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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



U.S. Patent Apr. 6, 1993 Sheet 11 of 213 5,201,039

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
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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+ |+
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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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Fig. 155:

Apr. 6, 1993

Sheet 74 of 213

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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Fig. 157:

Apr. 6, 1993

Sheet 75 of 213

’(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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Fig. 159:

Apr. 6, 1993

Sheet 76 of 213

’{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
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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
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Fig. 163 (a):
18!
BVSCH , /
0001bd+X 1111P111

X Size of offset (R1) and width (R2)

X =0 : 32 bits

X 1 : 64 bits <«LX>>
d Bit value to be searched

d = 0 : Search '0’ (/0)

d=1: Search '1’' (/1)
b Search direction

b

0 : Direction of the increasing bit number (/F).

b

1 : Direction of the decreasing bit number (/B).

Parameters for register

RO: base address

R1: offset
Read-modify-write operand. Search start-offset as a
parameter and result-offset as a return parameter are
contained. Until the bit of the value specified by d is
searched, offset exceeds the word boundary. When the
instruction is suspended, the current searching offset is
contained. (negative available)

R2: width
Bit field length which searches offset (number of bits).

Although width (R2) is treated as a signed nusber, if
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Fig. 163 (b): /IBI

width < 0, only the V_flag is set and the instruction is

terminated.

An EIT does not occur.

Fig. 164:. /IBZ

Instruction F (X |V |L [M }j2
BVSCH - 1= |* {- |- I-

V indicates the search operation is unsuccessfully terminated.



5,201,039

/l83
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Fig. 165:
BVMAP
0011bQOX 1111P111

N N S T 1

'\ AL A y | 'l A

>¢

[ 2]

Parameters

Size of src offset (R1), src width (R2), dest offset (R4)

X
X
P

P

0: 32 bits

1: 64 bits <<LX»

bit option for src

bit option for dest

Operation direction

b
b

RO:

R1:

R2:

R3:

R4:

RS:

0: Direction of increasesing bit number (/F) .
1: Direction of decreasesing bit number (/B)

for Register

base address of src bit field

offset of src bit field

Treated as a signed number (negative available).

width

bitfield length to be operated (number of bits)

Although width

(R2) is treated as a signed number, if

width < 0, the instruction is terminated without any

operation.

An EIT does not occur.

base address of dest bit field

offset of dest bit field

Treated as a signed number (negative available).

Type of operation

Lovwer 4 bits are used.
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Fig. 166:

Instruction F IX |V L IM |2 /'84
BVMAP - 1= 1= |- |-
Fig. 167:
 Lsre
===gg.§-§=£:=====

The result of the operation is assured with /B and /F.

l85/
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Fig. 168:
/186
The length from base to offset for dest is small.
] src
:::::::::gg§;========:=:=====
The result of the operation is assured with /F.
The result of the operation is not assured with /B.
Page fault may cause the result to change.
Fig. 169:
/ 187
The length from base to offset for dest is large.
Src
=::==::==gg§;’::::::::::::::::

The result of the operation is assured with /B.
However, it is defined in <<L2>>,
The result of the operation is not assured with /F.

Page fault may cause the result to change.
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Fig. 170:
188
BVCPY
0011bQ1X 1111P111

X Size of src offset(R1), src width (R2), and dest offset (R4)

X 0: 32 bits

X

1: 64 bits <<LX>»
P P bit option for src
Q@ P bit option for dest
b Operation direction
b = 0: Direction of increasing bit number (/F)

b = 1: Direction of decreasing bit number (/B)

Parameters for Register

RO: base address of src bit field

Rl: offset of src bit field
Treated as a signed number

.R2: width
‘bitfield length to be operated (nusber of bits)
Although width(R2) is treated as a signed number, if width
< 0, the instruction is terminated without any operation.
An EIT does not occur.

R3: base address of dest bit field

R4: offset of dest bit field

Treated as a signed number
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Fig. 171:
Instruction [F [X [V]L M ]z ] ,~I89
BVCPY - 1= 1- |- I- |-
Fig. 172:
BVPAT
000001+X 1111P111 190
X Size of pattern (R0O), width (R2), and dest offset (R4)
X = 0: 32 bits
X = 1: 64 bits <<LX»

P P bit option for dest

Parameters for register

RO: pattern

R1: Not used

R2: width
Length of bitfield to be operated (number of bits)
Aléfough width (R2) is treated as a signed number, if the
width < 0, the instruction is completed without any
operation.
An EIT does not occur.

R3: base address of dest bit field

R4: offset of dest bit field
It is treated as a signed number.

R5: Type of operation
The lower 4 bits are used. Common with the BVMAP

instruction
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. 173:
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Sheet 85 of 213

Instruction

BVPAT

Fig. 174:

ADDDX:G src/EaR,dest/EaM

5,201,039

Fig. 175:

110100RR ..EaR... 000101MM ..EaM...
ADDDX:E src/#ib,dest/EaM
101111111 . #ib... DOOIOIMM ..EaM...
s/ 193
Instruction X |V |L M
ADDDX + ]+ |0 4+




U.S. Patent

Fig. 176:

Apr. 6, 1993

SUBDX:G src/EaR,dest/EaM

Sheet 86 of 213

5,201,039

/194

110100RR ..EaR... 000111MM ..EaM...
SUBDX:E src/#ib,dest/EaM
10111111 .. &ib... 000111MM ..EaM...
Fig. 177:
Instruction |[F |X [V |L |M /|95
SUBDX - f+ |+ |+ |+
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Fig. 178:

/l96
PACKss src/EaR,dest/EaW
110101RR ..EaR... 010010wwW ..EaW...

At 2 A 1 % 3 i U SN SR N W S | | S D S P N S 4 1 1 3 1 i 2

Fig. 179:

Instruction F [X |V |L M |2z
PACKss - = {=-1- |- 1-
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Fig. 180: ’,E§3

UNPKss src/EaR,dest/EaW,adj/#i¥
110101RR ..EaR... 010011WW .EaW...

—td L AL ) Lt 2 X A _ 3 1 I Y T T G R T | F N S T U W S | PU—

NN 21 P

i I N3 'l ] ;1 -l A A i 'l i 1 4

Fig. 181:
199

Instruction F |[X v {L IM |2
UNPKss = l-1-i=-1I- |-




U.S. Patent

Fig.

182:

UNPKBH

UNPKHW

UNPKBW

UNPKWL

UNPKHL

Apr. 6, 1993 Sheet 89 of 213

src|[.B),dest[.H],adj[.H]
RR=00,WW=01 tap composes of 16 bits
0 ==> tap[00:15]},

src[00:03] ==> tap[04:07]),
src[04:07) ==> tap[l12:15),
tep + adj ==> dest

src[.H],dest[.W],adj[.W)

RR=01,Ww=10 tmp composes of 32 bits

0 ==> tap[00:31)},

src[00:03) ==> tmp{04:07),
src[04:07) ==> tap[12:15),
src[08:11] ==> tmp[20:23],
srcf[12:15) ==> tmp[28:31],
tap + adj ==> dest
src[.B),dest].W),adj[.W)

RR=00,ww=10 0 ==> tap{00:31],
src[00:03] ==> tmp[12:15),
src[04:07) ==> tmp[28:31],
tap + adj ==> dest

src[.W],destf.L),adj[.L]
src[.H],dest[.L]),adj[.L]

5,201,039

/200

<<L2>»

<«<LX>>

<CLX>»
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Fig. 183:

Terpination condition Mnemonic Meaning eeee
<R3 LTV less than (unsigned) 0000
2R3 GEU greater or equal {unsigned) 0001
=R3 EQ equal 0010
#R3 NE not equal _ 0011

201 :
<R3 LT less than (signed) 0100
2R3 GE greater or equal {signed) 0101
none N never (or no option) 0110
- - reserved {RIE} 0111
- - reserved {RIE} <<L2>> 1XXX

202}
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Fig. 184:
SMOV Vs 203
00eeeceSS 1110P1Qb
P P bit option for src
Q P bit option for dest
sS Size of the element and termination conditions {R3 and R4)
b Direction of operation

b

0: Copy the string in the direction the
address increases (/F).

b=1: Copy the string in the direction the

address decreases (/B)

eeee Termination condition of the string instruction

Parameters for register
RO: Start address of src string
R1: Start address of dest string
R2: Length of string and amount of data
" R3: Comparison value of termination condition (1)
R4: Comparison value of termination condition (2) (ATOM does

not use this parameter.)

Fig. 185:

Instruction F X
SMOV * |- |* |-

- 204

<
c
"=
o~
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Fig. 186:
SCMP
00eeeeSS 1110P0Qb / 205
P P bit option for srcl
Q P bit option for src?
SS Size of the element and termination conditions (R3 and
R4)
b Direction of operation

b = 0: Compare the string in the direction the

address increases (/F).

o
"
—

Compare the string in the direction the
address decreases (/B).

eeee String instruction termination condition

Parameter for register

RO: Start address of srcil string

Rl: Start address of src2 string

R2: Length of string and amount of data

R3: Comparison value of termination condition (1)

R4: Comparison value of termination condition (2) (ATOM does

not use this optionl)
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Fig. 187:

Instruction |F |X |V [L [M ]2 /206
SCMP % *

Fig. 188:
/207
[ SCMP termination causes ) ' [ flags ]
Length Not Termination V Z L F M
matched condition X
X O(srcl=src2) 0 1 0 1 *A
0 X(srcl) 0 0 - %C 0 0+
0 O(srcl) 0 0 * 1 *B
X X 1 1 0 0 0+

¥A:
*¥B:

*C:

indicates the termination causes are satisfied.
indicates the termination causes are not satisfied.
indicates the statﬁs is obtained by the rule rather than
the flag's meaning.

Depends on the termination condition srcl = src2.
Depends on the termination condition of srcl.

Depends on srcl < src2 or src2 < srcl.

Although the /B option is defined in <<L2>>, ATOM supports it.
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Fig. 189:
SSCH /208
00eeeeSS 1111P10r
P P bit option for src
SS Size of the element and termination conditions (R3 and

R4)
eeee String instruction termination condition

r Pointer update method

r = 0: Increpent only by the element size (/F).

1: Specify the increment/decrement value by register

r

R5 {/R).

Parameters for register

RO: Start address of src string

R1: Not used

R2: Length of string and amount of data

33: Comparison value of termination condition (1)
R4: Comparison valué of termination condition (2)

R5: Pointer update value {in the case of /R option)

Fig. 190:
Instruction FI{X v IL M |2
SSCH ¥ |- |% |- |* {-

V  indicates the search is unsuccessfully terminated.
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Fig. 1
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91:

SSTR V4 2lo

- 'l 'l A b | A A A ] A I - Y 1

001001ss 1111P111

P

SS

Pa

RO:
R1:
R2:

R3:

Fig. 1

P bit option for dest

Size of data to be written (R3)

rapeter for register

Not used

Start address of de:ct string
String length and amount of data

Data to be written

92:

/ZII

Instruction F {X IV IL M |2

SSTR - - 1-1-1-
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Fig. 193:
"(232
QINS entry/EaMqP,queue/EaMqP2
11011000 + « EaMqP. 101110+~ + « EaMqP2
Fig. 194:
213
Instruction JF X [V L M 12 1
INDEX SRR

Fig. 195: /2-'4
address_of_queue ==) men[address_of_entry] ==> templ
men[address_of_queue + 4} ==> men[address_of_entry +4] ==>temp2
address_of_entry ==> nen[men[address_of_queue + 4])
address_of _entry ==> men[address_of_queue +4]
if (templ = temp2) then.

1 =212 flag
else

0 ==>17_flag

endif
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Fig. 196:
215
entry /
) ] ]
queue
—* . ha % . ———— » —H—
- . . R —_
4 4 I ] J- & 4
Fig. 197: /216
entry ueue
—_— : 3 &

|l
al|
|l
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Fig. 198:
QDEL queue/EaRqP,dest/EaW!S

Sheet 98 of 213

5,201,039

/¢'2f7

Fig. 199:
» 2i8
Instruction |F |X |V |L Z
QDEL - |- I* |- |- |*
Fig. 200:
mem[address_of_gqueue] ==> successor 219

if(address_of_queue successor) then

1 ==> V_flag
1 ==> Z_flag
else

successor ==> dest

men[successor] ==> mem[address_of_queue] ==> templ

address_of_gqueue ==> mem[mem[successor] + 4] ==> tesp?2

if (templ = ;ean) then

0 ==> V_flag

1 ==>127_flag
else

0 ==> V_flag

0 ==> 2 _flag
endif

endif
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Fig. 201:
/220
queue }
1 1 1 ] 1 3 ) ]
Fig. 202: .
/221
dest successor
. J—[
[} 1
qQueue v
—_— R > ha— - :-.
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Fig. 203 (a):

222
QSCH /
00eeeeSS 1111P0mb
P P bit option in queue area
Ss Comparison termination conditions (R3, R4) and search
data size

eeee Comparison termination conditions (same as the string

instruction tersination conditions)

| Presence/absence of mask
m =0 Not mask R6 (/NM).
m =1 Mask R6 (/MR).

b Search direction

b =0 Forward (/F)

b =1 Backward (/B)

RO Address of the queue_entry that the search operation starts
with. First, enter the content of the queue head = f{irst
qQueue address.

Rl Used as a return paraseter. Upon completion of the
instruction, the address of the queue_entry just before it

is stored.
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Fig. 203 (b): | /222

R2
R3
R4

RS

R6

RO

Queue end address

Comparison value (1)

Comparison value (2)

Offset of search data being entered

Offset from the link address of the member being séarched
Mask (when m = 1)

s R2, and R3 (options), R4 {(option), and R5 and R6 (options)

should be set, while the results are stored in RO and Rl1. The

continuous search operation is available.

Fig. 2

04:
/223

Instruction FIX |V IL |M |2z
4

QSCH ¥ |- |* |-

v

indicates that the search operation is unsuccessfully

completed.
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Fig. 205 (a):

while (1) do

Apr. 6, 1993 Sheet 102 of 213 5,201,039

224
'

RO ==> Rl

if b=0 then

else

men[RO] ==> RO

/* Search the queue along the forward link. */

men[RO+4] ==> RO

/% Search the queue along the backward link. */

if (RO = R2) then

1 ==> V_flag
0 ==> M_flag
0 ==> F_flag

exit

/% Unsuccessfully terminate the search operation. %/

endif

if »=0 then

conpafe men[RO+R5] with R3, R4

and set F_flag, M_flag according to eeee

/% 1f the termination condition is satisfied, F_flag

is set to 1. %/

else

compare (mem[RO+R5] & R6) with R3, R4

and set F_flag, M_flag according to eeee



U.S. Patent Apr. 6, 1993 Sheet 103 of 213 5,201,039

Fig. 205 (b): /224

/% If the termination condition is satisfied, F_flag
is set to 1. &/
endif
if (F_flag = 1) then
0 ==> V_flag
exit
/% Successfully terminate the search operation. */
endif

check_iriterrupt

end_while
Fig. 206:

RO

R2 /225
—— ‘ . )

TO

— «— — -|—

e . T— . T— . — . %5

key | - key | key key

] ] ] L

key :'Data being seArched’
Queue which satisfies the conditions
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Sheet 104 of 213

5,201,039

!

Fig. 207:

?2 /226

) .

R [
Py ]
e Y papny B SN mnseey s HEY hated
key key key key
key :'Data being seirched’ ! ! ! '

Queue which satisfies the conditions
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Fig. 208

| 227
BRA:D newpc/#d8 /

10101110 ..#d8...

b [ ' [ S A 4 A od 1 1 1 i

BRA:G newpc/#dS

ooloooss llllplll l..‘.l'ds.‘l'..‘

VW T S T | A A AL 2 1 W U E N N S G S S S I N G S 1

Fig. 209: /228

Instruction F IX |V (L |[M |2
BRA -1-1-1- 1- I-
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Fig. 210:
/229
Bce:D  newpc/#d8
10ccec00 .. #dB. ..
Bece:G  newpc/#dS
ooccccss llllpllo oo.oo-‘dS-c---co

ccce @ Specify the conditions

Fig. 211:
230

Instruction FiI{X |V IL M |2Z
Bce -q= = |- }- 1-
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Fig. 212:
Mnemonic  Meaning Condition cccc
XS X_flag set X 0000
23]\ XC X_flag clear °X 0001 /232
EQ equal / Z_flag set z 0010
NE not equal /Z_flag clear ~z 0011
LT less than / L_flag set L 0100
GE greater or equal / L_flag clear "L 0101
LE less or equal L+Z 0110
GT greater than “Lx~Z 0111
VS V_flag set vV 1000
vC V_flag clear v 1001
MS minus / M_flag set M 1010
MC plus / M_flag clear “M 1011
FS F_flag set F 1100
FC F_flag clear “F 1101
{RIE} 1110
{RIE) 1111
If the undefined conditions are specified in Bcc, an RIE

occurs.
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Fig. 213:

BSR:D newpc/#d8

/233
10101111 ..4#d8...
BSR:G newpc/#dS
oololqss llllplll .“'..’ds....l.'
Fig. 214:

"(253‘¥

Instruction F |X JV IL |M {Z
BSR - - t= i- 1= I-
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Fig. 215:

JMP newpc/EaA /235

10000010 ..EaA. ..

. 3 i A1 } - i | A 4 A vl J L A

Fig. 216:

Instruction F {X V L [M|Z
JMP -I=1= 1= 1- {-
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Fig. 217:

JSR newpc/EaA I,fiﬁf?

1010101P ..EaA...

A AL 2 ) ) SIS DS T GEN S S Y

Fig. 218:
,{22“3

Instruction F X |[VIL M ]2
JSR -f=-1=-1-1- 1=
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Fig. 219:

ACB:Q #1,xreg/RgMw,limit/#6n,newpc/#dS8
00 | RgMw |11 1101P001 .#6n.. Ss ..%#dS8..

F S | A A A A i S S A L A il ] | ) N A

- Al '}

ACB:R #1,xreg/RgMw,1imit/RgRw,newpc/4dS8
00 | RgMw |11 ] 1101P000 — | Rgiw _|ss _.#ds8..

- 'l A A -] L ol | 2 A '] 1 A A J i 1 A

Al A

ACB:G step/EaR,xreg/RgMX,limit/EaRX,newpc/#dS8
110100RR ..EaR... 11110PXX . .EaRX..

| 4 A 1 V'l A 'l 1 L. A 4 A A i | 4 o i i ) A 'l A T A A s

-
-

RgMX S5 «.#dS8.,.

ACB:E step/#ib,xreg/RgMX,limit/EaRX,newpc/#dS8
10111111 . #ib... 11110PXX ..EaRX..
== | RgMX [SS ..#ds8..
Fig. 220: /240

Instruction F |X |V I|L M {2
ACB -1- -1~ - |-
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Fig. 221:

'KEFQI

SCB:Q #1,xreg/RgMw,limit/4#6z,newpc/#dS8

00 | RgMw |11 1101P011 ¥6z..  |ss T #dsB..
SCB:R #l,xreg/RgMQ,linit/Rng,newpc/#dSB
00 | RgMw |11 | : 1101P0IQ R PV FT .#ds8..
SCB:G step/EaR,xreg/RgMX,limit/EaRX,newpc/#dS8
110100RR Bk, T1111PXX TEaRK..
== | ReNX ]SS 71dS8..

SCB:E step/#ib,xreg/RgMX,limit/EaRX,newpc/#dS8

10111111 ..#ib. .. 11111PXX . .EaRX..
== | RgMX [SS ..#dS8..
Fig. 222:
242

Instruction F X |V IL IM |2
SCB -1-1-1-1- |-
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Fig. 223:
/243
ENTER:E local/#ib,reglist/LnXL
looolllx l.’ib... .'....LnxL......
ENTER:G local/EaR!'M,reglist/LnXL
000000+X 1111P111 1--0118S ..EaR'M.

.o.--aLﬂXL....-.

A 1 el Fl L AL S A B 4 L il [

Fig. 224:
/244
Instruction FI1X |V IL M ]|Z
ENTER - i= 1= 1= |-
Fig. 225:
/245
MSBé— —>LSB

Bit position {01 2 3 4 5 6 7|8 91011 1213 1415
Register = = R13 R12 R11 R10 R9 R8|R7 R6 R5 R4 R3 R2 Rl RO

LnXL is located after the EaR extended portion.
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Fig. 226:

EXITD:E reglist/LxXL,adjsp/#ib

5,201,039

/246

1001111X .o #ib...

..-.--LXXL--.---

2 A F i .l | — A N L 1 A A A A A i A L | 4 4 Al A vl 1L A

EXITD:G reglist/LxXL,adjsp/EaR!'M

000000+X 1111P111 1--11188

- A l A A v "y 'l AL ) 'l L il i ] "] i A y - e '] 1 A

..EaR!M,

' A A il

PO S b U N N |

-co-..LXXL-...-.

At i A S I | o A

ig. 7:
Fig. 22 /247
Instruction FIX|VIL |[M ]2z
EXITD -1-1-1-{- I-
Fig. 228:
/248
MSBée— - —3LSB
Bit position 01 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 RI12 RI13 = =

LxXL is located after the EaR extended portion.
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Fig. 229:

RTS "(2¥49
00101011 1101P110

- | A A I 1 AL 1 A i S S T | (]

Fig. 230:
250

Instruction |[F [X |v [L [M [z
RTS === 1= I- [-
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Fig. 231:

NOP

251
00011011 1101-110 Vi

] 3 A A1 4 [ A A H ol vl 1.

Fig. 232:
252

Instruction F IX |V IL [M |2z
NOP = |- 1= |- |-
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Fig. 233:

PIB

00001011 1101P110 253

—h e A A1} WS W N S U I 1

Fig. 234:

Instruction |F [X [V L |M |z | =254
PIB - 1-1-1-
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Fig. 235:

/255
BSETI:Q offset/#3z,base/ShMfqi

5,201,039

100 | #3z J01 ]11 ShMfqi
BSETI:G offset/EaR,base/EaMfi
110100RR ..EaR... 101000BB . .EaMfi.
BSETI:E offset/#ib,base/EaMfi
10111111 ..#ib... 101000BB . .EaMfi.
BB:

Fig. 236:

256

Instruction

BSETI

Z indicates the test result.

Specify the size for the read-modify-write operation.
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Fig. 237:
“'ZfYT
BCLR1:G offset/EaR,base/EaMfi
110100RR ..EaR... 101001BB . .EaMfi,

BCLRI:E offset/#ib,base/EaMfi

10111111 «o#ib... 101001BB .. EaMfi.
BB:

Specify the size for the read-modify-write operation.

Fig. 238:
258
Instruction F X |V IL M |2z
BCLRI - J=J= 1= |- |+

Z indicates the test result.
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Fig. 239:
/259
CS!I comp/RMC,update/EaR,dest/EaMiR
110101RR ..EaR... 00 | RMC. |00 . .EaMiR.

RR: Size for comp, dest and update

Fig. 240:

’,fEEGC)

Instruction F X |V IL |[M |2Z
Cs1 i b B i B B

Z indicates that the update operation is successfully

terminated.



U.S. Patent

Fig. 241:

Apr. 6, 1993

Sheet 121 of 213

5,201,039

Fig. 242:

/ZGI
LDC:G src/EaR,dest/EaW¥%

110100RR ..EaR... 100110WW . EawWX..
LDC:E src/#ib,dest/EaW%

10111111 .. #ib... 100110WW ..EaWX..

/262

Instruction F (X |V IL |[M ]2

LbC * |# |= |* |* |¥ | « 1f dest is PsW
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Fig. 243:

/263
STC src/EaRX,dest/EaW

11011000 .+EaRX.. 101010wWw ..EaW,..

W T T W . I N T T S S S N B G T S | b N P R I R SN

Fig. 244:

Instruction |F X [V |L [M |2
STC - 11 1-[-
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Fig. 245:
265
LDPSB src/EaRh /
11011100 ..EaRh..
Fig. 246:
8 266
Instruction FIX IV L [M |2
LDPSB * [+ [= [+ [= [*

Set by the instruction.
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Fig. 247:
67
LDPSM src/EaRh Vs 2
11011101 _-EaRh..
Fig. 248:
/268

Instruction F [X |V L |IM |2
LDPSM -I=-1- - ]- |-
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»

Fig. 249:
/269
STPSB dest/EaWh
11011110 . .EaWh..
Fig. 250:
/270

Instruction F IX jV |L [M
STPSB - d=q=- |- |-




U.S. Patent

Apr. 6, 1993 Sheet 126 of 213
Fig. 251:
271
STPSM dest/EaWh vd
11011111 . .EaWh, .
Fig. 262:
/272
Instruction X L 4

STPSM -

5,201,039



U.S. Patent Apr. 6, 1993 Sheet 127 of 213 5,201,039
Fig. 253:
273
LDP:G src/EaR,dest/EaW¥% '{
110100RR ..EaR... 100111ww . .EaWX..

LDP:E src/#ib,dest/EaWX

10111111 . #ib... 100111ww . .EaWX..
Fig. 254: "(zrpq
Instruction F X [V L M ]z

LDP




U.S. Patent

Apr. 6, 1993

Sheet 128 of 213

5,201,039

Fig. 255:
/275
STP src/EaRX,dest/EaW
11011000 ..EaRX.. 101011ww ..EaW...
Fig. 256: /276
Instruction F |X M

STP

Z
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Fig. 257:

277
/

JRNG:E vector/#ib
10111110 ..#ib...

i A 4 A 1 i A '\ A A w3 L L

JRNG:G vector/EaRh'M

1011101P ..EaRh'M
Fig. 258:
’(278

Instruction |F (X |v |[L IM |2

JRNG - - 1-1-1-1-
Fig. 259:

- JRNGVB
/279
JRNGVB

- W
)
[ or)

8

] I S T . | L i 2 8 & L 2 A X LA 1 3 i 1 4 3 1 |
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Fig. 260:
/280
=|VR XJT ==z== =====c== =J1AR =zz== =z======
veC -

VR (Vector RNG):Destination ring No. newly jumped by the

execution of the JRNG instruction

AR (Access RNG):Outermost ring No. where the execution of

the JRNG instruction is permitted.

VX (Vector XA):New XA after the JRNG instruction is

executed. This bit is fixed to 0.

VPC {Vector PC):New PC after the JRNG instruction is

executed.
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Fig. 261:

ta s} by JRN New Ri

t Low order address

28| AN

PC of next instruction Stack frame by JRNG
SP of old ring

PSW }~ ¢~ SP after JRNG is exected

¢ SP before JRNG is executed

¥ High order address

Fig. 262:

Stack frame where an EIT occurs when using JRNG (Correct)

1 Low order address

282\ PSW & SP after an EIT occurrence
FORMAT/VECTOR Stack frame due to an JRNG
PC of JRNG instruction error such as RTVE
‘Additional informsation, etc.' ¢ SP before JRNG is executed

t High order address
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Fig. 263:

tack frame if an EIT occurs when usi In

283\1 Low order address

PSW - ¢« SP after an EIT occurrence
FORMAT/VECTOR — Stack frame due to an JRNG error
PC of JRNG instruction such as RTVE

!Additional information, etc.

PSl.i n T sStack frame due to JRNG where an
PC of next instruction ey s
. error occurs (actually, it is not
SP 4 formed).

¢« SP before JRNG is executed

¥ High order address

Fig. 264:

ack frame when jumped to the sa i when

284
1 Low order address /

PSW ]— < SP after JRNG is executed

PC of next instruction Stack frame using JRNG

[T— initSp
¢ SP before JRNG is executed

¥ High order address (initSP)
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Fig. 265:
RRNG /285
00111011 1101P119
Fig. 266:
286
Instruction |F |X |V IL M {Z
RRNG * |x |* [ [ [z

Return from the stack.
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Fig. 267:

1 Low order address

287 PSW 4 4 SP after RRNG is executed
\\ FORMAT/VECTOR and an RFE occurs
- Stack frame by REF (FORMAT/VECTOR
PC ] and PC represent REF and RRNG
instructions, respectively.)
« SP before RRNG is executed
PC |- Stack frame for a troubled
SP ] inter-ring call

PSW where an RFE occurs.

+ High order address

* SP resains unchanged when an inter-ring call is performed.

%+ In PSW, the value before the RRNG instruction is executed
is rewritten by EITVTE of RFE and RTV. PRNG represents
the ring which executed the RRNG instruction. PSW saved
in the stack (PSW where RFE occurs) does not affect PSW

after an EIT occurs.

Fig. 268:

1 Low order address

PSW <~ SP before RRNG is executed
Odd number PC }- Stack frase for a troubled
288 SP inter-ring call
H . Next word 4 <« SP before an inter-ring call

¢ High order address is performed
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Fig. 269:

1 Low order address

PSW < SP after RRNG is executed
289 and an OAJE occurs
A FORMAT/VECTOR Stack frame by OAJE (FORMAT/VECTOR
PC = 0dd number PC and PC represents an OAJE and

troubled odd nusber PC,
respectively.)

i Next word i < SP before an inter-ring
R e L e et ! call is performed

+ High order address
* SP is restored from the stack when an inter-ring call is

EXPC = PRNG instruction

performed.

* In PSW, the value once restored from the stack is
rewritten by EITVTE of an OAJE. PRN represents the ring
when an inter-ring call is performed. In other words,
unless PRNG is rewritten through software, the value is
the same as that of PRNG before the RRNG instruction is

executed.



U.S. Patent

Apr. 6, 1993

Fig. 270:

Sheet 136 of 213

TRAPA vector/#4:z /290
00 | #4z. |11 1101P101
Fig. 271: /29|
Instruction X |V |JL M |Z

TRAPA

5,201,039
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Fig. 272:

TRAP /292

00ccccll 1101P100

[ S L 1 il L A " | i 1 il

ccce represents conditional specifications.

Fig. 273:
29l

Instruction F {X |V IL |[M 12z
TRAP - = 1= |- 1= |-
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Fig. 274:
REIT /294
00101111 1101P110
Fig. 275:
/295
Instruction FIX |V IL [M {2
REIT x s = [ [ (=

Return from the stack

Fig. 276:

1 Low order address

296
/

PSW

FORMAT/VECTOR

PC

PSW

FORMAT/VECTOR

PC

Additional inforsation, etc.]| -

¢~ SP after REFT is executed

and an RSFE occurs
- Stack frame by REF (FORMAT/VECTOR
and PC represent as RSFE and REIT
instructions,respectively.)
¢« SP before REIT is executed
—~ Troubled stack frame

¥ High order address
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Fig. 277:

WAIT imask/#ih
Vs 297

00001111 1101-110 | ...... #ih.......

i N SN N U S S | A 2 4 1 2 1 WS T U T U SIS SN NN D SR SN D S S 1
-

Fig. 278:

Instruction F |X ]V IL M |Z
WAIT - 1= 1- |- 1- |-
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Apr. 6, 1993 Sheet 140 of 213 5,201,039

Fig. 279:

/ 299
LDCTX ctxaddr/EaA'A
10xx0110 ..EaA'A,

XX

XX

XX

XX

XX

Specify the space where CTXB is placed.

00 Logical space (/LS)
= 01 Control space (/CS)
= 10 reserved

= 11 reserved

Fig. 280:

/300

Instruction FIX |V IL M ]|Z

LDCTX 1= I- |- |- |-
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Fig. 281:

STCTX /301

00xx0111 1101P110

A1 i A il A A A - 'l | 4 'l

xx Specify the space where CTXB is placed.
xx = 00 Logical space (/LS)

xx = 01 Control space (/CS)

xx = 10 reserved

xx = 11 reserved

Fig. 282:
302
/

Instruction F IX iV IL M ]Z
STCTX - 1= i-1- 1= }-
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Fig. 283:
303
ACS chkaddr/EaR /
10000011 ..EaA...
Fig. 284: /304

~

Instruction F |[X |V L |[M
ACS - |- = 1* |* |*
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Fig. 2B5:
305
MOVPA srcaddr/EaA,deat/EaW!'S }(
11011000 ..EaA... 1010014W ..EaW!S,

Parameter for Register

Rl1: Base address on address translation table

Fig. 286:

/s 306

<
[

Instruction F IX
MOVPA % |- |% |- |-




5,201,039

U.S. Patent Apr. 6, 1993 Sheet 144 of 213
Fig. 287:
/307
V_flag F_flag Result
Normal termination 0 0 Physical address ==> dest
Error 1 0 dest does not change.
Page out(ST,PT,PAGE) 1 1 dest does not change.

"Error" also occurs if an ATE format error {(reserved ATE error)

occurs or if the areas not used are specified by ATE.

Fig. 288:

/308

Address General

Memory Access

MOVPA,LDATE, and

STATE Instruction

H'00000000 to Address translation

R'I{f1£1 1 using UATB

H’80000000 to Address translation

H fELLELL1 using SATB

Address translation

using R1

Address translation

using SATB
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Fig. 289:
/309
LDATE src/EaR,destaddr/EaA
llolol!R .‘EaRll' loptttoo .Osul..

p Specify the logical space to be purged.

p = 0: All the spaces (/AS)

1: Space containing LSID specified by RO (/58)

P

ttt ttt Specify ATE to be loaded.

ttt = 000: Load to PTE.

ttt

001: Load to STE.

Parameters for Register
RO: LSID of the logical space for TLB to be purged

{(only with /SS).

R1: Base address on the address translation table.

Fig. 290:

/BtO

<
[
=
™~

Instruction F IX
LDATE s |- |% |- |- |-
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Fig. 291: /3”
V_flag F_flag Result
Normal termination 0 0 ATE is set.
Pl = 0 in ATE being loaded 0 1 ATE is set,
Reserved ATE error for ATE 0 1 ATE is set.
being loaded
Reserved ATE error in the 1 0 ATE is not set.
middle level ATE
PI = 0 in the middle ATE 1 1 ATE is not set.

{page out)

V_flag indicates that the ATE set operation is unsuccessful due

to a reserved ATE error or page out.
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Fig. 292:
312
STATE srcaddr/EaA,dest/EaW!S 1/,
11011000 ..EaA... 100ttt+w ..EaW!'S.

ttt Specify ATE to be stored

ttt 000 Store from PTE.

ttt

001 Store from STE.

Parameter for Register

Rl1: Base address on the address translation table

Fig. 293:

/3l3

Instruction FIX [V |IL |M |2
STATE * |- |* |- |- |-
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Fig. 294:
/3I4
V_flag F_flag Result
Normal termination 0 0 ATE ==)> dset
PI = 0 in ATE being read 0 1 ATE ==> dset
Reserved ATE error for ATE 0 1 ATE ==> dset
being read

Reserved ATE error in the 1 0 dest does not

middle level ATE change.
Page out in the middle level 1 1 dest does not

change.

V_flag represents that the ATE read operation is unsuccessful

due to a reserved ATE error or page- out.
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Fig. 295:

PTLB / 315

00p11111 1101P110

| Al 1 4 ) A A Dl L

p Specify the logical space to be purged.

p = 0 All the spaces (/AS)

p = 1 Space containing LSID specified by RO (/SS)

Parameter for Register
RO: LSID of the logical spaced of TLB to be purged

{only with /SS)

Fig. 296:

Instruction F X |V IL M ]2Z
PTLB ' =1- - 1-1- 1-
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Fig. 297:

/3I7
PSTLB prgaddr/EaA

000000+- 1111P111 O-pttt-- ..EaA...

A A A 4 il A L A i | A A A —h A A 'l 11 A A i y e AL A vl

p Specify the logical space to be purged.
p =0 All the spaces (/AS)
p =1 Space containing LSID specified by RO (/SS)
ttt Specify the logical address range to be purged.
ttt = 000 Purge the entry where all the logical addresses
(2731 to 212 bits) are matched (/PT).
ttt = 001 Purge the entry where the 231 to 2°22 bits of the
logical address are matched (/ST).
ttt = 110 Purge the entry where the 2°31 bit of the logical

address is matched (/AT).

Parameter for Register
RO: LSID of the logical space of TLB to be purged
{(only with /SS).

Fig. 298:

Instruction F X |V IL M )2
PSTLB - f= = 1= |- |-
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Fig. 299:
/320 / 319
‘} Meaniﬁ&
00 No address translation, no memory protection

01 TRONCHIP standard address translation and memory

protection <<LA>> (4 KB page ring, 4 rings)

10 No address translation, simple memory protection using
address <<L1R>> (Memory area classification by MSB of

address, 2 rings)

11 Reserved
Fig. 300:
Vs 321 {322
AT Meaning
00 No address translation, no memory protection
01 Reserved
10 No address translation, simple memory protection using

only address <<LIR>»>

(Classification of memory area by MSB of address, 2
rings)

11 Reserved
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Fig. 301:
CHIP32 CHIP64
1 0000000000000000
323
—_—
4 0000000080000000
00000000
80000000 1——-0“? at this 1 2000000000000000
j___point 1
] [}
FEEFfffr 4 b
l
|
]
!
! : Shared Region 4 LE££££££80000000
| : Unshared Region | i
L eErreeferreares
Fig. 302:
CHIP32 CHIP64 ,
324~ + 8000000000000000

(-)

[
!
]
1
]
|
80000000 4 ££££££££80000000
!
'
!
'

T
|
[}
(-) '
0 1+ 0
(+) >
33388440 T 000000007 f £ 11T

it Shared Region (+)
I: Unshared Region

b

- 1L EE0fffefqes
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Fig.

Fig.

303:

Apr. 6, 1993

Sheet 153 of 213 5,201,039

/325

Instruction

ry

>
<
| ol
=

™~

Comment

MOV
MOVU
PUSH
POP
STM
LDM
MOVA
PUSHA

LI I I B B IR R
I I O I N B B 4

[ 20 I O B R B AR

304:

P 326

Instruction

Comment

CMP
CMPU
CHK

1
'

+ s
1

-+

L and 2 serve to compare a
value with the low bound value.
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Fig. 305:
,(:527
Instruction| F] X| V[ L| M| 2{Comment
ADD =1 +| +] +| +| +
ADDU -1 4] #| O] +| +
ADDX =1 +) +] +| +]| ¢
SUB =] #] #] +| +{ +
SUBU =] ] #| +] +] +
SUBX =1 +1 +| +| +| +
MUL -1 =] +] +#] +| +
MULU =1 =| +]| O] +] ¢
MULX %| =1 O] Of +] +|M and Z are changed depending
on dest. F is changed if tmp =
DIV -{ O] +| +| +
=] 1] O] 1] O}These flag statuses occur if
(minimum negative value)s (-1).
-1 -] 1] -] -] -|Division by zero.
DIVU -1 ~-| O] O] +] +
-{ -1 1} -} -| ~|Division by zero.
DIVX ¥| -| 0] 0f +4| +|/M and Z are changed depending
gn dest. F is changed if tmp =
-1 -1 1} -| -| -|An overrflow occurrence in
dest.
-} -} 1} -] -] -|Division by zero.
REM- -1 -1 O] +] +} ¢
-1 -} 0] -] -] -|Division by zero.
REMU -] -] O] O] +] +
-] -1 0] -] -} -{DPivision by zero.
NEG =] =1 +] +] +| +
INDEX -] -] +] +| +| +|M and Z are changed depending
on xreg.




U.S. Patent

Fig.

Fig.

Fig.

5,201,039

Apr. 6, 1993 Sheet 155 of 213
306:
/',I3E§3
Instruction| F| X| v{ L] M| Z2|{Comment
AND =] =] -} - +] +
OR -1 = -] -1 +{ +
XOR -F =1 =] - +4] ¢+
NOT -1 =f =] -| ¢|] ¢
307:
114325?
Instruction| F{ X| V| L] M| Z|{Comment
SHL N P I BN N
SHA HEIRIEIEIK:
ROT . ~1 4] =] -| | ¢+
SHXL ~1 #] =4 -] 4| ¢+
SHXR = 4] ~ -] ¢| +
RVBY -l -] -} - -{ -
RVBI -{ -} -} ~-{ -] -
308:
/330
Instruction| F| X| Vi LI M Z‘COIIent
BTST =l =| -{ -} -] +|Z indicates the test result.
BSET =1 = =| - -| +|2 indicates the test result.
BCLR =] =1 -§ -] -{ 4|2 indicates the test result.
BNOT =| =1 =1 -1 -| 4|2 indicates the test result.
BSCH -1 -] ¥ -| -| -|V indicates that the search
operation is unsuccessfully
terminated.
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Fig. 309:

Ve 331

-<
[
=
[ ]

Instruction{ F| X Comment
BFEXT
BFEXTU
BFINS
BFINSU -
BFCMP
BFCMPU

)
L+ 44+
P N
L+ 44+
YR

Fig. 310:

{<- =->IBit Field being
src: 555585555555558SS Inserted
base to offset: DDDDDDDDDDDDDDDDDDBBBBBBBDDDDDDD
loffsetiwidthi 332

base
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Fig.
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3i:
,K’EESB
Instruction{ F| X| V{ L{ M| Z|Comment
BVSCH -] -1 *§ -] -| -]V indicates that the search
operation is unsuccessfully
terminated.
BVMAP - - -1 -1 -
BVCPY -l -1 -t -1 -] -
BVPAT - -1 -] -] -
312:
34
Instruction| F| X{ V{ L] M| Z{Comment ‘
ADDDX -] 4} +} O] +] ¢+
SUBDX -1 4] +| 4| #] +
PACKss “1t-1-1 - -1 -
UNPKss -l -l - -{ -1 -
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Fig. 313:

335
/

Instruction{ F| X| V}{ L] M| Z|Comment

SMOV x| -| | -| x| -

SCMP #| *| x| 4| #] +]X,Land Z are used to compare
the last element.

SSCH %| -| x| -| #| -|V indicates that the search
operation is unsuccessfully

. . terminated.
SSTR -1 -1 -t -1 -} -
Fig. 314:
336

Instruction| F{ X{ v] L{ M| Z|Comment

QINS - -1 -1 -| -] *

QDEL -] - x| -] ~-| =%

QSCH #| -1 x| -| %| -]V indicates that the search

operation is unsuccessfully
terminated.
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Fig.

Fig.

Fig.

315:

Apr. 6, 1993

Sheet 159 of 213

Instruction

)
¢
-
[

~

Comment

BRA
Bcc
BSR
JMP
JSR
ACB
SCB
ENTER
EXITD
RTS
NOP
PIB

316:

/338

Instruction

Comment

BSET1
BCLR]
CSI

2 indicates the test result.
Z indicates the test result.
Z indicates that the update
operation is successfully
terminated.

317:

/339

Instruction

-
>¢
-
[

™~

Comment

LDC

STC
LDPSB
LDPSM
STPSB
STPSM
LDP
STP

LI I R N N B BN N ]
L2 T IR B AR N IR NN |
[0 I I I BN BN AN 2N |
LS B B BN Y 3}

F Y 100 %1 wy

v 1) %1 8

If dest is PSW

Set by the instruction.

5,201,039
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Fig.

318:
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Sheet 160 of 213 5,201,039

I‘r3¢N3

Instruction

n

e
-
r

[

Comment

JRNG
RRNG
TRAPA
TRAP
REIT
WAIT
LDCTX
STCTX

L1 #0181

170 1 %1 %
LY 1 %1 1 #1
L B B N B B 3 |

[ R B B B A |

L1 %11 w1

Restored from the stack.

Restored from the stack.

319:

’,294I

Instruction

-y

>
-
[ and

Comment

ACS
MOVPA
LDATE
STATE
PTLB
PSTLB
PLCH
PSLCH

11 1) %8

LI I B B B B 3 |

[ I I R B I B

LI T I I IO I T I 4

(2 I R I I N A N )
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Fig. 320:

<Entrance of Subroutine>

1, Save the current PC and set the new PC.

2. Save the current FP and set the new FP.

3. Keep the area for local variables.

4. Save the registers.

TRONCHIP

1 JSR

ENTER

- e o~ -

<Exit of Subroutine>

5. Restore the register.

6. Release the local variables and restore the FP.

7. Restore the PC and return.

8. Release the parameters in the stack.

TRONCHIP

1
EXITD

]
!
|
|
|
|
|
\

T EXITD #0

ADD **%,SPp

P R S
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Fig. 321:

HIGH
ADDRESS

343\

LOw
ADDRESS

Fig. 322:

<Calling

PUSH

PUSH
PUSH
JSR
ADD

Apr. 6, 1993 Sheet 162 of 213 5,201,039

parameters

< SP before executing JSR

old PC

¢ SP before executing ENTER

old FP

— FP after executing ENTER

local varjables

b aliada s il .T.- - - ——

saved regsiters

< SP after executing ENTER

-.-.n.-ai-—-L.-.-L.-JL

side>

paraN

para2
paral
sub
#N*4,SP

(STACK TOP)

,(ﬁ3¢h4

<Called side>

sub: ENTER #area,reglist
|
{ Parameters and local variables
| are accessed by @(disp,FP).
t
{

i
EXITD reglist,#0
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Fig. 323:
345
<Calling side> <Called side>
{ sub: ENTER #area,reglist
| ]
PUSH paraN | Parameters and local variables
| | are accessed by €(disp,FP).
PUSH para2 |
PUSH paral i
JSR sub

|
| EXITD reglist,#N%4
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Fig. 324:

Program Example (Static Scope)

e

— procedure procO {Lexical Level 0};

var var0; .
procedure proclA {Lexical Level 1};
var varla;

(— procedure proc2A {Lexical Level 2};
var var2a;
begin

— end

~ procedure proc2B {Lexical Level 2};
var var2B;
begin

—  end

befin {procedure proclA}
—  end '
— procedure proclB {Lexical Level 1};
var varlB;
— procedure proc2C {Lexical Level 2};
var varaC;
begin
— end
— procedure proc2D {Lexical Level 2};
var var2D;
begin
—  end
begin {procedure proclB}

LI A 3

— end
begin {procedure proc0)

end

5,201,039
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Fig. 325:

Sheet 165 of 213 5,201,039

"/'é947

<<Subroutine Call Status>>

<<Display>>
FP R13 R12 R11 R10
lev=X lev=0 lev=1l lev=2 lev=3

proc0
\j
[lev. up, FP = RI12]
proclA
\{
{lev. up, FP = R11]
proc2B
\ |
[lev. same, FP = R11]
proc2A
¢
[lev. down, FP = R13]
procO(recursion)
\j
[lev. up, FP = R12]
proclB
\
{lev. up, FP — R11]
proc2D

t

proc0 proc0 - - -
(var0)

proclA procQ proclA
{varlA)(var0)

proc2B proc0 proclA proc2B
(var2B)(var0) (varia)

proclA proc0 proclA proc2A
(var2A)(var0) (varla)

proc0%* procQ* - -
(var0s)

proclB procO* proclB -
(variB){var0%)

proc2D procO* proclB procZD
(var2D)(var0*)(varlB)
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Fig. 326:

H’80000000

H’f{f {8000

H'00000000

H'00000180

H' 00000400

H’00000800

H'00000c00

H’00001000

H'00008000

HILLLf1Ef

Apr. 6, 1993

Sheet 166 of 213

Control Space /348

| l

Context Saving
(Extension)Portion

— !

CPU: General Purpose

FPU: General Purpose
Registers

Extension

L

T

Context Saving Portion!é-

!

Registers —-

!

D L D U0 D T YD S R D PG OB G S W 96 WS O WP W M Y i D A R AR W 6 S Y W

FPU: <<LV» Ie——

1]

)
L

5,201,039

--LDCTX/CS,

STCTX/CS

CPU: Control Registers|¢«—+—LDC,STC
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Fig. 327:
/349
PSS . PSM PSB
Fig. 328:
/350
SEEXRERY *x2x | IMASK EXTXEREX PTIIIII L
Fig. 329:
351
SMRNG| **%%% FTIIIIIL PYYITIIL FYTYTILL
Fig. 330:
/352
CTXBB ===
Fig. 331:
/353
TEEEXREE SEEXEEES SREERRIX £x3% D1

N U S N S W Y —rt Ak ) i A X ¢ 0 1 _ 1 b S ] it 4
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Fig. 332:
/354
------------- DCE S — CTXBFM
Fig. 333: /355
t 2333232 X%%% DCE ¥XEEEXXXE *EBXKEXX
Fig. 334:
356
YT TEERAEAS YTITI1 ) CTXBFM

L A A ] i AL

i Aok 21 {

A i il 1 A A il

. il 1 L

L L A
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Fig. 335:
£
EITVB ==z
Fig. 336:
/38
JRNGVB ==E
Fig. 337:
739
SPO

Stack Pointer for ring0

SP1 (ATOM does not provide SP1.)

L ¥ A L 1 i il i vl ] § S| 1

) | 1 . | 1 i

Stack Pointer for ringl

SP2 (ATOM does not provide SP2.)

—tede b b A A AN A3 3 3 1 & 4 4 & & 0 2 2 5 .2 2 3 A

e il dnad.

Stack Pointer for ring?2

SP3

e A 2 2 & & 2 4 .2 2 A 3 3 3 2 A & A 2 A _1

(] A A L A

Stack Pointer for ringl

\360

SP0 to SP3 are stack pointers used for rings 0 to 3.
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Fig. 338:

Y4 36l

Ao 2 4 4 A A 2 1 i A 4 4 0 1 5 1 1

L

'] A A A A | ' 1 '

Stack Pointer for Interrupt

Fig. 339:
/362
10ADDR . szz=zsz======
10 Address
‘10MASK =zs==ss=s====
363
Fig. 340:
/36 I
' STB =z JDLL PI
Fig. 341:
STB == )DLL PI
Fig. 342:
736
LS1D
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Fig. 343:
l’r3fﬂ’

<<The stack is directly used.>»

Low Order Address 1

CTXB ————>CSW [32bit]
SPO [32bit] ————>PSW[32bit]
SP1 [32bit) *1,%2 FORMAT/VECTOR[32bit)
SP2 [32bit] *1,%#2 PC[32bit]

SP3 [32bit] *1

UATB[32bit] %2 {(EIT additional information)
LSID[32bit] %3 [32 x n bit]

R14 [32bit] *4

(Used for saving data in the co-processor register) *5

(Used for OS ~ process ID , task ID , etc.)

High Order Address +

Fig. 344:
368

SHEERIE:
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Fig. 345:
/"3f§3
VS ==VX == VAT! === VD VIMASK ==s=z==z== s===s==2=
_
VPC
Fig. 346:
T Low orpER ADDRESS » 370
MSB (+0) - (41) (+2) (+3) LSBS
« SP
AFTER
OLD PsSW EIT PROCESS
. EXECUTION
EITINF | FORMAT TYPE szzzazs VECTOR
OLD PC
: ALl L] L) :
! ADDITIONAL INFORMATION ! «~SP BEFORE
! 'EIT
] ]
; + ~ —{ GENERATION

GH ORDER ADDRESS

tli
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Fig. 347:
i PSW I
iForlatETypeEOOOOODOEVector! /37]
L Pe |
| Other Informstion
PSW: PSW when EIT is detected.
Format: Stack format number (8 bits)
Type: EIT type {8 bits)
Vector: EIT vettor number (9 bits)
PC: Execution restoration address after exiting
from the EIT handler.
Fig. 348:
73
Format No.0 Format No.1 Format No.2 Format No.3
| PSK i psw || PS¥ I PSW |
iFornat and etctiiFornat and etc.ii?ornat and etc.iiFornat and etc.j
| el pc PC | PC |
‘ ‘i EXPC i47 EXPC 1i7 EXPC j
101NF i r SP1 |

Error Data

111 1

|
I Error Addr
|

=3=zss== %] MEL MEC

] 1 .1 ke ' A

- 0
"
o ]
"
-
o
-
"
b
— TR
>
-3
wn
"
[ ]
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Fig. 350(a) 374
No. Name Content Class Type|Stack
Q00 {FFFFFOOO [R] Reset interrupt(%) Suspend 0| None
01 |FFFFF008 [DE1 DBG external interrupt Completion 3 3
02 |FFFFF010|DTRA DBG trap instruction Completion 1 3
03 |FFFFF018 | DDBE DBG debug exception Cowpletion 2 3
04 |FFFFFOZ0 | DAVE DBG access violation Reexecution 4 3
05| FFFFF028 Reserved
No. [Addr |[Name Content Class Type|Stack
06 |+030 |[Reserved]
"n "y
OF{+078 |Reserved
10|+080 |DBE Debug exception Completion 2 -2
11+0BB |BAE Bus access exception Completion 1 1
(store buffer)
Bus access exception Reexecution | 1
{except store buffer)
12}+090 |ATRE Address translation Completion 1 1
exception{store buffer)
Address translation Reexecution 4 1
exception
(except store buffer)
13]+098|Reserved|Page out exception
14]1+0A0|PIE Reserved instruction Reexecution 4 0
exception
15|+0ABIPIVE Privileged instruction Reexecution 4 0
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Fig. 350

16
17

18

19
1A
1B
1C

1D
1E
1F
20
21
"y
2F
30

31

{b):

+0BO
+0B8

+0CO

+0C8
+0D0
+0D8
+0EC

+0E8
+0F0
+0F8
+100
+108

+178

+180

+188

+1B8

+1C0
+1C8

REE
RSFE

Reserved

OAJE
IDE
I0E

Reserved

L1E
Reserved
TRAP
TRAP
TRAP

"y

TRAP
CI1E

CIE
L1 ."

ClE

Reserved

Reserved

Apr. 6, 1993

374
r

violation exception
Reserved function exception

Reserved stack format
exception

Ring transition violation
exception

0dd address jump exception
lZero divide exception
I1l1legal operand exception

Decimal illegal operand
exception

<<L1>> function exception

Conditional trap instruction
Trap instruction

Trap instruction

Trap instruction

Co-processor instruction
exception

Co-processor instruction
exception

Co-processor instruction.
exception

Co-processor execution
exception

Co-processor copmand

Sheet 175 of 213

Reexecution

Reexecution

Completion
Completion

Reexecution

Reexecution

Completion
Completion

Completion

Completion

Reexecution

Reexecution

Reexecution

5,201,039

4 0
4 0
1 2
1 2
4 0
4 0
1 2
1 2
1 2
1 2
4 ]
4 0
L] 0




U.S. Patent
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3A

3F
40

41
"'"
46

47

"‘"

4E

7F
80

{c):

+1D0

+1F8

+200

+208

+230

+238

+240

+277

+278
+280
+288

+2F0
+2F8

+300

+3F8

+400

Reserved

"I“
Reserved

FVE]

FVEI
e

FVET

Reserved

“l!l

Reserved

Reserved
)]

D1

"

D1
Reserved
Reserved

ll'"

Reserved

El

Apr. 6, 1993

Fixed vector

Fixed vector

Fixed vector

Fixed vector

Fixed vector

Fixed vector

Delayed interrupt exception

Delayed interrupt exception

Delayed interrupt exception

Sheet 176 of 213

374
/

exception

external
‘interrupt

external
interrupt

external
interrupt

external
interrupt

external
interrupt

external
interrupt

Delayed context exception

External interrupt

Completion

Completion

Completion

Completion

Completion

Completion

Completion

5,201,039

3 0
3 0
3 0
3 0
3 0
3 0
3 0



U.S. Patent

Fig.

350

wpe

FF
100
"o

IFF

{d):

+7F8
+800

+FF8

Apr. 6, 1993

"l"

EI

Reserved

"|I|

Reserved

External interrupt

374
[/

Sheet 177 of 213

Completion

5,201,039
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Fig. 352:
PC START ADDRESS OF El PROCESS
HANDLER
PSW

SET BY EITVTE OF EIl

T LOW ORDER ADDRESS

STACK | PSW=SET BY EITVTE OF TRAPA
EITINF:El
378 "\ PC:START OF TRAPA PROCESSING

HANDLER

PWS:VALUE BEFORE TRAPA
INSTRUCTION EXECUTION

I\

EITINF:TRAPA

INSTRUCTION

PC:NEXT ADDRESS OF TRAPA

EXPC

lHlGH ORDER ADDRESS

>

5,201,039

r 376

’(3577

SP AFTER TRAPA AND
<¥:El PROCESSING

INFORMATION SAVED BY EI
<:=SP AFTER TRAPA PROCESSING,
BEFORE EI PROCESSING

INFORMATION SAVED BY TRAPA

<F=SP BEFORE TRAPA AND E]
PROCESSING
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5,201,039

/379

TYPE IN EITINF
POPPED BY REIT INSTRUCTION

EIT TYPE ACCEPTED
JUST AFTER REIT INSTRUCTION

o D N

o1

o4

o LD D =

t
to 4 (Not 2 to 4)
t

Fig. 354:
,380 Pt 38l
IMASK DI TO BE STARTED EXTERNAL INTERRUPT ALLOWABLE

0 — INT 0 (NMI)

1 DI O INT O (NMI)

2 DI 0 to 1 INT O to 1

3 DI 0 to 2 INT 0 to 2

4 DI 0 to 3 INT 0 to 3

5 DI 0 to 4 INT 0 to 4

13 DI 0 to 12 INT 0 to 12
14 DI 0 to 13 INT O to 13
15 DI 0 to 14 INT 0 to 14
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383
Fig. 356: .l(
CCTASK A>>CCTASK B>> <<OS>> <<EXTERNAL INTERRUPT <<OS>>
PROCESSING>>
DISPATCH PROCESSING SYSTEM CALL PROCESSING
STARTING BY DI14 STARTING BY TRAPA
IMASK=15 IMASK=15 IMASK=14 IMASK=7 IMASK=7
]
(]
*INTERRUPT* -
(PRIORITY 7)°
]

TRAPA > ‘
{system call)
SYSTEM CALL PROCESSING
CHANGE OF TASK STATUS, REQUEST
OF DISPATCH AS DI=14
(NEXT, EXECUTE TASK A)

¢ RE{T
6 {return)
START OF DI 6 DELAY OF DISPATCH
-2 | € REIT
DISPATCH PROCESSING (return)

LDCTX, etc. ‘
6———-———(return)——ﬁElT

— - W P D T R —— T —— W Wi W W e v s > —
- o o s D O - S WD e P = - -
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Fig. 357:
7%
VALUE OF DCE MEANING
000 UNCONDITIONAL DCE REQUEST.
IF SM=1, STARTING DCE UNCONDITIONALLY.
001 (RESERVED)
010 (RESERVED)
011 (RESERVED)
100 DCE REQUEST STARTED WHEN RING 1 to RING 3.
101 DCE REQUEST STARTED WHEN RING 2 to RING 3.
110 DCE REQUEST STARTED WHEN RING 3.
111 NOT REQUESTED.
Fig. 358:
/385
D1 EXTERNAL INTERRUPT (EI)

DCE

BECOME PENDING
BY SMRNG VALUE

CONTEXT SUBORDINATE
RELATION BETWEEN

INTERNAL EVENT AND
CONTEXT (SOFTWARE)

BECOME PENDING
BY IMASK VALUE

CONTEXT STAND-ALONE
RELATION BETWEEN

INTERNAL EVENT AND
PROCESSOR (SOFTWARE)

BECOME PENDING
BY IMASK VALUE

CONTEXT STAND-ALONE
RELATION BETWEEN

EXTERNAL EVENT AND
PROCESSOR (HARDWARE)
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Fig. 360 (a): 187
[00772727 ’(
CMP:L OORgRwRR 00.ShR..
MOV:L OORgWwRR O1.ShR..
MOV:S OORgRwWW 10.ShW..

*¥xx%% When CMP and MOV occurs simultaneously, 0 is allocated

to CMP, 1 to MOV.

AND:R OORgMwOO 1100RgRw
OR:R 00RgMwO1 1100RgRw
XOR:R 0ORgMw10 1100RgRw
MOVA:R OORgWP11 1100RERP +.....#d16......
MUL:R 0ORgMwO0 1101RgRw
DIV:R 00RgMwO1 1101RgRw

Other Instructions

(5) 00777717 110177272

(6) 007777277 111772727
[017727727

CMP:Q 010§3nRR 00.ShR!1

MOV:Q 01143nWW 00.ShW. .

ADD:Q 010#3nMM 01.ShM..

SUB:Q 01143nMM 01.ShM..

SHL:Q 01043nMM 10.ShM..
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Fig. 360 (b): | /387
SHL:C 011#3cMM 10,ShM. .
SHA:C 011#3cMM 1T.ShM..
CMP:1 010000RR 11.ShR'I ......#iR.......
ADD: I 010001MM 11.ShM.. ...o. #iMee.....
MOV:1 010010WW 11,ShW.. ..... HiW. ...,
SUB: 1 010011MM 11.ShM.. ......#iM.......
AND: 1 010100MM 11.ShM.. ......#iM.......
OR:1 010101MM 11.ShM.. ......#iM.......
XOR:1 010110MM 11.ShM.. ......#iM.......
{RIE} 010111MM 11.ShM.. ......#iM. ... ..

*xxxx Distinction between CMP and MOV, ADD and SUB is
carried out by 2°3 bit; among AND, OR, XOR, by 2°2 to 2°3 bit;

vhich is common with :I format and :G format.

[10722227
Bee:D 10cccc00 ,.4d8...
ADD:L 10RgMwO01 00,ShRw.
SUB:L 10RgMwO01 01.ShRw.
BSET:Q 10043201 10.ShMfg
BCLR:Q 10143201 10.ShMfq
BSETI:Q 10043201 11ShMfqi

BTST:Q 10143201 11.ShRfq
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Fig. 360 (c): ’(387
*¥%%%x Further bit allocation.

10777017 Having Ea

10xx0117? Having Ea (LDCTX)

10771117 Having imm8 or disp8

10001?1X ENTER:E,STM (Having register list)-

Enter:G in common
1001171X EXIT:E,LDM (Having register list)-

EXIT:G in common

Patterns of JRNG:E and JRNG:G, BSR:8, and JSR are commonized

as much as possible.

IMP 10000010 . .EaA...
ACS 10000011 ,.EaA...
POP 1001001 . .EaWL..
‘PUSHA 1010001S . .EaA...
PUSH 1011001R ..EaRL..
LDCTX 10xx0110 ..EaA'A.
{RIE} 10440111 . .EaA!A.
STM . 1000101¥ ,.EaWaL. ......LsWL......
LDM 1001101R ..EaRmL. ......LIRl......
JSR © 1010101P ..EaA...

JRNG:G 1011101P ..EaRh!'M
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Fig. 360 (d): ‘/,EQBY
ENTER:E looolllx .‘lib.'. .l‘...L!!xLl.l..l
EXITD:E 1001211X ..$ibees seese LXXLecess.
BRA:D 10101110 ..4#d8...

BSR:D 10101111 ..#d8...
JRNG:E 10111110 ..¢#ib...
(1)General# 10111111 ..#ib... ??7?727?? ,.Ea?...

(11727722
CMP:2 110000SS ..EaR!'l.

MOV:Z 110001WW . .EaW...
NEG 110010MM . .EaM...
NOT 110011MM ..EaM...

(2)General A 110100RR ..EaR... ??7???7?? ,.Ea?...
(3)General B 110101RR ..EaR... 7?7?7777 ..Ea?...

(4)General instruction particular

11011000 ..EaA... ?777?77?7,..Ea?...
{RIE} 11011001 $**x:x*x
{RIE} 1101101% ##x*xxxx
LDPSB 11011100 ..EaRh..
LDPSM 11011101 ..EaRh..
STPSB 11011110 ..Ea¥h..

STPSM 11011111 ..EaWh..
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387
Fig. 360 (e): ’/
coprocl 11108277 .. Ea?... $¥3%1X%3% SEsxk%%s
coproc?2 1111%%%% x38X%%8%

[(1)(2)General Instruction#/General Instruction Al
{(2) General Instruction A
110100RR ..EaR,.. 77?7?7777 ..Ea?...

(1) General Instruction #

10111131 ,.#ib... ?7?2?7?? ..Ea?... -
ADD:G 110100RR ..EaR... 000000MM ..EaM...
ADD:E 10111111 ,,#jb... 000000MM ..EaM...
ADDU:G 110100RR ..EaR... 000001MM ..EaM...
ADDU:E 10111111 ..#ib... 000001MM ..EaM...
SUB:G 110100RR ..EaR... 000010MM ..EaM...
SUB:E 10111111 ..#jb... 000010MM . .EaM...
SUBU:G 110100RR ..EaR... 000011MM ..EaM...
SUBU:E 10111111 ..#jb... 000011MM ..EaM...

s%2x%x Digtinction between signed and unsigned instruction is
carried out by 272 bit; which is coamon among ADD, SUB, MUL, DIV,
REM, CMP, MOV, BFCMP, BFINS.

ADDX:G 110100RR ..EaR... 000100MM ..EaM...
ADDX:E 10111111 ,.#ib... OO0100MM ..EaM...
ADDX:G 110100RR ..EaR... 000101MM ,.EaM.,.

ADDX:E 10111111 ..4#jb... O0010IMM ..EaM...
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Fig. 360 (f):

SUBX:G
SUBX:E
SUBDX:G

SUBDX:E

AND:G
AND:E
OR:G
OR:E
'XOR:G
XOR:E
DCX:G

DCX:E

SHL:G
SHL:E
SHA:G
SHA:E
ROT:G
ROT:E
{RIE-X}

{RiE-X}

MUL:G

MUL:E
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387
/

110100RR . .EaR... 00C110MM ..EaM...
10111111 ,.#ib... 000110MM ..EaM...
110100RR ..EaR... 000111MM ..EaM...
10111111 ..#ib... O00111MM ,.EaM...

110100RR ..EaR... 001000MM ..EaM...
10111111 ..#ib... 001000MM ..EaM...
110100RR ..EaR... 001001MM ..EaM...
10111111 ..#ib... 001001MM ..EaM...
110100RR ..EaR... 001010MM ..EaM...
10111111 ..#ib... 001010MM ..EaM...

110100RR ..EaR... 001011MM ..EaM...
10111111 ..#ib... 001011MM ..EaM...

110100RR ,.EaR... 001100MM ..EaM...
10111111 ..#ib... 001100MM ..EaM...
110100RR ..EaR... 001101MM ..EaM...
10111111 ..#ib... 001101MM ..EaM...
110100RR ..EaR... 001110MM ..EaM...
10111111 ..#jb... 001110MM ..EaM...
110100RR ..EaR... 001111MM ..EaM...

10111111 ..4ib... 001111MM . .EaM...

110100RR ..EaR... 010000MM ..EaM...
10111111 ..#ib... 010000MM ..EaM...
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Fig. 360 (g):

MULU:G
MULU:E
DIV:G
DIV:E
DIVU:G

DIVU:E

{RIE-X}
{RIE-X}
REM:G
REM:E
REMU:G

REMU:E

Apr. 6, 1993

110100RR
10111111
110100RR
10111111
110100RR

10111111

110100RR
10111111
110100RR
10111111
110100RR

10111111

*¥*x¥¥ Patterns of REM, REMU; DIlV,

possible.

DCADD:G
DCADD:E
DCADDU: G
DCADDU:E
DCSQB:G
DCSUB:E
DCSUBU:G

DCSUBU:E

110100RR ..

10111111
110100RR
10111111

Sheet 191 of 213 5,201,039

’(Eﬂ37

‘IE&RIO. olooo]m ..Eg!.ll
'.’ib. L) olooolm * 'gm. e
.lEaRl.. OIOOIOMM lIEaM' [ ]

.l!ibl.: oloolom ..Em!l‘
..EaR... 010011IMM ..EaM...

s #ib... 010011MM ..EaM...

l‘EaR.l. Ololo*MM '.Eml..
..!ib.ll ololo*m .IE&MI.'

..Eg!": olollom .IEaMO..
2 » .bl.‘ olollom llsml..

.'EaRI.. ololllm '.Ew.l‘
..!ibll. Ololllm ‘.EaMI'D

DIVU are commonized as much as

aRll. ollooom .’EaMOCI
..!ib'.. ollooom ..E‘M.Cl

..EaR... 011001MM ..EaM...
..#ib... 011001MM ..EaM...

110100RR ..EaR... 011010MM ..EaM...

10111111 ,.#ib... 011010MM ..EaM...

110100RR ..EaR... 011011MM ..EaM...

10111111 ..#ib... 011011MM ..EaM...
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Fig. 360 (h):

{RIE-X}

{RIE-X]}

CMP:G
CMP:E
CMPU:G
CMPU:E
MOV:G
MOV:E
MOVU:G

MOVU:E

Apr. 6, 1993

110100RR ..EaR...
10111111 .. #ib...

110100RR ..EaR...
10111111 ..#ib...
110100RR ..EaR...

10111111 ..#ib...

IIOIOORR ® aR. s
]

10111111 ..#ib...

110100RR ..EaR...

10111111 ,.#jb...
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’(3§37

0111%*MM ,.EaM...

0111%¢MM . .EaM...

100000SS ..EaR!l.
100000SS ..EaR!l.
100001SS ..EaR!1.
100001SS ..EaR!1.
100010WW ..EaW...
100010WW . .EaW...
100011wWW ..EaW...

100011WW . .EaW...

$3¥xx Patterns of CMP, CMPU, BFCMP, BFCMPU, DCCMP, DCCMPU;

5,201,039

MOV, MOVU, LDP, LDC, BFINS, BFINSU are unified as much as

possible.

DCCMP:G
DCCMP:E
DCCMPU: G
DCCMPU:E
LDC:G
LDC:E
LDP:G’

LDP:E

110100RR ..EaR...

10111111 ,.#ib...
110100RR ..EaR...
10111111 ..#ib,..
110100RR ..EaR...

10111111 ..#ib...
110100RR ..EsR...

- 10111111 ..#ib...

100100SS ..EaR!].
100100SS ..EaR!'l.
100101SS ..EaR'].
100101SS ..EaR!'].
100110WW .. EaWX. .
100110WW . .EaWX..
100111%¥ . .EaWX..

100111WW . .EaWX..

s*x2% Distinction of the particular space (LDP and LDC) is

carried out by 272 bit, which is same with the case STP and STC.
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Fig. 360 (i):

BSETI:G
BSETI:E
BCLRI:G
BCLRI:E
{RIE-X]}
{RIE-X]}
DCCMPX : G

DCCMPX:E

BSET:G
BSET:E
BCLR:
BCLR:
BNOT:
BNOT:

BTST:

M OO M O MmO

BTST:

BFCMP:G:R
BFCMP:E:R
BFCMPU:G:R
BFCMPU:E:R
BFINS:G:R
BFINS:E:R

BFINSU:G:R

Apr. 6, 1993

110100RR ,.EaR...
10111111 ..#jb...
110100RR .. e
10111111 ..#jb...
110100RR ..EaR...
10111111 _.#ib...
110100RR ..EaR, ..
10111111 ..#jb...

110100RR . ,EaR...
10111111 ,.#ib...
110100RR ..EaR...
10111111 ..4jb...
110100RR ..EaR...
10111111 .. #ib..,
110100RR ..EaR...
10111111 .. #jb...

o

110100RR . e
10111111 ..#ib...
110100RR .,

10111111 .. see
110100RR ..EaR...

10111111 ..#ib...

Sheet 193 of 213
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1010008B ..EaMfi.
101000BB . .EaM{j.
101001BB . .EaMfij.
101001BB ..EaMfj.
10101072 ..Ea?...
10101077 ..Ea?...
101011SS ..EaR!].
10101185 ,.EaR'I.

101100BB . .EaMf. .
101100BB ..EaMf..
101101BB ..EaMf..
101101BB ..EaMf..
101110BB ..EaMf..
101110BB ..EaM{..
101111BB ..EaRf..
101111BB ..EaRf..

5,201,039

110000+X . .EaRbf. *$RRXw** ***aRR)s
110000+X ..EaRbf. ,6#pn..** **s*RRXs
110001+X ..EaRbf. **RRXw** sxs2RR)s
110001+X ..EaRbf. .$6n..%% sxsspR)s
110010+X ..EaMbf. **RRXwt* **ssRRis
1100104X ..EaMb{. .#6n..%% sssspRys
110100RR ..EaR... 1100114X ,.EaMbf. #sRRXw## *E23RR)s
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Fig. 360 (j): /337
BFINSU:E:R 10111111 ,.#jb... 110011+4X ..EaMbf. .155..13 s¥2%RRXs
BFCMP:G:1 110100RR .. .os 110100+X .,EaRbf. **RRXwSS ..#iS8..
BFCMP:E:1 10111111 ..4ib. 1101004X ..FaRbf. .#6n..55 ..#iS8..
BFCMPU:G:1 ‘ 110100&8 2oEaR... 110101+4X .,EaRb{. **RRXwSS ..#iS8..
BFCMPU:E:1 10111111 ..#4jb... 110101+X ..EaRbf. .4#6n..S5 ..#iS8..
BFINS:G:1 110100RR .2o 1101104X ..EaMbf. **RRXwSS ,.#iS8..
BFINS:E:] 10111111 ,.4ib... 110110+4X ..EaMbf. .#6n..SS ..#jS8..
BFINSU:G: I 110100RR .. .o 1101114X .. . $*RRXwSS .. $i88..
BFINSU:E:1 10111111 ,,.#ib... 1101114X ..FaMbf. .4#6n..SS ..#jS8..
{RIE-X) 110100RR 2oe 11100%4X ,.Ea?bf. $*xszxsx:x tssxsxzx
{RI1E-X) 10111111 ..#ib... 11100%+X .. Ea?bf, s*sssxsx sizxstrx
BFEXT:G 110100RR .. sse 111010+X .,.EaRbf. *$RRXw** s*x*Rw)d
BFEXT:E 10111111 ..4#jb... 111010+4X ..EaRbf. .46n..%* =xs3RWXd
BFEXTU:G 110100RR ..EaR... 111011+X ..EaRbf. *SRRXw#* s*2*RWAd
BFEXTU:E 16111111 ..#ib... 1110114X ..EaRbf. .#6n..%s sssaRk)d
ACB:G 110100RR ..EaR... 11110PXX ..EaRX.. $sRgMXSS .,#dS8..
ACB:E 10111111 ,.#ib... 11110PXX .,.EaRX.. ®$*RgMXSS .,#dS8..
SCB:G 110100RR , . 2o 111111XX ..EaRX.. *3RgMXSS .. .
SCB:E - 10111111 .,.4#jib... 11111PXX .. .o ¥RgMXSS ..# ‘e

[(3)General Instruction B}
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Fig. 360 (k): /387

{3) General Instruction B

**¥2% Allocation pattern of the second HW.

00<Rn>?? First HW 'RR’, size not specified, register specified.
01?2?7788 First HW 'RR’, size specified, register not specified.
1077?20? First HW '1R’, size not specified, register not specified.
10<Rn>1? First H¥ 'IR’, size not specified, register specified.

11<Rn>SS First HW '1R’, size specified, register specified (INDEX).

Csl 110101RR ..EaR... OORMC.00 ..EaMiR.
{RIE-X) 110101RR .. +vo 00%%%%01 ,.Fa?...
CHK 110101RR ..EaR... OORgWR1c ..EaRdR.
RVBY 110101RR .. .+, 010000WW ..EaW...
RVBI 110101RR ..EaR... O10001WW ..EaW...
PACKss 110101RR . .EaR... 010010WW ..FaW...
UNPKss 110101RR ..EaR... O10011WW ,.FaW... ...... #iW..o00..
BSCH 110101RR .. .es 0101bdMM . .EaW...
DCADJ llOlOlRR...EgR... 011000WW ..EaW...
DCADJU 110101RR ..FaR... 011001WW ..FaW...
{RIETX} 110101RR ..EaR... 011010WW ..EaW...
DCADJX 110101RR ..EaR... 011011WW ,.EaW...
{RIE-X} 110101RR ..EaR... 0111%%?? ,.Ea?...

$x3%% Bit pattern of DC???X instruction is unifed as ??10118S.
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[(4)

360 (L):

LDATE
{RIE-X}

MULX

DIvX

INDEX
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110101'R ,.EaR... 10pttt00

110101'R ..EaR... 10%%%%0Q]

110101!R ..EaR... 10REWR1O

/387

oEaA...
. Ea?,...,

.'EaHRI.

110101!'R ..EaR... 10RgMR11

110101'R ,.EaR... 11RgMRSS

. .EaMR. .

. .EaR2..

General Instruction Particular]

(4) General Instruction Particular

{RIE-X)

STATE

{RIE-X)
MOVPA
STC

STP

QDEL
MOVA:G
QINS

{RIE-X}

{RIE-X}

11011000 ..EaA... 7?77?7727
11011000 ..EaA... O%*%*x??
11011000 ..EaA... 100ttt+W

11011000 ..EaA... 10100077
11011000 ,.EaA... 101001+W
11011000 ..EaRX.. 101010wW

11011000 ..EaRX.. 101011WW

11011000 ..EaRgP. 101100+W
11011000 ..EaA... 101101+W
11011000 ..EaMqP. 101110+-

11011000 ..Ea?... 101111772

11011000 ..EaA... 11%%*%??

. .Ea?o I

..Ea?...

..EaW!Ss..

. Ea8?...
.EaW!'S.
CIan. L K]

..EaW...

.'an!§I

. EaW...

.  EaMgP2

..Ea?...

..Ea?...
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Fig., 360 (m):

[(5)Other Instructions] /387
(5) Other Instructions

0077?72?17 11017227

{RIE} 00**2x10 1101%%x*
ACB:Q 00RgMw11 1101P001 .$6n..SS ..#dS8..
SCB:R OORgMw11l 1101P010 —RgRwSS ..#dS8..
SCB:Q OORgMw11l 1101P0O11 .£6z..SS ..#dS8..
TRAP 00ccccll 1101P100
TRAPA 00#4z.11 1101P101

**¥%x%% Further Allocation.

00770011 1101P110 LVreserved
00?7?1011 1101P110 General Instruction
007270111 1101P110 Privileged Instruction (STCTX)

00771111 1101P110 Privileged Instruction

LVreserved 00%+#0011 1101*310
STCTX : 00xx0111 1101P110
PIB 00001011 1101P110

NOP 00011011 1101-110
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Fig. 360 (n): /387
RTS 00101011 1101P110
RRNG 00111011 1101P110
WAIT 00001111 1101-110 OOCI'.,ih nnnnnnn
REIT 00101111 1101P110
PTLB 00p11111 1101P110
{RIE) 00*sx%11 1101P111

[(6) Other Instructions]

(6) Other Instructions

-----------

SCMP 00eceeeSS 1110P0QL

SMOV 00eeeeSS 1110P1QbL
QSCH OOeeeeSS 1111P0Omb
SSCH 00eeeeSS 1111P10r
Bee:G 00ccccSS 1111P110 ..... #dS. . c.on.

*xxx* Further Allocation
00077277 1111P111 279 bit of first HW is always '+°’.
0017?27?77 1111P111 279 bit of first H¥ is 0/1

alternative.

PSTLB 000000+~ 1111P111 O-pttt— ..EaA...
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Fig. 360 (o): -/387
SHXL 0000004X 1111-111 1—010+- .. EaMX..
SHXR 000000+X 1111-111 1—110+- .. EaMX..
ENTER:G 000000+X 11311P111 1—011SS ..FaR'M. ......LnXL....
EXITD:G 000000+X 1111P111 1—111SS ..EaR'M. ......LxXL....

*$%%¥% In EaR'M, only Rn and # imm_data are permitted. The size
of EaR!M is specified by SS. The sizes of registers retired, returned

by LnRL, LxRL are specified by X.

BVPAT 000001+X 1111P111

{RIE} 00001*+X 1111P111

BVSCH 0001bd+X 1111P111

BRA:G . DO}OOOSS 1111P111 ....

SSTR 001001ss 1111P111

BSR:G 00101QSS 1111P111 ,.....#dS.......
BVMAP 0011bQOX 1111P111

BVCPY 0011bQ1X 1111P111
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Fig. 361 (a):
388
/

#3c SHA:C, SHL:C

#3n  ADD:Q, CMP:Q, MOV:Q, SHL:Q, SUB:Q

#3z BCLR:Q, BSET:Q, BSETI:Q, BTST:Q

#4z  TRAPA

46n  ACB:Q, BFCMP:E:I, BFCMP:E:R, BFCMPU:E:1, BFCMPU:E:R,

BFEXT:E, BFEXTU:E, BFINS:E:I1, BFINS:E:R, BFINSU:E:I,

BFINSU:E:R
46z SCB:Q
#d16 MOVA:R

#d8 BRA:D, BSR:D, Bcc:D

#ds BRA:G, BSR:G, Bcc:G

#dS8  ACB:E, ACB:G, ACB:Q, ACB:R, SCB:E, SCB:G, SCB:Q, SCB:R

#iM ADD:1, AND:1, OR:I, SUB:1, XOR:I1, {RIE}

#iR CMP:1

#iS8  BFCMP:E:1, BFCMP:G:1, BFCMPU:E:I, EFCMPU:G:I, BFINS:E: 1,
BFINS:G:1, BFINSU:E:1, BFINSU:G:1

#iw MOV:I, UNPKss

#ib ACB:E, ADD:E, ADDDX:E, ADDU:E, ADDX:E, AND:E, BCLR:E,
BCLRI:E, BFCMP:E:1, BFCMP:E:R, BFCMPU:E:1, BFCMPU:E:R,
BFEXT:E, BFEXTU:E, BFINS:E:1, BFINS:E:R, BFIMSU:E:I,
BéINSU:E:R, BNOT:E, BSET:E, BSETI:E, BTST:E, CMP:E, CMPU:E,
DCADD:E, DCADDU:E, DCCMP:E, DCCMPU:E, DCCMPX:E, DCSUB:E,
DCSUBU:E, DCX:E, DIV:E, DIVU:E, ENTER:E, EXITD:E, JRNG:E,

LDC:E, LDP:E, MOV:E, MOVU:E, MUL:E, MULU:E, OR:E, REM:E,
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Fig. 361 (b): ,{JSENB
REMU:E, ROT:E, SCB:E, SHA:E, SHL:E, SUB:E, SUBDX:E,
SUBU:E, SUBX:E, XOR:E

#ih WAIT

EaA ACS, JMP, JSR, LDATE, MOVA:G, MOVPA, PSTLB, PUSHA, STATE

EaA'A LDCTX, {RIE)}

EaM ADD:E, ADD:G, ADDDX:E, ADDDX#G. ADDU:E, ADDU:G, ADDX:E,
ADDX:G, AND:E, AND:G, BSCH, DCADD:E, DCADD:G, DCADDU:E,
DCADDU:G, DCSUB:E, DCSUB:G, DCSUBU:E, DCSUBU:G, DCX:E,
DCX:G, DIV:E, DIV:G, DIVU:E, DIVU:G, MUL:E, MUL:G, MULU:E,
MULU:G, NEG, NOT, OR:E, OR:G, REM:E, REM:G, REMU:E,
REMU:G, ROT:E, ROT:G, SHA:E, SHA:G, SHL:E, SHL:G, SUB:E,
SUB:G, SUBDX:E, SUBDX:G, SUBU:E, SUBU:G, SUBX:E, SUBX:G,
XOR:E, XOR:G

EaMR  DIVX, MULX

EaMX  SHXL, SHXR

EaMbf BFINS:E:1, BFINS:E:R, BFINS:G:1, BFINS:G:R, BFINSU:E:I,
BFINSU:E:R, BFINSU:G:1, BFINSU:G:R

EaMf BCLR:E, BCLR:G, BNOT:E, BNOT:G, BSET:E, BSET:G

EaMfi BCLRI:E, BCLRI:G, BSETI:E, BSETI:G

EaMiR CSI

EaMqP QINS

EaMqPZ QINS
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Fig. 361 (c): ",3“38

EaR ACB:G, ADD:G, ADDDX:G, ADDU:G, ADDX:G, AND:G, BCLR:G,
BCLR1:G, BFCMP:G:1, BFCMP:G:R, BFCMPU:G:1, BFCMPU:G:R,
BFEXT:G, BFEXTU:G, BFINS:G:1, BFINS:G:R, BFINSU:G:I,
BFINSU:G:R, BNOT:G,'BSCH, BSET:G, BSETI:G, BTST:G, CHK,
CMP:G, CMPU:G, CSI, DCADD:G, DCADDU:G, DCADJ, DCADJU,
DCADJX, DbCMP:G, DCCMPU:G, DCCMPX:G, DCSUB:G, DCSUBU:G,
DCX:G, DIV:G, DIVU:G, DIVX, INDEX, LDATE, LDC:G. LDP:G,
MOV:G, MOVU:G, MUL:G, MULU:G, MULX, OR:G, PACKss, REM:G,
REMU:G, ROT:G, RVBI, RVBY, SCB:G, SHA:G, SHL:G, SUB:G,
SUBDX:G, SUBU:G, SUBX:G, UNPKss, XOR:G

EaR'l CMP:E, CM2:G, CMP:Z, CMPU:E, CMPU:G, DCCMP:E, DCCMP:G,
DCCMPU:E, DCCMPU:G, DCCMPX:E, DCCMPX:G

EaR!M ENTER:G, EXITD:G

EaRX STC, STP

EaR2 INDEX

EaRL PUSH

EaRX ACB:E, ACB:G, SCB:E, SCB:G

EaRbf BFCMP:E:1, BFCMP:E:R, BFCMP:G:1, BFCMP:G:R,
BFCMPU:E:1, BFCMPU:E:R, BFCMPU:G:1, BFCMPU:G:R, BFEXT:E,

" BFEXT:G, BFEXTU:E, BFEXTU:G
EaRdR CHK
EaRf BTST:E, BTST:G

EaRh  LDPSB, LDPSM
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Fig. 361 (d):

EaRh!M JRNG:G V4 388

EaRmL LDM

EaRqP QDEL

EaW DCADJ, DCADJU, DCADJX, MOV:E, MOV:G, MOV:Z, MOVA:G,
MOVU:E, MOVU:G, PACKss, RVBI, RVBY, STC, STP, UNPKSss

EaW!S MOVPA, QDEL, STATE

EaWX LDC:E, LDC:G, LDP:E, LDP:G

EaWL POP

Eawh  STPSB, STPSM

EaWalL STM

LIRL LDM

LnXL  ENTER:E, ENTER:G

LsWL STM

LxXL  EXITD:E, EXITD:G

RMC Csl

RRXs BFCMP:E:R, BFCMP:G:R, BFCMPU:E:R:, BFCMPU:G:R, BFINS:E:R,
BFINS:G:R, BFINSU:E:R, BFINSU:G:R

RRXw  BFCMP:G:1, BFCMP:G:R, BFCMPU:G:1, BFCMPU:G:R, BFEXT:G,
BFEXTU:G, BFINS:G:1, BFINS:G:R, BFINSU:G:I, BFINSU:G:R

RWXd  BFEXT:E, BFEXT:G, BFEXTU:E, BFEXTU:G

RgMR 6IVX, INDEX

RgMX  ACB:E, ACB:G, SCB:E, SCB:G

RgMw  ACB:Q, ACB:R, ADD:L, AND:R, DIV:R, MUL:R, OR:R, SCB:Q,

SCB:R, SUB:L, XOR:R
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Fig. 361 (e): /388

RgRP  MOVA:R

RgRw  ACB:R, AND:R, CMP:L, DIV:R, MOV:S, MUL:R, OR:R, SCB:R,
XOR:R

REWP  MOVA:R

REWR  CHK, MULX

RgWw  MOV:L

ShM  ADD:1, ADD:Q, AND:1, OR:I, SHA:, SHL:C, SHL:Q, SUB:I,
SUB:Q, XOR:1, {RIE} '

ShMfq BCLR:Q, BSET:Q

ShMfqi BSETI:Q

ShR  CMP:L, MOV:L

ShR!1 CMP:I, CMP:Q

ShRfq BTST:Q

ShRw  ADD:L, SUB:L

Shw MOV:1, MOV:Q, MOV:S



U.S. Patent

Fig. 362:

Apr. 6, 1993

Sheet 205 of 213

/(4389

5,201,039

MNEMONIC Meaning condition cccc
XS X_flag set X 0000
XC X_flag clear X 0001
EQ equal/Z_flag clear 2 0010
NE not equal/Z_flag clear ~Z 0011
LT less than/L_flag set L 0100
GE greater or equal/L_flag clear “L 0101
LE less or equal L+Z 0110
GT greater than “L*TZ 0111
Vs V_flag set v 1000
vC V_flag clear TV 1001
MS minus/M_flag set M 1010
MC plus/M_flag clear “M 1011
FS F_flag set F 1100
FC F_flag clear °F 1101
{RIE) 1110
{RIE}- 1111
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Fig. 363: /390
termination
condition= optional mnemonic eeee
(escape
condition)
<R3 LTU less than (unsigned) 0000
2R3 GEU. greater or equal (unsigned) 0001
=R3 EQ equal 0010
#R3 NE not equal 0011
<R3 LT  less than (signed) 0100
2R3 GE greater or equal (signed) 0101
no termination N never (or having no option) 0110
condition
{RIE} 0111
<R3.or.2R4 OUTU out of (unsigned) <<12>> 1000
2R3.and.<R4 WINU within (unsigned) - <<L2>> 1001
=R3.or.=R4 OEQ or, equal <<L2>> 1010
#R3.and.#R4 ANXE and, not equal <«<L2>> 1011
<R3.or.>R4 OUT out of (signed) <<L2>> 1100
>R3.and.<R4 WIN within (signed) | «<L2>> 1101
=0 z zero <KL2>> 1110

=R3.0r.=0 ZE zero, equal (kLZ)) 1111
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Fig. 364:
/392 [ 39

termination
condition= optional mnemonic condition of
{escape M_flag=1
condition) :

<R3.or.>R4 OUTU out of (unsigned) 2R4

=R3.or.=R4 OEQ or, ‘equal =R4

<R3.or.>R4 OUT out of (signed) R4

=0 ¥ zero =0 (always)

=R3.o0r.=0 ZE zero, equal =0
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Fig. 365:
/Kr3ﬁ33
operation result of src=0, dest=0 is placed in bit 0
operation result of src=0, dest=1 is placed in bit 1
operation result of src=1, dest=0 is placed in bit 2
operation result of src=1, dest=l is placed in bit 3
0000 F False 0==> dest
0001 NAN NotAndNot “dest.and. src==> dest |
0010 AN  AndNot dest.and. src==> dest
| 0011 NS  NotSrc “src==> dest
0100 NA  NotAnd “dest.and.src=z=> dest
0101 ND  NotDest “dest==> dest
0110 X Xor dest.xor.src==> dest
0111 NON NotOrNot “dest.or. src==>dest
1000 A And dest.and.src==> dest
1001 NX  NotXor “dest.xor.src==z> dest
1010 D Dest dest==> dest
1011 ON OrNot dest.or. “src ==> dest
1100 S Src srcz=> dest
1101 NO  NotOr “dest.or.src==> dest
1110 © Or dest.or.src==> dest
1111 T True 1==> dest
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objective

general Rn #imm !éP+ @-SP additional instruction

ACS, JMP, JSR,
LDATE, MOVA:G,
PUSHA, MOVPA,
PSTLB, STATE

LDCTX

(1)

EaA 0 X
EaA'A O X
EaM 0 ")
ShM
EaMX
EaMR

(2)
EaMf O 0
ShMfq O 0
EaMbf O <<L2>>

X X
X X
X X
X X
X X
X X

ADD:E, ADD:G,
DIV:E, DI1V:G,
DIVU:E, DIVU:G,
SHA:E, SHA:G,
etc.

ADD:1, ADD:Q,
SHA:C, OR:1,
AND:1, SHL:Q,
SHL:C, SuUB:1,
SUB:Q, XOR:1

SHXL, SHXR
DIVX, MULX

BCLR:E, BCLR:G,
BNOT:E, BNOT:G,
BSET:E, BSET:G

BCLR:Q, BSET:Q

BFINS:E: 1T,
BFINS:E:R,
BFINSU:E: I,
BFINSU:E:R,
BFINS:G:1,
BFINS:G:R,
BFINSU:G:1,
BFINSU:G:R

general Rn #ime €SP+ @-SP additional

objective
instruction

5,201,039



U.S. Patent

Apr. 6, 1993 Sheet 210 of 213 5,201,039

l’-‘ig. 366 (b): 394
objective
general Rn #imm @SP+ @-SP additional instruction
EaMfi O X X X X o} BCLRI:E,
BCLRI:G,
BSETI:E,
BSETI:G
ShMfqi O X X X X 0 BSETI:Q
EaMiR 0O X X X X 0 CSl
EaMqP O X X X X 0 QINS
EaMqp2 QINS
EaR 0 0 0 0 X 0 ACB:G, ADD:G,
ADDDX:G, ADDU:G,
ADDX:G
AND:G,  BCLR:G,
BSET:G, etc.
EaRh LDPSB, LDPSM
ShR CMP:L, MOV:L
ShRw ADD:L, SUB:L
EaR2 O 0 0 O X 0 INDEX
EaRX ACB:E, ACB:G,
SCB:E, SCB:G
objective

general

Rn #imm @SP+ @-SP additional instruction
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. objective
general Rn #ism @SP+ @-SP additional instruction

EaRaL O X X 0 X X ~ LDM
EaRL O 0 0 X X 0 PUSH

EaR!I O

o
>
o
>
o

CMP:E, CMP:G,
CMPU:E, CMPU:G,
CMP:Z

ShR!1 CMP:1, CMP:Q

EaRX © X X X X 0 STC, STP

EaRdR O X X X X 0 CHK

EaRqP O X X X X 0 QDEL

(2)
EaRf O 0 X x X 0 BTST:E, BTST:G

ShRfq O 0 X X X 0 BTST:Q

EaRbf O <«<KL2>> X X X 0 BFCMP:E: 1,
BFCMPU:E:I,
BFCMP:E:R,
BFCMPU:E:R,
BFEXT:E,
BFEXTU:E,
BFCMP:G:1,
BFCMPU:G:1,
BFCMP:G:R,
BFCMPU:G:R,
BFEXT:G,
BFEXTU:G

objective
general Rn #imm @SP+ @-SP additional instruction
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general Rn #imm @SP+ @-SP additional

objective
instruction

EaR!M X 6o 0 X

EaRh!'M

EaW 0 0 X X

EaWh

Shw
EaW!S © 0 X X

EawnlL O X X X

EaWwX O X X X

EaWL O 0 X X

ENTER:G,
EXITD:G

JRNG:G

MOV:Z, MOV:E,
MOV:G, MOVA:G,
MOVU:E, MOVU:G
PACKss, STC,
STP, UNPKss,
RVBY, RVBI
STPSB, STPSM

MOV:1, MOV:Q,
MOV:S

MOVPA, STATE,
QDEL

ST™

LDC:E, LDC:G
LDP:E, LDP:G

POP

general Rn #imm @SP+ @-SP additional

objective
instruction
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Fig. 366 (e):
/394

(1) ‘’general’ includes @abs, @(disp, PC), @(disp, Rn), @Rn.
(2) In bit operation instruction to the register, offset is

effective only by low order bit.
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MULTIPLE ADDRESS-SPACE DATA PROCESSOR
WITH ADDRESSABLE REGISTER AND CONTEXT
SWITCHING
This is a continuation of application Ser. No.
07/173,501, filed Mar. 24, 1988, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data proccssor

2. Description of the Prior Art

The address space at the conventional data processor,
as shown in FIG. 1, comprises a memory storing therein
programs and data; Internal registers in the processor
are not mapped in the address space. In this case, it is
required in accessing cach register to use a particular
instruction or specify the register, thereby not control-
ling each register in a unified manner and creating a
problem in expansibility (problem 1).

Context switching of the conventional data processor
is operated between the processor and a saving area in
an external memory. In this case context switching
takes much time. If the saving area is aliotted to a partic-
ular high-speed memory to avoid this problem, the
linearity of address space is deteriorated as shown in
FIG. 2-(B) (problem 2).

Furthermore, in the conventional data processor,
context switching is operated in batch with respect to
all the contexts, thereby creating a problem in that even
a register needless of switching is switched (problem 3).

SUMMARY OF THE INVENTION

In order to solve the above problems, the present
invention has been designed. The first object thereof is
to provide a data processor which is provided with an
address space comprising control registers, thereby
enabling all the control registers to be accessed in batch
by addressing.

The second object of the invention is to provide a
data processor which enables byte address with respect
to the address space of the control register, thereby
enabling the register and memory to be accessed by the
same addressing method and facilitating the correspon-
dence to extension, such as variation in register width.

The third object of the invention is to provide a data
processor which adds a memory stored in a main pro-
cessor to the address space comprising the control reg-
ister, thereby enabling a high speed space for particular
use to be obtained.

The fourth object of the invention is to provide a data
processor which allots the context saving area at the
processor to said space, thereby enabling high speed
context switching.

The fifth object of the invention is to provide a2 data
processor which makes the context variable so as to
effectively utilize the restricted space.

The sixth object of the invention is to provide a data
processor which makes the context variable so as to
omit needless context switching, thereby providing
context switching at high speed.

The data processor of the present invention is first
characterized in that it has a first address space which
byte-addresses a memory storing therein programs and
data and a second address space different from the first
address space so that a register is mapped by byte ad-
dress at part of the second address space, thereby ac-
cessing the register by the byte address. The data pro-
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2

cessor of the present invention can similarly address-
specify the register and memory, thereby enabling the
unified control by software.

The data processor of the present invention is se-
condly characterized in that it has a main processor, a
co-processor, a first address space which byte-addresses
a memory storing therein programs and data, and a
second address space different from the first address
space, so that a register is mapped by byte address in
part of the second address space, the register is accessed
by the byte address, and registers at the co-processor
are mapped, by a byte address, to the second address
space.

The data processor of the present invention is thirdly
characterized in that it has a third address space which
byte-address a memory storing therein programs and
data and a fourth address space different from the third
address space, and by having an instruction to save the
context of the processor to the fourth address space and
the same to restore the context from the fourth address
space.

The data processor present invention is fourthly char-
acterized in that it has a third address space which byte-
addresses a memory storing therein programs and data
and a fourth address space different from the third ad-
dress space, and further has an instruction to save the
context of the processor to the fourth address space, the
same to restore the context from the fourth address
space, the same to selectively specify the third or fourth
address space so as to save the context at the processor,
and the same to selectively specify the third or fourth
address space to restore the context.

Furthermore, the data processor of the present inven-
tion is fifthly characterized in that it has an instruction
to save the context at the processor and the same to
restore the context, thereby specifying the format of the
context to be variable.

The above and further objects and features of the
invention will more fully be apparent from the follow-
ing detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of address space of the con-
ventional data processor,

FIG. 2(A) and 2(B) are illustrations of the conven-
tional context switching,

FIG. 3 and 4 are illustrations of address spaces at a
data processor of the present invention,

FIG. § is an illustration of the context at the data
processor of the present invention, and

FIG. 6 is an illustration of operation of PSW at the
data processor of the present invention,

FIG. 7 is an illustration of a register set of the same,

FIG. 8 is an illustration of data type of bits of the
same,

FIG. 9 is an illustration of data type as to a bit field of
the same,

FIG. 10 s an illustration of data type as to the bit field
of unsigned number of the same,

FIG. 11 is an illustration of data type as to the integer
of the same,

FIG. 12 is an illustration of data type as to the deci-
mal number of the same,

FIG. 13 is an illustration of data type as to a string of
the same, )

FIG. 14 is an illustration of data type as to a queue at
the same,
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FIG. 15 is an illustration exemplary of description of
the instruction format of the same,

FIG. 16 shows a bit pattern thereof,

FIG. 17 shows an instruction format of the data pro-
cessor of the invention respectively, 5

FIG. 18 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 19 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 20 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 21 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 22 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 23 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 24 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 25 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 26 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 27 shows an instruction format of the data pro-
cessor of the invention respectively,

FIG. 28 shows the format of the addressing mode of
the data processor of the present invention,

FIG. 29 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 30 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 31 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 32 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 33 shows the format of an addressing 'node of
the data processor of the present invention,

FIG. 34 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 35 shows the format of an addressing mode of 40
the data processor of the present invention,

FIG. 36 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 37 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 38 shows the format of an addressing mode of
the data processor of the present invention,

FI1G. 39 shows the format of an addressing mode of
the data processor of the present invention,

FIG. 40 is an illustration exemplary of arrangement 50
of local variations of the same,

FIG. 41 shows the format of the addressing mode of
the same,

FIG. 42 shows the format of the addressing mode of
the same,

FIG. 43 shows the format of the addressing mode of
the same,

FIG. 44 shows the format of the addressing mode of
the same,

FIG. 45 is an illustration of cautioun at the instruction 60
MOV,

FIG. 46 shows the format of PSW,

FIG. 47 shows the format of PSS,

FIG. 48 shows the format of PSH,

FIG. 49 shows the format of description example of 65
the instruction set,

FIG. $0-(a) shows the format of instruction MOV,

FIG. 50-(b) is an illustration of status flags thereof,
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§1 shows the format of instruction MOVU,

$§2 is an illustration of the flag change thereof,

53 shows the format of instruction PUSH,

54 is an illustration of the flag change thereof,

§5 shows the format of instruction POP,

56 is an illustration of the flag change,

57 shows the format of the instruction LDM,

§8 is an illustration of the flag change thereof,

§9 is an illustration of bit map specifying,

60 shows the format of an instruction STM,

61 is an illustration of flag change thereof,

62 is an illustration of the bit map specifying,

63 is an illustration of the bit map specifying,

64 shows the format of the instruction MOVA,

65 is an illustration of flag change thereof,

66 shows the format of instruction PUSHA,

67 is an illustration of flag change thereof,

68 shows the format of instruction CMP,

69 is an illustration of flag change thereof,

70 shows the format of instruction CMPU,

71 is an illustration of flag change thereof,

72 shows the format of instruction CHK,
FIG. 73 is an illustration of flag change thereof,
FIG. 74 is an illustration of operation by the instruc-

tion CHK, .

FIG. 75 shows the format of instruction ADD,
FIG. 76 is an illustration of flag change,

FIG. 77 shows the format of instruction ADDU,
FIG. 78 is an illustration of flag change thereof,
F1G. 79 shows the format of instruction ADDX,
FIG. 80 is an illustration of flag change thereof,
FIG. 81 shows the format of instruction SUB,
FIG. 82 is an illustration of flag change thereof,
FIG. 83 shows the format of instruction SUBU,
FIG. 84 is an illustration of flag change thereof,
F1G. 85 shows the format of instruction SUBX,
FIG. 86 is an illustration of flag change thereof,
FIG. 87 shows the format of instruction MUL,
FIG. 88 is an illustration of flag change thereof,
FIG. 89 shows the format of instruction MULU,
FIG. 90 is an illustration of flag change thereof,
FIG. 91 shows the format of instruction MULX,
FIG. 92 is an illustration of flag change thereof,
FIG. 93 shows the format of instruction DIV,
FIG. 94 is an illustration of flag change thereof,
FIG. 95 shows the format of instruction DIVU
FIG. 96 is an illustration of flag change thereof,
FIG. 97 is a view showing the format of instruction

DIVX,

FIG. 98 is an illustration of flag change thereof,
FIG. 99 is a view of format of instruction REM,
FIG. 100 is an illustration of flag change thereof,
FIG. 101 is a view of the format of instruction

REMU,

FIG. 102 is an illustration of flag change thereof,
FIG. 103 is a view of the format of instruction NEG,
FIG. 104 is an illustration of flag change thereof,
FIG. 105 is a view of the format of instruction
INDZX,
FIG. 106 is an illustration of flag change thereof,
FIG. 107 is a view of the format of instruction AND,
FIG. 108 is an illustration of flag change thereof,
FI1G. 109 is a view of the format of instruction OR,
FIG. 110 is an illustration of flag change thereof,
FIG. 111 is a view of the format of instruction XOR,
FIG. 112 is an illustration of flag change thereof,
FIG. 113 is a view of the format of instruction NOT,
FIG. 114 is an illustration of flag change thereof,

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
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115 is a view of the format of instruction SHA,
116 is an illustration of flag change thereof,
117 is an illustration of the left-side shift,

118 is an illustration of the right-side shift,

119 is a view of the format of instruction SHL,
120 is an illustration of flag change thereof,
121 is an illustration of the left-side shift,

122 is an illustration of the right-side shift,

123 is a view of the format of instruction ROT,
124 is an illustration of flag change thereof,
125 is an illustration of counterclockwise rota-

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
tion,
FIG. 126 is an illustration of clockwise rotation,
FIG. 127 is a view of the format of instruction SHXL,
FIG. 128 is an illustration of flag change thereof,
FIG. 129 is a view of the format of instruction
XHXL,
FIG. 130 is an illustration of flag change thereof,
FIG. 131 is a view of the format of instruction
SHXR,
FIG. 132 is a view of the format of imstruction
SHXR,
FIG. 133 is a view of the format of instruction
RVBY, ’
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
BNOT,
FIG. 146 is an illustration of flag change thereof,
FIG. 147 is a view of the format of instruction BSCH,
FIG. 148 is an illustration of flag change thereof,
FIG. 149 is an illustration of fixed length bit field
operation instruction,
FIG. 150(a) and 150(b) are a view of the format of
instruction of bit field instruction,
FIG. 151 is a view of the format of instruction
BFEXT,
FIG. 152 is an illustration of flag change thereof,
FIG. 153 is a view of the format of instruction
BFEXTU,
FIG. 154 is an illustration of flag change thereof,
FIG. 155 is a view of the format of instruction
BFINS,
FIG. 156 is an illustration of flag change thereof,
FIG. 187 is a view of the format of instruction
BFINSU,
FIG. 158 is an illustration of flag change thereof,
FIG. 159 is a view of the format of instruction
BFCMP,
FIG. 160 is an illustration of flag change thereof,
FIG. 161 is a view of the format of instruction
BFCMPU,
FIG. 162 is an illustration of flag change thereof,
FIG. 163(a) and 163(b) are a view of the format of
instruction BVSCH,
FIG. 164 is an illustration of flag change thereof,
FI1G. 165 is a view of the format of instruction
BVMAP,
FIG. 166 is an illustration of flag change thereof,

134 is an illustration of flag change thereof,
135 is a view of the format of instruction RVBI,
136 is an illustration of flag change thereof,
137 is an illustration of bit operation instruction,
138 is an illustration of bit operation instruction,
139 is a view of the format of instruction BTST,
140 is an illustration of flag change thereof,
141 is a view of the format of instruction BSET,
142 is an illustration of flag change thereof,
143 is a view of the format of instruction BCLR,
144 is an illustration of flag change thereof,
145 is a view of the format of instruction
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6
FIG. 167 is a view of format of instruction BVMAT,
FIG. 168 is a view of format of instruction BVMAT,
FIG. 169 is a view of format of instruction BVMAT,
FIG. 170 is a view of the format of instruction
BVCPY,
FI1G. 171 is an illustration of flag change thereof,
FIG. 172 is a view of the format of instruction
BVPAT,
FIG. 173 is an illustration of flag change thereof,
FIG. 174 is a view of the format of instruction
ADDDX,
FIG. 175 is an illustration of flag change thereof,
FIG. 176 is a view of the format of instruction
SUBDX,
FIG. 177 is an illustration of flag change thereof,
FIG. 178 is a view of the format of instruction
PACKss,
FIG. 179 is an illustration of flag change thereof,
FIG. 180 is a view of the format of instruction
UNPKss,
FI1G. 181 is an illustration of flag change thereof,
FIG. 182 is an illustration of instruction UNPKss,
FIG. 183 is an illustration of termination condition,
FIG. 184 is a view of the format of instruction
SMOV,
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
SSTR,
FIG.
FIG.
FIG.
F1G.

185 is an illustration of flag change thereof,
186 is an illustration of instruction SCMP,

187 is an illustration of flag change thereof,
188 is an illustration of flag change thereof.
189 is a view of the format of instruction SSCH,
190 is an illustration of the flag change thereof,
191 is a view of the format of the instruction

192 is an illustration of the flag change thereof,
193 is a view of the format of instruction QINS,
194 is an illustration of the flag change thereof,
195 is an illustration of the instruction QINS,
FIG. 196 is an illustration of the instruction QINS,
FIG. 197 is an illustration of the instruction QINS,
FIG. 198 is a view of the format of instruction
QDEL,
FIG. 199 is an illustration of the flag change thereof,
FIG. 200 is an illustration of the instruction QDEL,
FIG. 201 is an illustration of the instruction QDEL,
FIG. 202 is an illustration of the instruction QDEL,
F1G. 203(a) and 203()) are a view of the format of
instruction QSCH,
FIG. 204 is an illustration of the flag change thereof,
FIG. 205(a) and 205() are an illustration of the in-
struction QSCH,
FIG. 206 is an illustration of the instruction QSCH,
FIG. 207 is an illustration of the instruction QSCH,
FIG. 208 is a view of the format of instruction BRA,
FIG. 209 is an illustration of the flag change thereof,
FIG. 210 is a view of the format of instruction Bcc,
FIG. 211 is an illustration of the flag change thereof,
FIG. 212 is an illustration of the detail and mnemonic
of the portions,
FIG. 213 is a view of the format of instruction BSR,
FIG. 214 is an illustration of the flag change thereof,
FIG. 215 is a view of the format of instruction JMP,
FIG. 216 is an illustration of the flag change thereof,
FIG. 217 is a view of the format of instruction JSR,
FIG. 218 is an illustration of the flag change thereof,
FIG. 219 is a view of the format of instruction ACB,
FIG. 220 is an illustration of the flag change thereof,
FIG. 221 is a view of the format of instruction SCB,
FIG. 222 is an illustration of the flag change thereof,
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FIG. 223 is a view of the format of instruction EN-

. 224 is an illustration of the flag change thereof,
. 225 is an illustration of the instruction ENTER,
. 226 shows the format of instruction EXITD,
. 227 is an illustration of the flag change thereof,
. 228 is an illustration of the instruction EXITD,
. 229 is a view of the format of instruction RTS,
. 230 is an illustration of the flag change thereof,
. 231 is a view of the format of instruction NOP,
. 232 is an illustration of the flag change thereof,
FIG. 233 is a view of the format of instruction PIB,
FIG. 234 is an illustration of the flag change thereof,
FIG. 235 is a view of the format of instruction
BSET],
FIG. 236 is an illustration of the flag change thereof,
FIG. 237 is a view of the format of instruction
BCLR],
FIG. 238 is an illustration of the flag change thereof,
FIG. 239 is a view of the format of instruction CSI,
FIG. 240 is an illustration of the flag change thereof,
FIG. 241 is a view of the format of instruction LDC,
FIG. 242 is an illustration of the flag change thereof,
FIG. 243 is a view of the format of instruction STC,
FIG. 244 is an illustration of the flag change thereof,
FIG. 245 is a view of the format of instruction
LDPSB,
FIG. 246 is an illustration of the flag change thereof,
FIG. 247 is a view of the format of instruction
LDPSM,
FIG. 248 is an illustration of the flag change thereof,
FIG. 249 is a view of the format of instruction
STPSB,
FIG. 250 is an illustration of the flag change thereof,
FIG. 251 is a view of the format of instruction
STPSM,
FI1G. 252 is an illustration of the flag change thereof,
FI1G. 253 is a view of the format of instruction LDP,
FIG. 254 is an illustration of the flag change thereof,
F1G. 285 is a view of the format of instruction STP,
FIG. 256 is an illustration of the flag change thereof,
FIG. 257 is a view of the format of instruction JRNG,
FIG. 258 is an illustration of the flag change thereof,
FIG. 259 is an illustration of the instruction
FIG. 260 is an illustration of the instruction JRNG,
FIG. 261 is an illustration of the instruction JRNG,
FIG. 262 is an illustration of the instruction JRNG,
FIG. 263 is an illustration of the instruction JRNG,
FIG. 264 is an illustration of the instruction JRNG,
FIG. 265 is a view of the format of instruction
RRNG,
FIG. 266 is an illustration of the flag change thereof,
FIG. 267 is an illustration of the instruction RRNG,
FIG. 268 is an illustration of the instruction RRNG,
FIG. 269 is an illustration of the instruction RRNG,
FIG. 270 is a view of the format of instruction
TRAPA,
FIG. 271 is an illustration of the flag change thereof,
FIG. 272 is a view of the format of instruction
TRAP,
FIG. 273 is an illustration of the flag change thereof,
FIG. 274 is a view of the format of instruction REIT,
FIG. 275 is an illustration of the flag change thereof,
FIG. 276 is an illustration of the instruction REIT,
FIG. 277 is a view of the format of instruction
WAIT,
FIG. 278 is an illustration of the flag change thereof,
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FIG. 279 is a view of the format of instruction
LDCTX,

FIG. 280 is an illustration of the flag change thereof,

FIG. 281 is a view of the format of instruction
STCTX,

FIG. 282 is an illustration of the flag change thereof,

FIG. 283 is a view of the format of instruction ACS,

FIG. 284 is an illustration of the flag change thereof,

FIG. 285 is a view of the format of instruction
MOVPA,

FIG. 286 is an illustration of the flag change thereof,

FIG. 287 is a view of the format of instruction
MOVPA,

FIG. 288 is a view of the format of instruction
MOVPA,

FIG. 289 is an illustration of instruction LDATE,

FI1G. 290 is an illustration of the flag change thereof,

FIG. 291 is an illustration of the flag change thereof,

FIG. 292 is a view of the format of instruction
STATE,

FIG. 293 is an illustration of the flag change thereof,

FIG. 294 is an illustration of the flag change thereof,

FIG. 295 is a view of the format of instruction PTLB,

FIG. 296 is an illustration of the flag change thereof,

FIG. 297 is a view of the format of instruction
PSTLB,

FIG. 298 is an illustration of the flag change thereof,

FIG. 299 is an illustration of an AT field,

FIG. 300 is an illustration of an AT field,

FIG. 301 shows the memory map relative to the
logical address extension of the invention.

F1G. 302 shows the memory map relative to the
logical address extension of the invention,

FIG. 303 is an illustration of the flag change in the
data transfer instruction,

FIG. 304 is an ill'stration of the flag change in the
comparison test instruction,

FIG. 305 is an illustration of the flag change of the
arithmetic operation instruction, ’

FIG. 306 is an illustration of the flag change in the
logical operation instruction,

FIG. 307 is an illustration of the flag change in the
shift instruction,

FIG. 308 is an illustration of the flag change in the bit
control instruction,

FIG. 309 is an illustration of the flag change in the
fixed table bit field instruction,

FIG. 310 is an illustration of the flag change in the
fixed table bit field construction,

FIG. 311 is an illustration of the flag change in the
free table bit field,

FIG. 312 is an illustration of the flag change in the
decimal number operation instruction,

FIG. 313 is an illustration of the flag change in the
string instruction,

FIG. 314 is an illustration of the flag change in the
queue control instruction,

FIG. 315 is an illustration of the flag change in the
jump instruction,

FIG. 316 is an illustration of the flag change in the
multiprocessor instruction,

FIG. 317 is an illustration of the flag change in the
contro! space and physical space control instruction,

FIG. 318 is an illustration of the flag change in the OS
relevant instruction,

FIG. 319 is an illustration of the flag change in the
MMU relevant introduction,

FIG. 320 is an illustration of subroutine call,
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321 is an illustration of stack frame,

322 is an illustration of instruction sequence,
FIG. 323 is an illustration of instruction sequence,
FIG. 324 is an illustration showing a program exam-

ple, 5
FIG. 325 is an illustration of subroutine call,
FIG. 326 is an illustration of control space,
FIG. 327 is a view of the format of PSW,

FIG. 328 is a view of the format of IMASK,

FIG. 329 is a view of the format of SMRNG,

FIG. 330 is 2 view of the format of CTXBB,

FIG. 331 is a view of the format of DI,

FIG. 332 is a view of the format of CSW,

FIG. 333 is a view of the format of DCE,

FIG. 33 is a view of the format of CTXBFM,

FIG. 335 is a view of the format of EITVB,

FIG. 336 is a view of the format of JRNGVB,

FIG. 337 is a view of the format of SPO to SP3,

FIG. 338 is a view of the format of SP1,

FIG. 339 is a view of the format of I0ADDR and 20
10MASK,

FIG. 340 is a view of the format of UATB,

FIG. 341 is a view of the format of SATB,

FIG. 342 is a view of the format of LSID,

FIG. 343 is a view of the format of CTXB,

FIG. 344 is a view of the format of CTXBFM,

FIG. 345 is a view of the format of EITVTE,

FIG. 346 is an illustration of stack frame,

FIG. 347 is a view of the stack format of EIT,

FIG. 348 is a view of the stack format of EIT,

F1G. 349 is a view of the format of 10 INF,

FIG. 350(a), 350(b), 350(c), and 350(d) are a vector
table of EIT,

FIG. 351 is an illustration of JRNG,

FIG. 352 is an illustration of EIT,

FIG. 353 is an illustration of EIT,

FIG. 354 is an illustration of IMASK,

FIG. 355 is an illustration of system call,

FIG. 356 is an illustration of system call,

FIG. 357 is an illustration of DCE,

FIG. 358 shows comparison of DCE, DI and EI with
each other,

FIG. 359 is an illustration of an example of the use of
DCE,

FIG. 360(a), 360(b), 360(c), 360(d), 360(c), 360(7), 45
360(g), 360(k), 360(i), 360(), 360(k), 360(}), 360(m),
360(n), and 360 (0) are a view of bit allocation,

FIG. 361(a), 361(b), 361(c), 361(d), and 361(e) show
an index of operand field names,

FIG. 362 shows the ccec allocation,

FIG. 363 shows eeee allocation,

FIG. 364 is an illustration of M-flag,

FIG. 365 is a view of operation code of the BVMAP
instruction,

FIG. 366(a), 366(b), 366(c), 366(d), and 366{c) are a S5

view correspondent to the addressing mode.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The characteristic of the data processor of the inven- 60
tion will be summarized as below.

The data processor having the first and second char-
acteristics of the present invention, as shown in FIG. 3,
has a first address space for byte-addressing a memory
storing therein programs and data and a second address 65
space which maps an internal register at the processor
of the present invention and can specify the address in
units of bytes. The register and memory can similarly

FIG.
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specify addresses and control them in a unified manner.
Also, it facilitates adding to the register and corre-
sponds to expansion of the co-processor to be housed in
the main processor, thereby solving problem 1.

Next, the data processor of the present invention
having the third and fourth characteristics, as shown in
FIG. 4, has the first address space which byte-addresses
a memory storing therein programs and data and a third
address space, separate from the first address space, for
mapping a context saving area by byte address, and has
an instruction to selectively specify the third address
space to save and restore the context. Hence, for exam-
ple, a memory containing therein chips is mapped in the
third space and the third space is specified as the context
saving area to save or restore the context, thereby en-
abling high speed context switching, in which there is
1o need at all for limiting the first space. The reason for
enabling the space at the context saving area to be byte-
addressed is that mismatching in addressing caused by a
difference between the spaces is avoided and that corre-
spondence to expansion of the width of each register
forming the context is considered. Thus, the second
problem can be solved by the data processor of the
present invention.

The data processor of the present invention having
the fifth characteristic, as shown in FIG. 5, has an in-
struction for dividing the context of the processor into
plural parts so as to selectively save and restore each
part. The selected context structure is called the context
format, which is adapted to be specified through dispo-
sition of the bits in registers. In the example shown, the
context is divided into three: a control register context,
a general purpose register context, and a co-processor
context. In this example, bits relating to the control
register context and general purpose register context
are turned-on at a register for specifying context format
and the bit relating to the co-processor is off at that
register.

Thus, the data processor of the present invention can
solve the third problem, thereby providing context
switching at high speed and restriction of the saving
area.

Furthermore, accessing a particular field at the con-
trol register, must be carried out while preserving val-
ues of other fields, whereby when access is frequent, the
load may increase. Therefore, the data processor of the
present invention maps the particular field of the con-
trol register onto a separate register to thereby make
access to the particular field effective and safe.

PSW is shown in FIG. 6 as an example of a control
register and an explanation will be given of the opera-
tion of changing its particular field. An IMASK field,
often separately accessed is picked up from the PSW
registers to form a separate IMASK register. When the
IMASK field at PSW is intended to change, PSW can
be changed only by writing into the IMASK register,
by the MOV instruction, the content of memory having
an objective bit array at the objective bit field or the
content of a register as shown in the drawing. In this
way, when the IMASK register is accessed, fields other
than the IMASK field at PSW are protected.

The data processor of the present invention will be
fully explained in detail hereunder.

As the following description is voluminous, a table of
contents is attached thereto and the matters requiring
detailed description are entered in the appendix, the
subject of the invention being detailed in the appendix 7.
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1. Features of The Data Processor of the Present
Invention (The Data Processor of the Present
Invention)

1-1 Basic Design Concept

The data processor of the present invention is not
RISC. The first target of The data processor of the
present invention is to execute basic instructions at a
high speed. In addmon, high level instructions are
added.

The data processor 32 of the present invention, which
is a 32-bit microprocessor, and the data processor 64 of
the present invention, which is a 64-bit microprocessor,
have been developed at the same time as a series. From
the beginning, the expandability to 64-bit addressing has
been considered.

The data processor of the present invention series has
been developed along with the OS, so that I-TRON
(industrial-TRON), which is a real time OS, and B-
TRON (business-TRON}, which is a work-station type
OS, can be executed at a high speed. The data processor
of the present invention meets the data processor of the
present invention < <LIR> > specification. In partic-
ular, it is focused on the high-speed processing in a real
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storage environment, i.e., virtual memory is not sup-
ported.

The data processor of the present invention is a mi-
croprocessor which will become the core of an ASIC
LSIL

1-2 OS Oriented Architecture

Bit Map Operation Supporting Instructions:

Instructions which serve to move and operate the bit
map necessary for B-TRON

Context Switch Instructions:

Instructions which serve to switch tasks for - TRON
at a high speed ’

Queue Operation Instructions:

Instructions which serve to operate the ready queue
and wait queue for I-TRON

Memory Management Using 2-Level Ring Protec-
tion:

Extra 2-level ring is provided for future expansion.

1-3 Instruction Set Being Tuned

The instruction set is tuned so that frequently used
instructions and addressing modes can be described in a
short format:

Shortening the length of the instructions for opera-
tion between registers and of those for the literal opera-
tion.

1-4 Instruction Set for Compiler

Instruction set being orthogonalized

16 general-purpose registers used for various pur-
poses such as storing data, addresses and index values.

Sophisticated addressing mode:

Additional mode allows index addition and indirect
reference in any level.

Arithmetic operations between different size data
sets: Different sizes can be specified for the source oper-
and and destination operand.

Sophisticated jump instructions suitable for high level
languages

2. The Data Processor 32 of the Present Invention and
The Data Processor 64 of the Present Invention

The data processor of the present invention has a
32-bit version, the data processor32 of the present in-
vention, and a 64-bit version, the data processor64 of
the present invention. From the beginning, expandabil-
ity to the 64-bit version has been considered. The data
processor of the present invention64 can handle 64-bit
integers in addition to the data types handled by the
data processor 32 of the present invention.

The 32-bit mode/64-bit mode of the data processor64
of the present invention is switched in the following
manner:

Data Size of Operand

The 32-bit mode/64-bit mode is selected using the
size specification bit which exists in each instruction and
operand. It is also possible to use an 8-bit mode or a
16-bit mode. The data size is selected from the four
types from a two bit field.

The data processor 32 of the present invention does
not handle 64-bit data. Consequently, if the 64-bit data
size is specified, the instruction in use is treated as an
error.

Size of Pointer

Normally, the data processor 32 of the present inven-
tion uses a 32-bit pointer, while the data processor 64 of
the present invention uses a 64-bit pointer. However,
since the data processor 64 of the present invention
executes an object code for the data processor 32 of the
present invention, it provides a mode which changes the
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pointer size to 32 bits. Since this mode is specified in
PSW, it is possible to use a 32-bit type program and
64-bit type program in a context (process or task).

As an extension bit for 64-bit addressing, a reserved
bit named “P bit” is provided every operand which
accesses the memory.

Due to the following reasons, the 32-bit size/64-bit
size of the pointer is switched by the mode rather than
every instruction.

It is difficult to use pointers which differ in size, be-
cause they serve to identify the location. If there is a
64-bit size pointer together with a 32-bit size pointer,
the location cannot be identified unless the size of all the
pointers in 64 bits. Therefore, even if a 32-bit pointer
and 64-bit pointer are switched in each instruction, the
same specification is repeated in each context. There-
fore, its efficiency is low. In such a situation, it is suit-
able to switch the bit size of the pointer by using the
mode, rather than in each instruction.

When the bit size of the pointer is switched between
32 bits and 64 bits using the mode bit, a question about
the compatibility between the data processor 32 of the
present invention and the data processor 64 of the pres-
ent invention may arise. However, in the structure
where the bit size of the pointer defaults to 32 bits and
the mode is changed whenever the 64-bit address is
used, a program for the data processor 32 of the present
invention can be directly executed in the data processor
64 of the present invention. Even if the bit size of the
pointer is switched in each instruction rather than by
the mode, OS will know whether the bit size of each
context is 32 bits or 64 bits to set the stack and to deter-
mine whether the bit size of the system call parameters
is 32 bits or 64 bits. A bit size of 32 bits or 64 bits is
determined by observing the mode in PSW (which is
stored in the stack).

3. Classification of The Data Processor Specifications
of the Present Invention

The data processor of the present invention provides
optional implementations to meet various needs such as
expandability to the 64bit version, serialization, adapt-
ability to many applications, and so forth. To clarify the
optional functions of the data processor of the present
invention, the specifications of the data processor of the
present invention are classified as follows.

< <LO0> > Specification (Level 0)

The minimum specification which will satisfy as the
data processor of the present invention requirements:
For example, the programming model viewed from the
user program (most of ISP, general purpose registers
and PSH), bit pattern in machine language, and so forth.
Unless otherwise specified, the specification is
<<LO>>.

< <L1>> Specification (Level 1)

This specification should usually be implemented,
however, when a processor does not have special re-
quirements the < <L1> > specification may not al-
ways need to be implemented. < <L1> > specification
includes high level functional instructions such as string
instructions, additional modes, queue operation instruc-
tions, and bit map instructions. The details of
< <L1>> instructions will be described separately.

< <LIR > > Specification (Level 1 Real)

The < <LIR> > specification excludes the instruc-
tion rerun function and MMU related functions from
the < <L1> > specification. This < <LIR > > speci-
fication is used to effectively operate I-TRON and mi-
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cro-BTRON with real memory. The instruction set for
< <L1R> > is nearly the same as that for < <L1> >,
so the compiler and user program can be used in com-
mon with < <L1>>. However, part of the instruc-
tions relating to MMU (MOVPA and so forth) and OS
(JRNG and so forth) may not be supported.

< <L2>> Specification (Level 2)

This specification will be introduced in accordance
with an increase of hardware amount in future:

< <L2>> includes the specification which serves
to enhance the symmetry of instructions and are newly
added imstructions to <<LO0>>, <<L1>> or
< <LIR>> for high speed operation.

The former includes the *“/B” option of the BVSCH
instruction, complicated termination conditions of the
string instruction, additional mode in indefinite stages,
while the latter includes the INDEX instruction.

The < <L2>> specification is represented as
“<<L2>>",

< <LX>> Specification (Extension)

This specification will be introduced for the expan-
sion to the data processor of the present invention 64.
Although it has the same content as <<L2>>, it is
treated as a different class because of the expandability
1o the data processor64 of the present invention.

The < <LX>> specification is represented as
“<<LX>>".

< <LU> > Specification (Undefined)

The specification which will be introduced for the
future extension:

At present, the specification details have not been
determined.

< <LV> > Specification (Variable)

The specification which can be freely determined by
each manufacturer:

The < <LV>> specification includes the pin as-
signment of the chip, specification relating to the level
and performance of the pipeline, bit pattern assigned to
each manufacturer, usage of control registers and so
forth. The bit patterns of the instructions assigned to
each manufacturer are represented with LV reserved in
the bit pattern reference.

< <LA> > Specification (Alternative)

Although the < <LA > > specification describes the
standard specification for the data processor of the
present invention (or will describe it), if necessary, it
may be changed. However, if the specification is
changed, the compatibility may be lost. In other words,
the < <LA> > specification does not assure the com-
patibility of the data processor of the present invention.

The < <LA> > specification mainly includes the as
memory management system, control registers, and part
of the privileged instructions. The data processor of the
present invention aims at high speed processing in a real
storage environment without an MMU. Thus, the data
processor of the present invention does not support
most of the < <LA>> specification relating to the
memory management.

4. Register Set 12: see FIG. 7.

The data processor 32 of the present invention pro-
vides 16 32-bit general purpose registers, while the data
processor 64 of the present invention provides 16 64-bit
general purpose registers.

The stack pointer (SP) and frame pointer (FP) are
included in the general purpose registers. SP and FR
are R15 and R14, respectively.
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The program counter (PC) is not included in the
general purpose registers.

The general purpose registers serve to store data and
base addresses as well as serving as an index register
which can be used for many purposes.

A processor status word (PSW) register is provided
to store the status of the processor.

SP is switched according to the context (ring number
or interrupt processing).

PSW consists of four bytes; the low-order first byte
(processor status byte, or PSB) is used to indicate the
status, the low-order second byte (processor status half
word, or PSH, which is used along with PSB) is used to
set the user mode, and the two high-order bytes are
used to indicate the system status.

The data processor of the present invention is called
a “big-endian™ chip. It assigns 8-bit and 16-bit data in
the register starting with the LSB side. Thus, an abso-
lute bit number, irrespective of the data size, cannot be
defined. A bit number can only defined along with the
data size.

8-bit data in the register is assigned 0, 1,..., 7 starting
with the MSB side. In addition, 16-bit data in the regis-
ter is assigned 0, 1, ..., 15 starting with the MSB side.
32-bit data in the register is assigned 0, 1, .. ., 31 starting
with the MSB side. Consequently, bit position 7 of 8-bit
data, bit position 15 of 16-bit data, and bit position 31 of
32-bit data all correspond to the same bit.

In instructions where the register is used as the desti-
nation operand, when the data size of the register is 8
bits or 16 bits, the high-order bytes are not influenced.
They are not changed to comply with the specification
of the operation in the memory. To influence the high-
order bits, use a different data size operation.

Example
MOV #H'12345678, RO.W
MOV #H'aa, RO.B

When the above instructions are performed, RO be-
comes H'123456aa.

When 8-bit data and 16-bit data are placed in a regis-
ter, they are assigned from the LSB side. For example:

MOV.W #H'12345678,RO
MOV.B #H’aa RO
MOV.W #RO,R1

The result of the above instructions is R1=H’123456aa.
When the same operation is performed for the mem-
ory with the following instructions,

MOV.W #H'12345678, @RO
MOV.B #H'sa, @RO
MOV.W @RO, R1

the 8-bit data and 16-bit data are assigned from the MSB
side, resulting in R1=H’'aa345678. Note that the result
in the register differs from that in the memory.

5. Data Type

The data processor of the present invention uses “big-
endian”. In other words, when the byte address or bit
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number is assigned, the smaller number (address) is
MSB (most significant bit/byte).
In the big-endian structure, the address of some data
in the memory differs depending on whether it is treated
as 8-bit data or 16(32)-bit data. For example, when

address: N N+1 N+2
data: 0 0 0

N+3
H'12

although the content of the address N as 32-bit data is
H'00000012, (where H' represents hexadecimal nota-
tion), when the data of the same content is treated as
8-bit data, it is necessary to refer to the address N+ 3.

However, since 8-bit data and 16-bit data in the regis-
ter are assigned from the LSB side, they can be treated
as different size data. For example,

MOV #0, RO.W
MOV #H'12, RO.B
MOV RO.W, R1.W

The result becomes R1=H'00000012. (For the meaning
of the instructions, see the related chapter.)

On the other hand, when the same operation is per-
formed for the memory.

MOV #0, @RO.W
MOV #H'12, @RO.B
MOV @RO.W, RI.W

cause the 8-bit data H’'12 and MSB of the 32-bit data to
be matched, resulting in R1=H'12000000.

The data types that the data processor of the present
invention supports are as follows.

5-1 Bit

The relates bit 14 is indicated in FIG. 8. In the case of
the bit operation in the memory, offset can be freely
used.

In the case of the bit operation in the register, offset
can be limited in one register (the upper bits of the offset
is ignored).

The bit is assigned using a set of base__address, size of
base_address and offset.

When a bit in the memory is assigned, MSB of the
memory address represented by base_address is the bit
of offset=0. At the time, the assignment of the size of
base_address does not influence the bit which is actu-
ally operated. For the bit operation instruction, to as-
sign the access size for the read-modify-write operation
for the memory, the size of base__address is assigned.
However, the access size does not depend on the bit
actually operated.

On the other hand, when a bit in the register is as-
signed, MSB in the data size which is assigned as the
size of base_address is the bit of offset=0. The bit
actually operated depends on the size of base__address.

5-2 Bit Field

Signed bit field

The related bit field 16 is indicated in FIG. 9.

0<width=32 (< <LX> >0 width=64)

S: Signed bit

The distance between MSB of base__address and that
of the related bit field (signed bit) is offset. In the case of
the bit field operation in the memory using the BF:G
instruction, offset can be freely used. In the case of the
bit field operation in the memory using the BF:E in-
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struction or the bit field operation in a register, the
operation in the bit field which exceeds the one word
(1-long word) of base_address is not assured.

Unsigned bit field

The related bit field 18 is indicated in FIG. 10.

0<width=32 (< <LX > >0<width=64)

The distance between MSB of base_address and that
of the related bit field is offset.

In the case of the bit field operation in the memory
using the BF:G instruction, offset can be freely used. In
the case of the bit field operation in the memory using
the BF:E instruction or the bit field operation in a regis-
ter, the operation in the bit field which exceeds the one
word (1-long word) of base__address is not assured.

Unfixed length bit field

Both offset and width can be freely assigned in the
condition of width>0.

5-3 Integer

The data type of integer 20 is indicated in FIG. 11.

5-4 Floating Point

The floating point operation is processed by a co-
processor. The format of the floating point is specified
by IEEE standard. The details of the floating point will
be separately specified.

Single precision 32-bit floating point < < Co-proces-

sor> >

Double precision 64-bit floating point

processor > >

80-bit floating point < <Co-processor> >

5-5 Decimal

The addition, subtraction, multiplication and division
in multiple length decimal notation are processed by a
co-processor. The main processor of the data processor
of the present invention only processes unsigned fixed-
length PACKED format decimal numbers and signed
PACKED format decimal numbers. However, all the
instructions which process the signed PACKED format
decimal numbers are < <L2> >. The data type 22 is
shown in FIG. 12.

5-6 String

In the string case, the data type 24 is showin in FIG.
13.

5-7 Queue

The data type of linear list 26 connected by double
links is shown in FIG. 14.

6. Instruction Format

< <Co-

Any instruction is written in variable length every 16
bits. However, instructions whose length is odd bytes
are not permissible.

Instructions with two operands are classified into two
types: one is the general type, which has 4 bytes + exten-
sion portion and can use all the addressing modes (Ea),
and another is the abbreviation type, which can use only
frequently used instructions and the addressing mode
(Sh). Depending on the instruction function and code
size being required, the suitable type can be selected.

Although the instruction format of the data processor
of the present invention can be classified into many
types, we will roughly classify and describe the the
types of the instruction format so that the user can easily
understand it. For detail types of the instruction format,
see Appendix 10.

These are the abbreviations used for the codes de-
scribed with the format.

— Portion where an operation code is placed
# Portion where a literal or immediate value is placed.
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Ea General type addressing mode specified with 8 bits

(General Format)

Sh Abbreviation type addressing mode specified with 6
bits (Short Format)
Rn Portion where the register is specified

The format is described assuming that the right side is
LSB and the high-order address (big-endian).

Example of Format Description 28 is shown in FIG.
15. The instruction format can be determined by the
two bytes of the address N and address N+ 1, because
any instruction is fetched and decoded every 16 bits (2
bytes).

In any format, the extension portion of Ea or Sh of
each operand should be located just after the half word
containing the basic portion of Ea or Sh. It has higher
precedence than the immediate data which is implicitly
specified by an instruction and than the extension por-
tion of an instruction. Therefore, the operation code of
an instruction consisting of 4 bytes or more may be
separated by the extension portion of Ea.

If extra extension portion is added to the extension
portion of Ea in the additional mode, the extra extension
portion has higher precedence than the operation code
of the next instruction. ‘

For example, consider a 6-byte instruction which
consists of the first half word containing Eal, the sec-
ond half word containing Ea2, and the third half word.
Since the additional mode is used for Eal, the extension
portion for the addition mode is also added as well as
the conventional extension portion. At the time, the real
instruction bit pattern is assigned in the following order.

First half word of the instruction (including the basic

portion of Eal)

Extension portion of Eal

Extension portion of Eal in the additional mode

Second half word of the instruction (including the

basic portion of Ea2)

Extension portion of Ea2

Third half word of the instruction

When only 8 bits of the 16-bit field are used depend-
ing on the alignment, they are placed in the low order
(to the higher address). It is applied when the #im-
m__data mode is specified to EaR and ShR while the
operand size is 8 bits, when the operand size is 8 bits in
the I- format, or when BRA:G, Bce:G, BSR:G and
SS=00.

For example, in the following case,

MOV:1B #H'12, @RO

The first byte is an operation code of MOV:LB.

The second byte is used to specify both part of the
operation code and ShW(@RO).

The third byte is 0.

The fourth byte is H'12.

The bit pattern 29 is represented in FIG. 16.

In this case, the upper (lower address) 8 bits of the
16-bit field should be filled with 0. When the upper 8
bits are not 0, the data is unstable depending on the
implementation. In other words, in the case of I-Format
or #imm_data mode, the operand depends on the im-
plementation, while in the case of the instructions of
BRA:G,Bcc:G and BSR:G, the destination to be
jumped becomes unstable. In any case, they are not
treated as EIT (exception).

6-1 Two Operand Short Format

6-1-1 Register and Memory (S-format,L-format) 30:
an example is shown in FIG. 17.
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There are two types of instructions in the L-format
and S-format: one type is where the size can be specified
(MOV:L, MOV:S, CMP:L) and another type is where
the size cannot be specified (ADD:L, SUB:L).

For instructions where the size can be specified, the
specification of the size by RR and the like is only ap-
plied to the memory and the size of the memory is fixed
to 32 bits. If the size of the register differs from that of
the memory while the size of the source is smaller than
another, sign extension is performed. If the size of the
source is smaller than another, the high-order byte is
truncated and overflow check is performed.

On the other hand, for the instructions of ADD:L
and SUB:L where the size cannot be specified, both the
operand sizes of the register and memory are fixed to 32
bits.

Since there is a rule for the data processor of the
present invention where data in the register is usually
treated as a 32-bit signed integer, the size of the register
is fixed to 32 bits. This rule is also applied to the bit field
instructions and instructions with advanced functions
where an operand is placed in the register as well as the
instructions in the L-format and S-format.

6-1-2 Between Registers (R-Format) 31: an example is
shown in FIG. 18.

6-1-3 Between Literal and Memory (Q-Format) 32:
an example is shown in FIG. 19.

6-1-4 Between Immediate and Memory (I-Format)
33: an example is shown in FIG. 20.

The size of the immediate value in the I-format is 8,
16, 32 and 64 bits which are in common with the size of
the destination operand. The zero extension and sign
extension are not performed.

6-2 One Operand General Type (G1-Format) 34: an
example is shown in FIG. 21.

6-3 Two Operand General Type |

Instructions which have two operands in the general
type addressing mode and which are specified with 8
bits. Occasionally, the total number of operands be-
comes 3.

6-3-1 First Operand for Memory Read (G-Format)
35: an example is shown in FIG. 22.

6-3-2 First Operand for 8-Bit Immediate (E-Format)
36: an example is shown in FI1G. 23.

Although the function of this format is similar to that
between the immediate and memory (I-format), their
concepts remarkably differ. Since the E-format is a
derivation of the 2-operand general type (G-format),
the size of the source operand is fixed to 8 bits and the
size of the destination operand is selected from
8/16/32/64 bits. In other words, supposing the different
size operation, for scr consisting of 8 bits, the zero ex-
tension or sign extension is performed in accordance
with the size of dest.

On the other hand, in the I-format, the immediate
pattern which is frequently used in MOV and CMP is
changed to the short type and the size of the source is
the same as that of the destination.

6-3-3 First Operand for Address Calculation (GA-
Format) 37: an example is shown in FIG. 24.

6-3-4 Other Two-Operand Instructions 38: an exam-
ple is shown in FIG. 25.

6-4 Short Branch 39: an example is shown in FIG. 26.

6-5 Others 40: except above described, there are ex-
amples shown in FIG. 27.
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7. Addressing Mode

The data processor of the present invention provides
two addressing modes: the short format (Sh), which
assigns the address for the memory and registers with a
6 bits field and the general format (Ea), which specifies
with an 8 bits field.

If an addressing mode which has not been defined or
an improper combination of addressing modes is speci-
fied, a reserved instruction exception (RIE) occurs like
an execution of the undefined instruction and it causes
the exception processing to start. It may occur when the
destination is in the immediate mode or when the imme-
diate mode is used for an instruction which calculates
the address.

7-1 P Bit

The data processor of the present invention can as-
sign a one-bit optional function assignment bit for ac-
cessing the memory. This bit is named the P bit. The P
bit is used to add some additional capability whenever
the memory is accessed.

The P bit is independently assigned whenever the
memory is accessed. Therefore, in case of the register
indirect addressing mode, absolute addressing mode,
and the like, one P bit is assigned in accordance with the
operand. In case of the multiple level indirect address-
ing mode where the additional mode is used, the P bit
should be used for the number of times corresponding
to the number of levels. The P bit is expected for tag
checking, logical space switching, and switching be-
tween 32-bit addressing and 64-bit addressing for future
expansion. Therefore, in the current specification, the P
bit is reserved. In the description of the P bit, the posi-
tion of the P bit is represented with ‘P’. However, it
should always be “0”. If the P bit is not “0”, a reserved
instruction exception (RIE) will occur.

The function of the P bit should conform to the
< <LU> > specification.

7-2 Symbols Used in Format
Rn: Assign the register.

P: P bit (always *0")
mem[EA}: Content of the memory at the address repre-
sented with EA

The portion surrounded by dotted lines represents
the extension portion.

7-3 Register Direct
Assembler syntax 41: Rn
Operand: Rn
Format: shown in FIG. 28.

7-4 Register Indirect
Assembler syntax 42: @Rn
Operand: mem[Rn]

Format: shown in FIG. 29.
7-5 Register Relative Indirect

Assembler syntax 43 @(disp,Rn)
@(disp:16,Rn)

@ (disp:32,Rn)

Operand: mem{disp+ Rn]

Format: shown in FIG. 30.

disp should be treated as a signed operand.
7-6 Immediate

Assembler syntax 44: #imm__data

Operand: imm__data

Format: shown in FIG. 31. The size of imm_data is
assigned in an instruction as the operand size.

10

15

20

25

30

35

45

55

65

22
7-7 Absolute
Assembler syntax 45:  @abs
@abs:16
@abs:32
@abs:64 <<LX>>

Operand: mem{abs]
Format: shown in FIG. 32.

In the 32-bit addressing mode, the address specified is
extended to the 32-bit signed address. On the other
hand, in the 64-bit addressing mode, the address as-
signed by abs:16, abs:32 is extended to the 64-bit signed
address.

7-8 PC Relative Indirect

Assembler syntax 46: @(disp,PO)
@(disp:16,PC)

@(disp:32,PC)

Operand: mem(disp+ PC]
Format: shown in FIG. 33.

‘The PC value being referenced in the PC relative
indirect mode is the beginning address of the instruction
which includes the operand. Thus, an endless loop can
be produced by the following instruction.

JMF @0, PC)

When the PC value in the additional mode is refer-

enced, the beginning address of the instruction is used as

the reference value of the PC relative indirect mode.
7-9 Stack Pop 47

Assembler syntax: @SP+

mem{SP]
SP is incremented.

Operand: -

Format: shown in FIG. 34

In the @SP+ mode, SP is incremented in accordance
with the operand size. For example, when the data
processor 64 of the present invention processes 64-bit
data, SP is updated by + 8. It is also possible to specify
@SP+ for an operand which is the size of B and H, so
that SP is updated for +1 and +2, respectively. How-
ever, it causes the stack alignment to be disordered,
resulting in a slower processing speed.

If the @SP+ mode is not used for the operand, a
reserved instruction exception (RIE) occurs. Actually,
a reserved instruction exception occurs when @SP + is
used for the write operand and read-modify-write oper-
and.

7-10 Stack Push 48
Assembler syntax: @-SP

SP is decremented.
mem{SP)

Operand:

Format: shown in FIG. 35

In the @-SP mode, SP is decremented in accordance
with the operand size. For example, when the data
processor of the present invention64 processes 64-bit
data, SP is updated by —8. It is also possible to specify
@-SP for an operand which is the size of B and H, so
that SP is updated for —1 and —2, respectively. How-
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ever, it causes the stack alignment to be disordered,
resulting in a slower processing speed.

If the @-SP mode is not used for the operand, a re-
served instruction exception (RIE) occurs. Actually, a
reserved instruction exception occurs when @-SP is
used for the read operand and read-modify-write oper-
and.

7-11 Register Relation Additional Mode 49

Operand: Rn= = > tmp

Additional mode processing
Format: shown in FIG. 36.
For details of the additional mode, see section 7-16.
7-12 PC Relative Additional Mode 50
Operand: PC= = >tmp
Additional mode processing
Format: shown in FIG. 37.
7-13 Absolute Additional Mode 51
Operand: 0= = >tmp
Additional mode processing
Format: shown in FIG. 38.
7-14 FP Relative Indirect 52

Assembler syntax: @(disp.FP)
@disp:4,FP)

Operand: mem[d4 * 4 + FP]
(disp = d4 * 4)

Format: shown in FIG. 39.

The prescaled displacement, d4, it treated as a signed
operand. It should be used by multiplying by 4 irrespec-
tive of the size. Thus, the memory address of the multi-
ples of 4 in the range from (FP—8%4) to (FP+7*4) can
be referenced. When the address is described in the
assembler representation, the value multiplied by 4
should be described for displacement. This addressing
mode is < <L2>>. Since the data processor of the
present invention does not provide the FP relative indi-
rect mode, when this mode is specified, a reserved in-
struction exception (RIE> occurs.

Since this addressing mode cannot be used in the
short format, for example,

MOV @(disp,FP),R1
becomes 4 bytes as follows.
MOV:G.W @(disp4,FP),R1
MOV:L.W @(disp:16,FP).R1

Thaus, the code is ambiguously selected, so that the
mode is < <L2>>. This mode is expected to effec-
tively use the short format when the rate of usage of the
abbreviations is decreased in the data processor64 of the
present invention. In the modes of @(d4:4,FP) and
@(d4:4,SP) d4 is used by multiplying by 4 irrespective
of the operand size. Therefore, if the modes of
@(d4:4,FP) and @(d4:4,SP) are used with variables of 8
bits, 16 bits and 32 bits lengths in the stack frame at the
same time, it is necessary to left justify each variable to
the word boundary, since the data processor of the
present invention is big-endian.

Example of allocation of local variables for using
modes of @(d4:4,FP) and @(d4:4,SP) 53 is shown in
FIG. 40.

7-15 SP Relative Indirect 54
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Assembler syntax: @(disp,SP)
@(disp:4,SP)
Operand: mem[d4 * 4 + SP]

(disp = d4 * 4)

Format: shown in FIG. 41.

The prescaled displacement, d4, is treated as a signed
operand. It should be used by multiplying by 4 irrespec-
tive of the size. However, the operation where d4 is
negative is not described. Thus, the memory address of
the multiples of 4 in the range from (SP) to (SP+7*4)
can be referenced. When the address is described in the
assembler syntax, the value multiplied by 4 should be
described for displacement. This addressing mode is
< <L2>>. Since the data processor of the present
invention does not provide the FP relative indirect
mode, when this mode is specified, a reserved instruc-
tion exception (RIE) occurs.

Like @(disp:4,FP), this mode is expected to effec-
tively use the short format when the rate of usage of the
abbreviations is decreased in the data processor 64 of
the present invention.

7-16 Format of Additional Mode

Complicated addressing can basically be separated
into a combination of operations of addition and indi-
rect reference. Therefore, when assigning the opera-
tions of addition and indirect reference as primitives of
addressing, and combining them freely, any compli-
cated addressing mode can be obtained.

The additional mode will be used for such a purpose.
A complicated addressing mode is especially useful for
data reference between modules and processing systems
for artificial intelligent languages.

However, when the addressing mode is widely used
for the data processor of the present invention, the
processing speed may decrease. Thus, care should be
taken to use the memory indirect addressing mode.

The additional mode is specified every 16 bits and
repeated for the number of times required. With only
one occurrence of the additional mode, the following
operations are performed.

Addition of constant (displacement)

Scalling (x1, x2, x4 and x8) and addition of index

register

Memory indirect reference
With the additional mode in n levels, the indirect refer-
ence of up to (N+ 1) levels can be performed. Processes
of basic additional modes:

tmp + Rx *scale + d4* 4 —
tmp + Rx * scale + displx —
memftmp + Rx * scale + d4 * 4] —
mem{tmp + Rx ® scale + dispx] —

tmp when I=0and D=0
tmp when 1=0and D=1
tmp when I=1and D=0
tmp when I=1 and D=1

Basic format 85: shown in FIG. 42.
EIl=00 Absence of indirect reference; continuation of
additional mode

tmp +disp+ Rx * Scale= = >tmp

EI=01 Indirect reference; continuation of additional
mode

mem(tmp + disp+ Rx * Scale]= = >tmp
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EI=10 Indirect reference; completion of additional
mode

mem[tmp +disp+ Rx * Scale]= = >operand

EI=11 Dual indirect reference; completion of addi-
tional mode

mem(mem{tmp + disp + Rx * Scale]]= = >operand

M=0 <Rx> is used as an index.

M=1 Special index .
<Rx> =0: The indexes are not added. (Rx=0)
<Rx>=1: PC is used as the index Rx. (Rx=PC)
<Rx> =2 or more: reserved

D=0 4-bit d4 in the additional mode is multiplied by 4,
treated as disp, and then added. d4 should always be
multiplied by 4 and used irrespective of the operand
size.

D=1 dispx (16/32/64 bits) specified by the extension
portion in the additional mode is treated as disp and
then added. The size of the extension portion is speci-
fied by the d4 field.
d4=0001: dispx is 16 bits.
d4=0010: dispx is 32 bits.
d4=0011: dispx is 64 bits. <<LX>>

XX Scale of index (scale=1/2/4/8)

S Size of index register
S$=0 <Rx> is extended to signed 32 bits.

S=1 <Rx> is 64 bits < <LX>>
PPbit <<LU>>

The P bit is placed in each level of the additional
mode.

The P bit can be specified independent from all the
memory references.

Whether the indirect reference is performed or not
can be selected.

The level which does not perform the indirect refer-
ence is used for addition of the base register and index
register with multiple levels (such as
mem[R1+R2+R3)). It may be used for the relocation
base register, etc. by the user.

Size of index register

Since 32-bit data will be frequently used even with a
64-bit address, 32/64-bit address size can be switched in
each level of the additional mode.

@(disp:64,Rn) of the register relative indirect and the
addressing mode of the memory indirect can be ob-
tained by using the additional mode.

If the scaling of x2, x4 and x8 for PC is performed, the
temporary value (tmp) after the processing of the level
is completed, the value, depends on the hardware im-
plementation. The effective address obtained by the
additional mode cannot be predicted. However, an
exception does not occur.

Variation of format 56, 57: shown in FIG. 43, 44,
respectively.

7-17 Levels of Additional Mode Specification

The additional mode is used for normal indirect refer-
ence, as a table reference for external variables for mod-
ular object codes, and execution of Al oriented instruc-
tions. In particular, the applications of AI may use the
indirect reference in many levels. However, the normal
applications use it in 4 or less levels.

When the additional mode in any number of levels
can be used, the classification by the number of levels in
the compiler is not required, thus reducing the load of
the compiler. Even if the frequency of the indirect ref-
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erence in many levels is very small, the compiler should
always generate correct codes.

However, from the point of view of implementation,
if executing interrupts are accepted in any number of
levels, the load on the compiler becomes heavy. There-
fore, it is necessary to restrict the number of levels.

The versions of the data processor of the present
invention which can use the additional mode with up to
only 4 levels (4 basic formats of the additional mode) is
defined as the < <L1> > specification. Versions that
can use any number of levels are defined as the
< <L2>> specification. Even in the <<LI1>>
specification, it is possible to perform the memory indi-
rect reference up to 5 times. For the additional mode
which exceeds 5 levels (5 half words), a reserved in-
struction exception (RIE) occurs. However, in the for-
mat where any number of levels can be used, the num-
ber of levels will be extended.

The data processor of the present invention can use
the additional mode in any number of levels. However,
when the memory indirect addressing is frequently used
along with the additional mode, the processing speed
may decrease. Especially, if the additional mode with
many levels is used in the second operand, an interrupt
cannot be accepted during the processing of the addi-
tional mode.

Since the data processor32 of the present invention
will use floating point, the scaling of ‘x8' is imple-
mented. The scaling of ‘x8’ is the < <L1> > specifica-
tion rather than the < <LX> > specification.

8. Description Relating to Implementation

8-1 Supporting Virtual Storage

While the data processor of the present invention has
provisions for virtual memory, they are not currentry
implemented on the data processor of the present inven-
tion.

To provide the virtual storage, it is necessary to prop-
erly recover page faults which occur during execution
of instructions. The data processor of the present inven-
tion generally uses the instruction re-execution system.

If a page fault occurs in the instruction re-execution
system, the processor resets all the registers and acti-
vates the page-in process routine. Thus, even if the
execution of instructions are resumed from the begin-
ning, inconsistency does not occur.

In the instruction re-execution system, normally, it is
not necessary to hold the status flags during execution.
Therefore, the system is comparatively simple. When
re-executing instructions, the data processor of the pres-
ent invention does not use the instructions and address-
ing mode (such as auto-increment) which may cause
side effects however, since the re-execution after the
page fault may cause an unnecessary memory access.
Therefore, care should be taken when OS operates the
1/0 device.

For example, if the first operand of a normal instruc-
tion serves to read the 1/0 device and the second oper-
and causes a page fault by the re-executing the instruc-
tion, the 1/0 device is read again. Therefore, inconsis-
tency may occur depending on the type of 1/0 device.
Thus, when an I/0 device causes a side effect is read
and accessed, take care not to cause a page fault by
another operand. Particularly, it is possible that another
operand is always a register or residual page.

If the source operand and destination operand are
partially overlapped, inconsistency will occur when a
simple execution is performed.
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Example: Moving 2-byte data for 1 byte.

The destination is located at the page boundary:
shown in FIG. 45.

In FIG. 45, if the MOV H instruction causes [N-2:N-
1] to be moved to [N-1:N], the write cycle of the desti-
nation is separated with two sessions. First, the data of
[N-2] 58 is written to [N-1] 59 and the former [N-1] is
written to [N]. If page M-1 60 has a fault while the data
is written to [N-1], after the page-in operation, [N-2:N-
1]->{N-1:N] is retried. Since the content of N-1 has
been rewritten, inconsistency will occur.

For an instruction such as LDM which serves to
transfer data in multiple sessions, if the source and desti-
nation are overlapped, care should be taken that incon-
sistency does not occur during re-execution of the in-
struction. For example, in the following case,

LDM @Ré6, (R6-R10)

when R8 is read after loading R6 and R7, if a page fault
occurs, R6 has been rewritten upon re-execution. Thus,
if the instruction is re-executed from the beginning,
inconsistency will occur. To avoid that, it is necessary
to take the following countermeasures.

Check that a page fault has not occurred at the begin-
ning of the instruction.

Save the temporary value which represents the ad-
dress which is transferred during page fault to the stack
(a kind of instruction continuous execution system).

Store the initial value of R6 and restore it if a page
fault occurs.

These countermeasures should be applied to STM
and other instructions.

To re-execute instructions without inconsistency,
LDM, STM and LDCTX prohibit the additional mode.
On the other hand, ENTER, EXIT and JRNG prohibit
all the addressing modes which access the memory.

8-2 Rewrite of Instruction

Generally, a computer which has the stored program
system can rewrite the instruction program to be exe-
cuted by itself through a program. However, when an
instruction is rewritten in the current high performance
processors which provide prefetch and instruction
cache functions and the operation must be assured, the
load on the hardware is remarkably increased. The
necessity of this function is not high and it is not suitable
for software training. Therefore, the data processor of
the present invention normally prohibits the instruction
codes to be rewritten by software. If the instruction
code is rewritten, its operation will not be assured.

In some special applications, instruction codes are
produced by a user program and they are executed.
Therefore, when some conditions are met, it is neces-
sary to assure the execution operation of instruction
codes being rewritten.

To do that, the data processor of the present inven-
tion has PIB instruction which informs the processor
that instruction codes have been rewritten. By execut-
ing this instruction, the execution operation of the in-
struction codes being rewritten are assured. This in-
struction serves to inform the processor that the instruc-
tion codes to be executed have been probably rewritten
(after the processor has been reset or the former PIB
instruction has been executed). This instruction will
serve to purge the pipeline, instruction queue and in-
struction cache.

9. EIT Processing
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EIT stands for the initial letters of Exception (excep-
tional interrupt), Interrupt (external interrupt) and Trap
(internal interrupt).

In the data processor of the present invention, a pro-
cess which is asynchronous with the flow of the execu-
tion of the program is termed an EIT process. The EIT
processes are generally called exception and interrupt
processes. The EIT process contains the following
types.

Internal interrupt (call between rings, trap)

It is intentionally generated by the programmer when
issuing a system call. It relates to the context which is
executed at the time,

Exceptional interrupt (exception)

It occurs if some error is generated during execution
of a conventional instruction. It relates to the context
being executed at the time.

External interrupt (interrupt)

It occurs when a signal is generated by external hard-
ware.

It does not relate to the context being executed at the
time. ‘

For details of the EIT processing, see Appendix 9.

10. Structure of PSW

PSW (Processor Status Word) of the data processor
of the present invention consists of 32 bits. The lower 16
bits of PSW (PSH - Processor Status Halfword) is used
for the user program. It can be freely operated by the
user process. On the other hand, the upper 16 bits of
PSW (PSS - Processor Status halfword for System) is
used for the system. Therefore, it cannot be operated by
the user program (ring 3). The upper 8 bits of PSH
serves to set various modes and are named PSM (Pro-
cessor Status byte for Mode). In addition, the lower 8
bits of the PSH serves to display the operation result 43,
which is named PSB (Processor Status Byte): shown in
FIG. 46.

10-1 Structure of PSS 62: shown in FIG. 47.

Reserved to 0.

If ‘1’ is written, a reserved functional exception

(RFE) occurs.

SM,RNG =000 Uses the external interrupt stack
pointer (SPI) at ring O.

SM,RNG =001 reserved

SM,RNG=010 reserved

SM,RNG =011 reserved

SM,RNG =100 Uses the stack pointer for ring 0
(SPO) at ring 0.

SM,RNG =101 Reserved (for ring 1)

SM,RNG=110 Reserved (for ring 2)

SM,RNG =111 Uses the stack pointer for ring 3
(SP3) at ring 3. SM,RNG is < <LA> >.(SM: Stack
Mode, RNG: Ring)

XA =0  32-bit context

XA=1 64-bit context < <LX>>

AT=00 Absence of address conversion

AT=01 Presence of address conversion (the data
processor of the present invention standard MMU
specification)

AT=10 Absence of address conversion, memory
protection by address (< <LIR>>)

AT=11 reserved (AT: Address Translation mode)

DB=0 Context which is not currently debugged

DB=1 Context which is currently debugged

IMASK  Interrupt priority which inhibits an external

interrupt and DI (Delayed Interrupt).
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IMASK =0000  Accepts only NMI (unmaskable in-
terrupt of priority 0)
IMASK =0001 Masked up to priority 1 (conse-
quently, accepts NMI only).

IMASK =0010  Masked up to priority 2. represented
by IMASK.

IMASK=1110 Masked up to priority 14.

IMASK=1111 Not masked

The data processor of the present invention controls
the memory by 4 levels of ring protection as the
< <LA>> specification. (See Appendix.) The data
processor of the present invention controls the memory
by 2 levels of ring protection. The RNG field represents
which rings exist in the current processor. Even if the
ring protection is not performed, this field is used to
switch between the supervisor mode and the user mode.

The XA bit of the data processor of the present in-
vention32 is reserved. If ‘1’ is written to the bit, an
exception occurs.

Since it is difficult to standardize the debug informa-
tion such as trace in detail, it is stored in a different
control register (DCR - Debug Control Register).
However, only the information which represents the
debugging condition is stored in PSW as DB.

The lower priority external interrupts of the data
processor of the present invention are represented with
higher numbers. The priority of the external interrupts
consist of seven levels from 0 to 7. The priority 0 is the
unmaskable interrupt (NMI).

Since it is difficult to completely standardize the
control information of the cache and MMU, it is sepa-
rated from PSW.

Since AT (address translation specified field) is
placed in PSW, it is possible to convert the address any
context, change the memory protection method, and
temporarily stop the address translation only during
execution of the EIT process handler.

When AT (address translation bit) in PSW is changed
from ‘00’ to ‘01’ by starting LDC, REIT, LDCTX or
EIT, TLB and cache purge are automatically con-
ducted, so that TLB and matching with the logical
cache is assured. In addition, when AT is changed from
‘01" to *00’, the matching of the cache (logical cache and
physical cache) is assured.

10-2 Structure of PSH 63: shown in FIG. 48.

Reserved to ‘0

If ‘I’ is written, a reserved functional exception
(RFE) occurs.

PRNG Ring number just before entering this ring.
PRNG is < <LA>>.

P P-bit Error Flag < <LU> >

Set if an error relating to the P-bit function occurs.

Otherwise, it is cleared.

Reserved to ‘0’ at present.

F  General Flag
Used to detect the cause of the termination of a high
level instruction.
X  Extension Flag

The carry-out of a multiple length operation.
V  Overflow Flag

Indicates an overflow occurence.

L Lower Flag
Indicates the contents of thc first operand is smaller
than those of the other operand in a comparison
instruction for both signed with signed comparison
and unsigned with unsigned comparison.
M  MSB Flag
Indicates the MSB of the operation result is ‘1’
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Z  Zero Flag

Indicates the operation result is *0’.

The “ring just before entering” in the PRNG field
represents a “ring which is placed at one outer location”
or a “ring which requests a service to the ring”. Thus,
when EIT occurs, PRNG changes as follows:

PSW<RNG> == >PSW<PRNG>.
When EIT occurs in the return mode with the REIT
instruction, PRNG changes as follows:

stack = = > PSW (including RNG and PRNG).

In the return mode, it is necessary to return from the
stack rather than copying RNG. The relationship
RNG=PRNG is always satisfied. PRNG is referenced
by the ACS command. Actual ring transition uses the
information of RNG. In instruction flow from com-
pared to the conditional jump, processors other than the
data processor of the present invention usually distin-
guish signed data and unsigned data by using a condi-
tional jump instruction rather than a comparison in-
struction.

For example, unsigned integers are compared using
the following instructions:

CMP
BLTS

srcl,src2

next Branch Lower Than (Signed)

Signed integers are compared using the following in-
structions:

CMP
BLTU

srcl,src2

next Branch Lower Than (Unsigned)

Thus, in this type of flag implementation, information to
distinguish the size of numbers and the presence or
absence of signs is required.

In the data processor of the present invention, how-
ever, the distinction between the presence or absence of
a sign is made by using different compare instructions
such as the CMP and CMPU instructions. On the other
hand, the conditional jump instruction can be used re-
gardless of whether the contents are signed or unsigned.
Thus, the flag structure is simplified.

The carry flag used in conventional processors has
two functions: one serves to compare the size of un-
signed integers and another serves to represent a carry-
out in multiple length operations. However, for the
latter function, since the data processor of the present
invention uses X_flag, the carry flag is used only for
comparing the size of integers. Thus, the carry flag of
the data processor of the present invention is defined as
that which represents the relationship of size and is
named L_flag (Lower Flag). In the case of an unsigned
operation, this flag works as conventional carry flag. In
the case of a signed operation, it represents the true size
since it includes the overflow, unlike conventional
carry flags.

F_flag (general flag), which represents the termina-
tion condition of a string instruction and queue instruc-
tion, and P__flag (P-bit error flag) which represents an
error of the P bit are provided. P_flag is reserved to ‘0’
in the specification at present.
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Although conventional processors use a carry flag
which can contain the dropped bit from a shift instruc-
tion, the data processor of the present invention has
L _flag rather than a carry flag, so that the dropped bit
is placed in X__flag.

10-3 Flag Change

All the addition, subtraction, comparison and logical
operation instructions are 2-operand instructions which
have the following format:

dest .op. src= = >dest

If the size of dest differs from that of src, the smaller size
operand is sign-extended in accordance with the larger
size operand (ADDU, SUBU and CMPU are zero-
extended), calculated, the result of the operation is con-
verted into the size of dest, and then stored in dest.

In the case of CMP, CMPU, SUB and SUBU, L_flag
indicates that the size of the first operand of the previ-
ous operation is smaller. For CMPU and SUBU, which
are for unsigned operations, L_flag functions like the
carry (borrow) flag of the convention processors. In a
signed operation, L_flag represents the true size be-
cause it includes the overflow, rather than just copying
the M__flag. In the ADD instruction, L_flag indicates
whether the result is negative. It also represents true
positive and negative as well as overflow rather than
copying the M_flag. In the ADDU, since the result
always becomes positive, L__flag is set to ‘0",

V_flag indicates the result of the operation cannot be
shown by the size being specified. In other words, when
the result of an operation cannot be represented by the
signed integer of the size of dest (unsigned integer for
ADDU and SUBU), V_flag is set. In the CMP and
CMPU instructions, the status of the V_flag is un-
changed.

X_flag is used to maintain the status of a carry-out in
multiple length operations. The flag status is changed
regardless of whether the operation is signed or un-
signed. Although it functions similar to the carry flag of
conventional processors, only the addition, subtraction
and shift instructions change X_flag.

In the CMP, SUB, CMPU and SUBU instructions,
the status of L_flag is changed in a similar manner.
While SUB, SUBU and SUBX instructions cause X__.
flag to change, CMP and CMPU instructions do not
cause it to changed.

In the case of MOV, MOVU, ADD, ADDLU,
ADDX, SUB, SUBU and SUBX instructions, the sta-
tuses of M_flag and Z_flag are changed depending on
the value when the operation result is converted in the
size of dest. Thus, if the size of dest is smalier than that
of src, even if the operation result is not 0, Z_flag may
be set. On the other hand, in the CMP and CMPU
instructions, the status of Z_flag is changed depending
on the value of the operation result regardless of the size
of dest.

Example: If @dest.B = 1 -
SUB #H'101.W,@dest.B — Although the operation result 1

- H'101 is not 0, since dest

becomes 0, Z_flag is set.

Since the operation result 1

-H'10lis not 0, Z_flag is

cleared.

CMP #H'101.W,@destB —

In ADDX and SUBX instructions, the flag status is
irregularly changed to some extent, s0 that it can be
used for both the unsigned integer extended operation
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and signed integer extended operation. In this case,

although it does not completely match the mnemonic of

the conditional jump instruction, since the extended
operation is not frequently used, this irregularity should
be permissible.

L_flag  Represents the relationship of size (SUBX)
and positive and negative (ADDX) for signed opera-
tion.

V_flag  Represents an overflow for signed operation.

X_flag In ADDX, represents a carry from the size
of dest for the dest+src+X_flag operation. In
SUBX, it represents a borrow from the size of dest for
the dest—src—X_flag operation. However, if the
size of src is smaller than that of dest, src is sign-
extended. In SUBX, if the size of src is the same as
that of dest, X_flag consequently represents the re-
sult of the comparison as unsigned data.

‘When an operation between different size operands is
performed with ADDX and SUBX, the smaller size
operand is sign-extended. However, whether the value
which is sign-extended is operated on as a signed value
or an unsigned value depends on the status of the flag.

In the MOV instruction, MOVU instruction and
logical operation instructions, the statuses of X_flag
and L_flag are not changed.

In the logical operation instructions, the status of
V_flag is not changed.

The details of status flag changes are described in
each instructions description. Special attention should
be given descriptions marked with an astarisk.

11. Instruction Set Description Format

11-1 Outline of Descriptive Format

MNEMONIC:

Represents the same (mnemonic) of the instructions.

OPERATION:

Summarizes the function of the instruction.

OPTIONS:

Represents the types of options available for the in-
struction. The options of the instruction serve to change
the sub-functions of the instruction and are described as
‘/xxx” in the assembler syntax.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX:

Represents the bit pattern, assembler syntax, size, and
type of the instruction. In the data processor of the
present invention, one instruction mnemonic may have
multiple instruction formats such as the general format
and short format, each of which is used depending on
the addressing mode and size. This paragraph describes
the addressing mode and size used in each instruction
format.

STATUS FLAGS AFFECTED:

Shows how the status flags (PSB) are changed after
the instruction is executed.

DESCRIPTION:

Describes the functions of the instruction. For details
of the assembler mnemonics used in the description, see
the Appendix at the end of the manual.

11-2 Instruction Bit Pattern and Assembler Syntax

The “INSTRUCTION FORMAT AND ASSEM-
BLER SYNTAX™ portion is comprised of the mne-
monic by format, operand name, operand field name
and instruction bit pattern.

Example of Description 64 is shown in FIG. 49.
AND:G . . . Mnemonic-every-Format
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Represents the mnemonic-every-format of the in-
struction bit pattern to be described (see Appen-
dix).

src,dest . . . Operand Name

Variable which is used to describe the function of the
instruction. This variable is referenced by the *OP-
ERATION” and “DESCRIPTION". The order of
the operands described in this description is that of
the assembler.

Ear,EaM . . . Operand Field Name

Represents the relationship of the bit pattern, avail-
able operand size, available addressing mode, mem-
ory access method, and other restricted informa-
tion. The letters which represent operand field
names relate to their meanings so that various
meanings can be simply represented.

Portion surrounded by lines . . . INSTRUCTION BIT

PATTERN

The “INSTRUCTION BIT PATTERN?” represents
the operand field, size specified field position, and
operation code of the instruction.

The bit represented by **' is the don’t care bit. 0 and
1 of this bit do not effect the instruction decoding.

The bits represented by ‘—’, ‘+’, ‘=" and ‘#’ are
currently not used to distinguish the instruction
function and operand. However, the portions of
‘—* and ‘=" and those of ‘+’ and ‘#’ of the user
program should be filled with 0 and 1, respectively.
If the bit of ‘=" is not 0 or if the bit of ‘+’ is not 1,
a reserved instruction exception (RIE) occurs.

If the bit of ‘=" is not O or if the bit of ‘#’ is not 1, it
is ignored. In other words, as hardware, all ‘*’, ‘="’
and ‘# have the same meaning. However, for fu-
ture extension, it is necessary to instruct in the users
manual that the bits ‘=" and '#" *should be filled
with 0 and 1, respectively.

11-3 Field Name

The INSTRUCTION BIT PATTERN contains the
option field and size specification field as well as the
instruction bit pattern. The data processor of the pres-
ent invention uses the following option and size specifi-
cation field names.

Size Specification Field Names

RR  Specifies the size of the operand which performs
read accessing.

wWwW Specifies the size of the operand which per-
forms write accessing.

MM Specifies the size of the operand which per-
forms read-modify-write accessing.

BB  Specifies the memory accessing size for bit opera-
tion instructions.

XX  Specifies the general size except for the above
items (mainly used for specifying the register size).
SS  Specifies the general size except for the above
items (mainly used for specifying the displacement
size, CMP second operand, string instruction which
implicitly specifies an operand, and the MOVA:U

instruction which implicitly specifies a stack).

Be sure to repeat the same upper case letter. How-
ever, if only 32 bits and 64 bits can be specified, use only
one of the two letter.

Option Field Names

The option bit names should mainly be specified by
using lower case letters (except the items concerning P
bit). The optional field names are as shown bellow. In
any case, the assembler defaults to the first description
item (e.g. 0, or 00 . . as option value).
ccce  Specifies the conditions for Bcc and TRAP/cc.
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ecee  Specifies the termination conditions of a string
instruction and QSCH instruction.

P,Q.. Specifies the P bit (Q . . is used to specify the
termination condition for the QSCH instruction).

b /F=0,/B=1(BSCH, BVSCH, BVMAP, BVCPY,
SCMP, SMOV, QSCH)

r /F=0,/R=1(SSCH)

¢ /N=0,/S=1(CHK) .. ‘¢’ for CHK and change
index value

d /0=0,/1=1(BSCH, BVSCH) . . ‘d’ for data

m /NM=0,/MR=1(QSCH). .. ‘m’ for mask

p /AS=0,/858=1 (PTLB, PSTLB, LDATE)..‘p’
for PTLB and specific space

ttt /PT=000,/ST=001,/AT=110,/reserved =010
to 101,111)PSTLB, LDATE,STATE)

xx /LS=00,/CS=01 reserved=10,11

(LDCTX,STCTX)

The field names which are not listed above represent
the operand field names. If possible, the letters should
not have multiple meanings.

11-4 Operand Field Name

The letters which represent the operand field names
have the meanings indicated below. Only these field
names can indicate various information such as avail-
able addressing mode, operand size, and access method.
Basic Addressing Modes
Ea  Uses the addressing mode in 8-bit general format.

Sh  Uses the addressing mode in '6-bit short format.
#  Literal

#i Immediate

#d  Displacement

Rg Register

L1  Register list (for LDM)

Ls  Register list (for STM)

Ln  Register list (for ENTER)

Lx  Register list (frr EXITD)

Access Method

Part of basic addressing modes defaults to the follow-
ing access method. In this case, the letter which repre-
sents the access method is not assigned.

#,#i,#d  Reads from the instruction space.
LsLn  Reads from a register.
LLLx  Writes to a register.

For other basic addressing modes, the access method
is represented by using the following letters.
R  Read
W Write
M  Read-modify-write
To abbreviate the field name, RgR, RgW, and RgM
are described as RR, RW, and RM, respectively.
{BF and CSI instructions)
A Only performs address calculation.
f Determines the memory address which is actually
operated in with combination with the bit offset.
(Suffix of R and M) Example: Bit manipulation in-
struction :
Although the bit offset is used, it does not exceed
the byte boundary. The address to be accessed is
determined without referencing the offset. (Suffix of
R and M)
Example: bit operation instruction in short format
Determines the memory address and range actu-
ally operated with a combination of the bit offset and
bit field width. (Suffix of R and M)
Example: Fixed length bit field operation instructions
Performs complicated accessing by the queue in-
struction. (Suffix of other access methods)
Example: QINS and QDEL instructions

fq

bf

q
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i Performs accessing by bus interlock. (Suffix of M)
%  Performs accessing of special space such as con-
trol space and physical space. (Suffix of R, W, and M)
d  Operates two data segments (double). (Suffix of R)
Example: CHK instruction
Operates multiple data segments (multiples). (Suf-
fix of R and W)
Example: LDM and STM instructions
Restrictions of Addressing Modes
Once the basic addressing mode and access method
have been determined, the restrictions for the address-
ing mode are automatically determined (such as inhibit-
ing the immediate mode for EaW). However, if other
restrictions besides the above exist, the following letters
should be placed after the instruction.
I  Inhibits the immediate mode.

Example: Second operand of CMP instruction
IM  Inhibits the addressing mode for the memory.

Example: Local operand of ENTER:G instruction
A Inhibits the additional mode.

Example: ctxaddr operand of LDCTX instruction
Inhibits the stack pop and stack push modes.

Example: dest operand of QDEL instruction

Size Specification

The size should be regularly specified by the follow-

ing fields:

When the access method is R, the size is specified by
the RR field.

When the access method is W, the size is specified by
the WW field.

When the access method is M, the size is specified by
the MM field.

When the access method is R!I, RM, or R2, the size
is specified by the SS field.

When the access method is *f, the size is specified by
the BB field. However, it means the access size for the
memory operation.

When the access method is A, the size is not specified.

If there is an exception for specifying the address, add
the letters listed below to distinguish it. Normally, num-
bers and lower case letters represent the fixed size,
while upper case letters represent the variable size. For
example, ‘w’ represents a 32-bit (word) fixed size, while
‘W’ represents the size specified by the WW field.

w  The operand size is always 32 bits.
Example: MUL:R instruction
The operand size is always 16 bits.
Example: WAIT Instruction
The operand size is always 8 bits.
Example: src of MOV:E instruction
S8  The size of the operand (displacement) is specified

by the SS field. However, when SS=00 (i.c. when 8

bits are specified), this operand specification field is

used. Otherwise, the operand is specified by the ex-
tension portion and this field is ignored (it should be

set to 0).

Example: src of BF:I instruction
S  The size of the operand (displacement) is specified

by the SS field.

Example: BRA:G instruction
R  The operand size is specified by the RR field to-

gether with the size of another operand.

Example: CMP:I instruction
W The operand size is specified by the WW field

together with the size of another operand.

Example: MOV:] instruction
M  The operand size is specified by the MM field

together with the size of another operand.

m

1S
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Example: Instruction of I format
Since the bit pattern which specifies 8 or 16 bits
has not been assigned as the operand size, only the
operand for 32 or 64 bits can be specified. The size is
specified by the R, M, W, and B fields rather than the

RR, WW, MM, and BB ficlds.

P Since the pointer is used, the size is not specified in
the instruction. The size is actually specified by the P
bit or the mode (XA bit in PSW).

Example: QINS and QDEL instructions

X  The operand size is specified by the XX field.
Example: xreg of ACB and SCB instructions

Xw The operand size is specified by the X field
together with another operand. This is used for speci-
fying the width of the BF instruction.

Xs  The operand size is specified by the X field to-
gether with another operand. This is used for specify-
ing src for the BF instruction.

Xd  The operand size is specified by the X field to-
gether with another operand. This is used for specify-
ing dest for the BF instruction.

C  The operand size is specified by the RR field to-
gether with another operand. This is used for specify-
ing the value to be compared in the CSI instruction.

3 3-bit literal

4  4-bit literal
Example: TRAPA instruction

6  8-bit literal

8  8-bit displacement
Example: BRA:8 instruction

16  16-bit displacement
Example: MOV A:R instruction
When the operand size (which is implicitly specified

by a high level instruction such as a string manipulation

instruction) is specified, SS is used as the field name. In
the free-length bit field instruction, X is also used.

Others

Z  Indicates O of the bit pattern of the literal accords
with 0 of the operand value. N is the bit number in the
literal.

L

0...000 Q
0...001 1
0...010 2
1...110 2AN-=-2
... 1t 2aN-1

Example: offset of BTST:Q

n  Indicates 0 of the bit pattern of the literal accords
with 2 N of the operand value. N is the bit number
in the literal.

0...000 2 AN
0...001 1
0...010 2
1...110 2AN-2
1...111 2aN—1

Example: src of MOV:Q
¢ Indicates the bit pattern of the literal shows the 2’s
complement. N is the bit number in the literal.

0...000 ~2aN
0...001 —(2AN-1)
0...010 ~(2AN-2)
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-continued

1...110
1...111

-2
-1

Example: Shift count of shift-right operation in
SHA:C and SHL..C
1,2..  If there are two or more operands which are
accessed in the same manner in one instruction, distin-
guish them.

The restrictions for size which specifically relate to
the instruction functions are given in each instruction
rather than the operand field and size specification field
names. They contain the specification of a size which is
not 8 bits for shift count and logical operation in differ-
ent size operands.

11-5 Restriction for Addressing Mode

The following operand field names have restrictions
in the available addressing modes.

EaR,ShR.... @-SP cannot be used.

EaW,ShW.... @imm_data and @SP+ cannot
used.

EaM,ShM .... @imm_data, @-SP, and @SP+

cannot be used.

EaA.... @SP+, @-SP, Rn, and #imm_data

cannot be used.

The restrictions concerning the addressing mode are
given in “DESCRIPTION’ of each instruction.

11-6 Notes for Description

For the stack operation instructions, TOS represents
the top position of the stack. (1) TOS represents the
pop from the stack, while ( | ) TOS represents the push
to the stack.

The basic 2-operand instructions (MOV, MOVU,
ADD, ADDU, ADDX, SUB, SUBU, SUBX, AND,
OR, XOR, CMP and CMPU) describe their operations
in the following manner:

The sizes of dest (src2) and src(srcl) (number of bits)
and the value, where src(srcl), dest(src2) is broken
down into individual bits are represented as d and s and
DO, D1,...,Dd-1,80,81, . . ., Ss-1, respectively. Thus,

dest(src2)={D0.D! . . . Dd-2.Dd-1]

sre(src1)=[S0.51 . . . Ss-2.8s-1]

[. . ] represent the binary notation and “.’ represents a
delimiter between each digit. The value which is set to
dest as the result of the operation is represented as fol-
lows:

dest .op. src=result=[RO.R1 . .. Rd-2.Rd-1]

Except for MOV, MOVU, CMP and CMPU, the result
is set to dest. In addition, if s >d, only the lower bits of
the operation result are set to dest. The value before the
upper bits of the operation result are removed is repre-
sented as follows:

result=[FO.F1 . . . Fs-2.Fs-1]

The number of bits of R and F are d and s, respectively.

When the bit string [. . ] is treated as a signed binary
number, the value of the bit string is represented by S[.
. J. If it is treated as an unsigned binary number, the
value that the bit string shows is represented as U[. . ].
On the other hand, if the bit string is treated as a signed
packed type decimal number, the value that the bit
string shows is represented as SDJ. . ]. If it is treated as
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an unsigned packed type decimal number, the value that
the bit string shows is represented as UD[. . ]. In addi-
tion, *~* and ‘~' represent the logical negation and
power, respectively.

Likewise, “DESCRIPTION" of the fixed length bit
field instruction gives the description of detail operation
in the following notation.

bitfield=[Bo.Bo+1 ... Bo+w-2.Bo+w—1]

[Sn.Sn+1...Sm-2.Sm-1] is abbreviated as [Sn to m-1].
[S0.S1 ... 8d-2.8d-1]={S0 to s-1] may be simply repre-
sented as [S].

This rule is applicable to [D], [R], [B], and [F].

12. Instruction Set of the Data Processor of the Present

Invention
12-1 Data Transfer Instructions
MNEMONIC:
MOV src,dest
OPERATION:

src= = >dest

Move and sign-extend data.
OPTIONS:

None :

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 685: shown in FIG. 50(a)

STATUS FLAGS AFFECTED 66: shown in FIG.
50(5).

DESCRIPTION:

Move data from the source operand (src) to the desti-
nation operand (dest).

If the size of the source operand is smaller than that of
the destination operand, the size of the source operand
is sign-extended.

If the value of the source operand cannot be repre-
sented as a signed integer in the size of the destination
operand because the size of the destination operand is
smaller than that of the source operand, V_flag is set.

Although MOV:Z is a clear instruction, since its
operation and status flags change are the same as those
of the MOV instruction, it is treated as one of the short
formats of MOV,

Although the MOV, ADD, SUB and CMP instruc-
tions serve to perform operations with sign, the literal
contains only the positive range. This is because the
literal which can be used by MOV:Q, ADD:Q, SUB:Q
and CMP:Q is in the range from 1 to 8 (operand field
name: #3n). If src of the MOV and MOVU instruction
is an immediate value, the relationship between the
immediate value and the available format is as follows.

MovV) Z sac =0
Q 1= src =8
:E ~128 = src = 127
:1 &rC is any number.
G arc is any number.
MOVU) E 0= src = 255
G srC is any number.

It is also applicable to the ADD, SUB and CM
instructions. ‘

(If dzs) '
[S0. S1....8-28:-1]—
[S0SO. ... ... .. SO S0. S1....85-285~1] —
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-continued

1
Sign-extended for d—s bits

[RORY..... Rd—s+1.Rd—sRd—s+1.... Rd-2Rd-1]}
(Set to dest)
(Mfd<s)
[s0S1..... Ss—d—1.5s—d.Ss—d+1....8—2.8s—1] —
[Ss —d.8s—d+1....8—-28—1] -
1
s—d bits (S0.51 ... .. Ss—d—1) are truncated.
[ RO. Rl....Rd—2.Rd~1]
(set to dest)
M_flag RO
Z_Nag ([(ROtod—1} =0
V. flag* S[S] < —2a(d~-1).or. S{S] & +2a(d-1)
In other words, ifdZ s, they are cleared.
If d>s, when,
SO=8l=..... = $s—d—1 = Ss—d(=R0)

they are cleared. Otherwise, the flag is set.

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR="11"

When WW="11"

When EaR or ShR is @-SP ;

When EaW or ShW is #imm__data or @SP+
MNEMONIC:

MOVU src,dest
OPERATION:

zex(src)= = >dest

Move and zero-extend data.
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 67: shown in FIG. §1.

§2.

DESCRIPTION:

Move the contents from the source operand src to the
destination operand dest.

If the size of the source operand is smaller than that of
the destination operand, the data of the source operand
is zero-extended.

If the value of the source operand cannot be repre-
sented as an unsigned mteger with the size of the desti-
nation operand because the size of the destination oper-
and is smaller than that of the source operand, V_ﬂag
is set.

af d=s)
[SO. ..8s—28s~-1} —
[o. 0.......... 0. S0, Sl....8—28s—~1] —
Zero-extended for d—s bits
[ROR) . .... Rd—s+1.Rd—sRd—s+1.... Rd—2.Rd-1]
(Set to dest)
(if d<s)
{so.s1..... Ss—d—1.8s—d.Ss—d+1....8—28s—1] —
[Ss~d.Ss—d+1....58—28s—1] —
—d bits (S0.S1..... Ss—d—1) are truncated.
{ RO. R1....Rd-2Rd-1}
(set to c!est)
M_flag RO
Z_flag [ROtod—1}=0
V_flag® U[S] Z +2ad
In other words, if ds, they are cleared.
If d=s, when,
S0 =S8!1= ..=8s—d—-1=0

it is cleared. Otherwise, it is set.

PROGRAM EXCEPTION:
Reserved instruction exceptions
When RR="11"

STATUS FLAGS AFFECTED 67: shown in FIG. 3
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When WW=‘11"

When EaR is @-SP

When EaW is #imm_data or @SP+
MNEMONIC:

PUSH src
OPERATION:

push to stack
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 69: shown in FIG. 53.

STATUS FLAGS AFFECTED 70: shown in FIG.
54.

DESCRIPTION:

Push the contents of the source operand src to the
stack.

Although this instruction can be considered as a short
form of ‘MOV *, @-SP’, its status flag is not changed
and functions symmetrically to POP, it is treated as a
different instruction.

The @SP+ mode cannot be used in the addressing
mode specified by src/EaRL because the @-SP mode
cannot be used by dest/EaWL of the POP instruction.
PROGRAM EXCEPTION:

Reserved instruction exceptlons

When R="1

When EaRL is @SP+ or @-SP
MNEMONIC:

POP dest
OPERATION:

pop from stack
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER

5 SYNTAX 71: shown in FIG. 55.

STATUS FLAGS AFFECTED 72: shown in FIG.
56.

DESCRIPTION:

Move the contents which are popped from the stack
to dest. This instruction can be considered a short form
of MOV @SP+, *. Since the operation where SP is
contained in src differs from that of MOV @SP+, and
the flag status is not changed, it is treated as a different
instruction.

The @-SP mode cannot be used in the addressing
mode specified by dest/EaWL. If it is specified, a re-
served instruction exception (RIE) occurs. This is be-
cause if the instruction PIP @-SP is executed, it is not
clear when SP is updated.

PROGRAM EXCEPTION:

Reserved instruction exceptions

When W="1"

When EaWL is #imm_data, @SP+ or @-SP
MNEMONIC:

LDM src,reglist
OPERATION:

load multiple registers
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 73: shown in FIG. 57.

STATUS FLLAGS AFFECTED 74: shown in FIG.
58.

DESCRIPTION:

Load the multiple registers from the memory. Spec-
ify the registers to be loaded using the bit map re-
glist/LIRL (register list). LIRL should follow the ex-
tension portion of EaRmL.
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Specify the bit map of the register list to be loaded 75
in the following manner shown in FIG. 59.

When the addressing mode @SP+ is specified by
EaRmL, the contents are popped in order beginning
with the smallest number register. The contents of SP
increase 4 times (or B times) as fast as the number of
register being loaded. When another addressing mode is
specified, the effective address being obtained points to
the beginning of the memory data to be loaded into the
registers. In any case, the smaller number registers are
located at the smaller number addresses.

The format of the registers’ bit mpa to be loaded is
determined so that the next register where data is
moved can be identified by the same circuit as that used
by the BSCH/F and BVSCH/F instructions. The cir-
cuit where the ‘0’ or ‘1’ bits which occurs next time can
be searched in the MSB direction. For LDM @SP+,
since data is moved from the smaller number registers,
the smaller number registers are on the MSB side. In the
case of other addressing modes, since the start address
of the register save block is treated as an effective ad-
dress, it is necessary to move data from the smaller
number registers. Thus, the same format as LDM
@SP+ is used.

These formats are determined by considering the data
movement order of the registers. If the hardware re-
source is small, the data movement order described
above is very suitable. However, since the real data
movement order is not defined in the data processor of
the present invention specifications, it can be freely
determined when it is implemented.

In the EaRmL addressing mode, the specification of
@-SP, register direct mode Rn, immediate mode #im-
m—data and additional mode are illegal. The additional
mode is inhibited because if an overlap exists between
the registers and register save area which are saved and
restored by LDM and STM and those which are used in
the additional mode, it becomes difficult to reexecute
the instruction.

If the register list is all zeroes, no operation is per-
formed and the instruction is terminated (rather than
flagging the occurrence of an error).

PROGRAM EXCEPTION:

Reserved instruction exceptions

When R="1"

When EaRmL is Rn, #imm_data, @-SP or addi-

tional mode
MNEMONIC:

STM reglist,dest
OPERATION:

store multiple registers
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 76: shown in FIG. 60.

STATUS FLAGS AFFECTED 77: shown in FIG.
61.

DESCRIPTION: .

Store the contents of multiple registers to memory.
Specify the registers to be stored by the bit map re-
glist/LsWL (register list). LsWL should follow the
extended portion. :

Specify the bit map 78, 79 of the register list (reglist)
to be stored in the manner shown in FIG. 62, 63.

When the addressing mode of @-SP is specified to
EaWmL, the contents are pushed in order beginning
with the largest number register. The contents of SP
decrease 4 times (or 8 times) as much as the number of
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registers being saved. When another addressing mode is
specified, the effective address being obtained points to
the beginning of the memory data to be saved to the
registers. In any case, the smaller number registers are
located at the smaller number addresses.

The format of the registers’ bit map to be moved is
determined so that the next register where data is
moved can be identified by the same circuit as that used
by the BSCH/F and BVSCH/F instructions which
search for the first occurence of ‘0’ or ‘I’ starting with
the LSB and moving toward the MSB.

Since data is moved from the larger number registers,
the larger numbser registers are on the MSB side in STM
@-SP. In other addressing modes, since the start ad-
dress of the register save block is treated as the effective
address, it is necessary to move data from the smaller
number registers, so the smaller number registers are on
the MSB side.

These formats are determined by the data movement
order of the registers. If the hardware resource is small,
the data movement order described above is very suit-
able. However, since the real data movement order is
not defined in the data processor of the present inven-
tion specifications, it can be freely determined when
implemented in hardware.

In the EaWmL addressing mode, the specification of
@SP +, register direct mode Rn, immediate mode #im-
m_data and additional mode are illegal. The additional
mode is inhibited because if an overlap exists between
the registers and register save area, which are saved and
restored by LDM and STM, and those which are used
in the additional mode, it becomes difficult to reexecute
the instruction.

In the LDM and STM instructions, the memory area
is not assigned to the registers where data is not moved.
For example,

STM.W (R1,R3,R9),@-SP

causes the following operation. (However, assume that
the SP value before executing the instruction is initSP.)
R9= = >meml[initSP - 4]
R3==>mem|initSP - §]
Rl==>mem[initSP - 12]
initSP - 12==>S8SP
If the register list is all zeros, no operation is performed
and the instruction is terminated (rather than flagging
the occurrence of an error).
PROGRAM EXCEPTION:

Reserved instruction exception

- When W="1"

- When EaWmL is Rn, #imm_data, @SP + or addi-

tional mode

MNEMONIC:

MOVA scraddr,dest
OPERATION:

address of src= = >dest

Move address of src to dest
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 80: shown in FIG. 64.

STATUS FLAGS AFFECTED 81: shown in FIG.
65.

DESCRIPTION:

Move the effective address of the source operand to
the destination operand.
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Although the operation of the instruction is equiva-
lent to the MOV instruction, this instruction is treated
as a different instruction. The MOV A instruction fea-
tures the address calculation on the left-side, pointer
operation in high level language and application is an
address calculation circuit, resulting in much faster
calculation.

The following instruction in the short format

MOVAR @(disp:16,Rs),Rd

actually becomes a three-operand addition instruction.
Rs+disp:16->Rd

However, since the status flags are not changed, this
instruction is classified as the MOV A instruction.

When the PC relative indirect mode is specified to
srcaddr and the PC relative displacement is set to 0, the
current PC value, that is, the start address of the
MOV A instruction, is stored in dest. On the other hand,
when the instruction length of the MOV A instruction is
specified as the PC relative displacement, the address of
the instruction following the MOVA instruction is
stored in dest. These functions are useful when the
coroutine process is performed.

In the assembler, the size is specified by the <OPER-
ATION> or dest. srcaddr serves only for caliculating
the address rather than for specifying the size.

In the addressing mode specified by EaA, the imme-
diate, @SP+, and @-SP modes are not used.
PROGRAM EXCEPTION:

Reserved instruction exceptions

When +="0’

When="1"

When EaA is Rn, #imm_data, @SP+ or @-SP

When EaW is #imm_data or @SP +
MNEMONIC:

PUSHA srcaddr
OPERATION:

push address to stack
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER

SYNTAX 82: shown in FIG. 66.

STATUS FLAGS AFFECTED 83: shown in FIG.
67.

DESCRIPTION:

Push the effective address of the source operand
(srcaddr) to the stack.

Although this instruction can be considered as a short
format of MOVA *, @-SP. It is treated as a different
instruction. It features an increase in the execution
speed over the MOV instruction.

PROGRAM EXCEPTION:

Reserved instruction exception

When S="‘1

When EaA is Rn, #imm__data, @SP+ or @-SP

12-2 Comparison and Test Instructions
MNEMONIC:

CMP srcl,src2
OPERATION:

src2-srcl, flags affected

Comparison and sign-extension and comparison
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 84: shown in FIG. 68,
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STATUS FLAGS AFFECTED 85: shown in FIG.
69.

DESCRIPTION:

Compare the contents of the src] operand to those of
the src2 operand and set PSB (L_flag and Z_flag).

If the size of the srcl operand differs from that of the
src2 operand, the smaller size operand is sign-extended
and both the contents are compared.

In the EaR!I and ShR!I modes, the immediate is inhib-
ited, while in the @SP-+ mode, it is available. In the
‘CMP @SP+, @SP+’, although the stack pointer
changes twice as much as the size of the operand, this
instruction may be used to simulate a stack machine.

Although CMP:Z is one of the test instructions, since
its operation and status flags change are the same as
those of the CMP instruction, it is treated as one of the
short formats of CMP.

The operation of CMP is described using the follow-
ing instructions:

srcl = [S0.S1 ... Ss-2.85—1]
src2 = [DO.D} ... Dd—2.Dd—1}

(fdzs)
[DODI1..... Dd—s—1.Dd-sDd—s+1....Dd-2Dd-1] -
[sosO......... S0, S0. St....S8s—28s—1] —
Sign-extended for d —s bits
[RO.RL ... .. Rd—s—1L.Rd—s.Rd-s+1.... Rd—2.Rd-1]
(Not set to any location)
(If d<s)
DODO......... D0. Do Dl....Dd—2.Dd—1]-

Sign-extended for s—d bits

[SO.St..... Ss—d—1.8s-d.Ss—d+1....85—2.8s—1] —
[FO.F1..... Fs—d—1Fs—dFs—d+1....Fs—2Fs—1]
(Not set to any location)
L_flag* S[D] < §[S]
Same as SUB instruction
Z_flag [ROtod—-1]1=0 (IfdZs)
* [Fowos—1)=0 (fd<s)

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR="11"

When S§S="'11"

When EaR or ShR is @-SP

When EaR!l or ShR!l is #imm_data or @-SP
MNEMONIC:

CMPU srcl,src2
OPERATION:

src2-srcl, flags affected

Zero-Extension and comparison
OPTIONS: ‘

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 86: shown in FIG. 70.

STATUS FLAGS AFFECTED 87: shown in FIG.
71.
DESCRIPTION:

Compare the contents of the srcl operand to these of
the src2 operand and set PSB (L_flag and Z_flag).

If the size of the srcl operand is smaller than that of
the src2 operand, the smaller size operand is zero-
extended and both the contents are compared.

In the EaR!l mode, the immediate is inhibited, while
in the @SP+ mode, it is available. ‘

The operation of CMPU is described using the fol-
lowing instructions:

src] = [S0.81...8s—2.5s—-1]
src2 = [DO.D1...Dd—2.Dd—1]
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-continued

{fdzs)

[DO.D1 .. ... Dd-s—1.Dd—sDd-s+1.... Dd-2Dd-1]-

[00. ... .. ... 0. s0. §1....Ss—28s5—1] —

Zero-extended for d—s bits

[RORI..... Rd—s—1L.Rd—sRd—s+1.... Rd—2Rd~1]

(Not set to any location)

(fd<s)

[00. .. ....... 0. DoO. D1....Dd-2Dd-1]-

Zero-extended for s—d bits

{[S0.S1..... Ss—d-1.8s~d.Ss—d+1...,85—-2.8s~1] —
{fFO.F1..... Fs—d—-1Fs—dFs—d+1!.... Fs—2Fs-1]}
(Not set to any location)
L_Flag* UD] < U[S]
Same as SUBU instruction
Z_flag [ROtod—1}=0 (Ifds)
* [FOtos—1]=0 (Ifd<s)

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR="‘11"

When SS="11"

When EaR is @-SP

When EaR!l is #imm_data or @-SP
MNEMONIC:

CHK bound,index,xreg
OPERATION:

check upper and lower bounds

check the range of the array
OPTIONS:

/S Subtract lower bound value.

/N Do not subtract lower bound value. (Default)

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 88: shown in FIG. 72.

STATUS FLAGS AFFECTED 89: shown in FIG.
73.

DESCRIPTION:

Check the range of the array index and load it into the
register.

At the address specified by bound, a pair of upper and
lower bound values are placed. The upper and lower
bound values are compared to the contents of the com-
parison value operand which is fetched by the index.
The upper bound value is placed at the effective address
of bound, while the lower bound value is located at the
address of: (effective address of bound +operand size).
The comparison is made using signed integers. If the
comparison value is not in the range between the upper
bound value and lower bound value, V_flag is set.
Therefore, by executing the TRAP instruction, it is
possible to start the exception process. When /8 is spec-
ified, the value where the lower bound value is sub-
tracted from the comparison value, is Joaded to the
register xreg. When /8 is not specified, the comparison
value is directly loaded to the register xreg. The com-
parison value being loaded to the register is often used
to calculate the address of the array index.

Operation:

P

tmp = mem{address_of _bound + operand__size]
if (index Z mem{address_of..bound] .or. index = tmp)
then
set V_flag;
if(c == 1)
then
index — tmp — xreg
else
index — xreg
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Since ‘address_of_’ is the inverse operator of ‘mem[
. . J, the meaning of bound is the same as that of mem-
{address_of _bound).

If the comparison value accords with the lower
bound value, it is treated as being in the range. If the
comparison value accords with the upper bound value,
it is treated as being out of the range. For example, if the
memory of bound is (0,100), CHK treats 0 to 99 of the
index as being in the range.

L_flag and Z_flag are set in accordance with the
result of the comparison to index like CMP. In the
following case, L_flag=1.

index <lower bound value

This relation 90 is tabulated as in FIG. 74.
notel: LBV stands for lower bound value, UBV stands

for upper bound value.
note2: If the upper bound value <lower bound value,

the comparison value may become ‘1’ due to compar-
ison to the lower bound value.

In this case, the flags are set depending on the opera-
tion result of (index - lower bound value). The foliow-
ing three instructions show that L_flag is set if the
contents of the second operand are smaller than those of
the first operand (lower bound value of the first oper-

and bound in CHK).
CMP srcl,src2
SUB src,dest
CHK

bound.index,xreg

The CHK instruction does not check (upper bound
valueZlower bound value). The instruction should
function as described in the “Operation” above regard-
less of the upper bound value and lower bound value.

In the addressing mode specified by EaRdR, the
register direct Rn, @-SP, @SP+ and #imm_data
modes cannot be used. If it is necessary to compare
some value to that in a register, use CMP twice rather
than CHK.

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR="11"

When EaR is @-SP

When EaRdR is Rn, #imm_data, @SP+ or @-SP

12-3 Arithmetic Instructions
MNEMONIC:

ADD src,dest
OPERATION:

dest+src==>dest

Addition or addition with sign-extension
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 91: shown in FIG. 75.

STATUS FLAGS AFFECTED 92: shown in FIG.
76.
DESCRIPTION:

Add the contents of the source operand (src) to those
of the destination operand (dest).

If the size of the source operand is smaller than that of
the destination operand, the source operand is sign-
extended and the contents of the source operand are
added to those of the destination operand.

If the result of the operation cannot be expressed as a
signed integer in the size of the destination operand
because its size is smaller than that of the source oper-
and, V_flag is set.
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For doing ADD:L @SP+,SP in the L-format, like
ADD:G @SP+,SP, it is recommended that the follow-
ing operation be performed.

(initSP + 4) + @initSP= = > SP

However, it may be difficult to perform such an opera-
tion in the L-format, so the operation of ADD:L
@SP +,SP should depend on the implementation.

af dzs)
[DODI1..... Dd-s—1.Dd—sDd—s+1....Dd—2Dd—1] +
{S0.50. ....... . $0.  S1....Ss—2.55—1] —

Sign-extended for d — s bits

[RORL..... Rd—s—1LRd—s.Rd—s+1.... Rd—2.Rd—-1)
(Set to dest)
afd<s)
DoDo. . ....... DO DO. D1....Dd-2Dd-1] +
Sign-extended for d — s bits
[SOSt..... Ss—d—1ds—d.Ss—d+1....8s~285—1] —
[FOF1..... Fs—d—1.Fs—dFs—d+1....Fs—2Fs—1] —
[ RO. R1....Rd=2Rd—1}
(Set to dest)
FOF)..... Fs—d-1

s — d bits are truncated.
L_flag* S[D] + S[S]) < 0
Show a negative result.
(M_flag correctly represents the result as positive or nega-
tive only when there is no overflow.)

M_flag RO
Z_flag [ROtod-1]=0
V_flag S[D} + S[S] < -2 (d—1) .or. S[D)] + S[S] =
+24(d—1)
X_flag* The carry bit is loaded into X_flag. The number of
bits in (size of) dest determines where the carry
bit is needed.
(af d=s)
uDo.DI1 ..... Dd-s—1.Dd—sDd—s+1.... Dd-2.
Dd-1] +
U[S0S0 . . .. ... .. S0. S0. 8§1....8s—25s—1] 2 +2ad
Sign-extended for d — s bits
(Ifd<s)
Y[ Do D1....Dd-2Dd-1] +
Ul[Ss—d.Ss—d+1....8-28s—1] Z +2ad
S0.81..... Ss—d-1

s — d bits are truncated.

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR is ‘11’

When MM is ‘11’

When EaR or ShRw is @-SP

When EaM or ShM is #imm_data, @SP + or @-SP.
MNEMONIC:

ADDU src,dest
OPERATION:

dest +src= = >dest

Zero-Extension and addition
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 93: shown in FIG. 77.

STATUS FLAGS AFFECTED 9%4: shown in FIG.
78. ’
DESCRIPTION:

Add the contents of the source operand (src) to those
of the destination operand (dest).

If the size of the source operand is smaller than that of
the destination operand, the source operand is zero-

extended and the contents are added to those of the 65

destination operand.
If the operation result cannot be represented as an
unsigned integer in the size of the destination operand
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because the size of the destination operand is smaller
than that of the source operand, V_flag is set.
Because the operation result always becomes posi-
tive, L_flag of ADDU is always reset to 0.

(If d=s)
oDy, .... Dd—s—1.Dd—sDd—s+13..... Dd -2
Dd-1] +
{00, . .. ... 0. S0. St....8s~28s—1] —
Zero-extended for d — s bits
[ROR)..... Rd—s—1.Rd—sRd-s+1.... Rd—2.Rd—1]
(Set to dest)

qfd<s)
[0O0. . ........ 0. Do. Dl....Dd-2Dd-1] +
Zero-extended for 5 — d bits '
[SO.S!..... Ss—d—1.8s—dSs—d+1..... Ss—2.Ss—1] —
[FO.F1..... Fs—d-1Fs~dFs—~d+1... . Fs—2Fs—1] —

[ RO Rl....Rd—-2Rd-1]
(Set to dest)

FO.Fl..... Fs~d—1
s — d bits are truncated.

L_Flag ©O

M_flag RO

Z_flag [ROtod—1]=0

V_flag U[D] + U[S] 2 +2«d

X_flag* The carry bit is loaded into X__flag. The number of

bits in (size of) dest determines where the carry

bit is needed.

(If dZs)
U[DO0.DI

Dd-1] +
U0O.......... 0 S0 S1....8s—28s—1}Z +2ad
Zero-extended for d = s bits
Same as V_flag of ADDU instruction

Dd-5—1.Dd—sDd—-s+1.... Dd-2

(Ifd<s) -

Ul DO. DI....Dd-2Dd-1] +
[Ss—d.Ss—d+1....85—285—1] =
+2ad

SO0S1..... Ss—d-1

s — d bits are truncated.

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR="11"

When MM ="11"

When EaR is @-SP

When EaM is #imm__data, @SP+ or @-SP
MNEMONIC:

ADDX src,dest
OPERATION:

dest+src+X_flag== >dest

Addition with a carry
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 95: shown in FIG. 79.

STATUS FLAGS AFFECTED 96: shown in FIG.
80.

DESCRIPTION:

Add the contents (X_flag) of the source operand
(src) with the carry to the contents of the destination
operand (dest).

If the size of the source operand is smaller than that of
the destination operand, the source operand is sign-
extended and the contents are added to those of the
destination operand.

The flag value of Z_flag can be accumulated. The
status flags of ADDX, including sign- and zero-exten-
sion, are the same as those of ADD, except for Z_flag.

For the different size operands in ADDX and SUBX,
for example, if the contents of 4 bytes in src are added
to the contents of B bytes in dest2 to destl, this instruc-
tion may be used as ADDX:E #0 in the following:
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ADD @src. W,@dest]. W
ADDX  #0,@dest2. W

{Afdzs)
[DODI..... Dd-s—1.Dd—=s.Dd—s+].... Dd-2Dd—-1] +
[S0.80.. . . ..... $0. S0. S1....S8s—-2Ss—1] +
X _flag —
Sign-extended for d — s bits
[RORI..... Rd—s—1.Rd—sRd—s+1.... Rd—2.Rd—1]}
(Set to dest)
(fd<s)
[DoDo. ... ... DO. D0. D1..... Dd-2Dd-1] +
Sign-extended for s — d bits
[S0.S1..... Ss—d—1.8s—d.Ss—d+1....8-2.8—]] +
X_flag —
FO.F1..... Fs—d—1Fs—d.Fs—d+1.... Fs—2Fs—1] —
[ RO R1....Rd—2.Rd-1]
(Set to dest)
FO.F1..... Fs—~d—1

s — d bits are truncated.
L_flag* S[D] +5[S] + X_fag < 0

Assume that the number is signed, perform the opera-
tion, and represent the result as negative. If d+=s, sign-
extend the operand and compare the contents of both
the operands. (M_flag correctly represents the result as

positive or negative only when there is no overflow.)
M_flag RO
Z_flag [ROto d—1} = 0.and. previous Z_ flag
V_flag S[D] + S[S] + X_flag < —~2 (d—1) .0r.
S[D] + S[S]+ X_flag 2 +2 (d—1)
Assume that the number is signed and represent the
result has overflowed. If d = s, the operand is
sign-extended.
X_flag* The carry bit is loaded in X_flag. The number of
bits in (size of) dest determines where the carry
bit is needed.
(Ifdzs)
UDpoDI..... Dd—s—1.Dd—s.Dd-s+1.. .Dd-2.
Dd-1] +
U[SO.80......... S0, SO. S1....8s~28s~1] +

X_flag 2 +2 d
Sign-extended for d — s bits

If d>s, sign-extend the operand so that it is used in
conjunction with other flag setting operations such as
dest. However, the operand is treated as an unsigned
number in the operation is done after the operand is
sign-extended.

(f d<s)

Ul Do. D1....Dd-2Dd-1] +
U[Ss—d.Ss—d+1....8-28s—1] + X _flag =
+2 d

S0.S1..... Ss—d—1

s — d bits are truncated.

PROGRAM EXCEPTION:
Reserved instruction exceptions
When RR="11"
When MM =11’
When Ear is @-SP
When EaM is #imm__data, @SP+ or @-SP

MNEMONIC:

SUB src,dest

OPERATION:
dest - stc= = >dest
Subtraction or subtraction with sign-extension

OPTIONS:

None
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INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 97: shown in FIG. 81.

STATUS FLAGS AFFECTED 98: shown in FIG.
82.

DESCRIPTION:

Subtract the contents of the source operand (src)
from those of the destination operand(dest).

If the size of the source operand is smaller than that of
the destination operand, the source operand is sign-
extended and the contents of the source operand are
subtracted from those of the destination operand.

If the operation result cannot be represented as a
signed integer in the size of the destination operand,
V_flag is set.

ardzs)
oDI..... Dd-s—1.Dd-sDd~s+1.... Dd—2.Dd—1}
$0.S0......... S0. S0. Si....Ss—25s—1] —

Sign-extended for d — s bits

[RORL..... Rd—s—1.Rd—sRd—s+1 ... Rd—-2.Rd-1}
(Set to dest)

(If d<s)
[DODO......... DO. D0 DI1....Dd-2Dd-1}-

[sO81..... Ss—d—1.8s—d.Ss—d+1....8—285—1} —

[FO.F1..... Fs—d—1.Fs—dFs—d+!... Fs—2Fs—1}] —
[ RO. Rl....Rd—2Rd-1]}
{Set to dest)

FOF1..... Fs—d-1

S — d bits are truncated.

L_flag* S[D] - S[S] < O
Show a negative result. (M_flag correctly
represents the result as positive or negative
only when there is no overflow.)

" M_flag RO

Z_flag [ROt0od—-1} =0

V_flag S[D] — S[S] < —24(d—1) .or. S{D} -S[S) 2
+2(d—1)

X_flag The borrow bit is Joaded into X__flag. The number of
bits in (size of) dest determines where the borrow
bit needed.

(If d=s)

yooDI..... Dd—s—1.Dd—sDd—s+1.... Dd—2.Dd-1}
U[S0SD. ........ S0. 80. SI....85-28s-1}<0
Sign-extended for d — s bits

(Afd<s)

U DO DI....Dd-2Dd-1)
USs—d.8s—d+1....85-28s—-1] < 0
S0S81..... Ss—d-1
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s — d bits are truncated.

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR="11"

When MM ="'11"

When EaR or ShRw is @-SP

When EaM or ShM is #mm__data, @SP+ or @-SP
MNEMONIC:

SUBU src,dest
OPERATION:

dest - src= = >dest

Zero-extension and subtraction
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 99: shown in FIG. 83.

STATUS FLAGS AFFECTED 100: shown in FIG.
84.

DESCRIPTION:

Subtract the contents of the source operand (src)
from those of the destination operand (dest).

If the size of the source operand is smaller than that of
the destination operand, the source operand is zero-
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extended and the contents of the source operand are
subtracted from those of the destination operand.
If the operation result cannot be represented as an
unsigned integer in the size of the destination operand,
V _flag is set.

af dzs)
[DODI ..... Dd-s—1.Dd—sDd—s+1. ... Dd—2.Dd~1}-
[0.0. ... ..... 0. SO 51....Ss—25s5—1]—

Zero-extended for s — d bits
[RO.RI Rd—s~1LRd—sRd—s41.... Rd—2Rd~1]
(set to dest)

dfd<s)

[0.0. .. ...... 0.

Zero-extended for s — d bits

Dd—2.Dd—1}-

[SOS1..... Ss—d-1.8s—d.Ss—d41....85~2.85~1] —

[FOF1..... Fs—d—1Fs—d.Fs—d+1....Fs—2Fs~1] —
[ RO. RIl....Rd—2.Rd-1]j
(Set to dest)

FOFl...... Fs—d~1

S — d bits are truncated.

L_flag* UMD} -UlS] <0
Show & negative result. (M_flag correctly
represents the result as positive or negative
only when there is no overflow.)
M_flag RO
Z_flag [ROtod~1] =0
V_flag U} - U[S} <0
Same as L__flag of SUBU instruction
X_flag* The borrow bit is loaded into X_flag. The number of
bits (size of) dest determines where the borrow
bit is needed.
(Ifdzs)
UDoDI..... Dd—s—1.Dd—s.Dd—s+1.... Dd—2.Dd—1}-
U00. ... ....... 0. S0 Sl....S8-28s-1]<0

Zero-cxtended for d — s bits
Same as X__flag of SUB instruction and L __flag and
V_flag of SUBU instruction
arfd<s)
Ul DO. Di Dd-2.Dd-1]-
UlSs—dis—d+1....8~2.8—-1] <0

s — d bits are truncated.

PROGRAM EXCEPTION:

Reserved instruction exceptions

When RR="11"

When MM ="11"

When EaR is @-SP

When EaM is #imm_data, @SP+ or @-SP
MNEMONIC:

SUBX src,dest
OPERATION:

dest - src - X_flag= = >dest

Subtraction with a carry
OPTIONS:

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 101: shown in FIG. 8S.

STATUS FLAGS AFFECTED 102: shown in FIG.
86.

DESCRIPTION:

Subtract the contents of the source operand (src)
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(fdzs)
[DoDI. .. .. Dd—s—1.Dd~s.Dd—s+1....Dd-2.Dd-1}-
S0S80. ........ S0. SO. SI....Ss-28s-1] —
X_flag —

Sign-extended for d — s bits

[RORI ... .. Rd—s—1.Rd—sRd—s+1.... Rd—2.Rd-1]
(Set 10 dest)

(fd<s)
DOD0. ... ...... DO DO Di....Dd-2Dd-1]}

Sign-extended for s — d bits

[s0.81..... Ss—d—-1Ss—d.Ss—d+1.... 85~2.8s—1] —
X_flag —
[FO.FL..... Fs—d—1.Fs-dFs—d+1....Fs—-2Fs—1] —
[ RO. RI....Rd-2Rd-1]
(Set to dest)
FOFl..... Fs—d—1

s — d bits are truncated.

L_flag* S[D] — S[S] — X_flag < 0
Assume that the number is signed and show the
result as negative. If d 5% s, the operand is
sign-extended and then both operands are compared.
(M__flag correctly represents the result as
positive or negative only when there is no overflow.)

M_flag RO

Z_flag [RO to d~1] = 0 .and. previous Z_flag

V_.flag §[D] — S[S] — X_flag < —2 (d-1).or.
S[D] — S[S] — X_flag & +2 (d-1)
Assume that the number is signed and represent
that the result is overflowed. If d 3 s, the
operand is sign-extended.

X_flag* The borrow bit is loaded into X__flag. The
number of bits in (size of) dest determines where the
borrow bil is needed.

(If dZs)

UDoD1..... Dd-s—1.Dd-sDd-s+1.... Dd—-2Dd-1}
U[S0SO. . ... .. S0. $0. SI....S85-28s-1] —
X_fag <O

Sign-cxiended for 4 — s bits

If d > s, sign-extend the operand so that this operand is
used in conjunction with other flag setting operations
such as dest. However, the operand is treated as an
unsigned number in the operation is done after the oper-
and is sign-extended.

(Ifd<s)
U D0 Di....Dd-2Dd-1]-
U[Ss—d.Ss—d+1....8-28s—1] — X_flag < 0
S0.81..... Ss~d~1

s — d bits are truncated.

PROGRAM EXCEPTION:
Reserved instruction exceptions
When RR="1I"
When MM =‘11"
When EaR is @-SP
When EaM is #imm__data, @SP+ or @-SP

s MNEMONIC:

MUL src,dest
OPERATION:

dest * src==>dest

Multiplication

with the carry from those of the destination operand ¢p OPTIONS:

(dest).

If the size of the source operand is smaller than that of
the destination operand, the source operand is sign-
extended and the contents of the source operand are
subtracted from those of the destination operand.

The flag value of Z_flag can be accumulated. The
status flags of SUBX including sign- and zero-extension
are the same as those of SUB except for Z_flag.

65

None

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX 103: shown in FIG. 87.

STATUS FLAGS AFFECTED 104: shown in FIG.
88.

DESCRIPTION:

Multiply the contents of the destination operand
{dest) by those of the source operand (src). The multi-






