Rn Specify the destination register.
Ras

Specify the source register.

The size of the operand is fixed to 32 bits.
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Fig. 19:
/32
Exapple: ADD:Q #,Sh (#: 3 bits)
byte: 0 1 - 2 c:_-_ _ -Ntz:l- -
=== | #4% |MM |-- sh Extension Portion of Sh K
- el d - ¥ N WS S -t d A d it L dd it st s odrdrodarald
MM  Specify the size of the destination operand. (In
the case of BTST:Q, BSET:Q, BCLR:Q and BSETI:Q, it
is an operation code.)
¥ Specify the sowrce operand by a literal.
Sh  Specify the destination operand.
Fig. 20:
/33
Example: ADD:1 #,Sh
byte: 0 1 g X _N:2:1- .
------ MM |-- Sh Extension Portion of Sh T
SR U U 2 TS T S T " 4 4 A oddd it diddddiaadda

Immediate Value
-I.—_-l_.l._.‘L_LJ.J..L.L.LJ.

P W NI NS W
byte: N+2 e N+24M-1

MM  Specify the size of the operand (common with the
source and destination).

SH Specify the destination operand.
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Fig. 21:
’(354
Example: NEG Ea
byte: 0 1 . g e §+g-l L.
------ MM Ea Extension Portion of Ea }
S T NS U | A A3 & 4 4 3 4 [ T N S T U U RO R W YRR SR WO WY S G |
MM Specify the size of the operand.
(There are instructions which have an extra extension
portion and which do not use MM.)
Fig. 22:
/35
Example: ADD:G EaR,EaM
byte: 0 1 2 ese_ _ _N#2-1
------ RR EaR Extension Portion of EaR T
bt AL A Ad L 4 1 & [ T T W T N W W R DR I N R S N Y
------ MM EaM ~ Extension Portion of EaM }
[F U S N 1 S SN WS N S Wt [ O TS N N A N T [ W S R W G T W |
byte: N+2 N+2+1 N+2+42 e N+24M+2-1

EaM Effective address of the destination operand
MM  Specify the size of the destination operand.
EaR Effective address of the source operand
RR Specify the size-of the source operand

(There are instructions which have an extra extension.)
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Fig. 23:
Example: SUB:E #,EaM /36
byte 0 1
-------- 1111811
¥ S i L 1 4 | I S IS B | L A 4 e
------ MM EaM Extension Portion of EaM 1
ES W W S A D N T N TN SN WY .L.L.LLJ..L.LLJ-J.J-.L.LJ.J.J
byte: 2 3 M+4-
EaM Effective address of the destination operand
MM Specify the size of the destination operand.
# Source operand
Fig. 24:
/37
MOVA:G EaA,EaVW
byte 0 1 ___g__.-___N:Z:l___ _
-------- EaA Extension Portion of EaA T
I S T S T S B | PO W T S S N} 4 dd s s d b drddaraasaada
------ wWW EaW Extension Portion of Eaw 1,
F S Y I G S — A 0 TS S S — — | -I--L-L-LJ»-LJ..LJ..LJ.-L&J..I.J
byte N+2 N+2+1 N+242 N+2+M+2-1
EaW Effective address of the destination operand

LL]

Specify the size of the destination operand.

EaA Effective address of the source operand
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Fig. 25 38
hyte: 0 1 ___g__.;.___N:z:l__- -
-------- Eal Extension Portion of Eal T
i T S S R W | F I I U G SR T 1 **4;;;44;;;.&;;41.‘.
-------- Ea2 ~ "Extension Portion of Ea2 1
L PR WY W U U N IR T T N N S TR S R R R R NS R S W S N N W U |
byte: N+2 N+2+1 N+2+2 oo N424M42-1
Eal Effective address of the first operand
Ea2 Effective address of the second operand
(There is an extra extension portion in part of
instructions.)
Fig. 26:
Bee:D
byte: 0 1 /39
-- | ccec |-~ * disp:8

ccec Branch éondition

disp:8 Displacement (disp) to the destination to be
Jjumped
When specifying disp with 8 bits, the value of the

bit pattern is doubled and displaced.
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Fig. 27 40
byte: 0 1 ) 2 _ e _ _N#2-1
----------- r———— Extension Portion 1
i S S S S S U 1 Ao A 8 A 1 3 [ N T R R W G R R W NS G WS W W |
byte: 0 1 o % ... N+2-1_
-------- FRERARAN Extension Portion !
S S W T T 1 y NS [ N W T [ W TR T T W U W I U R S W N G W |

There is an extra extension portion in part of

instructions.
Fig. 28:
{sh) 01 Rn 4|
oA 1 1 1 /
(Ea) 0001 Rn
Fig. 29:
(sh) 11 Rn
N T 42

(Ea) PO11 Rn

L A AL A
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Fig. 30:

Fig. 31:

Fig. 32:

(sh)

(Ea)

(Ea)

(sh)

(Ea)

(Sh)

(Ea)

(Sh)

(Ea)

(Sh)

(Ea)

Apr. 6, 1993
10 Rn
PO10 Rn
P100 Rn
00 | 1100
PO0O 1100
00 1001
P000 1001
00 | 1010
P00 1010
00 | 0011
POOD 0011

r————

-—=

e e e

———

-

Sheet 20 of 213

- . e e = m = e - -

imm_data

5,201,039

43
/
.
]
1
- -1

R G U W U N R T R S G |

ims_data

1444441 aaald

9 /{¢H5
i
J
1
i
J
. |
]
404 Jd
. |
'
4 ad
R
]
4 daad
e
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Fig. 33:

Fig. 34:

" Fig. 35:

Fig. 36:

(Sh)

(Ea)

(Sh)

(Ea)

(sh)

(Ea)

(sh)

(Ea)

(Ea)

Apr. 6, 1993
00 | 1101
P000 1101
00 | 1110
P000 1110
00| 0100
P000 0100
00 | 0101
PO00 0101
P110 Rn

Sheet 21 of 213 5,201,039

,,446
F= "7 Tdisp:le” ~ T ]
L4444 a4daaaasal
r= "7 “disp:16” ~ ~ )
RO N W U R U G R I |
{ ----- disp:32 ]

Lt 4444222401 4a2$1ad

/(¢F7

_________ 49
f Additional mode ) ... /

. T “Additional mode |
Laasasaaaald
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Fig. 37:
(sh) 00 | 1111 | | “Additional mode™ } ... .50
- - Laadaaaa2a4al /
‘e { “Additional mode” }
Laad a4 a0a0aaal
(Ea) [ POOO [ 1111 I “Additional mode | ...
Y W T | T T W T G G S G W T |
... I “additional mode |
L4 aaaaasaal
Fig. 38:
(Sh) 00 | 1011 | | “additional mode 7 ... Vi
A M Lie s a4 2ra0aaal

ces f Additional mode
Ltasaasraaaal

(Ea) [P000 | 1011 | | “additional mode ] ...
- - Ladd dtaaaaal
.. T “Additional mode™ ]
Lasdadraasrsraaald

Fig. 39:

(Ea) P101 d4

- | A A A 'l A




U.S. Patent Apr. 6, 1993 Sheet 23 of 213 5,201,039

Fig. 40:

Address where @(d4:4,FP)
_ /53
and €(d4:4,SP) are used

}
Byte variable| — | — ] —
Word variable

Half word variable o
Byte variable] — — | —
SP,FP — Word variable
+0 +1 +2 +3
Fig. 41:
/754
(Ea) Pl11 d4
Fig. 42:
byte: 0 | _2_ . !-Hg /
EI | Rx |MS | PXXD d4 r dispx 1
2 L. Y 4.2 1 s e [ T R W W R W N |
Fig. 43:

[Continuation and termination of additional mode]

oI [ Rx [NS | PXXD a4 I'7 7 7 Next additional mode ~ ~ )
y i N i 21 T T | | N R s T R R S O U I N e O O O A |
11 | Bx [MS [ PXXD a4

56
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Fig. 44:
[Size of disp]
El Rx MS | PXXO d4 /57
El Rx |MS | PXx1 | 0001 =77 Taisp:i6” ~ ~ 71
1 P Y A I U Laadas s dsddadaald
El Rx |MS | PXX1 | 0010 r==-=-=-- disp:3z ~ =~~~ H
i I A P Ao i 4 | (TR WS W S A U W W T N U W W R
El Rx |MS | PXXi 0011 Fp=--=-=" disp:64 ~ = T~ T T 7 ]
1 — " dod A S T N L4 d 4 d A dd i dd d i ddodaaddld
Fig. 45:
/ 60
<page> M-1 >« M
" <address> N-3 N-2 N-1 N N+1 N+2
58} ng MEMORY
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Fig. 46:
/Gl
bit 0« -»bit 31
[J A 4 1 ¥} L A l 1 N} . J. A A ] L A 1 L b | Al i l 1 A 'l L A A i ]
b PSM 4t PSB d
4 Pss 3 — PSH J
— | Ps" J
Fig. 47:
: /62
bit 0« ->bit 15
| | R ] 1 v 1 1 | L R i '
PSS |SM; RNG XA}~ |- | AT |- }- {- IDB] IMASK
1 1 A 1 1 i | i i 1 ] 4 1 3
Fig. 48:
bit 16¢ —bit 31 (As PSW)
bit 0« —»bit 15 (As PSH)
' T L] L) [} 1 k] 1 | ] L] ] L] L} L}
PSH |- | PRNG}- {- |- |- |- |- IP |F IX |V |L M |2
1 L1 1 (] 4 1 1 4 1 1 i 1 1
63’
Fig. 49:
AND:G src/EaR,dest/EaM
---a=- [RR EaR | ------ MM EaM
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Fig. 50 (a):
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MOV:L src/ShR,dest/RgWw

00 | RgWw |RR

) | A A__L A

01 .ShR..

A 1 L 1 A A

MOV:S src/RgRw,dest/ShW

RgRw |WW

S - | A

00

lshw' .

A | i Y

10

MOV:Z src/#0,dest/EaW

116001WW

A AL A 2 3 L

. .an. LY

o T W N N T N1

MOV:Q src/#3n,dest/Sh¥W

Sheet 26 of 213

5,201,039

/65

011 #3n |[WW |00 .Sh¥..
MOV:1 src/#iVW,dest/ShW
010010“ 11 .shw.. l.'.‘.#iw ...... L]
MOV:G src/EaR,dest/Eaw
110100RR ..EaR... 100010WW . EaW,...
MOV:E src/#ib,dest/EaW
10111111 .. ¥ib. .. 100010ww ..EaW...

Fig. 50 (b):

/66

Instruction

MOV
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MOVU:G src/EaR,dest/EaW

Sheet 27 of 213

5,201,039

110100RR ..EaR... 100011wWW «..Ea¥...
MOVU:E src/#ib,dest/Eaw
10111111 . #ib... 100011ww ..EaW...
Fig. 52:
-« 68
Instruction F IX [V IL [M |2z
MOVU -=- [+ 1- I+ I+
Fig. 53:
PUSH src/EaRL ,r'fﬁa
1011001R ..EaRL..
Fig. 54: 70
Instruction F {X {V IL A

PUSH
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Fig. 55:

POP dest/EaWL

7i
1001001wW ..EaWL.. ”
Fig. 56:
72
Instruction F |X (Vv
POP - 1=1-1-[|- {-
Fig. 57:
LDM src/EaRmL,reglist/LIRL /73
loollDlR .lEm.Ll ICC‘C‘L]RL...I.O
Fig. 58: /74
Instruction |F [X |V |L IM |2
LDM ~ = 1-1-1- |-
Fig. 59:
MSB& —>LSB
Bit Position 0 1 2 3 4 5 6 718 9 10 11 12 13 14 15
Register RO R1 R2 R3 R4 R5 R6 R7[R8 R9 R10 R11 R12 R13 R14 R15

75/
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Fig. 60:
STM reglist/LsWL,dest/Eawal /76
1000101u ..an.L. ..'...stL.... L 3
Fig. 61:

_ ,77
Instruction F (X |V IL |M |2

ST™M - f=- |- f- |- -
Fig. 62:
[When EaWaL is in the @-SP mode] /78
MSBée —LSB
Bit Position 0 1 2 3 4 5 6 7|8 910111213 14 15
Register R15 R14 R13 R12 R11 R10 R9 RB|R7? R6 R5 R4 R3 R2 R1 RO
Fig. 63:
(When EaWal ie in another mode) /79
MSB& —>LSB

Bit Position 6 1 2 3 4 5 6 7/8 9 10 11 12 13 14 15
Register RO R1 R2 R3 R4 R5 R6 R7|R8 R9 R10 R11 R12 R13 R14 R15
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Fig. 65:

Fig. 66:

Fig. 67:

MOVA:R srcaddr/@(#d16,RgRP),dest/RgWP /80
00 | RgWP [11 1100 RgRP cesosc#dlb.r..n.,
MOVA:G srcaddr/EaA,dest/EaW
11011000 ..EaA... 101101+W ..EaW...
» 8l
Instruction |F L IM {2
MOVA - - 1-1-1-
PUSHA srcaddr/EaA
» 82
1010001Ss ..EaA...
/83
Instruction |F VIL |M |2z

PUSHA
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Fig. 68:

CMP:L srcl/ShR,src2/RgRw

00 | RgRw [RR ]0OO .ShR.. / 84
CMP:Z s8rcl/#0,src2/EaR!l
110000SS ..EaR!'I.

CMP:Q srcl/#3n,src2/ShR'1
010 | #3n |RR |00 .ShR'1

i | 4 ;| ]

L A 3o

CMP:1 srcl/#iR,src2/ShR!'I
OIOOOORR 11 ‘shR!I ..l'..‘iRI...ll.

A A L A 1 L. i ) | AL - ns [ ] 1 A i A i A L i 'S A 1 AL A L

CMP:G srcl/EaR,src2/EaR!l]

110100RR TEaR. .. 10000055 T EaR'l.
CMP:E srcl/#ib,src2/EaR!'l
10111111 . fib... 1000008 T EsR'I.
Fig. 69:

85

[ ]

Instruction F |X |V |L
CMP - |- |-+ |- |+
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Fig. 70:
CMPU:G srcl/EaR,src2/EaR!'l ,,5“5
110100RR ..EaR... 100001SS ..EaR!'I.
CMPU:E srcl/#ib,src2/EaR!'l
10111111 ..4ib... 1000018s ..EaR!'I.
Fig. 71:

/87

Instruction F |X |V L |[M |Z
1 CMPU - l=-1= 1+ |- |+
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Fig. 72:

/88

CHK bound/EaRdR, index/EaR,xreg/RgWR

110101RR ..EaR... [00 [ RgWR [ic . .EaRdR.
c Select whether to subtract the lower bound value
c = 0 Do not subtract the lower bound value. (/N)
¢ =1 Subtract the lower bound value. (/S)
RR Size of upper bound value, lower bound value, and
comparison value

bound Effective address of (upper bound value and lower bound
value)
index Effective address of comparison value

xreg Register that loads the comparison value
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Fig. 73:

/89

-<
-
=
~

Instruction F X
CHK - |- i% |+ |- |+

L and Z are used for comparison with lower bound value.

Fig. 74:
/90
index < LBV LBV < index
index < UBV UBV < index
L _flag 1 0 0 (note2)

V_flag 1 0 1




U.S. Patent

Fig. 75:

Apr. 6, 1993

ADD:L src/ShRw,dest/RgMw

10 | RgMw |01

il o |

00

A

+ShRw.

A4 4 1

ADD:Q src/#3n,dest/ShM

Sheet 35 of 213

5,201,039

/9I

010 | #3n |MM |01 +ShM. .
ADD:1 src/#iM,dest/ShM
010001MM 11 .ShM.. ervesoiM.L..t.

ADD:G src/EaR,dest/EaM

110100RR

L A i N . Il

..E&R...

i W T W 1

000000MM

1 A i 1 A A

..E&M.-.

¥l v A A i} A

ADD:E src/#ib,dest/EaM

Fig. 76:

10111111 .. #ib... 000000MM ..EaM...
92
Instruction FIX IV IL M
ADD - + j+ |+



U.S. Patent

Apr. 6, 1993

Sheet 36 of 213

5,201,039

Fig. 77:
ADDU:G src/EaR,dest/EaM /93
110100RR ..EaR... 000001MM . .EaM..
ADDU:E src/#ib,dest/EaM
10111111 . #ib... 000001MM ..EaM...
__Li L ] A A 1 A 1 1 4 L L A ] L 1 L. A A 1 A _} Y L 1
Fig. 78:
/94
Instruction |[F X |V [L 1
ADDU - I+ |+ |0 +




U.S. Patent

Fig. 79:

Apr. 6, 1993

ADDX:G src/EaR,dest/EaM

Sheet 37 of 213

5,201,039

/95

Fig. 80:

110100RR ..EaR... 000100MM ..EaM. ..
ADDX:E src/#ib,dest/EaM
10111111 -!'ibo-c OOOIOOMM lcE‘Mn--
/96
Instruction F |X |V IL M

ADDX
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Fig. 81:

SUB:L src/ShRw,dest/RgMw 97

10 | RgMw |01 |O1 .ShRw.

Nl IS S A 'l 1 A 'l ' '

SUB:Q src/#3n,dest/ShM

011 | #3n MM |01 .ShM..
SUB:I src/#iM,dest/ShM
oloollm 11 lshMCl l..l..'i"’.".l.

SUB:G src/EaR,dest/EaM

110100RR ..EaR..., 00001 0MM ..EaM..,
SUB:E src/#ib,dest/EaM
10111111 . Rib... 000010MM ..EaM...

Fig. 82:

’(!38

Instruction F X |V IL M |Z
SUB - f+ |4+ |4+ |+ |¢
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Fig. 83:
SUBU:G src/EaR,dest/EaM / 99
110100RR ..EaR... 00001 1MM ..EaM. ..
SUBU:E src/#ib,dest/EaM
10111111 «#ib... 000011MM ..EaM. ..
Fig. 84:

» 100

Instruction F{X |V IL [M |2
SUBU = |+ [+ |+ |+ |+




U.S. Patent

Fig. B5:

Apr. 6, 1993

SUBX:G src/EaR,dest/EaM

Sheet 40 of 213

5,201,039

/ 10l

A

110100RR

A4 ) & 2 3

..EB.R...

1 L i Lol i

000110MM

A A V'l 1 A A A

..EaM...

| . 'l A il L

SUBX:E src/#ib,dest/EaM-

10111111 ».#ib. .. 000110MM ..EaM...
Fig. 86:
» 102
Instruction FIX |V IL M
SUBX - l+-l+ |+ |e




U.S. Patent

Fig. B87:

Apr. 6, 1993

MUL:R src/RgRw,dest/RgMw

Sheet 41 of 213

5,201,039

Fig. 88:

/ 103
00 | RgMw |00 | 1101 RgRw
MUL:G src/EaR,dest/EaM
IIOIOORR . lEm. LN ] oloooom L ] .Em. L
MUL:E src/#ib,dest/EaM
10111111 ..4ib... 010000MM ..EaM...
Instruction |F |X |V |L M
MUL - 1= 1+ |+ |+




U.S. Patent

Fig. 89:

Apr. 6, 1993

MULU:G src/EaR,dest/EaM

Sheet 42 of 213

5,201,039

105
4

110100RR ..EaR... 010001MM ..EaM...
MULU:E src/#ib,dest/EaM
10111111 ..%ib... 010001MM ..EaM. .,
Fig. 90:
Instruction F IX [v L [M
{ MULU - 1= 1+ 10 |+
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Fig. 91:
/ 107
MULX src/EaR,dest/EaMR, top/RgMR
110101!R ..EaR... 10 | RgWR |10 ..EaMR..
Fig. 92:

o8

Instruction F {X |V IL M |2
MULX x
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U.S. Patent Apr. 6, 1993

Fig. 93:

DIV:R src/RgRw,dest/RgMw

/IOQ

00 | RgMw JO1 | 1101 RgRw
DIV:G src/EaR,dest/EaM
110100RR «+EaR... 010010MM ..EaM...,
DIV:E src/#ib,dest/EaM
10111111 .. #ib... 010010MM ..EaM. ..
Fig. 94:
Ho
Instruction |F |X [V L |M |2 ’(
D1V - 1= 10 |+ |+ |+
- 1= (1 ]0 |1 ]O | => See note 1
= 1= 11 |- = |- => See note 2
Note 1 : In the case of (minimum negative number) ¢ (-1)
Note 2 : Division by zero
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Fig. 95:
DIVU:G src/EaR,dest/EaM /IH
110100RR ..EaR... 010011MM . .EaM...
| 1 | U S T :l A b1 s A .l L — A A 5 § il 1 A 1 1 L L vl A

DIVU:E src/#ib,dest/EaM

10111111 ‘ .. #ib... 010011MM ..EaM, ..
Fig. 96:
Instruction |F |Xx {v {L M |z /HZ
DIVU - {- 1|0 |0 |+ |+
- 1= 11 ]- |- {- | <= Division by zero
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Fig. 97:
/ll3
DIVX src/EaR,dest/EaMR,tmp/RgMR
110101!'R " ..EaR... 10 | RgMR |11 . .EaMR..
Fig. 98:

P P

=> See note 1
=> See note 2
- 1= | => See note 3

Instruction |F X

DIVX %

= | -
11 o]l -
>
S

Note 1 : M and Z are based on dest.
F can be used for testing tmp = 0.
Note 2 : Overflow in dest.

Note 3 : Division by zero



U.S. Patent

Fig. 99:

Apr. 6, 1993

REM:G src/EaR,dest/EaM

Sheet 47 of 213

/ll5

5,201,039

110100RR ..EaR... 010110MM ..EaM...
REM:E src/#ib,dest/EaM
10111111 . #ib... 010110MM ..EaM...
Fig. 100:
Instruction X |viL M|z /"6
REM - 10 [+ [+ |+
0 j- |- |- | <= Division by zero




U.S. Patent

Fig. 101:

Apr. 6, 1993

Sheet 48 of 213

/ Iz

5,201,039

REMU:G src/EaR,dest/EaM
llolooRR ..EaRl.. ololllm ..Ea\MID.

REMU:E src/#ib,dest/EaM

10111111 < #ib... 010111MM ..EaM. ..
Fig. 102:
Instruction |F {X {V [L |M ~1i8
REMU - 10 |0 |+
- 1-10 |- |- <= Division by zero
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Fig. 103:

NEG dest/EaM

110010MM ..EaM,..

A L A Al A A 1 y A A L L

Fig. 104:

Instruction F IX |V L [M }j2
NEG - 1= |+ |+ |+ |+
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Fig. 105:

INDEX indexsize/EaR.sﬁbscript/EaRZ.xreg/RgMR

5,201,039

110101'R ..EaR... 11

A 1 il A L A 'l vl " A i A ] '

RgMR

A y 3 V'

SS

..EaR2..

b 1 L L 1 " A

R Size of xreg and indexsize

R=0: 32 bits

R 1 : 64 bits <<LX>»

ss Size of subscript

xreg Address calculation accumulator

Fig. 106:

Instruction F X {vIL |M |2
INDEX - 1= j+ |+ |+ I+

M and Z are based on xreg.

’(HZZ



U.S. Patent

Fig. 107:

Apr. 6, 1993

AND:R src/RgRw,dest/RgMw

Sheet 51 of 213

5,201,039

Vs 123

00 | RgMw OO | 1100 RgRw
AND:I src/#iM,dest/ShM
ololoom 11 .shMI. Ill.l#iM..‘l.‘.
AND:G src/EaR,dest/EaM
110100RR ..EaR... 001000MM ..EaM...
AND:E src/#ib,dest/EaM
10111111 «.#ib..., 001000MM ..EaM. ..
Fig. 108:
24
Instruction F [X {V M
AND - |- [~ +
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Fig. 109:

OR:R src/RgRw,dest/RgMw l(IZES

00 | RgMw |01 | 1100 RgRw

A A i 1 . A L k. o vl

OR:1 src/#iM,dest/ShM

Dlololm 11 'shM". ...‘.I#iM'l..."
OR:G src/EaR,dest/EaM
110100RR ..EaR... 001001MM ..EaM. ..

OR:E src/#ib,dest/EaM
10111111 ..#ib... 001001MM ..EaM...

) W Y S T N | i 4 3 & 2 31 A2 s 1 4 1 1 i 4t 1 2 32

Fig. 110:

Instruction FIX |V IL M|z
M_flag RO
OR ~l-1]-1- |+ |+ Z_flag [RO to d-1) = 0

\ 126
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Fig. 111:

XOR:R src/RgRw,dest/RgMw

Sheet 53 of 213

5,201,039

/l27

00 { RgMw |10 | 1100 RgRw
XOR:1 src/#iM,dest/ShM

olollom 11 .shMl. ll‘...#i".l‘.l‘l
XOR:G src/EaR,dest/EaM

110100RR ..EaR... 001010MM ..EaM...
XOR:E src/#ib,dest/EaM

10111111 .. #ib... 001010MM ..EaM...

Fig. 112:

Instruction |F |X |V IL M |2z

XOR - l-1-]- I+ I+

/IZS

M_flag RO
Z_flag

[RO to d-1] = 0
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Fig. 113:

NOT dest/EaM - 129
110011MM . ..EaM...

A L A 1 i L i 1 L k.l A ;Y 'l

Fig. 114:

Instruction F |[X |V IL (M |2
NOT ~{=-1- |- {+ I+




U.S. Patent

Fig. 115:

Apr. 6, 1993

011

AL

#3c

)

MM

.

11 .ShM..

’i . i

SHA:G count/EaR,dest/EaM

Sheet 55 of 213

5,201,039

/ 13l

SHA:Q count/#3c,dest/ShM (Right shift, count < 0)

110100RR ..EaR... 001101MM ..EaM...
SHA:E count/#ib,dest/EaM
10111111 ..#ib... 001101MM ..EaM...
Fig. 116:
Instruction |F |X {V |]L IM

SHA
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Fig. 117:
/I33
X_flag dest
:_ — [ } &0
MSB LSB
Fig. 118:
/l34
S: Sign bit
| dest X_flag
ad ]— [

MSB LSB
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Fig. 119:
SHL:Q count/#3n,dest/ShM (Left shift, count > 0)

010 | #3n |MM |10 +ShM..

A 'l L il A Lb A ¥l

SHL:C count/#3c,dest/ShM (Right shift, count < 0)

A ] 4 i A

- A A A A

SHL:G count/EaR,dest/EaM
110100RR ..EaR... » 001100MM ..EaM...

I B SR B N S ) A4 1 3 & 1 1 L4t 2 4 1. .3 IS I U DH N W

SHL:E count/#ib,dest/EaM

10111111 ..#ib... 0013100MM ..EaM...
Fig. 120:
Instruction F |X iV L |M |2 /BG
SHL - {1+ |- |- |+ |+
Fig. 121:
137
X_flag dest /
L )e—{ _ ] — o0
MSB LSB
Fig. 122:
/l38
dest X_flag
0— [ 1 — [

MSB LSB
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Fig. 123:

ROT:G count/EaR,dest/EaM / 139
110100RR ..EaR... 001110MM ..EaM. ..

3 A1 i "3 i 'l A - | " i A L A Lol A A A 'l 1 L b i L L L

ROT:E count/#ib,dest/EaM

10111111 «odib... 001110MM ..EaM...
Fig. 124:
8. e a0
Instruction F |X |v IL |M |2
ROT -1+ |- 1~ [+ |+
Fig. 125:
'
X fla dest
T - | ] —
MSB LSB
Fig. 126:
» 142

dest X_flag
.y N

MSB LSB
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Fig. 127:

SHXL dest/EaMX Pl
000000+X T111-111 T--010+- T EaX.

A 4 1 A A A A L 1 1 L A i A N | A A A 4 A A Nl V'l i ] 3. 1

Fig. 128:
'8 a4

Instruction F IX IV IL 1M 12
SHXL -1+ j- - 1+ |+

Fig. 129:

L

. LX-”‘I. dest
— | |

| MSB LS
146 (I45 al47
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Fig. 130:
148
SHXR dest/EaMX ”~
000000+X 1111-111 1--1104- ..EaMX..
Fig. 131:
Instruction F |[X |V IL |[M |2
SHXR - |+ |- {- |+ |+
Fig. 132:
[ X_flag - dest
1 — | ] —

MSB LSB



RVBY
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Fig 133:
/ISI
RVBY src/EaR,dest/EaW
110101RR ..EaR... 010000wWW ..EaW...
Fig. 134:
Instruction |F |X /152
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Fig. 135:
/|53
RVBI src/EaR,dest/EaW
110101RR ..EaR... 010001ww .. EaW,..
Fig. 136:

Instruction FIX]vIL ¥ |2z
RVBI == q]=-1- |- |-
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Fig. 137:
’,155
base Bit to be operated
byte
address: I n I n+l ' n+2 ] n+3
offset: -1 012345678 15 16 23 24
| |
€ offset - |
MSBé— LSB MSB LSB MSB —>LSB
Fig. 138:
Register to Memory to
be operated be operated
Access size .B " OK OK
Access size .H OK OK <<L2>»>
Access size W OK OK <<L2>>
Access size .L <<LX>> <CLX>»>

All the access size in assembler defaults to '.B’.

S 156



U.S. Patent

Fig.

Fig.

Apr. 6, 1993

Sheet 64 of 213

5,201,039

139:
/157
BTST:q@ offset/#3z,base/ShRfq
101 | #3z |01 {11 .ShRfq
BTST:G offset/EaR,base/EaRF
IIOIOORR --EQR.-. 10111138 .oE&Rf-.
BTST:E offset/#ib,base/EaRf
10111111 ..4#ib... 101111BB «..EaRf..
BB: Specify the bit size to be read.
140:
Instruction |F {X (V |L
BTST - - |- }- Z indicates the test result.

158 /
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Fig. 141:

BSET:Q offset/#3z,base/ShMfq
100 | #3z J01 |10 .ShMfq

A -l L | A A A L A A

BSET:G offset/EaR,base/EaMf

110100RR TTEsR. .. T01100BB TTEaNT..
BSET:E offset/#ib,base/EaMf
10111111 ¥ib... 10110088 T EaNf..

BB: Specify the bit size where the read-modify-write operation
is perforeed.

Fig. 142:

P 160

Instruction FIX IV I|IL IM |2
BSET - {-1]-1- {- 1+ |Z indicates the test result.
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Fig. 143:

Apr. 6, 1993

BCLR:Q offset/#3z,base/ShMfq

Sheet 66 of 213

/ 161

5,201,039

1 d 2l N A

S SE N N S 1

101 #3z |01 |10 .ShMfq
BCLR:G offset/EaR,base/EaMf
110100RR ..EaR... 101101BB ..EaMf.,.
BCLR:E offset/#ib,base/EaMf
10111111 ..#ib... 101101BB ..EaMf..

BB:
is performed.
Fig. 144:
Instruction F |X L
BCLR - {-1-1-1-

Specify the bit size where the read-modify-write operation

Z indicates the test result.
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Fig. 145:

I{IE§3

BNOT:G offset/EaR,base/EaMf

110100RR ..EaR... 101110BB ..EaMf..
BNOT:E offset/#ib,base/EaMf
10111111 ..¥ib... 101110BB ..EaMf..

BB: Specify the bit size where the read-modify-write operation

is performed.

Fig. 146:
64
4

Instruction FIX IV IL [M|2Z
BNROT - I=1-1-1- I+

Z indicates the test_result.

18 perforamed.



U.S. Patent

Fig. 147:

BSCH data/EaR,offset/EaM

Apr. 6, 1993 Sheet 68 of 213

110101RR

W G I TS W W

0101bdMM

- | '] 1 L1 4

-oE&R-..

Aol 2 1 i\ cande

data

RR

offset

Fig. 148:

Data to be searched. Since data does not exceed the

word boundary, only the data in the address is
accessed.
Size of data. RR = 00,01 is defined in <<L2>>

bit offset which starts the search operation and
returns the result of the search operation

Size of offset

Bit value to be searched

d=0: Search '0’' (/0).

d=1: Search '1’ (/1).

The direction of search operation

b=0: The direction where the bit number increases {/F).

b=1: The direction where the bit number decreases (/B).

/IGG

Instruction FI|X v I|L M ]z

BSCH

- |- |% |- |=

V indicates the search operation is unsuccessful.

5,201,039
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Fig. 149:
/IG'I
base Related bit field
l | ¢&—— width — |
byte ~-T T T r 1
o,ddress:J n | n+l J l n+2 | J n+3
offset:-1 012345678 15 16 23 24
[ |
| ¢ offset > |

MSBée— LSB MSB LSB MSB —>LSB
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BFINS:G:1.W #src(.BHWL]}, offset[.BHWL], width[.W], base[.W]
BFINS:G:R.W Rs[.W], of fset[ .BHWL], width[.W], base[.¥]

BFINS:G:I.L #src[.BHWL]), offset[.BHWL]), width[.L}, base[.L]

BFINS:G:R.L Rs[.L}, offset[ .BHWL], width[.L], base{.L]
BFINS:E:1.W #src[.BHWL], #offset, #width, base[.¥W]
BFINS:E:R.¥W Rs[.W], #offset, #width, base[ .W]
BFINS:E:1.L #érc[.BHWL], #offset, #width, base[.L])
BFINS:E:R.L Rs[.L], foffset, #width,  base[.L)

BFINSU:G:1.W #src[.BHWL], offset{.BHWL), width{.W], base[.W]
BFINSU:G:R.W Rs[.W], offset[.BHWL], width[.W]}, base[.¥]

BFINSU:G:1.L #src[.BHWL], offset[.BHWL], width[.L], base[.L]

BFINSU:G:R.L Rs{.L], offset[.BHWL], width[.L), base[.L]
BFINSU:E:1.W #src[.BHWL], #offset, #width, base[.¥)
BFINSU:E:R.W Rs[.W], foffset, #width, base[-"].
BFINSU:E:1.L #src[.BHWL], #offset, #width, base[.L]
BFINSU:E:R.L Rs({.L], #offset, #width, base[.L]

BFCMP:G:1.W 4#src[.BHWL], offset{.BHWL], width{.W], base[.W]
BFCMP:G:R.W Rs[.W], offset[.BHWL], width[.W], base[.W)

BFCMP:G:1.L #src[.BHWL], offset[.BHWL], width{.L], base[.lL]

BFCMP:G:R.L Rs[.L}, offset[.BHWL]}, width[.L], base[.L]
BFCMP:E:1.W #src[.BHWL]}, #offset, #width, base{.W]
BFCMP:E:R.W Rs[.¥W], #offset, #width, base[.W]

BFCMP:E:1.L #src[.BHWL], #offset, #width, base[.L]
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Fig. 150 (b):

/frlﬁii

BFCMP:E:R.L Rs|[.L], #offset, #width, base(.L]

BFCMPU:G:1.W #src[.BHWL), offset[.BHWL], width[.W], base[.W]
BFCMPU:G:R.W Rs[.W], offset[.BHWL], width{.W], base{.W]

BFCMPU:G:1.L #src[.BHWL]}, offset[.BHWL], width(.L), basef{.L]

BFCMPU:G:R.L Rs[.L], offset[.BHWL], width[.L], base{.L]
BFCMPU:E:1.W #src[.BHWL], #offset, #width, base[ .W]
BFCMPU:E:R.W Rs[.W}, #offset, #width, base[ .W)
BFCMPU:E:1.L #src[.BHWL], #offset, #width, base(.L]
BFCMPU:E:R.L Rs[.Li, foffset, #width, base[.L]}

BFEXT:G.W of fset[ .BHWL], width[.W], Dbase[.W], Rd[.W]
BFEXT:G.L offset[.BHWL], width[.L], base{[.L], Rd[.L]
BFEXT:E.W foffset, $#width, base[.W]}, Rd[.W]
BFEXT:E.L #offsgt, #width, base[.L], Rd[.L]}
BFEXTU:G.W  offset[.BHWL]), width[.W], ©base[.W], Rd[.W]
BFEXTU:G.L offset[.BHWL), width[.L], base[.L]), Rd(.L]
BFEXTU:E.W  #offset, #width, base[.W), Rd].¥W])

BFEXTU:E.L toffset, #width, base[.L), Rd{.L)
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Fig. 151:
/|69
BFEXT:G offset/EaR,width/RRXw,base/EaRbf,dest/RWXd
110100RR .EaR... 111010+X ..EaRbf.
-7 z= | RRXw '|== | ==== RWXd
- - A I G | e VN S | S
BFEXT:E offset/#ib,width/#6n,base/EaRbf,dest/RWXd
10111111 .. #ib... 1110104X .. EaPbf.
- .#6n.. |== | ==== | RWXd
Fig. 152:
/170
Instruction X {v |L [M |2
BFEXT -1+ |- |+ |+

5,201,039
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Fig. 153:

’{l7l

BFEXTU:G offset/EaR.width/RRXw,base/EaRbf,dest/RWXd

110100RR . .EaR... 111011+X . .EaRbI .
T T TT== | RRXw [== | ==== | ®wxd
BFEXTU:E o;f;et/a,ib.width/isn.base/sanbr.dest/nwxd
10111111 .- #ib. 111011+X . .EaRbf. _ T
T .#6n.. == | ===z RWXd
Fig. 154: /rr72

Instruction |F [Xx |v IL [M ]z
BFEXTU - |- )+ |- 1+ [+
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s

BFINS:G:R src/RRXs.offsgt/EaR.width/RRXw.base/Eabe

5,201,039

Fig. 156:

110100RR ..EaR... 110010+X . .EaMbf.
- == RRXw == ===z RRXs
BFINS:G:1 src/#iS8,cffset/EaR,width/RRXw,base/EaMbf
110100RR . .EaR... 110110+X . .EaMbf. -
T T 7T=="] RRXw |SS ..#iS8..
BFINS:E:R src/RRXs,offset/#ib,width/#6n,base/EaMbf
10111111 ..#ib... 110010+X . .EaMbf . -7
- .46n.. == ===z RRXs
BFINS:E:]1 src/#iS8,offset/#ib,width/#6n,base/EaMbf
10111111 ..#ib... 110110+X . .EaMbf . -
- .#6n.. [SS ..#iS8..
Instruction F |X jV IL M

BFINS
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’(T75

BFINSU:G:R src/RRXs,offset/EaR,width/RRXw,base/EaMbf

5,201,039

110100RR

" A A Ll 'l A

L 3 lEmbf.

il A A L A ' 1 -

..EaROD. llooll’x
== RRXw |[== ===z RRXs

BFINSU:G:1 src/#iS8,offset/EaR,width/RRXw,base/EaMbf

110100RR . .EaR... 110111+X . .EaMbf. -
T T TT== ] RRXw [SS .. #iSB..

BFINSU:E:R src/RRXs,offset/#ib,width/#6n,base/EaMbf

Fig. 158:

10111111 ..4ib... 1100114X . .EaMbf.
- c‘sn' . == === RRXS
BFINSU:E:1 src/#iS8,offset/#ib,width/#6n,base/EaMbf
10111111 ..#ib... 110111+X . .EaMbf. -
- #6n.. |sS ..#iS8..
,(r76
Instruction F VIL [M |2
BFINSU - 1= j+ |- [+ |+
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’{fr77

BFCMP:G:R src/RRXs,offset/EaR,width/RRXw,base/EaMbf

5,201,039

Fig. 160:

110100RR ..EaR... 110000+X . EaMbf.
T T TT== | RRXw == s=== RRXs
BFCMP:G:1 src/#iS8,offset/EaR,width/RRXw,base/EaRbf
110100RR ..EaR... 110100+X . .EaRbf. T
T T TTe= T Rexw [ss | ..#iss..
BFCMP:E:R src/Rth,offset/#ib,width/#&n,base/EaRbf
10111111 ..#ib.., 110000+X . .EaRbf. -
- .#6n.. == =z== RRXs
BFCMP:E:]1 src/#iS8,offset/#ib,width/#6n,base/EaRbf
10111111 ..#ib... 110100+X . .EaRbf. -7
- .#6n.. |SS ..#iS8..
‘,rf7ii
Instruction X |v|L

BFCMP




U.S. Patent

Apr. 6, 1993

Sheet 77 of 213

5,201,039

Fig. 161:
179
BFCMPU:G:R src/RRXs,of fset/EaR,width/RRXw,base/EaRbf
110100RR . .EaR... 110001+X . .EaRbf . -
T 7 7J== | RRXw |== | ==== | RRXs
BFCMPU:G:1 src/4#iS8,offset/EaR,width/RRXw,base/EaRbf
110100RR . .EaR... 110101+X . .EaRb{. -
I RRXw |SS ..4is8..

- 0

1 A 1 A

A

] A A L A L

BFCMPU:E:R src/RRXs,offset/#ib,width/#6n,base/EaRbf

10111111 ..%ib... 110001+X . .EaRbf.

- .#6n.. |== | ==== | RRXs
BFCMPU:E:1 src/#i58,0ffset/#ib,width/#6n,base/EaRbf

10111111 ..¢ib... 110101+X . .EaRbf. -

- .46n.. |ss ..#iS8..
Fig. 162:
€ 180
Instruction F |X L Z

BFCMPU







