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[57 ABSTRACT

A data processor executes the exception process, inter-
rupt process and the trap instruction of internal inter-
rupt instructions in a unified manner. The data proces-
sor is adapted to read an internal state variable simulta-
neously with reading the head address of an EIT pro-
cess handler from an external memory when an EIT
process is started so that it enables the internal state to
be set on the basis of the information of the variable
when the EIT process handler starts. The data proces-
sor is provided with multiple EIT process means which,
when a plurality of EIT process requests are generated,
decides the process order on the basis of priority from
the content of the request. The data processor is also
provided with means which specially treats the EIT
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Fig. 7:
? ---------- S 63 Allocation of 64-
Bit
In the case of Data case
of Data Processortd
of the present
invention <<LX>>
#1* 16 3% Allocation of 32-
Bit Data Word (W)
0 15 .
p—————— Allocation of 16-
Bit Data Half
Word (H)
9————3 Allocation of 8-
Bit Data Byte (B)
}': _________ RO
bm e e e e R1
Fmmm e m - R2
. R3
'}_ _________ R4
e mmm e e m o R5
- mmmmmm— - R6
R R7
e e e e e o : R8
}_ _________ R9
bommm e - , R10
Feemmm e - R11
R R12
R R13
e e e e — - FP (R14)
e e e e _ SP (R15)
C_________ L [T e

I | [psB | psw
— PSH —
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Fig. 8:
base_a?dress base_addfess+offset/8
v v
[ WsB | 11 ::
i< offset >
Related bit
Fig. 9:
base_a?dress base_addrefs+offset/8
....... Y e . S
[ ¥SE | I B I
I(——————— offset >|< width ——->I
Related bit field
Fig. 10:
base_address base_addre?s+offset/8
....... A cmemmee Ve ————
T WsB [ -1 Tmss I
'<-—————- offset >|< width ———>|

Related bit field
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Signed 8-bit integer

S: Signed bit
bit0 bit?7

Bl |

Unsigned 8-bit integer
bit0 bit?7

l |

Signed 16-bit integer

S: Signed bit
bit0 bitl5
s i
Unsigned 16-bit integer
bit0 bitlb
L ]

Singed 32-bit‘integer
S: Signed bit

bit0 bit31
& — ]

~ Unsigned 32-bit integer

bit0 bit31
L ]

Signed 64-bit integer <<LX>>
S: Signed bit
bit0

s]

Unsigned 64-bit integer <<LX>>
bit0

L

5,182,811
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Fig. 12:

1-byte (2-digit) unsigned BCD
The digit 0 becomes the most significant digit.

bit0 bit7?
| _digit0 | digitl |

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

[Cdigito |~ - 7 7 T aigit3 |

4-byte (8-digit) unsigned BCD
The digit 0 becomes the most significant digit.
bit0 bit31

[Cdigito | digitl |~~~ _ T aigit7 |

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

[Cdigito | digitl | digitz | _ _ _ _ _1 digitl5 ]

1-byte (2-digit) signed BCD <<L2>»>
bito bit7

[ digit0  sign-digit]

2-byte (4-digit) signed BCD <<L2»

bit0 . bitls
1 digit0 digitl ! digit2 jsi!g-di!itl
4-byte (8-digit) signed BCD <<L2>>

bito

[ digit0 [ digitl [~~~ ~ "T digit6 sign-digit]

8-byte {(16-digit) signed BCD <<LX>>
bit0

5,182,811

bit63

[ digito | digitl | digitz | _ _ _ _ _| digitl4d |sign-digit]

Multiple length BCD <<Co-processor>
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Fig. 13:
- 8-bit data string
bit0 bit7
| |
| |
L |
- 16-bit data string
bit0 bitlb
L , |
| |
l |
- 32-bit data string
bit0 bit31
I Il
L |
{ J
- 64-bit data string <<LX>>
bit0

bit63

L
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Fig. 14:

Qgeue header
<

< < <
s, /73— . |—3—[ . |——[ . 1—-

Fig. 15:

<Serial Bit Number>

0 78 15 16 23 24 31

<Bit Number in Each Byte>

0 70 70 7-0 7
[[-s-==- _ [MM |  bbbbbbbb, , | -c-3—5 , |RB | , gagagasa, , |

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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Fig. 16:
MOV:I O010010WW 11.ShW.. .v..o #iW.usosss
01001000 11110000 00000000 00010010
<(Address> + 0 +1 +2 +3
Fig. 17:
Example: MOV:S Rn,Sh S-format
MOV:L Sh,Rn L-format
byte: 0 1 . 2 . N+2-1
-- Rn RR |--. Sh ~ "Extension Portion of Sh ]
3 Lt 1 L 1 N ddddarrarrradaxaal
RR  Specify the operand size of Sh. The gize of
- another operand located in the register, is fixed
to 32 bits.
Sh  Specify the source (destination) operand.
Rn  Specify the destination (source) register.
Fig. 18:
Example: AND:R Rm,Rn
byte: O 1 |
-- Rn == |== |-- Rm

Rn  Specify the destination register.
Re  Specify the source register.

The size of the operand is fixed to 32 bits.
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Fig. 19:
Example: ADD:Q #,Sh (#: 3 bits)
byte: O 1 2 e _NtZ:l_ .
——= | ¥## |MM |-~ Sh Extension Portion of Sh 1
) ] —_— 1 1 At ) 1 dod Jdd L dd Al dldaa 3
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 source operand by a literal.
Sh Specify the destination operand.
Fig. 20:
Example: ADD:I #,Sh
byte: 0 1 2 eee_ N+2:1 o
Cmm——— MM |-- Sh Extension Portion of Sh T

SH

byte:

'l i1l i a4 dl i dddrardralda

Immediate Value
it b i 4 4 A A A A D

el
N*z s N+2+M-1

Specify the size of the operand (common with the

source and destination).

Specify the destination operand.
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Fig. 21:
Example: NEG Ea
byte: 0 1 oo 2 aes  Ne2-1
------ MM Ea Extension Portion of Ea 2
I S W WY A W S W T S S 4 ddddddad L dadald
MM Specify the size of the operand.
(There are instructions which have an extra extension
portion and which do not use MM.)
Fig. 22:
Example: ADD:G EaR,EaM
byte 0 1 2 K N+2:1_ .
------ RR EaR Extension Portion of EaR T
PR S N I A T T S T SO W | dd i b i d i darararadraala
R MM EaM " Extension Portion of EaM ~ ]
& . WS G W O U SN W S d A4 ddidadsaasdrdasald
byte: N+2 N+2+1 N+2+2 eee  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 opergnd

(There are instructions which have an extra extension.)
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Fig. 23:
Example: SUB:E #,EaM
byte 0 1
-------- RARREES
i L 1 3. % 1 E VNS D B B U 1 | _L
------ MM EaM ~ Extension Portion of EaM }
wde 1 SORNN S S — i W S WS WD ESONT SN S— ..L.L.L.L.L..L.L.L.LJ..L.L&-LJ.J
byte 2 3 ‘e M+4-1
EaM Effective address of the destination operand
MM  Specify the size of the destination operand.
¥ Source operand
Fig. 24:
MOVA:G EaA,EaW
byte 0 1 - g el _N:Z:l_ o
-------- EaA Extension Portion of EaA T
T VU S SO S S S T I S N S S 4 i b dd 2 idadaaraalda
------ WW EaW Extension Portion of EaW 1
4 Ak 1 A Y TR W W W | A d bdddrdarrdsrdrarard
byte N+2 N+2+1 N+242 ... N+24M+2-1

EaW Effective address of the destination operand

WW

Specify the size of the destination operand.

EaA Effective address of the source operand
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Extension Portion of Eal T
4Ll d a2 rradradadada

Extension Portion of Ea2 1

d 4 d o dd 2oLl

N+2+2 eee

LAl adad

N+2+M+2-1

(There is an extra extension portion in part of

Fig. 26:

Jan. 26, 1993
byte: 0 1
-------- Eal
=== Ea2
_L 4 1 'l ] 1 ) ] i L L 'l 1 H 1
byte: N+2 N+2+41
Eal Effective address of the first operand
EaZ Effective address of the second operand
instructions.)
Bec:D
byte: 0 1
-~ | cccc |-~ disp:8

ccce Branch condition

disp:8 Displacement {disp) to the destination to be

Jumped

When specifying disp with 8 bits, the value of the

bit pattern is doubled and displaced.
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Fig. 27
byte 0 1
byte: 0 1
........ FHEXERRR
instructions.
Fig. 28:
(Sh) 01 | Bn
(Ea) 0001 Rn
Fig. 29:
(sh) 11 Rn
(Ea) PO11 Rn

Sheet 17 of 212

5,182,811

Extension Portion H
[ R W T WY TS T N W (S UK KS I N I S

There is an extra extension portion in part of
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Fig. 30:

Fig. 31:

Fig. 32:

(sh)

(Ea)

(Ea)

(sh)

(Ea)

(sh)

(Ea)

(sh)

(Ea)

(sh)

(Ea)

Jan. 26, 1993
10 Rn
P010 Rn
P100 Rn
.100 1100
POGO 1100
00 1001
POOO 1001
100 { 1010
PO0O 1010
00 { 0011
P0O0O 0011

Sheet 18 of 212 5,182,811

=" 7 Tdisp:16° ~ ]

L4 [ T T T T W § 4

=77 "disp:16 |

L4 [ R R R N S J
r---°-- disp:32” ~ ~ 1

[ S I T N W R | 4 a0 d

F™ 77 imm_data ]

L 4 JF W W T R ' S 4

P77 7 Tmn_data )

La [ R T S W 8 J

Fr="7" "absi16 ]

L s i d i d ol J

F=77 Tabst1e -~ 0 ]

L a4 A4 d Al aa J
r=---- abs:32 1

La IS T R G R R & 4 4 d
r=--°-- absi32 =~ T T T K

L4 A od Lol 4 4 d
r-=----- absi6d ~ 1
L4 E R R R R W S Laaald
F----"-" absi6d ~ ~ ~ ~ T 1
L4 4 dd L dd 44 doad
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Fig., 33:
(Sh) 00 | 1161 | F~ 7 7 Tdisp:16” T T 71
i I - | WP TS IS T WS S W W RS WS I R |
(Ea) [pooo [ 1101 |} T~ 7 7 Tdisp:16 ~ ~ 1
1 A | S T S T S S N T N N N R
(Sh) 00 | 1110 | F~ "~ °° disp:32- ~ 7 ° 1
1 k) | T R R T WY S T S T S W S S U |
(Ea) [ P00O | 1110 r----- disp:32~ =~~~ 1
Y- P | MR W S T WS Y WY WS SN SR RS S I R
Fig. 34:
(sh) 00| 0100
(Ea) PO00O 0100
Fig. 35:
{sh) 00 0101.
" (Ea) [POOO | 0101
Fig. 36:
(Ea) P110 Rn I “Additional mode ] ...
i1 1 i a1 | I VA T T W TR W W N W |

.+. | "Additional mode
Lteas s aaaaaal
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Fig. 37:
(sh) 00 | 1111 | [ "Additional mede 1 ...
2 T | O T W Y T T W S W I |
. f “Additional mode 1
T R U TS T T N R U |
(Ea) [ Poo0 | 1111 | [ “Additional mode | ...
1 PR Lo aaald
ces f Additional mode 1
La s aal
Fig. 38:
(sh) 00 [ 1011 | [ “Additional mode | ...
1 TR | T S SR R N R R R N
ces f “Additional mode 1
_ Leasasasaasaaal
(Ea) [ P000 [ 1011 | | “Additional mode ] ...
Lt 1 A d .l Liads s a4 aal
... | "additional mode ]
{ I R S N T O W W G N
Fig. 39:

(Ea) P101 d4

Y I N 5 S N |
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Fig. 40:

Address where €(d4:4,FP)

and @(d4:4,SP) are used

|

Byte variable| —_ I — | _
Word variable
Half word variable —
Byte variable] — —_— ] —
SP,FP — Word variable

40 +1 42 +3

Fig. 41:

(Ea) P111 d4

Fig. 42:
byte: 0 1 2 L. §+g
EI | Rx |MS | PXXD d4 r dispx 1
1 11 1 edd Leded Laad adaraal
Fig. 43:

[Continuation and termination of additional mode)
01 | Rx [MS | PXXD dd F'™ 7 7 Next additional mode ~ ~
- i o S T 4 bk 1 - Liddlidldididddddraarald

11 Rx MS | PXXD d4

'l 1 L 1 | 1 A . . L A
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Fig. 44:

[Size of disp]

EI | Rx |MS | PXX0 dd

EI | Rx [MS [ PXXT [ 0001 | [~~~ “disp:16” ~ ~ "1

i1 X i | SN { O T R T W T W T S R T

EI | Rx [us[pxxt Jooto |~~~ °~~ disp:32 ~ =~ 7~ 1

L ¥ S " 1 Y - y St L A R S N N O R G N A |

EI | Rx |[MS [ PXxxt [0011 | I~~~ 7 7% "disp:64” - " " " "~ ]

1 b W i ¥ § S S L-LJ.-L-L.L-L.L.I.-LJ.J.J.J..LJ..LJ.J
Fig. 45:

<page> M-1- >« M

<address> N-3 N-2 N-1 N N+1 N+2

g
-4
-
g

e N
L o
ol

MEMORY
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Fig. 46:
bit 0 , —>bit 31
L111111:]11:4111141111144[1114111]
b PSM J PSB ——
L PSS L PSH g
— PSW 4
Fig. 47:
bit 0« —=bit 15
i LI | roi ] v i T 1 1 L '
PSS |SM} BNG !XA!- - ¢ AT [- !- !- !'DB! IMASK
| 1 1 1 A A | 1 1 1 A R |
Fig. 48:
bit 16¢ —bit 31 (As PSW)
bit O -»bit 15 (As PSH)
L ¥ 1 LR [] ! ¥ 1] 1 ! ] I 1
Pk (- | pagl- §- 1= 1= 1= |- fe TP i v IL n L2
[l 1 1 i L i i 1 1 ] 1 1 i [
Fig. 49:

AND:G src/EaR,dest/EaM
------ RR EaR —————— MM EaM

A d A 1 A b N T D S S S | W S TS N T 1 1 ' B U S T A Y
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Fig. 50 (a):
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MOV:L src/ShR,dest/RghWw

00 | Rgww |RR |01 .ShR..
MOV:S src/RgRw,dest/ShW
00 | RgRw |[WW {10 .Sh¥..

MOV:Z src/#0,dest/EaW

Sheet 24 of 212 5,182,811

110001WW ..EaW...
MOV:Q src/#3n,dest/ShW
011 | #3n [WW |00 .Sh¥..
MOV:1I src/#iW,dest/ShW
Olooloww 11 ‘Sh“no .ocnco#tho-cv--
MOV:G src/EaR,dest/EaW
110100RR ..EaR... 100010wWW . Ea¥W...
MOV:E src/#ib,dest/Eaw
10111111 ..#ib... 100010wWwW .+EaW...
Fig. 50 (b):
Instruction F X |V |L |M |Z
MOV -1-1+ |- |+ I+




PUSH
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Fig. 51:
MOVU:G src/EaR,dest/EaW
110100RR ..EaR... 100011WW ..EaW...
MOVU:E src/#ib,dest/EaW
10111111 ..#1ib... 100011wwW ..EaW...
Fig. 52:
Instruction |(F V |L |M |2
MOVU - {= |+ |- |+ |+
Fig. 53:
PUSH src/EaRL
1011001R . +EaRL..
Fig. 54:
Instruction |{F |X v {L |M {2
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Fig. 55:

POP dest/EaWL

1001001Ww . .EaWL..

A i 1 1 L L A1 L 1 1 i 1

Fig. 56:

Instruction F X |V IL M |Z
POP - {= 1= |- {- {~-

Fig. 57:

LDM src/EaRal,reglist/LIRL

loollolR ..Ed.L. Q..Ql.LlRL......

i L 4 A 'l L L e 1 1 L 1 1 1. 1 b I § 1 1 ) % 1 1 d N '] L L1

Fig. 58:

Instruction |F X {V {L |M |Z
LDM == 1-i= |- }-

Fig. 89:

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
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Fig. 60:

STM reglist/LsWL,dest/EaWnL

looololw ..annL. .l..l.stL..C.lO

i1 _1 1 1 1 A1 1 1 1 1 S TEN TUE DI U WY SN U TUNN SN SN SN G SN S |

Fig. 61:

Instruction |F (X {V |[L |M |Z
STM -t=1=- - {- 1-

Fig. 62:

{When EaWmL is in the @-SP mode]

MSB« —LSB
Bit Position 0 1 2 3 4 5 6 7|8 9101112 13 14 15
Register R15 R14 R13 R12 R11 R10 RS R8|R7 R6 R5 R4 R3 R2 R1 RO
Fig. 63:

[When EaWaL iz in another mode]

MSBé —>LSB
Bit Position 0 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. 64:

MOVA:R srcaddr/@(#d16,RgRP),dest/RgWP

00 | RgWP [11 | 1100 RgRP cosees#dlb.. ...,

1 1 1 1 L i L i 1 i 1 ;] . | L A i v "l 'l A L s

MOVA:G srcaddr/EaA,dest/EaW

11011000 . EaA... 1011014W ..EaW...

) D S SR SN DEEY B | At 4 i 1 4. 1 A 4 i 1 1 i S T SN S W S 1

Fig. 65:

Instruction F IX |V |L IM |z
MOVA - |- {- |- |-

Fig. 66:

PUSHA srcaddr/EaA

1010001s ..EaA...

A A 4 " A L L L L N3 1 1 ) -

Fig. 67:

Instruction F {X {V I{L [M |z
PUSHA - =41 1= I- I~
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Fig. 68:

CMP:L. srcl/ShR,src2/RgRw

00 | RgRw |{RR {00 .ShR..

1 Ny L - o - | 1 i’ i i

CMP:Z srcl/#0,src2/EaR!l

110000SS ..EaR!I,

L S WO WO S 1 i W WS S N S |

CMP:Q s8rcl/#3n,src2/ShR!I
010 | #3n |RR |00 | .SHhR'I

1 1 4 AL i A 1 A ' 'l 1

CMP:I srcl/#iR,src2/ShR!I

OlooooRR 11 IShR!I .l..'.*iR..!l'.’

N N S W U Y T 8 I S I B 1 41 i 1 2 i L & A 4 L 1 1. .}

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

110100RR - ..EaR... 100000sS ..EaR!I.

" NS N TS W T 1 A1 1 & i 1 1  SH S T SR NS W i DU NS SN O A | L

CMP:E srcl/#ib,src2/EaR!'l

10111111 .. #ib... 100000sS ..EaR!I.

) I W DU S B S i TS NN DR S B S | | W U IS W T e | i S N N W T N 1

Fig. 69:

Instruction |F |X |V [L M {Z
CMP === |+ |- |+
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Fig. 70:
CMPU:G srcl/EaR,src2/EaR!'l
110100RR " ..EaR... 1000018S ..EaR!l.
CMPU:E srcl/#ib,src2/EaR!I
10111111 .. #ib... 100001SS .+EaR!I.
Fig. 71:
Instruction X {V IL |M
CMPU - - {+ |-
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Fig. 72:

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

110101RR ..EaR... 00 | Rg"R [lc . -EaRdR.
c Select whether to subtract the lower bound value
c =0 Do not subtract the lower bound value. (/N)
c =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:

<
[l
=
N

Instruction F i{X
CHK - - 1% |+ {- |+

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

Fig. 74:
index < LBV LBV < index
index < UBY UBV < index
L_flag 1 0 0 (note2)

V_flag 1 0 1
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Fig. 75:

ADD:L src/ShRw,dest/RgMw

10 | RgMw |01 |00 «ShRw.

i 1 1 1 1 1 N 1 1 1 1

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

010 | #3n [MM (01 .ShM..

oA 1 1 1 1 1 '\ i’ 5 L "l

ADD:1I src/#iM,dest/ShM
Olooolm 11 oshMo- l....'#i“l.'.."

) IS W SN N N T | 1L W S TN W W | 1% 3 4 & 2 3 40 g 4 4 b 1 1.l

ADD:G src/EaR,dest/EaM

110100RR L] .EaR' LN oooooom . lEml e

i £ i\t 1 1 i S W S S U S Lt 2 L 1 1 1 ded e eed

ADD:E src/#ib,dest/EaM

10111111 ..#ib... 000000MM ..EaM...

I S WU U S I I SN N UNN S 2 A 3 i 1 1 1 | B G S U W S 1

Fig. 76:

Instruction |{F X
ADD - I+ [+ [+ |+ |+

L
[l
x
[ ]




U.S. Patent

Fig. 77:

Jan. 26, 1993

ADDU:G src/EaR,dest/EaM

Sheet 34 of 212

5,182,811

Fig. 78:

110100RR ..EaR... 000001MM «..EaM...
ADDU:E src/#ib,dest/EaM
10111111 ..#ib... 000001MM ..EaM...
Instruction |F {X |V |L M
ADDU - {+ 1+ {0 |4
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Fig. 79:
ADDX:G src/EaR,dest/EaM
110100RR " ..EaR... ~ 000100MM . .EaM...
ADDX:E src/#ib,dest/EaM
10111111 . .#ibl e OOOIOOMM . oE&M- .
Fig. 80:
Instruction |F |X |V |L M
ADDX - i+ 14 |+ [+



U.S. Patent

Fig. 81:

Jan. 26, 1993

SUB:L src/ShRw,dest/RgMw

Sheet 36 of 212 5,182,811

10 { RgMw |01 (01 +ShRw.
SUB:Q src/#3n,dest/ShM
011 | #3n MM |01 .ShM. .
SUB:1 src/#iM,dest/ShM
oloollm 11 5ShM.' l..l..#i“.‘.l..l
SUB:G src/EaR,dest/EaM
110100RR ..EaR... 000010MM ..EaM...
SUB:E src/#ib,dest/EaM
10111111 .. #ib... 000010MM ..EaM...
Fig. 82:
Instruction |{F |X |V |L M
SUB - |+ {+ |+ |+
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Fig. 83:
SUBU:G src/EaR,dest/EaM
110100RR ..EaR... 000011MM ..EaM, ..
SUBU:E src/#ib,dest/EaM
10111111 «o#ib... 000011MM ..EaM. ..
Fig. 84:
Instruction |{F |X |V {L (M
SUBU - i+ |+ {+ |4
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Fig. 85:

SUBX:G src/EaR,dest/EaM

110100RR " ..EaR... 000110MM ..EaM...

4 L b A 1 Al i ' L 1 i 1 1 A "\ 5 4 L A 11 ;- e b W T\ 1 1

SUBX:E src/#ib,dest/EaM

10111111 ..#ib... 000110MM ..EaM...

ek 1 1 1 L 1 i L L 1 1 ' i L L A L L F I A I SN NI W W

Fig. 86:

Instruction F X |V IL IM |Z
SUBX - 1+ I+ {+ [+ {4+




U.S. Patent

Fig. 87:

Fig. 88:

Jan. 26, 1993 Sheet 39 of 212 5,182,811
MUL:R src/RgRw,dest/RgMw
00 | RgMw OO | 1101 RgRw
MUL:G src/EaR,dest/EaM
~110100RR ..EaR... 010000MM +.EaM...
MUL:E src/#ib,dest/EaM
10111111 .. #ib... 010000MM ..EaM...,
Ingtruction (F (X |V {L M
MUL - |- i+ |+ |+
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Jan. 26, 1993 Sheet 40 of 212 5,182,811
Fig. 89:
MULU:G src/EaR,dest/EaM
110100RR ..EaR... 010001MM ..EaM...
MULU:E src/#ib,dest/EaM
10111111 ..#ib... 010001MM ..EaM...
Fig. 90:
Instruction |F [X |V |L |M
MULU - {= |+ [0 {+
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Fig. 91:

MULX src/EaR,dest/EaMR,tmp/RgMR

110101!R ..EaR... 10 | RgWR |10 ..EaMR..

L 1 1 1 H L 1 A 1 ) - i1 ] 1 L I 1 AL L 1 A 1 i A 1

Fig. 92:

<
o)
=
(]

Instruction F iX
MULX % |-

o
o
-+
-+
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Fig. 93:

DIV:R src/RgRw,dest/RgMw

00 | RgMw |01 | 1101 RgRw

1 b | i i ' ' L L 1 1 i

DIV:G src/EaR,dest/EaM

110100RR ..EaR... 010010MM ..EaM...

- | ' 1 L A L i 1 4 1 L ' | S L 1 ] 1 4. AL L ol 1 A '3 ' L L

DIV:E src/#ib,desf/EaM

10111111 ..%ib... 010010MM ..EaM...
Fig. 94:
Instruction {F |X |V [L IM |2
DIV - =10 |+ |+ |+
- |- }1 |0 |1 |0 | => See note 1
- 1= 431 |- |- |- | => 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
110100RR ..EaR... 010011MM ..EaM...
DIVU:E src/#ib,dest/EaM
10111111 | -u#ib-'o 010011m noE.Hnon
Fig. 96:

Instruction F IX jV JL IM |Z

. DIVU - |- 10

o
+
+

<= Division by zero
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Fig. 97:

DIVX src/EaR,dest/EaMR,tmp/RgMR

110101!R ..EaR... 10 | RgMR |11 ..EaMR..
Fig. 98:
Instruction F |X IV IL M {Z
DIVX * |- 10 |0 |+ 1+ => See note 1
= 1= 11 = ]- §1- | => See note 2
- 4= 11 |- - 1~ => See note 3

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
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Jan. 26, 1993 Sheet 45 of 212 5,182,811
Fig. 99:
REM:G src/EaR,dest/EaM
110100RR . .EaR... 010110MM -.EaM...

REM:E src/#ib,dest/EaM

10111111

. #ib... 010110MM ..EaM. ..
Fig. 100:
Instruction |{F {X |V |L IM {zZ
REM -1~ |0 {+ |+ |+
- 10 |- }- |- | <= Division by zero
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Fig. 101:

REMU:G src/EaR,dest/EaM
110100RR ..EaR... 010111MM ..EaM...

A 14 S L A L L L 1 I 1 dd. 1 S Y ] 'y ' ' A ) S .

REMU:E src/#ib,dest/EaM

10111111 .. #ib... 010111MM ..EaM...
Fig. 102:

Instruction F IX |V {L M }{Z

(=]
+
+

REMU - |- |0
: - }=-10 |- |- |- | <= Division by zero
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Fig. 103:

NEG - dest/EaM

110010“ ..Em.'.

N U T W S N W | U I N U D T

Fig., 104:

-
r;
=
™~

Instruction |F |X
NEG - |- I+ |+ |+ |+




U.S. Patent Jan. 26, 1993 Sheet 48 of 212 5,182,811

Fig. 105:

INDEX indexsize/EaR,subscript/EaR2,xreg/RgMR

110101!R ..EaR... 11 | RgMR |SS ..EaR2..
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 |V |L {M |Z
INDEX - 1= |+ [+ |+ |+

M and Z are based on xreg.
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Fig. 107:
AND:R src/RgRw,dest/RgMw
00 | RgMw 0O 1100 RgRw

AND:I src/#iM,dest/ShM
ololoom 11 .Sm.. ...II.#iMl......

AND:G src/EaR,dest/EaM
110100RR ..EaR... 001000MM ..EaM...

AND:E src/#ib,dest/EaM
10111111 . #ib. .. 001000MM ..EaM...‘

Fig. 108:
Instruction |F V IL IM
AND - - |- |+
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Fig. 109:

OR:R src/RgRw,dest/RgMw

00 | RgMw |01 1100 RgRw
OR:1 src/#iM,dest/ShM
Olololm 11 .Sml. ....'.#iM.C.'.'I
OR:G src/EaR,dest/EaM ‘
110100RR ~ ..EaR... 001001MM ..EaM...
OR:E src/#ib,dest/EaM
10111111 .. #ib... 001001MM ..EaM...
Fig. 110:

Instruction |F |X |V |L IM |2

M_flag RO
OR - 4= |- I- |+ |+ Z_flag [RO to d-1) = 0O
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Fig. 111:

XOR:R src/RgRw,dest/RgMw

00 | RgMw {10 | 1100 RgRw

. Y 1 1 'l 1 A L 1 i

XOR:I src/#iM,dest/ShM

Olollom 11 .sm.‘ l.'.'.#im.‘.ll.’

i 1 1 L I'J A 4 J S A A .l 4 A d ek L 1 1 1 L A i 4

XOR:G src/EaR,dest/EaM

110100RR «+.EaR... 001010MM : ..EaM...

' H 1 A oA 1 A L S "l ) 1 L 1 ' Al A ' L i N ' 1 L '\

XOR:E src/#ib,dest/EaM

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

1 1 L & 1 i SN SN N N SN S | SR WS I T T o T B B S S S

Fig. 112:

Instruction |F |X |V |L |M |Z

M_flag RO
XOR = i=- 1= |- 1+ |+ Z_flag [RO to d-1]1 = 0
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Fig. 113:

NOT dest/EaM
110011MM TEaM...

. - ] 1 1 ) 1 4 1 ) - 1 L 1 1

Fig. 114:

Instruction F X |V |L IM |Z
NOT == 1= |- |+ |+




U.S. Patent

Fig. 115:

Jan. 26, 1993

Sheet 53 of 212

5,182,811

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

011

1 i

#3c MM

A 1 '

11 .ShM..

. e, 4 L

SHA:G count/EaR,dest/EaM

110100RR

T VO S S TS

..EaR...

1 3 A L A 5 J

001101MM

1 1 1 1 1 1 il

.-EQM...

L 1 1 A L ' b |

SHA:E count/#ib,dest/EaM

10111111

A 1 % S T L L

. o#iba .

"'y 1 A AL S |

001101MM

- ' 1 I i i 1

CCEaMoon

) S W S W N

Fig. 116:

Instruction

SHA
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Fig. 117:
X_flag dest
L« ] «— 0
A MSB LSB
Fig. 118:
S; Sign bit
| dest X_flag
—is | | — ]

MSB LSB



U.S. Patent

Fig. 119:

Jan. 26, 1993

Sheet 55 of 212

SHL:Q@ count/#3n,dest/ShM (Left shift, count > Q)

010 #3n |MM |10 .ShM..
SHL:C count/#3c,dest/ShM (Right
011 #3c MM |10 .ShM..

SHL:G count/EaR,dest/EaM

shift, count < 0)

5,182,811

Fig. 120:

Fig. 121:

Fig. 122:

110100RR ..EaR... 001100MM . .EaM...
SHL:E count/#ib,dest/EaM
10111111 ..#ib... 001100MM ..EaM... v
Instruction |F (X L M {Z
SHL - J+ {- - |+ {+
X_flag dest
[« ] «— 0
MSB LSB
dest X_flag
00— | | —
MSB LSB
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Fig. 123:

ROT:G count/EaR,dest/EaM

110100RR ..EaR... 001110MM ..EaM...

I N S WOUES W U N ) DS TN S W W S | i NS WS W N B S i I S SN N B S |

ROT:E count/#ib,dest/EaM

10111111 . #ib. .. 001110MM ..EaM...
Fig. 124:
Instruction F X |V IL IM |2
ROT -+ |- |- {+ |+
Fig. 125:
X_flag dest
L |
MSB LSB
Fig. 126:
: dest X_flag
— | ] L

MSB LSB
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Fig. 127:

SHXL dest/EaMX

000000+X 1111-111 1--010+- ..EaMX..

1 s 1 1 1 A A 4 i L 1. 'l L 2 i 1 i 1 J 1 S W T N Il 1 1

Fig. 128:

Instruction |F {X |V |L M |Z
SHXL - i+ j- - §+ |+

Fig. 129:

Lx_flﬁt dest
] — | ]

NSB LSB

Ve
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Fig. 130:

SHXR dest/EaMX
000000+X 1111-111 1--110+- . .EaMX..

i L 1 A . 1 A i i L 1 1 L 4 A 1 1 | 1 1 L A A L L i S

Fig. 131:

Instruction F IX |V |L M |Z
SHXR - d+ |- |- |+ [+

Fig. 132:

. t_)x_flau dest
[J— L ] —

MSB LSB
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Fig 133:

RVBY src/EaR,dest/EaW
110101RR ..EaR... 010000WW ..EaW...

% WS VDS N U W T | b NI N W T N S | ol 1 2 1 1 1 it 4t 2 1 1

Fig. 134:

Instruction F [X |V {L |IM |Z
RVBY - = = {= |- {=-
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Fig. 135:

RVBI src/EaR,dest/EaW
110101RR ..EaR... 010001Ww ..Ea¥W...

L 1 ) 1 | A i . Al 1 il 5 Il L 5 L A A 4 1 ' 1 'l A ' A

Fig. 136:

Instruction |{F IX |V |L M |2Z
RVBI -d=1- 1= |- |-
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Sheet 61 of 212 5,182,811

Fig. 137:
base Bit to be operated
byte
address: ] n I n+l l n+2 i n+3
offset: -1 0123456178 15 16 23 24

{
€ offset

MSBé— LSB MSB

|
=l

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 <CLX» <<LX>>

All the access size in assembler defaults to ’.B’.
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Fig. 139:
BTST:Q offset/#3z,base/ShRfq
101 | #3z [01 [11 .ShRfq
BTST:G offset/EaR,base/EaRF
110100RR . .EaR... 101111BB . .EaRf..

BTST:E offset/#ib,base/EaRf

SN W T . |

10111111

A L 1 il 't el

. '#ib. LN ]

i b 3 1

S il J.

101111BB

;| L 1 1 A A 1

..EaRf..

A i A 3 L d

7 indicates the test result.

BB: Specify the bit size to be read.
Fig. 140:
' Instruction |F {X [V |L |M
BTST - = i- 1= I-




U.S. Patent

Fig. 141:

BSET:Q

Jan. 26, 1993

offset/#3z,base/ShMfq

100

e 1

#3z

el

01

10 .ShMfq

L 1 Al 1

BSET:G

offset/EaR,base/EaMf

Sheet 63 of 212

5,182,811

i A X Al

110100RR

ddd

olE&RQoo

i L 1 ' 1 1 1

101100BB

1 L L 1 ) S S 1

i A o 1 L

. EaMf..

" BSET:E offset/#ib,base/EaMf

v NS v k| A

10111111

A 1

Ob#ibn.n

A 1

1 1 N AL

101100BB

j D B S W S VN |

1. ]

. .EaMf..

1 A i St A

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

Fig. 142:

Instruction

BSET

Z indicates the test result.



U.S. Patent

Fig. 143:

BCLR:Q

Jan. 26, 1993

offset/#3z,base/ShMfq

101 | #3z |01

i L i 3 '

10 .ShMfq

L L i L ' 1

BCLR:G

offset/EaR,base/EaM{

Sheet 64 of 212

5,182,811

110100RR

i S S S WS N S

'oEaRnco

I S N 3 1 L i A

101101BB

" A Sk i L L

. .wa..

I A Ad 3 L A

BCLR:E offset/#ib,base/EaMf

10111111

1 A d 1 'l 4 A

ct#ib-o'

1 i L A . u .

101101BB

1 1 1 A 1 4 1

.IEme .

Y 1 1 1 - 1 1

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

Fig. 144:

Instruction

BCLR

Z indicates the test result.
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Fig. 145:

Jan. 26, 1993 Sheet 65 of 212 5,182,811
BNOT:G offset/EaR,base/EaMf

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

10111111 .#ib... 101110BB - EaMf..

BB:
is performed.
Fig. 146:
Instruction |F vV IL IM jZ
BNOT - |- 1- 1= |- |+

Z indicates the test result.

Specify the'bit size where the read-modify-write operation
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Fig. 147:

BSCH data/EaR,offset/EaM

110101RR ..EaR... 0101bdMM ..EaM...
data Data to be searched. Since data does not exceed the

word boundary, only the data in the address is
accessed.

RR Size of data. RR = 00,01 is defined in <<L2>>

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

MM Size of offset

d Bit value to be searched
d=0: Search ’0’ (/0).
d=1: Search *1’ (/1).

b 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).

Fig. 148:

Instruction F {X
BSCH - - 1% {- {- }-

<
e
=
(X}

V indicates the search operation is unsuccessful.
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Fig. 149:
base Related bit field
l | ¢—— width —>|
byte T T T r ]
address: l n l n+l l l n+2 ] I n+3
offset:-1 0123456178 15 16 23 24
| |
| e offset — |

MSB¢— LSB MSB LSB MSB —LSB
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Fig. 150 (a):

BFINS:G:I.W #src[.BHWL], offset{.BHWL], width[.W], base[.W]
BFINS:G:R.W Rs[.W], offset[ .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:I.W #src{.BHWL], #offset, #width, base{.W]
BFINS:E:R.W Rs[.W], #offset, #width, base[ .W]
BFINS:E:I1.L #src[.BHWL], #offset, #width, base[.L]
BFINS:E:R.L Rs[.L], #offset, #width, base[.L]

BFINSU:G:I.W #src[.BHWL], offset[.BHWL], width[.W], base[.W]
BFINSU:G:R.W Rs[.W], offset[ .BHWL], width{.W], base[.W]

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{.W]
BFINSU:E:R.W Rs[.W], #offset, #width, base[ .W]
BFINSU:E:I.L #src[.BHWL], #offset, #width, base[.L]
BFINSU:E:R.L Rs[.L], #offset, #width, base{.L]

BFCMP:G:1.W #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[.L]

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[.V¥W], #offset, #width, base[ .¥W]

BFCMP:E:I.L #src[.BHWL], #offset, #width, base[.L]
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Fig. 150 (b):
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.¥ Rs[.W], offset[.BHWL], width[.W], base[.W]
BFCMPU:G:1.L #src{.BHWL], offset[.BHWL], width[.L], base[.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:I1.L #src{.BHWL], #offset, #width, base[ .L]
BFCMPU:E:R.L Rs[.L], "#offset, #width, base(.L]
BFEXT:G.W offset{ .BHWL], width{.W], base[.W], Rd[.W]
BFEXT:G.L  offset[.BHWL], width[.L], base[.L], Rd[.L]
BFEXT:E.W f§offset, #width, base[.W], Rd[.W]
BFEXT:E.L #offset, #width, base[.L]}, Rd[.L}
BFEXTU:G.W  offset[.BHWL], width[.¥], base[.W], Rd[.V]
BFEXTU:G.L offset{.BHWL], width{.L], base[.L], Rd[.L]
BFEXTU:E.W  #offset, #width, base[.W], Rd4[.W]
BFEXTU:E.L  #offset, #width, base[.L], Rd[.L]
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Fig. 151:

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

110100RR . .EaR... 111010+X . .EaRbf.
T T 1= T RRXw [== | ==== | R¥xd
BFEXT:E offset/#ib,width/#6n,base/EaRbf ,dest/RWXd _
10111111 ..¥ib... 1110104X . .EaRbf. -
- .#6n.. == ==== RWXd

Fig. 152:

Instruction F {X jV |L M |Z
BFEXT - j= |+ {=|+ {+
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Fig. 153:
BFEXTU:G offset/EaR,width/RRXw ,base/EaRb_f ,dest/RWXd
110100RR . .EaR... 111011+X . .EaRbf. -
- == | RRXw == ===z RWXd
BFEXTU:E offset/#ib,width/#Gn,base/EaRbf,dest/RWXd
10111111 —..¥ib... 111011+X . .EaRbf. -
- .#6n.. == | ==== RWXd
Fig. 154:
Instruction X |V {L M }Z
BFEXTU - |+ |- {+ |+




U.S. Patent

Fig.

110100RR ..EaR... 110010+X . .EaMbf.
-7 == RRXw == ===z RRXs
BFINS:G:1 src/#iS8,offset/EaR,width/RRXw,base/EaMbf
110100RR ..EaR... 1101104X . .EaMbf.
7 "T==TrRRXvw Jss ..#is8..
BFINS:E:R src/RRXs,offset/#ib,width/#6n,base/EaMbf
10111111 . #ib. .. 110010+X . .EaMbf.,
T .#6n.. |== | ==== | RRXs
BFINS:E:1 src/#iS8,offset/#ib,width/#6n,base/EaMbf
10111111 ..#ib... 110110+X . EaMbf.
T .#6n.. |SS ..#is8..
Fig. 156:
Instruction F {X |V IL [M |Z
BFINS “ 1= 1+ |- |+ |+

155:

Jan. 26, 1993

Sheet 72 of 212

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

5,182,811
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Fig. 157:

Jan, 26, 1993

Sheet 73 of 212

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

110100RR ..EaR... 1100114X . . EaMbf.
T 7 7J== T RRXw |== | ==== | RRXs
BFINSU:G:I src/#iS8,offset/EaR,width/RRXw,base/EaMbf
110100RR ..EaR... 110111+X . .EaMbf.
T T TT== T RrXw |sS ..4iS8..

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

- 0

1 i )] A

1 i 1 L 1 1 2

10111111 ..#ib... 1100114X . .EaMbf.
T .#6n.. == | ==== RRXs
BFINSU:E:1 src/#iS8,o0ffset/#ib,width/#6n,base/EaMbf
10111111 .. #ib... 1101114X . .EaMbf.
- .#6n.. |sS ,.#iS8..
Fig. 158:
Instruction F {X |V |L |M {Z

BFINSU

5,182,811
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Fig. 159:

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

110100RR ..EaR... 110000+X . .EaMbf .
T T "T== ] RRXw |== | ==== | RRXs
BFCMP:G:1 src/#iS8,offset/EaR,width/RRXw,base/EaRbf
110100RR . .EaR... 110100+X . .EaRbf. -
- "RRXw |SS . .#iS8..

L]
- 0

4 'l A ol Is A ' L A L Il

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

10111111 . #ib... 110000+X + .EaRDf .

.#6n.. == | ==== RRXs

- o Al 1 % 1

BFCMP:E:I src/#iS8,offset/#ib,width/#6n,base/EaRbf
10111111 . #ib... 110100+X . EaRbf.

S WIS S TN W T U 1 S WU T S U N N N T N T T . i S U S S S |

L | S T |

.#6n.. SS .. #i88..

-— - PEE N S GUNS W N S S SN S SN SHNN S G

Fig. 160:

Instruction FIX |V IL |M {2
BFCMP - 1= 1= |+ |- {+
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Fig. 161:

BFCMPU:G:R src/RRXs,offset/EaR,width/RRXw,base/EaRbf

110100RR . .EaR... 110001+X . .EaRbf.
T T 7T== | RRXw |== | ==== | RRXs
BFCMPU:G:1 src/#iS8,offset/EaR,width/RRXw,base/EaRbf
110100RR . .EaR... 110101+X . .EaRbf. -

RRXw [SS .. #iS8..

- - TENE S S S LA 4 2 a1 L

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

10111111 ..#ib... 110001+4X . .EaRbf. -
- .#6n.. == ==== RRXs
BFCMPU:E:1 src/#i88,of fset/#ib,width/#6n,base/EaRbf
10111111 ..%ib... 110101+X . .EaRbf. -
- .#6n.. |SS ..#iS8..
Fig. 162:

Instruction {F X |V |L |M {2
BFCMPU - 1= f- 1+ |- |+
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Fig. 163 (a):

BVSCH

0001bd+X 1111pP111

i 1 1 1 1 il J L i 3 1 1 1 L

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

Rl: 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 number, if
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Fig. 163 (b):

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

terminated.

An EIT does not occur.

Fig. 164:

Instruction FIX Jv |L |M |Z
BVSCH - |- 1% {- {- |-

V indicates the search operation is unsuccessfully terminated.
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Fig. 165:
BVMAP
0011bQ0X 1111P111

Parameters

RO:

R1:

R2:

R3:

R4:

R5:

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

X

X

0: 32 bits

1: 64 bits <<KLX>»

P bit option for src

P bit option for dest

Operation direction

b = 0: Direction of increasesing bit number (/F)

b

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

Lower 4 bits are used.
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Fig. 166:

Instruction F (X {VIL IM|Z
BVMAP -1-1- 1= 1- iI-

Fig. 167:

| src
:::gg§§=£:=====

e
L o
—
L o
-

bl
L

‘The result of the operation is assured with /B and /F.
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Fig. 168:

The length from base to offset for dest is small.

4+

- — — - ——— i e £ o - — - - - -
-ty

E ol
-
4
-
= .

e
= 2

The result of the operation is assured with /F.
The result of the operation is not assured with /B.

Page fault may cauée the result to change.

Fig. 169:

The length from base to offset for dest is large.

. L 1 he ol
T L 1 4 o

-l
e

- —— - — > e A - - - - e e W S
- e T T i o o o o= o e e T D T - -

-l
L]

-
-
4
-

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:

BVCPY

0011bQ1X 1111P111

L 1 4 3 L 1 3 1 L A A L A A

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

X

t

0: 32 bits

X =1: 64 bits <<LX>»>
P P bit option for src

Q P bit option for dest

o

Operation direction

b=0: Directidn 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 (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.

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 IL IM
BVCPY - 4= 1= |- I~
Fig. 172:
BVPAT
000001+X 1111P111

L i A 2 1 1 1 i Ll A i 1 i

X Size of pattern (R0O), width (R2), and dest offset (R4)

X

0: 32 bits

X 1: 64 bits <<KLX»

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)
Although 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 1lower 4 bits are used. Common with the BVMAP

instruction
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Fig. 173:

Instruction F |[X |V |L IM ]Z
BVPAT - 1= {= = i- I-

Fig. 174:

ADDDX:G src/EaR,dest/EaM

110100RR L] IEaR. L] ooololm . .Em. * e

U S S S S U S S SN G W T |

ADDDX:E src/#ib,dest/EaM

4 A 1 1. i L o i L L A 1 L e

101111111 .. #ib... 000101MM . .EaM...
Fig. 175:

Instruction F |X |V
ADDDX - 1+ |+

[
=
]

o
+
o+
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Fig. 176:
SUBDX:G src/EaR,dest/EaM
110100RR EaR 000111MM ..EaM...
SUBDX:E src/#ib,dest/EaM
10111111 .. ¥ib... 000111MM ..EaM. ..
Fig. 177:
Instruction |F X |V |L |M
SUBDX - 1+ [+ |+ |+
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Fig. 178:

Jan. 26, 1993

PACKss src/EaR,dest/EaW

Sheet 85 of 212

5,182,811

110101RR ..EaR... 010010wWw ..EaW...
Fig. 179:
Instruction M

PACKss
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Fig. 180:

Jan. 26, 1993

UNPKss src/EaR,dest/EaW,adj/#iW

Sheet 86 of 212

5,182,811

110101RR EaR... 010011WW .Eav...
- A T )
Fig. 181:
Instruction X |V |L

UNPKss
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Fig. 182:

UNPKBH

UNPKHW

UNPKBW

UNPKWL

UNPKHL

Jan. 26, 1993 Sheet 87 of 212

src[.B},dest]{ .H],adj[ .H]

RR=00,WwW=01 tmp composes of 16 bits

0 ==> tmp[00:

15},

src[00:03] ==> tmp[04:07],

src[04:07] ==> tmp[12:
tmp + adj ==> dest

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

15],

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

0 ==> tmp[00:31],
src[00:03]) ==> tmp[04:07],
src[04:07) ==> tmp[12:15],
src[OS:il] ==> tmp[20:23],
src[12:15) ==> tmp[28:31],
tmp + adj ==> dest

src[.B],dest[.W],adj[.W]

RR=00,Ww=10 . 0 ==> tmpl00:31],
src[00:03] ==> tmp[12:15],
src[04:07] ==> tmp[28:31],

tap + adj ==> dest
srcf.W},dest[.L],adj[.L]

src{ .H],dest{.L},adj[.L]

5,182,811

<KL2>»>

<CLX>>

<KLX>>
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Fig. 183:

Termination condition Mnemonic Meaning eeee

<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
none N never (or no option) 0110

- - reserved {RIE} 0111

- - reserved {RIE} <<L2>> 1XXX
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Fig. 184:
SMOV
00eeeeSS 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: Coﬁy the string in the direction the
address decreases (/B)

eece 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 ¥ |- |* |-

<
[l
»|x
]
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Fig. 186:
SCMP
00eeeeSS 1110P0Qb
P P bit option for srcl
Q P bit option for src2
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).

b =1: Compare the string in the direction the
address decreases (/B).

eeee String instruction termination condition

Parameter for register

RO: Start address of srcl string

R1: 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 option.)
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Fig. 187:
Instruction F IX {V L IM |Z
SCMP * % % |+ [* |+
Fig. 188:
[ SCMP termination causes ] [ flags ]
Length Not Termination v Z L F M
matched condition X
X X O(srcl=src2) O 1 0 1 *A
X 0 X(srcl) 0 0 *C 0 0+
X 0 O(srcl) 0 0 * 1 *B

0 X X 1 1 0 0 0+

0: indicates the termination causes are satisfied.

X: indicates the termination causes are not satisfied.

+: indicates the status is obtained by the rule rather than
the flag’s meaning.

*A: Depends on the termination condition srcl = src2.

*B: Depends on the termination condition of srcl.

*C: 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
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

0: Increment only by the element size (/F).

r

r = 1: Specify the increment/decrement value by register

R5 (/R).

Parameters for register

RO: Start address of src string

R1: Not used

R2: Length of string and amount of data

R3: Comparison value of termination condition (1)
R4: Comparison value of termination condition (2)

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

Fig. 190:

Instruction F |X |V |L M |{Z
SSCH ¥ |- |* x (-

V indicates the search is unsuccessfully terminated.



U.S. Patent Jan. 26, 1993 Sheet 93 of 212 5,182,811

Fig. 191:

SSTR

001001SS 1111P111

I I T WO W | L i N S S N IS

P P bit option for dest

SS Size of data to be written (R3)

Parameter for register

RO: Not used

R1: Start address of dest string

R2: String length and amount of data

R3: Data to be written

Fig. 192:

Instruction |F {X [V {L M |Z
SSTR - == 1= |- }-




address_of_queue ==> mem[address_of_entry] ==> templ

U.S. Patent Jan. 26, 1993 ‘Sheet 94 of 212 5,182,811
Fig. 193:
QINS entry/EaMqP, queue/EaMqP2
11011000 ..EaMqP. 101110+- . EaMqP2

Fig. 194:

Instruction F {X 1V |L YA

INDEX - o *
Fig. 195:

men[address_of_queue + 4] ==> mem[address_of_entry +4] ==>temp2

address_of_entry
address_of_entry

if (templ = temp2

==)> mem[mem[address_of_gqueue + 4]]

==> mem[address_of_queue +4]

) then

1 ==> Z_flag

else

0 ==> 7_flag

endif
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Fig. 196:
entry
1 1
queue .
—_— > . e ——
4 3 4 4 ] 4
Fig. 197:
entry queue
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Fig. 198:

QDEL queue/EaRqP,dest/EaW!S

11011000 . .EaRqP. 101100+W ..EaW!S.

Ll i 1 1 1 4 VS U WS RO SN S o P4 1 ¢t t i 3 i1+ 1 4 1

Fig. 199:

Instruction F {X jV IL IM |Z
QDEL - |- |* |- |- [|*

Fig. 200:

nen[address_of_queqe] ==)> successor

if (address_of_queue successor) then
1 ==> V_flag
1 ==> Z_flag

else
successor ==> dest
men][successor] ==> mem[address_of_queue] ==> templ
address_of_queue ==)> mem[mem[successor] + 4] ==> temp2
if {(templ = temp2) then

0 ==> V_flag

1 ==> 7 _flag
else

0 ==> V_flag

0 ==> Z_flag
endif

endif
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Fig. 201:

Fig. 202:

Jan. 26, 1993

i)

queue

Sheet 97 of

successor

212

[l

.

5,182,811

i
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ent

Jan. 26, 1993

Fig. 203 (a):
QSCH
00eeeeSS 1111P0Omb
P P bit option in queue area
SS Comparison termination conditions (R3, R4)
data size
eeee
instruction termination conditions)
B Presence/absence of mask
m = 0 Not mask R6 (/NM).
m =1 Mask R6 (/MR).
b Search direction

Sheet 98 of 212

5,182,811

and search

Comparison termination conditions (same as the string

b

b

0 Forward (/F)

1 Backward (/B)

Parameters for Registers

RO

R1

Address of the queue_entry that the search operation starts

with. First, enter the content of the queue head = first

queue address.

Used as a return parameter.

Upon completion of the

instruction, the address of the queue_entry just before it

is stored.
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Fig. 203 (b):
R2 Queue end address
R3 Comparison value (1)
R4 Comparison value (2)
R5 Offset of search data being entered
Offset from the link address of the member being searched
R6 Mask (when m = 1)
RO, R2, and R3 (6§tions), R4 (option), and R5 and R6 (options)

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

continuous search operation is available.

Fig. 204:

<
[

Instruction |F |X

M |z
QSCH * - |* |- |*

v

indicates that the search operation is unsuccessfully

completed.
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Fig. 205 (a):

while (1) do
RO ==> R1
if b=0 then
mem[RO] ==> RO
/* Search the queue along the forward link. %/
else
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 m»=0 then
compare mem[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
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Fig. 205 (b):
/% 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_interrupt

end_while
Fig. 206:

RO

R2

L 7

1\

— — Pa— -|l—
L ] _ﬂ . —ﬁ L] —H * ———
———— Ll — . —— . —— . §5
4 4
key key key key
key :'Data being searched’ ! ! ! !

Queue which satisfies the conditions
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Fig. 207:

iz

Jan. 26, 1993

Sheet 102 of 212

5,182,811

31

key

key :'Data being searched’

—‘ H

key

i]

—

50

key

1

I

—

key

4

Queue which satisfies the conditions
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Fig. 208

BRA:D newpc/#d8

10101110 : ao#dsao'

S S S S VI U S | ) W R G S T

BRA:G newpc/#dS

001000ss 1111P111 coeses#dS.nnns
Fig. 209:

Instruction F iX |V L‘ M iz
BRA - |- 1= |- |- {-
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Fig. 210:

Bcc:D newpc/#d8

10ccec00 _ ..4#d8...

¥ -1 L 1 1 L 1 1 1 1 L 1 b 1

Bcc:G newpc/#dS
00cccceSS 1111P110 vessec#dSeeeenas

3 1 I 1 1 i 1 1 1 L 1 i L i L.

) 1 L ' 1 1l 1 i L 3. 1 i 1 1

cccc : Specify the conditions

Fig. 211:

Instruction FIX (v IL IM |Z
Bce - -t 1= 1= }=
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Fig. 212:
Mnemonic  Meaning Condition cccc
XS X_flag set X 0000
XC X_flag clear X 0001
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‘of equal L+Z 0110
GT greater than “L*~Z 0111
\E V_flag set v 1000
vC V_flag clear ' 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.



U.S. Patent

Fig. 213:

BSR:D newpc/#d8

Jan. 26, 1993

Sheet 106 of 212 5,182,811

Fig. 214:

10101111 . #d8...
BSR:G newpc/#dS
00101Qss 1111P111 R I T
Instruction F |[X |V |L |M

BSR
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Fig. 215:

JMP newpc/EaA

10000010 ..EaA...

1 A il 'y 1 Y L by "l .l 1 1 A A

Fig. 216:

Instruction F IX |V IL [M {2
JMP == i=- 1= i~ |-
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Fig. 217:

JSR. newpc/EaA

1010101P ..EaA...

L 1 1 1 1 i A L L I

Fig. 218:

Instruction FIX |V IL (M |Z
JSR S O L B
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Fig. 219:

ACB:Q #1,xreg/RgMw,limit/#6n,newpc/#dS8
00 | RgMw |11 1101P001 .46n.. SS .. #dS8..

— el i -

1 L 1 i 1 A A A 1 1 1 1 1 L I L i | L

ACB:R #1,xreg/RgMw,limit/RgRw,newpc/#dS8

00 | RgMw |11 1101P000 -- | RgRw {55 . .#dS8..

1 e i 4 3 L 'y A 1 N T L 5 L 1 1 1 'l i L il e 1

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

1 d 1 1 1 1 1 A i i 1 L 1 i1 i1 i i 1 ¥ S 1 A 1 1 1 —t

== | RgMX |SS .. #dS8..

1 A i i 1 il A d A b1 A A i

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

10111111 .. #ib... 11110PXX ..EaRX..

d et ——s T G SR U U Tt N S S TSN S S o N N VR S N —

RgMX |SS . .#dS8..

1 vl 1 i ol 1 N L A Lt

|

Fig. 220:

Instruction F X |V IL M |2
ACB -i- - I- |-
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Fig. 221:

Jan. 26, 1993 Sheet 110 of 212 5,182,
SCB:Q #1,xreg/RgMw,limit/#62z,newpc/#dS8
00 | RgMw |11 1101P011 .#62.. SS .. #dS8..
SCB:R #1,xreg/RgMw,limit/RgRw,newpc/#dS8
00 RgMw 11 1101P010 -- RgRw |SS ..#dS8..
SCB:G step/EaR,xreg/RgMX,limit/EaRX,newpc/#dS8
110100RR ‘.E‘Ro'c- lllllpxx --E&RX..

Fig. 222:

== | RgMX |SS ..4#dS8..
SCB:E step/#ib,xreg/RgMX,limit/EaRX,newpc/#dS8
10111111 .. ¥ib... 11111PXX .. EaRX..
== | RgMX |{SS ..#dS8..
Instruction F |X {V {L

SCB

811
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Fig. 223:

ENTER:E 1local/

Jan. 26, 1993 Sheet 111 of 212 5,182,811

#ib,reglist/LnXL

1000111X o#ib... eosesoelNXLovesee
ENTER:G local/EaR!M,reglist/LnXL
000000+X 1111P111 1--0118S ..EaR!M.
.QIQO.LnxLIIl..O
Fig. 224:
Instruction |F “|L Z
ENTER - - {- |-
Fig. 225:
MSBé— —>LSB

Bit position

601 2 3 4 5 6 17

8 910111213 14 15

Register

= = R13 R12 R11 R10 R9 R8

R7 R6 R5 R4 R3 R2 R1 RO

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

EXITD:E reglist/LxXL,adjsp/#ib
1001111X . #ib... veseesLXXLiauoon

1 i | 1 i 1 1 ) 1 1 g 1 A 1 Y L 1 1 1 1 . A ' 1 1 1 A A A

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

000000+X 1111P111 1--11188 ..EaR!M,

A A 1 ' I 1 A I 1 i y — ' L i L ] 1 1 1 -t A 1 1 1 b | 1 A

o....-LXXL..-...

L L 1 l L L 1 L A L L A Ll 1

Fig. 227:

Instruction F {X {V |L M
EXITD - = j= = |- I-

Fig. 228:

MSBé— —>LSB

Bit position 01 2 3 4 5 6 7,8 9 10 11 12 13 1415
Register RO R1 R2 R3 R4 R5 R6 R7|R8 R9 R10 R11 R12 R13 = =

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

RTS -
00101011 1101P110

) A A 1 A L L 1 Aol A i J

Fig. 230:

Instruction F IX |V IL (M |Z
RTS -t i 1= |- i-
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Fig. 231:

NOP

00011011 1101-110

i WU TSV TS NN R . | I S NS W S S 1

Fig. 232:

Instruction F IX |V IL M I|Z
NOP o R R R
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Fig. 233:

PIB-

00001011 1101P110

1 4 1 A i A J 1 1 3 1 1 L

Fig. 234:

Instruction F iX |V IL IM |2
P1B - == 1= ]- |-
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Fig. 235:

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

100 | #3z J01 |11 ShMfqi

1 1 ] 1 A L Al ol 4. 1 A

BSETI:G offset/EaR,base/EaMfi

110100RR ..EaR... 101000BB . .EaMfi.

B U SO U S W 1 I DU SN NS S W S W S WIS B S | L4

BSETI:E offset/#ib,base/EaMfi

1 1 1 L A

10111111 . #ib... 101000BB . EaMfi.

1 y i L i . e 'l et 4 1 L i 1 s 1 1 1 1 ” e

A i L, L

BB: Specify the size fqr the read-modify-write operation.

Fig. 236:

Instruction F {X {V IL M |Z
BSETI -1-1-1- |- |+

Z indicates the test result.
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Fig. 237:

Jan. 26, 1993

BCLRI:G offset/EaR,base/EaMfi

Sheet 117 of 212

5,182,811

110100RR ..EaR... 101001BB . .EaMfi.
BCLRI:E offset/#ib,base/EaMfi
10111111 .. #ib... 101001BB . .EaMfi.

BB: Specify the sigze for

Fig. 238:
Instruction X |VIL M {Z
BCLRI - |- 1- |- {+

Z indicates the test result.

the read-modify-write operation.
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Fig. 239:

CSI comp/RMC,update/EaR,dest/EaMiR
110101RR ..EaR... 00 | RMC. |00 . .EaMiR.

i G N SR S S S j‘JJllll e b I z S W W S S S

RR: Size for comp, dest and update

Fig. 240:

Instruction F |X |V |L (M {Z
CSI ~ = = 1= |- |+

Z indicates that the update operation is successfully

terminated.
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Fig. 241:

LDC:G src/EaR,dest/EaW¥%

110100RR . +.EaR... ' 100110WW . EaWX..

S S S S N S § ) T T SN N S F DS W S B SU . i

LDC:E src/#ib,dest/EaWX

A 1 i I | 3 ' 1

10111111 .. #ib... 100110Ww . .EaWX..

e 1 5 [ A i i I T L ' 1 I i L 3 i

1 A ' Lol L 1 1

Fig. 242:

Instruction |{F {X |V |L IM |Z
LDC - |= = |= - .
' % 1x |x |* ¥ | « If dest is PSW

*H
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Fig. 243:

STC src/EaR¥X,dest/EaW

11011000 ..EaRX.. 101010WW ..EaW...

i S U S S S G | U SN U SN P S ) U N SN SR NN SN V.S SEN S SN U S S S 1

Fig. 244:

Instruction F IX |V IL M |2
STC il i = L o
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Fig. 245:

LDPSB src/EaRh

11011100 _.EaRh..
Fig. 246:
Instruction F IX jv IL IM {Z
LDPSB T 1% % [* |x [x [*

Set by the instruction.

5,182,811
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Fig. 247:

LDPSM src/EaRh
11011101 . .EaRh..

' 1 il 1 1 L ] l 1 L 1 1 A L

Fig. 248:

Instruction F {X |V L |M {Z
LDPSM - i=-1- |- }-
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Fig. 249:

STPSB dest/EaWh

11011110 . +EaWh..

S S { 4 L L L b 1 A A 1 i i

Fig. 250:

Instruction F IX |V IL IM |2
STPSB -1-1-1- j- |-
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Fig. 251:

STPSM dest/Ea¥h
11011111 . .EaWh..

1 ' i I 1 L 1 -l 1 1 i 3 A 1

Fig. 252:

Instruction F IX |V IL M |2
STPSM - J- 1= i{- I-




LDP

U.S. Patent Jan. 26, 1993 Sheet 125 of 212 5,182,811
Fig. 253:
LDP:G src/EaR,dest/EaW%
110100RR "« EaR... 100111wWW ..EavWg..
LDP:E src/#ib,dest/EaWX
10111111 ..#ib... 100111wwW . .EaWX. .
Fig. 254:
Instruction (F {X [V L |M
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Fig. 255:

STP src/EaRX,dest/EaW

11011000 . -EaRz. . 101011“ - . .an. ’e

A4 )i | W T SN W T S j W S DU SN G S | j SN D NS S S S |

Fig. 256:

Instruétion F IX {Vv IL |IM (Z
STP - J=1=-1- |-
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Fig. 257:

JRNG:E vector/#ib

10111110 ..#ib...

S 1 'l L L 1 L . i L 1 i 1

JRNG:G vector/EaRh!M

1011101P . EaRh!M
Fig. 258:

Instruction FIX |V IL IM |2
JRNG - - i=- 1= 1= |-

Fig. 259:

- JRNGVB

JRNGVB

. W S 1 gk L ) | i L i A L i S—_— 1 ' A L 1 1 1 L 4 1 A1 1 1

o]
U
tm

o
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Fig. 260:

= V[} YXJ' T:f: zz=zz=== =1AR z===== ==z======

l | S S WS IS WU S | I § I S S L1 1 2 I 1

- 1 i S S b 1 A 1 1 il 'y L A ) S 1 1 1 3. i 1 L 'S 1 A L i 1 1

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:

Stack Fr Formed by JRNG (New Rin

1 Low order address

PC of next instruction Stack frame by JRNG

PSW }_ < SP after JRNG is exected
SP of old ring

< SP before JRNG is executed

¥ High order address

Fig. 262:

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

1 Low order address

PSW < SP after an EIT occurrence
FORMAT/VECTOR Stack frame due to an JRNG
PC of JRNG instruction error such as RTVE
'Additional information, etc.| < SP before JRNG is executed

¥ High order address
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Fig. 263:

Stack frame if an EIT occurs when using JRNG (Incorrect)

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.! -

PSY - T Stack frame due to JRNG where an
PC of next instruction co s
error occurs {actually, it is not
SP <4 formed).

< SP before JRNG is executed

¥ High order address

Fig. 264:

Stack framse when j d to the e rij W

1 Low order address

PC of next instruction Stack frame using JRNG
[:;————————- initSP
' ¢ SP before JRNG is executed

+ High order address (initSP)

PSW }_ ¢ SP after JRNG is executed




U.S. Patent

Jan, 26, 1993

Sheet 131 of 212

Fig. 265:
RRNG
00111011 1101P110
Fig. 266:
Instruction X |V IL [M
RRNG x |x {x [=*

Return from the stack.

5,182,811
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Fig. 267:

1 Low order address

PSW 1 4 SP after RRNG is executed

and an RFE occurs
FORMAT/VECTOR | 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. T

v High order address

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

¥ Iﬁ 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
0dd number PC }— Stack frame for a troubled
SP inter-ring call

_Next _word \ « 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
and an OAJE occurs
FORMAT/VECTOR Stack frame by OAJE (FORMAT/VECTOR
PC = Odd number PC and PC represents an OAJE and

troubled odd number PC,
respectively.)

Next word H < SP before an inter-ring
H call is performed

EXPC = PRNG instruction

High order address

* + -

SP is restored from the stack when an inter-ring call is
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

Jan. 26, 1993

Fig. 270:

TRAPA vector/#4z

Sheet 134 of 212

00 #4z. 11 1101P101
Fig. 271:
Instruction X |V IL M

TRAPA

5,182,811
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Fig. 272:

TRAP

00ccccll 1101P100

1 L ' 1 1 1 3 I A i b 1 L 1 1

ccce represents conditional specifications.

Fig. 273:

Instruction |F {X |V [L |M |Z
TRAP -f=- 1= i I- I-
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U.S. Patent Jan. 26, 1993
Fig. 274:
REIT
00101111 1101P110
Fig. 275:
Instruction F {X |V IL [M
REIT % |% |%x |* |%

Return from the stack

Fig. 276:

1 Low order address

PS¥

FORMAT/VECTOR

PC

PSwW

FORMAT/VECTOR

PC

Additional information, etc.

¥ High order address

< 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
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Fig. 277:

WAIT imask/#ih

00001111 1101—110 Q'Qu.o#ihoon'o-o

S NS GRS SN TN TS N | b W SN U N . I S S S TN S N CEE TR U U B S N 3

Fig. 278:

Instruction F IX [V IL IM |Z
WAIT i i O e e
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Fig. 279:

LDCTX ctxaddr/EaA!A

10xx0110 ..EaA'A.

.Y L L J 1 L e L 1 i 1 1 i 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. 280:

Instruction F IX IV IL |[M |2
LDCTX - 1= 1= |- |-
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Fig. 281:
STCTX
00xx0111 1101P110

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:

Instruction FIX {VIL IM |Z
STCTX -f{=- == |- }-
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Fig. 283:

ACS ' chkaddr/EaR

10000011 ..EaA...
Fig. 284:
Instruction F |X |V IL (M |Z
ACS - J= |- |¥* {¥ [|*
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Fig. 285:

Jan. 26, 1993

MOVPA srcaddr/EaA,deat/EaW!S

Sheet 141 of 212

5,182,811

11011000

1 '

1 ) 1 A

..EaA...

I i Y A 1

i A

101001+W

1 L i Y L L

L) IEaW!SO

i’ L 1

1 3 1 i

Parameter for Register

Rl: Base address on address translation table

Fig. 286:
Instruction F }|X -V L
MOVPA x |- |% |~ |~
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Fig. 287:
V_flag F _flag Result
Normal termination 0 0 Physical address ==> dest
Error 1 4] 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:
Address General Memory Access MOVPA,LDATE, and
STATE Instruction
H’00000000 to Address translation Address translation
H'TLELff1f using UATB using R1
H’80000000 to Address translation Address translation

H ffffereef using SATB using SATB
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Fig. 289:

LDATE src/EaR,destaddr/EaA
110101!R ..EaR... 10pttt00 ..EaA...

L § N L L -l 1 ;| i d 4 hd L A i A 1 '3 1 1 1 . i V' 1 A .

p Specify the logical space to be purged.

0: All the spaces (/AS)

p

p = 1: Space containing LSID specified by RO (/8S)

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:

<
[}
x
N

Instruction F IX
LDATE ¥ |- |* |- |-
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Fig. 291:
V_flag F_flag Result
Normal termination 0 0 ATE is set.
PI = 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:

Jan, 26, 1993

STATE srcaddr/EaA,dest/EaW!S

Sheet 145 of 212

5,182,811

11011000

| A L A i 1 A

..E&A...

i A 1 1 ) W '

100ttt+¥W

1 'l N 1

X

..EaW!S.,

1 A 1 1 1 L

ttt Specify ATE to be stored

ttt

ttt

000 Store from PTE.

001 Store from STE.

Parameter for Register

R1: Base address on the address translation table

Fig. 293:

Instruction

STATE
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Fig. 294:
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

00p11111 1101P110

-l il 1 1 S i i 1 L 1 L 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 IX |V L IM |Z
PTLB -I=-t= 1=t 1-
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Fig. 297:

PSTLB prgaddr/EaA

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

b WS NN SN SN S i RS W RN B SR W 44 2 1 1 1 U SN N W R B

p Specify the logical space to be purged.

p 0 All the spaces (/AS)
p =1 Space containing LSID specified by RO (/SS)
ttt SpecifyAthe logical address range to be purged.
ttt = 000 Purge the entry where all the logical addresses
(2“31»to 2712 bits) are matched (/PT).

ttt

001 Purge the entry where the 2731 to 2722 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 IX |V |L M |2
PSTLB -{=- 1= - -
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Fig. 299:

AT Meaning

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:
AT Meaning
00 No address translation, no memory protection
01 Reserved
10 No address translation, simple memory protection using

only address <<L1R>>

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

11 Reserved
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Fig. 301:
CHIP32 CHIP64
+ 00000000006000000
R
1 0000000080000000
00000000
80000000 1———C“F at this | $500000000000000
h point i
1 ]
FEEferer L |
!
t
1
!
! : Shared Region + £EE£££££80000000
. 3 ]
| : Unshared Region | :
N 333333323331
Fig. 302:
CHIP32 CHIP64

T 8000000000000000
1

(=)

|
|
!
i
:
80000000 + f£££££££80000000
I
|
!

(-)

T
f
i
]
0 {10
{+) ->

(h33¢8341 1 000000067fffffff

i: Shared Region (+)

I: Unshared Region

LY
—

-+ 7fffffffffffffff
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Fig.

Fig.

303:

Jan. 26, 1993

Sheet 151 of 212

5,182,811

Instruction

ry
>
-l
=

x

™~

Comment

MOV
MOVU
PUSH
POP
STM
LDM
MOVA
PUSHA

[ I S I B I BN
I TR I DN N R B

[ N I I I I B B

[ I T R B B B I

304:

Instruction

Comment

CMP
CMPU
CHK

'
'
'

+ + +

+ ++

L and Z serve to compare a
value with the low bound value.
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Fig. 305:
Instruction] F| X| VI L{ M| Z]|Comment
ADD =] 4| +t +] +{ +
ADDU -1 +| 41 O] +| +
ADDX -] 4] +{ +t +{ ¢+
SUB =} 4} 4| +] +{ +
SUBU -5 4] +| +| +| +
SUBX <] 4] +} ] +| +
MUL -} -1 + +] +| +
MULU <} -} +| O] +{ +
MULX %|{ -| 0{ 0| +| +|M and Z are changed depending
on dest. F is changed if tmp =
0.
DIV -1 0] +] +| +
-] -1 1{ 0| 1| 0|These flag statuses occur if
(minimum negative value)+ (-1).
-] -} 1] -| -} -|Division by zero.
DIVU -1 -1 0] O] +{ +
-} -t 1| -} -1 -}Division by gero.
DIVX %] -1 0} O] +#| +|{M and Z are changed depending
on dest. F is changed if tmp =
0.
-} -1 1| -| -1 -1An overrflow occurrence in
dest.
-} -1 11 -} -| ~|Division by zero.
REM -] =1 O} #] +| +
-] -{ 0] -] -} -iDivision by zero.
REMU -} -1 O] O] +| +
-] -1 0] -} -1 ~|Division by zero.
NEG =) =1 4] +] +| ¢
INDEX -1 -{ ¢] +| +| +|M and Z are changed depending
on xreg.




U.S. Patent Jan. 26, 1993 Sheet 153 of 212 5,182,811

Fig. 306:
Instruction| F| X{ V| L| M| Z|Comment
AND -1 -1 =1 -] +{ +
OR -1 =1 =] -1 +] ¢
XOR -7 =1 =] -1 4] ¢+
NOT 1 =] -] | #| +
Fig. 307:
Instruction|{ F| X| V| L| M} Zi{Comment
SHL -1 4+ -] -1 +}| +
SHA -1 +] 4] +| +} ¢+
ROT - =1 4] =] -] +| ¢
SHXL -1 +] -] -] +{| ¢+
SHXR -1 +] - -] +{ ¢+
RVBY -l - -] -] -1 -
RVBI - -1 -] -| -t -
Fig. 308:
Instruction| F{ X1 V| L| M| ZiComment
BTST -} =} -| - -| +|Z indicates the test result.
BSET -} -1 -] -1 -] +|Z indicates the test result.
BCLR - -t =1 -1 -] +{Z indicates the test result.
BNOT -] - =] =1 -] +|Z 1indicates the test result.
BSCH - -~} *| =] -1 -lV indicates that the search
operation is unsuccessfully
terminated.
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Fig. 309:
Instruction| F| X| V{ L{ M} Z|Comment
BFEXT - =1 +] = +{ +
BFEXTU - -1 +} ~| +} +
BFINS =5 =1 ¢+l <1 +| +
BFINSU -] - +] -} +{ +
BFCMP - =] =1 +} -} +
BFCMPU -} -1 -] #] -| +
Fig. 310:
I<- ->IBit Field being
src: S55SSSSSSSSSSSSSS Inserted

base to offset: DDDDDDDDDDDDDDDDDDBBBBBBBDDDDDDD
loffset|widthl

base
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Fig. 311:

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

BVSCH -} -1 #*| -1 -} -]V indicates that the search
operation is unsuccessfully
terminated.

BYMAP -1 -{ - -} =} -

BVCPY -t - -1 -l -1 -

BVPAT - -1 -1 -] -] -

Fig. 312:

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

ADDDX -} +| +] Of +#] ¢+

SUBDX =1 +] +] +} +| +

PACKss -f =] ~| -] -] -

UNPKss - =l - -t -] -
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Fig. 313:

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 *| -| ¥| -| *| ~|V indicates that the search
operation is unsuccessfully
terminated.

SSTR =t =l -1-1-1-

Fig. 314:

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

QINS - =1 =1 - -| *

QDEL - -] %] =~} -| * ,

QSCH %] -| ¥| -| %] -1V indicates that the search

operation is unsuccessfully
terminated.
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Instruction

"ry
>
<
| und
4

[

Comment

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

316:

Instruction

Comment

BSETI
BCLRI
Csl

+++

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

317:

Instruction

ey
o<
<
[l
=

™~

Comment

LDC

STC
LDPSB
LDPSM
STPSB
STPSM
LDP
STP

[ T T B I BN O |
[ 2 T IO B B BN 2 |
[ 2 I IO I BN 2 |
[ O T B I 3 I
[ I T IO I B IR |

[ O I R I R 2 |

If dest is PSW
Set by the instruction.

5,182,811
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Instruction

ey

>
<
[ d
=

(o]

Comment

JRNG
RRNG
TRAPA
TRAP
REIT
WAIT
LDCTX
STCTX

18 %t 1 %1

TEEIREX
FEEE IR X
BEE IR Y
NEEIERE R

111 #1011 %1

Restored from the stack.

Restored from the stack.

319:

Instruction

)

>¢
<l

Comment

ACS
MOVPA
LDATE
STATE
PTLB
PSTLB
PLCH
PSLCH

[ I B N 2R B )

| I I T I N B AN B o
[ I T O T I BN BN B < 4

Pt %%l

{ I R A R D B B I
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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

T JSR

|

Y

1 ENTER

]
}
|
!
4
<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

T 1 EXITD #0
EXITD |

ADD ***x,5p

- — e e — ——
¢ )t - —
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Fig. 321:
HIGH b 1
ADDRESS | parameters ! ¢ SP before executing JSR
| old PC | & SP before executing ENTER
| old FP | <« FP after executing ENTER
E local variables i
i saved regsiters | & SP after executing ENTER -
LOW k { {STACK TOP)
ADDRESS
Fig. 322:
<Calling side> <Called side>
| sub: ENTER #area,reglist
1 i
PUSH paraN | Parameters and local variables
| | are accessed by @(disp,FP).
PUSH para2 |
PUSH paral |
JSR sub |

ADD  #N%4,SP EXITD reglist,#0
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Fig. 323:
<Calling side> <Called side>

| sub: ENTER #area,reglist
| |

PUSH paraN | Parameters and local variables
| | are accessed by @(disp,FP).

PUSH para2 |

PUSH paral |

JSR sub I

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

Program Example (Static Scope)

—

procedure procO0 {Lexical Level 0};
var var(;
— procedure proclA {Lexical Level 1};
var varlA;
— procedure procZA {Lexical Level 2};
var var2a;
begin
— end
— procedure proc2B {Lexical Level 2};
. var var2B;
begin
—  end _
begin {procedure proclA}
— end
— procedure proclB {Lexical Level 1};
var varlB;
— procedure proc2C {Lexical Level 2};
var var2C;
begin
L end
— procedure proc2D {Lexical Level 2};
var var2D;
begin
—  end
begin {procedure proclB}

— end
begin {procedure proc0}

end

5,182,811
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Fig. 325:
<<Subroutine Call Status>> <<Display>>
FP R13 R12 R11 R10
lev=X 1lev=0 1lev=1 lev=2 lev=3
proc0 proc0 proc0 - - -
(var0)
\ |
[lev. up, FP = R12]
proclA proclA proc0 proclA
(varlA)(var0)
\{
[lev. up, FP = R11]
proc2B - proc2B proc0 proclA proc2B
{var2B){var0) (varila)
¥
[lev. same, FP - R11]
proc2A proclA proc0 proclA proc2A
(var2A)(var0) (varla)
v
[lev. down, FP = R13]
procO(recursion) proc0O* procO* - -
(var0x*)
\
[lev. up, FP = R12]
proclB proclB procO* proclB -
(varlB)(varQ%)
A
[lev. up, FP = R11]
proc2D proc2D proc0* proclB proc2D

(var2D)(var0*)(variB)
A {
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Fig. 326:

H’80000000

H’f£££8000

H’ 00000000

H’00000180

H’ 00000400

H'00000800

H’00000c00

H’00001000

H’00008000

H TffEf££S

Jan. 26, 1993

Control Space
Context Saving
(Extension)Portion

'CPU: General Purpose l

Registers
CPU: <<LV»
FPU: Control Registers
I .
FPU: General Purpose
Registers
L |

FPU: <<LV>»>

Co-processor Portion 1
L_. |

Extension

| |

T
d

-

!

Sheet 164 of 212

d

5,182,811

--LDCTX/CS,

STCTX/CS

«—+—LDC,STC

—-

—

1
L
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Fig. 327:
PSS PSM PSB
4 I A i i1 o 1 1 J. 1 L A ) 1 - | 1 1 ' 1 1 'l L A 1 1 L . 1
Fig. 328:
FYITII1L **x%x | IMASK FEEERREE FXEEREEE
4 A L ' i L A 1 4 L 4 1 5 I | i 1 1 i 1 A i W N W 3 A
Fig. 329:
SMRNG| ***%x FTTIIIIT FTTTTIIIT FTTTTITT
1 A L i3 1 1 i 1 ) 1 L L 1 1 1 S Lol "3 A 1 4 K, i
Fig. 330:
CTXBB ===
'l Il A 1 [l A A 1L i 1 A K L L ' 1. 3 b | L A b 1 1 i A 'l 1 ' il i
Fig. 331:
EXEEERRE AXEEKRRE FTTTI111] T DI

W N Y B S R T 1 i S N N T T AL AL 1 1 1 1 b SN S 1 L i
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Fig. 332:

------------- DCE e CTXBFM
Fig. 333:

XXXXXXREXE XXkX%k% DCE XEXXXREX 2322 £+ 24
Fig. 334:

EXEXEXXS EEEXXKEE TII1 L] CTXBFM
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Fig. 335:
EITVB ===
Fig. 336:
JRNGVB ==K
Fig. 337:
SPO

Stack Pointer for ring0

SP1 (ATOM does not provide SP1.)

. 1 Il 1 1 4 L L 1 1 v L 1 i 1 Iy L . 1 1 A1 L 1 1 L L " A 1 [l L

Stack Pointer for ringl

SP2 (ATOM does not provide SP2.)

AJIlellllllJJlllJJlljlijllllll

Stack Pointer fdr ring?2

SP3

1 1 d A A 1 L " i A 1 i 4 L ) B X L A 1 'l ) | 1 A . S | ) .8 A 1 1 1

Stack Pointer for ring3d

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

[ S T GRS WS TN G NN NS SH N SHUN SO VRN U GHE UGN GNUN SN SIS U RIS VI SR N SHE NIV N T

Stack Pointer for Interrupt

Fig. 339:

I0ADDR ===z==z=====

i 4 i1 42 & t A2 & X 0 2 1 A 4 J 1 3 1 ¢ 3 & L4 1 i L

IOMASK z==ss======sz

4 1 ¢ 1 & i 1 i I 2 4 1 -t 1 & Al A1t & 3 &t 1 i i i i

Fig. 340:

STB == |DLL PI

STB

llll‘l‘lllllljlj;llllljjilll

DLL PI

i . A

"
-

Fig. 342:

LSID

= N L " 1 " v i A A 3t AL | S S N S N | 1 1 il 1 i i 1 1 N .3
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Fig. 343:

Low Order Address 1
<<The stack is directly used.>>

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)

Lsmfszbit] *3 [32 x n bit]

RO [32bit] *4

R14 [32bit] *4
(Used for saving data in the co-processor register) *5
(Used for 0S - process ID , task ID , etc.)

High Order Address ¥

Fig. 344:

2BEERIE
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Fig. 345:

VS ==VX == VAT| === VD VIMASK sz==zs===o s=s==z===
VPC
Fig. 346:
1\LOW ORDER ADDRESS
MSB (+0) (+#1) (+2) (+3) LSBS
< SP
AFTER
OLD PSH EIT PROCESS
. EXECUTION
EITINF FORMAT TYPE s=sz=s= VECTOR
OLD PC
} L] L] ¥ :
! ADDITIONAL INFORMATION | &SP BEFORE
! lEIT
} 4 + -| GENERATION

‘L HIGH ORDER ADDRESS
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Fig. 347:
i =~ |
iFornat;Type}OOOOOOOIVector‘
i PC ‘
L_ Other Information ‘
------------------------- -{
PSw: PSW when EIT is detected.
Format: Stack format number (8 bits)
Type: EIT type (8 bits)
Vector: EIT vector number (9 bits)
PC: Execution restoration address after exiting
from the EIT handler.
Fig. 348:
Format No.0 Format No.1l Format No.2 Format No.3
| PSW i PSW H PSW I PSW |
lFornat and etc.][Forlat and etc.'lFor-at and etc.!{%orlat and etc.]
| e Il Re I e o e l
| Exec [ EXPC Il Exec l
| 1018F | | spr l
{AiError Addr l
[ Error Data 1
Fig. 349
j:::::: #I MEL MEC ===z PA B{ == R% AT | SIZ
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Fig. 350 (a):

No. Name Content Class Type|Stack
00 {FFFFFO00|RI Reset interrupt(¥) Suspend 0| None
01 {FFFFF008 |DEI DBG external interrupt Completion 3 3
02 |FFFFFO010{DTRA DBG trap instruction Completion 1 3
03{FFFFF018 | DDBE DBG debug exception Completion 2 3
04 | FFFFF020 | DAVE DBG access violation Reexecution 4 3
05| FFFFF028 | Reserved

No. {Addr {Name Content Class Type|Stack
061+030 |Reserved )

"y "
0F1+078 |Reserved
10}+080 |DBE Debug exception Completion 2 2
11]+088 | BAE Bus access exception Completion 1 1

{store buffer)
Bus access exception Reexecution 4 1
(except store buffer)
124090 |ATRE Address translation Completion 1 1
exception(store buffer)
Address translation Reexecution 4 1
exception
(except store buffer)
13]1+098|Reserved}Page out exception
14| +0A0|PIE Reserved instruction Reexecution 4 0
exception
15|+0A81PIVE Privileged instruction Reexecution 4 0
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Fig. 350

16
17

18

19
1A
1B
1C

31
n I"

37

38
39

{b):

+0B0
+0B8

+0CO

+0C8
+0D0
+0D8
+0EOQ

+0ES8
+0F0
+0F8
+100
+108

+178

+180

+188

+1B8

+1C0
+1C8

REE
RSFE

Reserved

OAJE
ZDE
IOE

Reserved

L1E
Reserved
TRAP
TRAP
TRAP

"y

TRAP
CIE

CIE
"'"

CIE

Reserved

Reserved

Jan. 26, 1993

violation exception
Reserved function exception

Reserved stack format
exception

Ring transition violation
exception

0dd address jump exception
Zero divide exception
Illegal 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 command

Sheet 173 of 212

Reexecution

Reexecution

Completion
Completion

Reexecution

Reexecution

Completion
Completion

Completion

Completion

Reexecution

Reexecution

Reexecution

5,182,811

4 0
4 0
1 2
1 2
4 0
4 0
1 2
1 2
1 2
1 2
4 0
4 0
4 0
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Fig.

350

41

"l"

46

4E

4F
50
51
wpn
5E
5F
60
wyn
TF
80

{(c):

+1D0

+1F8

+200

+208

+230

+238

+240

+277

+278
+280
+288

+2F0
+2F8
+300

+3F8
+400

Reserved

uln

Reserved

FVEI

FVEI

"l"

FVEI

Reserved

"’"

Reserved

Reserved
DI

DI

"y

DI
Reserved
Reserved
"y
Reserved

El

Jan. 26, 1993

Fixed vector

Fixed vector

Fixed vector

Fixed vector

Fixed vector

Fixed vector

Sheet 174 of 212

exception

external
interrupt

external
interrupt

external
interrupt

external
interrupt

external
interrupt

external
interrupt

Delayed interrupt exception

Delayed interrupt exception

Delayed interrupt exception

Delayed context exception

External interrupt

Completion

Completion

Completion

Completion

Completion

Completion

Completion

5,182,811

3 0
3 0
3 0
3 0
3 0
3 0
3 0
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+7F8
+800

+FF8

"IM

El

Reserved

"l"

Reserved
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External interrupt

Sheet 175 of 212

Completion
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Fig. 352:

PswW

START ADDRESS OF EI PROCESS
HANDLER

SET BY EITVTE OF EI

T LOW ORDER ADDRESS

STACK

PSW=SET BY EITVTE OF TRAPA

EITINF:EI

PC:START OF TRAPA PROCESSING
HANDLER

PWS:VALUE BEFORE TRAPA
INSTRUCTION EXECUTION

I\

EITINF:TRAPA

PC:NEXT ADDRESS OF TRAPA
INSTRUCTION

EXPC

lHIGH ORDER ADDRESS

Sheet 177 of 212

L

SP AFTER TRAPA AND
<"EI PROCESSING

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

INFORMATION SAVED BY TRAPA

<F=SP BEFORE TRAPA AND EI
PROCESSING

5,182,811
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Fig. 353:
TYPE IN EITINF EIT TYPE ACCEPTED
POPPED BY REIT INSTRUCTION JUST AFTER REIT INSTRUCTION
1 1 to 4
2 3 to 4 (Not 2 to 4)
3 3 to 4
4 4
Fig. 354:
IMASK DI TO BE STARTED EXTERNAL INTERRUPT ALLOWABLE
0 —_ INT 0 (NMI)
1 DI O INT 0 (NMI)
2 DI 0 to 1 INT O to 1
3 DI 0 to 2 INT O to 2
4 DI 0 to 3 INT O to 3
5 DI 0 to 4 INT O to 4
13 DI 0 to 12 INT O to 12
14 DI 0 to 13 INT O to 13
15 DI 0 to 14 INT O to 14
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Fig. 355:
CCTASK AX>><CTASK B>> <<0S>> <<08>>
DISPATCH PROCESSING SYSTEM CALL PROCESSING
STARTING 8BY DI14 STARTING BY TRAPA
IMASK=15 IMASK=15 . IMASK=14: IMASK=14
[] l . H
TRAPA (system call) )

SYSTEN CALL PROCESSING
CHANGE OF TASK STATUS, REQUEST OF
DISPATCH AS DIsi4 (NEXT, EXECUTE TASK A)

START OF DI ]
—> | ¢ (retura)~——————— REIT
DISPATCH PROCESSING

LDCTX, etc.

i————(return)—-‘tl‘l‘
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Fig. 356:
CCTASK A>><<TASK B>>  <<0S>> <<EXTERNAL INTERRUPT <<0S>>
PROCESSING>>
DISPATCH PROCESSING SYSTEM CALL PROCESSING
STARTING BY DI14 STARTING BY TRAPA
IMASK=15 IMASK=15  IMASK=14  IMASK=7 IMASK=7
]
1
*INTERRUPT* : >
(PRIORITY 7)!
TRAPA >

(system call)

SYSTEM CALL PROCESSING

CHANGE OF TASK STATUS, REQUEST
OF DISPATCH AS DI=14

(NEXT, EXECUTE TASK A)

€ REiT
\ (return)
START OF DI 6’ DELAY OF DISPATCH
> | € REIT
DISPATCH PROCESSING (return)

LDCTX, etc.

. — T —— - - —— o LAD ML) Sm& n = Gm -

&————(return )—AEIT
]

—— Y - - - " — o — T > - - -
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Fig. 357:
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:

DCE DI EXTERNAL INTERRUPT (EI)

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. 359:
CC<PROCESS A>> <<PROCESS A>> CCEXTERNAL INTERRUPT PROCESSING>
[USER PROGRAM] { INPUT/OUTPUT CONTROL)
ring3 ringl ring0
8M=0
SINTERRUPT® >1

PROCESS A, DCE=100

STARTING DCE__ (]},

DCE=111
(NO REQUEST)
1
INPUT/OUTPUT PROCESSING

return

{
return
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Fig. 360 (a):

CMP:L
MOV:L

MOV:S

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

Jan. 26, 1993

Sheet 183 of 212

OORZRwRR 00.ShR..

OORgWwRR 01.ShR..

OORZRwWW 10.ShW..

to CMP, 1 to MOV.

AND:R
OR:R
XOR:R
MOVA:R
MUL:R

DIV:R

Other Instructions

(5)

(6)

......

CMP:Q
MOV:Q
ADD:Q
SUB:Q

SHL:Q

OORgMw00
OORgMwO1
OORgMw10
OORgWP11
OORgMwO0O0
OORgMwO1

00?72?17

010#3nRR
01143nWW
010#3nMM
01143nMM

01043nMM

1100RgRw
1100RgRw
1100RgRw
1100RgRP
1101RgRw

1101RgRw

1101?2??

-----

00.ShR!1
00.ShW..
ol.shM. L]

01 . §!g!!l .
10.ShM. .

..l'."dlsl.....

5,182,811



U.S. Patent Jan, 26, 1993 Sheet 184 of 212 5,182,811

Fig. 360 (b):
SHL:C 011#3cMM 10.SHM. .
SHA:C 011#3cMM 11.ShM..
CMP: 1 010000RR 11.ShR!T s.vveo#iRecsese.
ADD: 1 010001MM 11.ShM.. +coooofiMeunsse.
MOV: 1 010010WW 11.ShW.. soove #iWeseonss
SUB:1 010011MM 11.ShM.. ......#iM.c.....
AND: I 010100MM 11.ShM..
OR:1 010101MM 11.ShM.. seccoo$iMeeesen.
XOR: I 010110MM 11.ShM.. ...o. #iMeeoss..
{RIE} 010111MM 11.5hM.. .ooo $iMeesess.

*x$%* Distinction between CMP and MOV, ADD and SUB is
carried out by 2°3 bit; among AND, OR, XOR, by 272 to 2”3 bit;

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

[10?72727°?
Bee:D 10cccc00 ..$d8...
ADD:L 10RgMwO01 00.ShRw.
SUB:L 10RgMwO1 01.ShRw.
BSET:Q 10043201 10.ShMfg
BCLR:Q 101#3201 10,.ShMf
BSETI:Q 10043201 11ShMfqi

BTST:Q 101#3z01 11,ShRf
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Fig. 360 (c):

*x*x* Fyrther bit allocation.

10772017 Having Ea

10xx011? Having Ea (LDCTX)

10771117 Having imm8 or disp8

1000171X ENTER:E,STM (Having register list)-

Enter:G in common
1001121X 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.

JMP 10000010 ..EaA...
ACS 10000011 ,.EaA...
POP 1001001V . .EaWL..
PUSHA 10100018 .. soe
PUSH 1011001R ..EaRL..
LDCTX 10xx0110 ..EaA'A.
{RIE} 10%*0111 ..EaA'!A.
ST™M 1000101W . .EaWmlL. o.o...[8WL......
LDM 1001101R ..EeRmlL. ......LI1R1......
JSR . 1010101P ..EaA...

JRNG:G 1011101P ..EaRh'M
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Fig. 360 (d):

ENTER:E 1000111X ..#ib... o0o.. InXL.oo.oo
EXITD:E 1001111X ,.#ib..s seeee LXXL.0 o0
BRA:D 10101110 ..4d8...
BSR:D 10101111 ..#d8...
JRNG:E 10111110 ..#ib...

(1)General# 10111111 ..#ib... ???7???? ..Ea?...

(11727227
CMP: 1 110000SS ..EaR!I.
MOV:Z 110001WW . .EaW...
NEG 110010MM . .EaM. ..
NOT 110011MM ..EaM...
(2)General A 110100RR ..EaR... ??777??? ..Ea?...

(3)General B 110101RR ..EaR... ????7??? ,.Ea?...

{RIE} 11011001 **xxxx%x
{RIE} 1101101% *xxxxxxx%
LDPSB 11011100 ,.EaRh..
LDPSM 11011101 ..EaRh..
STPSB 11011110 ..EaWh..

STPSM 11011111 . .EaWh..
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Fig. 360 (e):
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1110%%?7 .. Ea?... $XEX£Edd kXE2%%%

1111%%%% FXEXXXEE

[(1)(2)General Instruction#/General Instruction A]

(2) General Instruction A

110100RR ..EaR... 77?7?7777 ..Ea?...

(1) General Instruction #

ADD:G
ADD:E
ADDU:G
ADDU:E
SUB:G
SUB:E
SUBU:G

SUBU:E

10111111 ..#ib... ???7?7?7??? ..Ea?...

* 110100RR ..EaR... 000000MM ..EaM...

10111111 ..#ib... 000000MM ..EaM...
110100RR ..EaR... 00000IMM ..EaM...
10111111 ..#jb... 00000IMM ..EaM...
110100RR ..EaR... 000010MM ..EaM...
10111111 ..#ib... O00010MM ..EaM...
110100RR ..EaR... 000011MM ..EaM...
10111111 ,.#ib... 000011MM ..EaM...

**¥%% Digtinction between signed and unsigned instruction is

5,182,811

carried out by 2°2 bit, which is common among ADD, SUB, MUL, DIV,

REM, CMP, MOV, BFCMP, BFINS.

ADDX:G
ADDX:E
ADDX:G

ADDX:E

110100RR ..EaR... 000100MM ..EaM...
10111111 ..#ib... 000100MM ..EaM...
110100RR ..EaR... 000101MM ,.EaM...
10111111 ..#ib... 000101IMM ..EaM...
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Fig. 360 (f):
SUBX:G 110100RR ..EaR... 000110MM ..EaM...
SUBX:E 10111111 ..#ib... 000110MM ..EaM...
SUBDX:G 110100RR ..EaR... 000111MM ..EaM...
SUBDX:E 10111111 ..#ib... 000111MM ..EaM...
AND:G 110100RR ..EaR... 001000MM ..EaM...
AND:E 10111111 ,.#ib,.. 001000MM ..EaM...
OR:G 110100RR ..EaR... 001001MM ..EaM...
OR:E 10111111 ..#ib... 001001MM ..EaM...
XOR:G 110100RR ..EaR... 001010MM ..EaM...
XOR:E 10111111 ..#ib... 001010MM ..EaM...
DCX:G 110100RR ..EaR... 001011MM _.EaM...
DCX:E 10111111 ..#ib... 001011MM ..EaM...
SHL:G 110100RR ..EaR... 001100MM ..EaM...
SHL:E 10111111 ,.#ib... 001100MM ,.EaM...
SHA:G 110100RR ..EaR... 001101MM ..EaM...
SHA:E 10111111 ..#ib... 001101MM ..EaM...
ROT:G 110100RR ..EaR... 001110MM ..EaM...
ROT:E 10111111 ,.$ib... 001110MM ..EaM...
{RIE-X} 110100RR ,.EaR... 001111MM ..EaM...
{RIE-X} 10111111 ,.4ib... 001111MM ..EaM...
MUL:G 110100RR ..EaR... 010000MM ..EaM...

MUL:E 10111111 ..#ib... 010000MM ..EaM...
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Fig. 360 (g):

MULU: G 110100RR ..EaR... 010001MM ..EaM...
MULU:E 10111111 ..#ib... 010001MM ..EaM...
DIV:G 110100RR ..EaR... 010010MM ..EaM...
DIV:E 10111111 ..#ib... 010010MM ..EaM...
DIVU:G 110100RR . .EaR... 010011MM ..EaM...
DIVU:E 10111111 ..#ib... 010011MM ..EaM...
{RIE-X} 110100RR ..EaR... 01010%MM ..EaM...
{RIE-X} , 10111111 ..#ib... 01010%MM ..EaM...
REM:G 110100RR ,.EaR... 010110MM ..EaM...
REM:E 10111111 ..#ib... 010110MM ..EaM...

RENU:G 110100RR ,.EaR... 010111MM ..EaM...
REMU:E 10111111 ..#ib... 010111MM ..EaM...

*x%xx*% Patterns of REM, REMU; DIV, DIVU are commonized as much as

possible.‘
DCADD:G 110100RR ..EaR... 011000MM ..EaM...
DCADD:E 10111111 ..#jb... 011000MM ..EaM...
DCADDU:G 110100RR ..Egg..; 01100IMM ..EaM...
DCADDU:E 10111111 ..#ib... 011001MM ..EaM...
DCSUB: G 110100RR ..EaR... 011010MM ..EaM...
DCSUB:E 10111111 ..#ib... 011010MM ..EaM...
DCSUBU: G 110100RR ..EaR... 011011MM ..EaM...

DCSUBU:E 10111111 .. #ib... 011011MM ..EaM...
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Fig. 360 (h):
{RIE-X} 110100RR ..EaR... 0111%*MM ..EaM...
{RIE-X} o 10111111 ..#ib... 0111%*MM . .EaM...
CMP:G 110100RR ..EaR... 100000SS ..EaR!].
CMP:E 10111111 ..#ib... 100000SS ..EaR!1.
CMPU:G 110100RR ..EaR... 100001SS ..EaR!'I.
CMPU:E 10111111 ..#ib... 100001SS ,..EaR!I.
MOV:G 110100RR ..EaR... 100010WW ..EaW...
MOV:E 10111111 ..#ib... 100010WW ..EaW...
MOVU:G - 110100RR ..EaR... 100011WW ..EaW,..
MOVU:E 10111111 ..#ib... 100011WW ..EaW...

*xx*% Patterns of CMP, CMPU, BFCMP, BFCMPU, DCCMP, DCCMPU;

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

possible.
DCCMP:G 110100RR ,.EaR... 100100SS .. '1.
DCCMP:E 10111111 ..#ib... 100100SS .. 1.
DCCMPU:G 110100RR ..EaR... 100101SS .. 1.
DCCMPU:E : 10111111 ..#ib... 100101SS .. '1.
LDC:G 110100RR ..EaR;.. 100110WW . .EaWX..
LDC:E 10111111 ..#ib... 100110WW .. EaWX..
LDP:G 110100RR ..EaR... 100111WW . .EaWX..
LDP:E 10111111 ..#ib... 100111WW ..EaWx..

*¥*xxx 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:G
BCLR:E
BNOT:G
BNOT:E
BTST:G

BTST:E

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

BFINSU:G:R
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110100RR ..EaR... 101000BB ..EaMfi.
10111111 ..#ib... 101000BB ..EgMfi.
110100RR ..EaR... 101001BB ..EaMfi.
10111111 ,.#jb... 101001BB ..EaMfi.
110100RR ..EaR... 10101077 ..Ea?...
10111111 .. #ib... 101010?? ..Ea?...
110100RR ..EaR... 101011SS ..EaR!I.

10111111 ..#ib... 101011SS ,.EaR!I.

110100RR . .EaR... 101100BB ,.EaMf..
10111111 ..#ib... 101100BB ..EaMf..
110100RR ..EaR... 101101BB ..EaMf..
10111111 ..#ib... 101101BB ..EaMf..
110100RR ..EaR... 101110BB ..EaMf..
10111111 ..#ib... 101110BB . EaMf..
110100RR ..EaR... 101111BB ..EaRf..
10111111 ..#ib... 101111BB ..EaRf..

5,182,811

110100RR ..EaR... 110000+X ,.EaRbf. #$*RRXw#* ***%RRXsg
10111111 ..#ib... 110000+X ..EaRbf. .6#n..** *¥**35RRXs
110100RR ..EaR... 110001+X ..EaRbf. **RRXw** *%x*RRXs

10111111 ..#ib... 110001+X ..EaRbf. .#6pn..*% ***sRRXg
110100RR ..EaR... 110010+X ..EaMbf. **RRXw#* ¥***RRXs

10111111 ,.#jb... 110010+X ..EaMbf. .#6n..%* $*¥$3RRXs
110100RR ,.EaR... 1100114X ..EaMbf. *3RRXu#* ***#RRXs
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Fig. 360 (Jj):

BFINSU:E:R 10111111 ,,#jb... 110011+4X .. EaMbf. _,_ﬁ_;m" sS$s3RRXs
BFCMP:G:1 110100RR ,.EaR... 110100+4X ., EaRbf. *$RRXwSS ,.#iS8..
BFCMP:E:] 10111111 ..#jib... 1101004X . .EaRbf. .#6n..SS ..#iS8..
BFCMPU:G:1 110100RR .,EaR... 1101014X ,.EaRb{. **RRXwSS ..#iS8..
BFCMPU:E:1 10111111 ,.#jb... 110101+X .. EaRb{. .#6n..SS .. #iS8..
BFINS:G:1 110100RR .. EaR... 1101104X ,.EqMbf{. **RRXwSS ..#iS8.,
BFINS:E:1 10111111 ., #ib.,. 110110+X , EaMb{. .#6n..8S ,.#iS8..
BFINSU:G:1 1101008R ssEaR. ., 1101114X .. EaMbf, **RRXwSS ,,#iS8..
BFINSU:E:1 | 10111111 ,.#ib.,. 110111¢X . EqMbf. ,8#6n..8S ..#i88..
{RIE-X} 110100RR ,_,m,_u 11100%4X , . Ea?bf. $sss5858 Sssis3s
{RIE-X) 10111111 ., #ib,.. 11100%+¢X ,.Ea?bf. s*sxssss Sesixsss
BFEXT:G 110100RR ,.EaR... 111010+X ,,.EaRbf. $SgRXw*s ss*sRWXd
BFEXT:E 10111111 ,.8ib... 1110104X ,,.EaRbf. .46n.,.%% s*ssRkXd
BFEXTU:G 110100RR , . EaR... 1110114X ,,EaRbf. $sRRXw#* ssssRWXd
BFEXTU:E 10111111 ,,4ib... 111011¢X . .EaRb{. .46n..%* sss2fpw)d
ACB:G 110100RR ,.EaR... 11110PXX ..EqRX., SSRgMXSS ,.#dS8.,
ACB:E 10111111 ,,#ib.., 11110PXX ,,.EaRX. . SSRgMISS ,..#dS8.,
SCB:G 110100RR ,.EaR... 111111XX .,EqRX., $*RgMXSS ,.#dS8.,
SCB:E 10111111 ,.#ib.,, 11111PXX ,,EaRX.. **RgMXSS ..#dS8..

{(3)General Instruction B}
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Fig. 360 (k):
(3) General Instruction B
110101RR ..EaR... ???77?7?? ..Ea?...

*%x%x%x Allocation pattern of the second HW.

00<Rn>?? First HW 'RR’, size not specified, register specified.
01?7??8S First HW *RR’, size specified, register not specified.
10????0? First HW ’1R’, size not specified, register not specified.
10<Rn>1? First HW ’1R’, size not specified, register specified."

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

CsI 110101RR ..EaR... OORMC.00 .. iR.

{RIE-X} 110101RR ..EaR... 00%%*%01 ..Ea?...
CHK 110101RR ..EaR... OORgWRIc ..EaRdR.
RVBY 110101RR ..EaR... 010000WW ..EaV...
RVBI 110101RR ..EaR... 010001WW ..EaV...
PACKss ~ 110101RR ..EaR... 010010WW ,.EaW...
UNPKss 110101RR ..EaR..., 010011WW . .EaW... +.... #iW.eseee.
BSCH 110101RR ..EaR... 0101bdMM ..EaW...
DCADJ 110101RR ..EaR... 011000WW ..EaW...
DCADJU 110101RR ..EaR... 011001WW . .EaW...
{RIE-X} 110101RR ..EaR... 011010WW ..EaV...
DCADJX 110101RR ..EaR... 011011WW ,.EaW...
{RIE-X} 110101RR ..EaR... 0111%%?? , Ea?...

**%%% Bit pattern of DC?7?X instruction is unifed as ??71011SS.
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Fig. 360 (L):
LDATE 110101!R ,.EaR... 10pttt00 ..EaA...
{RIE-X} 110101!'R ..EaR... 10%**%01 ..Ea?...
MULX 110101'R ..EaR... 10RgWR10 ..EaMR..
DIVX ‘ 110101!'R ..EaR... 10RgMR11 ..EaMR..
INDEX 110101!R ..EaR... 11RgMRSS ..EaR2..

{(4) General Instruction Particular]

(4) General Instruction Particular

11011000 ..EaA... ??77?77?7 ,.Ea?...

STATE 11011000 ..EaA... 100ttt+W ,.EaW!S..
{RIE-X} 11011000 . oEM. ) 101000?? ) oEa?u s
MOVPA 11011000 ..EaA... 1010014W ..EaW!S.
STC 11011000 ..EaRX.. 101010WW ..EaW...
STP 11011000 ..EaRX.. 101011WW ..EaW...
QDEL 11011000 ..EaRgP. 101100+W . .EaW!S.
MOVA:G 11011000 ..EaA... 1011014W ,.EaW...
QINS 11011000 ,.EaMgP. 101110+~ ..EaMqP2
{RIE—X} 11011000 --E&?... 101111?? [ &?...

{RIE—X} 11011000 .JEaA... 11****?? ..Ea?.-.
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Fig. 360 (m):
[{5)0ther Instructions]

(5) Other Instructions

{RIE}

ACB:R
ACB:Q
SCB:R

SCB:Q

TRAP

TRAPA

*%X%¥¥%x Furt

LVres

STCTX

PIB

NOP

00**%%x10

OORgMw11
OORgMw11

. OORgMw11
OORgMw11

00ccccll

00#4z.11

her Allocation.

00770011 1101P110
00771011 1101P110
00770111 1101P110
00771111 1101P110
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11017277
1101%%%x%

1101P000 —RgRwSS ..#dS8..
1101P001 .#6n..SS ..#dS8..
1101P010 —RgRwSS ..#dS8..
1101P011 ,$62..SS ..#dS8..

1101P100

1101P101

LVreserved
General Instruction
Privileged Instruction (STCTX)

Privileged Instruction

erved 00**0011 1101%110

00xx0111 1101P110

00001011 1101P110

00011011 1101-110
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Fig. 360 (n):
RTS 00101011 1101P110
RRNG 00111011 1101P110
WAIT 00001111 1101-110 ......#ih.......
REIT 00101111 1101P110
PTLB 00p11111 1101P110
{RIE} 00****11 1101P111

[{(6) Other Instructions]

(6) Other Instructions

-----------

SCMP 00eeeeSS 1110P0Qb
SMOV 00eeeeSS 1110P1Qb
QSCH OOeeeeSS 1111POmb
SSCH 00eeeeSS 1111P10r
Bece: G 00ccceSS 1111P110 ......%#dS. .00

*%%%%x Further Allocation

alternative.

{RIE-X} 000000+X 1111P111 1***0%x?? ..Ea?...
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Fig. 360 (o):
SHXL 000000+X 1111-111 1—010+- ..EaMX..
SHXR 000000+4X 1111-111 1—110+- ..EaMX..
ENTER:G 000000+X 1111P111 1—O011SS ..EaR!'M. ......LnXL......
EXITD:G 000000+X 1111P111 1—1118S ..EaR!M. ......

*¥x%*% In EaR!M, only Rn and # imm_data are permitted. The size

of EaR!M is specified by S5. The sizes of registers retired, returned

by LnRL, LxRL are specified by X.

BYPAT 000001+X 1111P111
{RIE} 00001*+X 1111P111
BVSCH 0001bd+X 1111P111
BRA:G 001000Sss 1111P111 ,.....#dS..0c0..
SSTR 001001sSs 1111P111
BSR:G 00101Qss 1111P111 ......$dS.......
BVMAP 0011bQOX 1111P111

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

#3c SHA:C, SHL:C

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

#3z BCLR:Q, BSET:Q, BSET1:Q, BTST:Q

#4z TRAPA

#6n ACB:Q, BFCMP:E:I, BFCMP:E:R, BFCMPU:E:I1, BFCMPU:E:R,

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

BFINSU:E:R
#62 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:I, AND:I, OR:I, SUB:1, XOR:I, {RIE}

#iR CMP: 1

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

#iW  MOV:I, UNPKss

#ib  ACB:E, ADD:E, ADDDX:E, ADDU:E, ADDX:E, AND:E, BCLR:E,
BCLRI:E, BFCMP:E:I, BFCMP:E:R, BFCMPU:E:1, BFCMPU:E:R,
BFEXT:E, BFEXTU:E, BFINS:E:1, BFINS:E:R, BFIMSU:E:I,
BFINSU: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):

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, RﬁM: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:I, BFINS:E:R, BFINS:G:I, BFINS:G:R, BFINSU:E:I,
BFINSU:E:R, BFINSU:G:I, 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

EaMqP2 QINS
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Fig. 361 (c):

EaR ACB:G, ADD:G, ADDDX:G, ADDU:G, ADDX:G, AND:G, BCLR:G,
BCLRI:G, BFCMP:G:1, BFCMP:G:R, BFCMPU:G:1, BFCMPU:G:R,
BFEXT:G, BFEXTU:G, BFINS:G:I, 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, DCCMP: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!I CMP:E, CMP:G, CMP:Z, CMPU:E, CMPU:G, DCCMP:E, DCCMP:G,
DCCMPU:E, DCCMPU:G, DCCMPX:E, DCCMPX:G

Eaﬁ!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:I, 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

EaRmL
EaRqP

EaW

EaW!s
EaWX
EaWL
EaWh
EaWmL
L1RL
LnXL
LsWL
LxXL
RMC

RRXs

RRXw

RWXd
RgMR
RgMX

RgMw

LDM

QDEL

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

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

POP

STPSB, STPSM

ST™

LDM

ENTER:E, ENTER:G

ST™

EXITD:E, EXITD:G

Cs1

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

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

DIVX, INDEX

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

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):

RgRP  MOVA:R

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

RgWP  MOVA:R

RgWR  CHK, MULX

RgWw  MOV:L

ShM ADD:1, ADD:Q, AND:I, OR:I, SHA:C, 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:I, MOV:Q, MOV:S
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Fig. 362:
MNEMONIC Meaning condition cccc
XS X_flag set X 0000
XC X_flag clear ~X 0001
EQ equal/Z_flag clear A 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*~z 0111
V'E V_flag set v 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
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Fig. 363:
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 6011
<R3 LT less than (signed) 0100
>R3 GE greater or equal (signed) 0101
no termination N never (or having no option) 0110
condition
~ {RIE} 0111
<R3.or.>R4 OUTU out of (unsigned) <<L2>> 1000
>R3.and.<R4 WINU within (unsigned) <KL2>»> 1001
=R3.or.=R4 OEQ or, eqgual «L2>» 1010
#R3.and.#R4 ANE and, not equal <«<L2>» 1011
<R3.or.>R4 OUT out of (signed) <«KL2>> 1100
2R3.and.<R4  WIN within (signed) <«L2>»> 1101
=0 z zero <KL2>> 1110

=R3.o0r.=0 ZE zero, equal <KL2>» 1111
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Fig. 364:

termination »
condition= optional mnemonic condition of
(escape M_flag=1
condition)

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

=R3.or.=R4 OEQ or, equal =R4

<R3.or.2R4 OUT out of (signed) R4

=0 z zero =0 (always)

=R3.or.=0 ZE zero, equal =0
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Fig. 365:
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=l, dest=1 is placed in bit 3
0000 F False ==> dest
0001 NAN NotAndNot “dest.and. src==> dest
0010 AN  AndNot dest.and. src==> dest
0011 NS NofSrc “src==> dest
0100 NA  NotAnd “dest.and.srcz=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==> dest
1010 D Dest dest==> dest
1011 ON OrNot dest.or. “src ==> dest
1100 S Src src==> dest
1101 NO NotOr “dest.or.src==> dest
1110 © Or dest.or.src==> dest
1111 T True 1==> dest
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Sheet 207 of 212

(1)
general Rn #imm @SP+

@-SP additional

objective
instruction

EaA 0

EaA!lA O

X

X

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

LDCTX

EaM 0

ShM

EaMX
EaMR

EaMf O

ShMfq O
EaMbf O

(2)
0

0

<<L2>>

X

X

X

X

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

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

SHXL, SHXR
DIVX, MULX

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

BCLR:Q, BSET:Q

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

general Rn #imm @SP+ @-SP additional

objective
instruction

5,182,811
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Fig. 366 (b):

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

EaMfi O X X X X 0 BCLRI:E,
BCLRI:G,
BSETI:E,
BSETI:G

ShMfqi O X X X X 0 BSETI:Q

EaMiR O X X X X 0 CSI

EaMgP O X X X X 0 QINS

EaMqp2 : QINS

EaR 0 0 0 O 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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Fig. 366 (c):

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

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

EaR!'I O 0 X 0 X 0 CMP:E, CMP:G,
CMPU:E, CMPU:G,
CMP:Z

ShR!'I CMP:1, CMP:Q

EaRX O 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:1I,
BFCMPU:E: I,
BFCMP:E:R,
BFCMPU:E:R,
BFEXT:E,
BFEXTU:E,
BFCMP:G:1I,
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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Fig. 366 (d):

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

EaR!'M X 0 0 X X X . ENTER:G,
EXITD:G

EaRh!M JRNG:G

EaW 4] 0 X X 0 0 MOV:Z, MOV:E,

MOV:G, MOVA:G,
MOVU:E, MOVU:G
PACKss, STC,
STP, UNPKss,

RVBY, RVBI

EaWh STPSB, STPSM

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

EaW!S 0 0 X X X 0 MOVPA, STATE,
QDEL

EaWaL O X X X 0 X STM

EaWX O X X X X 0 LDC:E, LDC:G

: LDP:E, LDP:G

EaWL O o} X X X 0 POP

objective

general Rn #imm @SP+ @-SP additional instruction
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Fig. 366 (e):

(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.



Jan. 26, 1993 Sheet 212 of 212 5,182,811

U.S. Patent

o0z L MSd INIHEND
S AL
rcoz MOVLS
| sumiowm unana IgVHIL34
€02
ANOWIW TWNN31X3
0202~

29¢ 9/4
HOLVHVANOD HINO
ooz’ 9¢02”/
ONIHOL3d HOIVHINIO
ANV ONINOLS
O SS3MAAV
v202” 9202/
¥OLO3 T3S
22027

193130
dvil NOULAIK
v202—|____LJNUILNI




5,182,811

1

EXCEPTION, INTERRUPT, AND TRAP
HANDLING APPARATUS WHICH FETCHES
ADDRESSING AND CONTEXT DATA USING A
SINGLE INSTRUCTION FOLLOWING AN
INTERRUPT

This is a continuation of app]ication Ser. No.
07/172,035, filed Mar. 23, 1988, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data processor, and
more particularly to a data processor which performs in
a unified manner the exception processing of interrupt
process and the trap instruction of internal interrupt
instruction.

2. Description of the Prior Art

In the conventional data processor provided with an
EIT process, a mechanism, such as an interrupt process
mechanism, an exception process mechanism and an
internal interrupt instruction process mechanism, when
an EIT process request occurs is accepted to start the
EIT process. After the information showing the internal
state is saved to an external memory, an internal register
value is automatically reloaded onto a value of an inter-
nal state variable previously determined as a function of
the data processor, thereby performing the processing.
A flow chart of the conventional EIT process starting
method is shown in FIG. 1. Upon accepting an EIT
process request at a step 1007 in FIG. 1, at a step 1008
an address of the external memory in the data processor
in which the head address of an EIT process handler is
stored is generated, and at a step 1009 a program status
word (to be hereinafter referred to as PSW), which
reads the head address of the EIT process handler and
stores data showing the internal state of the data proces-
sor, is updated into a predetermined value for the EIT
process in the data processor. For example, when the
external interrupt is accepted, the variable showing the
acceptance priority level of external interrupt in the
PSW is automatically reloaded for the purpose of inhib-
iting the acceptance of external interrupt with higher
priority level than that of the accepted external inter-
rupt until the EIT process ends. Next, at a step 1010 in
FIG. 1, the internal state of the data processor is saved
to the stack, and thereafter at a step 1011 the EIT pro-
cess handler previously programmed with respect to
the content of the EIT is started.

Such method, however, uniquely decides the internal
state of the data processor when the EIT process han-
dler starts, so that a programmer is largely restricted.
Especially it is complicated for him to set the state of
the data processor where a multiple EIT process is
carried out. In other words, as above-mentioned, the
EIT process handler has hitherto started only under the
internal state predetermined by the data processor,
which has been one restriction on programming for the
programmer. Also, the programmer had to fully recog-
nize the internal state of the data processor when the
EIT process handler starts, and sometimes needed to
change by himself the internal state variable, whereby
the processing has been troublesome.

SUMMARY OF THE INVENTION

In order to solve the above problem, the data proces-
sor of the present invention has been designed. The
object of this invention is to provide a data processor
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which is adapted to read some of internal state vari-
ables, usually stored in PSW 2010, of the data processor
with the head address of the EIT process handler from
the external memory 2020 when an EIT process is
started, and which has multiple EIT process 2022 means
which determines the process order according to the
content of the EIT process when there are a plurality of
EIT process requests, and which has a device for spe-
cially treating the EIT process acceptance condition
after restoring from one EIT process handler, thereby
facilitating programming.

The data processor of the present invention which
processes programs comprising a plurality of instruc-
tions, is characterized by; providing a device for accept-
ing at the boundary of each instruction processing an
interrupt request signal from the exterior by detecting
the interrupt process, a device for detecting exceptional
events of instructions, and a device for detecting a trap
process, execution of an internal interrupt instruction
2024, so that a plurality of EIT processes sorted to
either one of the above three kinds of processes can
each have an inherent priority and processing method;
having a device for selecting which EIT process,
among the EITs detected corresponding to the above-
mentioned priority, is started 2022, a device for storing
2024 in an external memory 2020 the first information
group to be an internal state that is the initial state of the
selected EIT process, and a device for generating 2026
the head address of each EIT process uniquely and
storing in the generated address of the external memory
a second information group to be a candidate for part or
all of a new internal state with the head address of the
EIT process handler when the EIT process handler
starts in execution, with respect to each sclected EIT
process.

The data processor of the invention can read from the
external memory 2020 the internal state variable of the
data processor together with the head address of the
EIT process handler, so that the programmer can be-
forehand write-in the internal sate variable of the data
processor when each EIT process is carried out to-
gether with the head address of the EIT process han-
dler, at a ratio of 1 to 1 with respect to each EIT pro-
cess, thereby enabling the internal state of the data pro-
cessor to be programmed separately in each EIT pro-
cess. Since the internal state variable is positioned adja-
cently to the head address of the EIT process handler
and automatically read during the EIT processing, the
programmer need not separately specify reload of the
internal state variable for every EIT process. Also, such
function includes information specifying the priority of
an EIT process in the stored internal state variable,
whereby when multiple EIT processes occur, an EIT
process of higher priority can inhibit start of an EIT
process of lower priority. Thus, as above-mentioned,
the programmer can specify a wide process without
difficulty. Also, the function of especially treating the
detection process of an EIT process after execution
thereof is provided so that, when the exception process
carries out single step execution, the repeated occur-
rence of an EIT process not to proceed with the instruc-
tion execution can be avoided.

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

FIG. 1 is a flow chart of an EIT process starting
method of a conventional data processor,

FIG. 2 is a flow chart of an EIT process starting 5
method of a data processor in the present invention,
FIG. 3 shows a format of EITVTE including the
head address of an EIT process handler fetched from an
external memory and part of an internal state variable of
the data processor when the EIT process occurs in a
data processor of the invention,

FIG. 4 shows a stack format made when the EIT
process of the data processor of the invention starts,
FIG. 5 shows a stack format corresponding to the
kind of the EIT process at the data processor of the

10

invention, and

FIG. 6 shows a stack format and PC and PSW data
formed when the data processor of the invention per-
forms the multiple EIT process.

FIG. 7 is an illustration of a register set of the same,
FIG. 8 is an illustration of data type of bits of the

20

same,

FIG. 9 s an illustration of data type as to a bit field of

the same,

FIG. 10 is 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-

25

30
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,

FIG. 15 is an illustration exemplary of description of 35
the instruction format of the same,

FIG. 16 shows a bit pattern thereof,

FIGS. 17 to 27 show instruction formats of the data
processor of the invention respectively,

FIGS. 28 to 39 show the format of the addressing

mode of the same,

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

FIGS. 41 to 44 show the format of the addressing
45
FIG. 45 is an illustration of cautioun at the instruction

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
the instruction set,

FIG. 50 (a) shows the format of instruction MOV,
FIG. 50 (b) is an illustration of status flags thereof,
FIG. 51 shows the format of instruction MOVU,
FIG. 52 is an illustration of the flag change thereof,
FIG. 53 shows the format of instruction PUSH,
FIG. 54 is an illustration of the flag change thereof,
FIG. 55 shows the format of instruction POP,

FIG. 56 is an illustration of the flag change,

FIG. 57 shows the format of the instruction LDM,
FIG. 58 is an illustration of the flag change thereof,
FIG. 59 is an illustration of bit map specifying,
FIG. 60 shows the format of an instruction STM,
FIG. 61 is an illustration of flag change thereof,
FIGS. 62 and 63 are illustrations of the bit map speci-
fying,

FIG. 64 shows the format of the instruction MOVA,

50

55

65
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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,
FIG. 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,
FIG. 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 shows 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,
FIG. 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. 115 is a view of the format of instruction SHA,
FIG. 116 is an illustration of flag change thereof,
FIG. 117 is an illustration of the left-side shift,
FIG. 118 is an illustration of the right-side shift,
FIG. 119 is a view of the format of instruction SHL,
FIG. 120 is an illustration of flag change thereof,
FIG. 121 is an illustration of the left-side shift,
FIG. 122 is an illustration of the right-side shift,
FIG. 123 is a view of the format of instruction ROT,
FIG. 124 is an illustration of flag change thereof,
FIG. 125 is an illustration of counterclockwise rota-
tion,
FIG.
FIG.

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

126 is an illustration of clockwise rotation,
127 is a view of the format of instruction SHXL,
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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 instruction
SHXR,

FIG. 133 is a view of the format of instruction
RVBY,

FIG. 134 is an illustration of flag change thereof,

FIG. 135 is a view of the format of instruction RVBI,

FIG. 136 is an illustration of flag change thereof,

FIGS. 137 and 138 are illustrations of bit operation
instruction,

FIG. 139 is a view of the format of instruction BTST,

FIG. 140 is an illustration of flag change thereof,

FIG. 141 is a view of the format of instruction BSET,

FIG. 142 is an iliustration of flag change thereof,

FIG. 143 is a view of the format of instruction BCLR,

FIG. 144 is an illustration of flag change thereof,

FIG. 145 is a view of the format of instruction
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,

FIGS. 150(a-b) is 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. 157 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,

FI1GS. 163(a-b) are views of the format of instruction
BVSCH,

FIG. 164 is an illustration of flag change thereof,

FIG. 165 is a view of the format of instruction
BVMAP,

FI1G. 166 is an illustration of flag change thereof,

FIGS. 167 to 169 are views of format of instruction
BVMAT,

FIG. 170 is a view of the format of instruction
BVCPY,

FIG. 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,
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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
5 UNPKss,
FIG. 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
10 SMOV,
FIG. 185 is an illustration of flag change thereof,
FIG. 186 is an illustration of instruction SCMP,
FIGS. 187 and 188 are illustrations of flag change
thereof,
FIG. 189 is a view of the format of instruction SSCH,
FIG. 190 is an illustration of the flag change thereof,
FIG. 191 is a view of the format of the instruction
SSTR,
FIG. 192 is an illustration of the flag change thereof,
FIG. 193 is a view of the format of instruction QINS,
FIG. 194 is an iliustration of the flag change thereof,
FIGS. 195 to 197 are illustrations of the instruction
QINS,
FIG. 198 is a view of the format of instruction
25 QDEL,
FIG. 199 is an illustration of the flag change thereof,
FIGS. 200 to 202 are illustrations of the instruction
QDEL, .
FIGS. 203(a-b) is a view of the format of instruction
30 QSCH, ,
FIG. 204 is an illustration of the flag change thereof,
FIGS. 205(a-b), 206, and 207 are illustrations 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,
. 216 is an illustration of the flag change thereof,
. 217 is a view of the format of instruction JSR,
. 218 is an illustration of the flag change thereof,
. 219 is a view of the format of instruction of
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. 220 is an illustration of the flag change thereof,
. 221 is a view of the format of instruction SCB,
. 222 is an illustration of the flag change thereof,
. 223 is a view of the format of instruction EN-

. 224 is an illustration of the flag change thereof,
FIG. 225 is an illustration of the instruction ENTER,
FIG. 226 shows the format of instruction EXITD,
FIG. 227 is an illustration of the flag change thereof,
. 228 is an jllustration 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,
. 233 is a view of the format of instruction PIB,
. 234 is an illustration of the flag change thereof,
FIG. 235 is a view of the format of instruction
65 BSETI,
FIG. 236 is an illustration of the flag change thereof,
FIG. 237 is a view of the format of instruction
BCLR],

55
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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,

FI1G. 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,

FIG. 252 is an illustration of the flag change thereof,

FIG. 253 is a view of the format of instruction LDP,

FIG. 254 is an illustration of the flag change thereof,

FIG. 255 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,

FIGS. 259 to 264 are 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,

FIGS. 267 to 269 are illustrations 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,

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, .

F1G. 286 is an illustration of the flag change thereof,

FIGS. 287 and 288 are views of the format of instruc-
tion MOVPA,

FIG. 289 is an illustration of instruction LDATE,

FIGS. 290 and 291 are illustrations of the flag change
thereof,

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

FIGS. 293 and 294 are illustrations 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,
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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,

FIGS. 301 and 302 show 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 illustration 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,

FIGS. 309 and 310 are illustrations of the flag change
in the fixed table bit field instruction,

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

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

FIG. 321 is an illustration of stack frame,

FIGS. 322 and 323 are illustrations of instruction
sequence,

FIG. 324 is an illustration showing a program exam-

. 325 is an illustration of subroutine call,

. 326 is an illustration of control space,

. 327 is a view of the format of PSW,

. 328 is a view of the format of IMASK,

. 329 is a view of the format of SMRNG,

. 330 is a view of the format of CTXBB,

. 331 is a view of the format of DI,

. 332 is a view of the format of CSW,

. 333 is a view of the format of DCE,

. 334 is a view of the format of CTXBFM,

. 335 is a view of the format of EITVB,

. 336 is a view of the format of JRNGVB,

. 337 is a view of the format of SP0 to SP3,

. 338 is a view of the format of SP1,

. 339 is a view of the format of 10ADDR and

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,
FIGS. 347 and 348 are views of the stack format of

EIT,
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FIG. 349 is a view of the format of 10 INF,

FIGS. 350(a-d) are vector tables of EIT,

FIG. 351 is an illustration of JRNG,

FIGS. 352 and 353 are illustrations of EIT,

FIG. 354 is an illustration of IMASK,

FIGS. 355 and 356 are illustrations 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,

FIGS. 360(a-0) are views of bit allocation,

FIGS. 361(a-¢) show an index of operand field
names, '

FIG. 362 shows the cccc allocation,

FIG. 363 shows eeee allocation,

FIG. 364 is an illustration of M-flag,

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

FIGS. 366(a-e) are views correspondent to the ad-
dressing mode.

FIG. 367 shows an apparatus for handling exception,
interrupt, and trap events.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A flow chart of an EIT process starting method in an
embodiment of a data processor of the invention is
shown in FIG. 2, in which where an EIT process re-
quest is accepted at Step 1001, an EIT vector number is
formed corresponding to the content of the EIT process
accepted at Step 1002, so that a base address value
(EITVTB) of an EIT table 2028 storing therein the EIT
process handler is added to a multiple of 8 of the EIT
vector number, thereby generating the address of the
external memory in which the head address of EIT
process handler and part of PSW (to be hereinafter
referred to as EITVTE) are stored. The EITVTE of
data of the address is read at Step 1003, and compared
2030 in part with the PSW value during the generation
of an EIT process which is then updated at Step 1004.
Under the internal state of the data processor specified
by the updated PSW value, the stack 2032 save of the
processor information (at Step 1005) and start of the
EIT process handler 2034 (at Step 1006) are executed
respectively.

A format of EITVTE of an embodiment of the inven-
tion is shown in FIG. 3, in which EITVTE is of an
8-byte structure, 4 bytes thereof being adapted to spec-
ify a value of VPC (1025): the head address of the EIT
process handier and two bytes of the same to specify
part of PSTV and the remainder two bytes are empty in
consideration of the degree of freedom and expandabil-
ity. In FIG. 3, reference numeral VS (1020) designates
1-bit data for specifying a stack point using mode when
the EIT process handler starts, VX (1021) designates
1-bit data showing whether the data size of the context,
when the same starts, is of 32 or 64 bits, V AT (1022)
designates 2-bit data showing a specification of the ad-
dress conversion mode, when the same starts, VD
(1023) designates 1-bit data showing the existence of a
debug mode, when the same starts, and VIMASK
(1024) designates 4-bit data specifying an interrupt ac-
ceptance level, when the same starts.

When the EIT process starts, these five fields are
updatable. Also the fields are not simply updated but
some thereof are decidable as to whether or not they are
updated by comparison of a value under EITVTE with
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that when EIT is detected. For example, the interrupt
acceptance level specifying field, when other than the
external interrupt, has as a new value a value which is
the higher level (smaller value) either of the value in
EITVTE or that prior to the update. The external inter-
rupt has as a new value a value which is the higher level
(smaller value) of either the priority of the generated
external interrupt or EITVTE.

FIG. 4 shows an embodiment of the information
groups showing the internal state of the data processor
saved to the external memory specified by a stack
pointer (SP) when the EIT process starts. In the draw-
ing, a reference numeral 1026 designates PSW at the
data processor at the point of time when EIT process
starts, 1027 designates 1-byte data showing the kind of a
stack format corresponding to that of EIT process, 1028
designates 1-byte data showing the kind of EIT process,
1029 designates 10-bit data showing the EIT vector
number, 1030 designates a 4-byte area storing therein a
value of PC (program counter) of the data processor,
and 1031 designates several byte areas storing therein
various additional information corresponding to the
kind of EIT process.

In FIG. §, stack formats are shown corresponding to
the kinds of EIT process as in the embodiment of the
data processor of the invention, in which reference
numeral 1032 designates a stack format at format 0, 1033
designates the same at format 1, 1034 designates the
same at format 2, and 1035 designates the same at format
3 at the EIT process respectively, the embodiments
being different, in the content of the additional informa-
tion, from each other.

FIG. 6 shows a program counter 2036 updated to the
final value, PSW, and stack frames formed when the
multiple EIT process is carried out in the embodiment
of the data processor of the invention. In FIG. 6, an
example of generating a trap instruction (TRAP), an
internal interrupt instruction and an external interrupt
request (EI) in a multiple manner.

The data processor in FIG. 6 includes an EIT process
in which the trap instruction is higher in priority than
the external interrupt request, so that the EIT process at
first starts with respect to the trap instruction and there-
after the same with respect to the external interrupt
starts. Accordingly, after the multiple EIT process is
accepted, the head address of the EIT process handler
with respect to the external interrupt is fetched into PC
designated by 1036, the value compared and updated
with EITVTE fetched in the external interrupt process
is written in PSW 1037. Next, explanation will be given
on the content firstly stored in the stack frame, that is,
the content stored in the higher address. At first, into
the frame 1044 a value of PC (EXPC) at the point of
time when the trap instruction is issued, into 1043 a
value of PC of the next trap instruction, into 1042 the
EIT process information corresponding to 1027, 1028
and 1029 of the trap instructions shown in FIG. 4, into
1041 a value of PSW before the trap instruction execu-
tion, into 1040 the head address of EIT process handler
with respect to the trap instruction, into 1039 the EIT
process information of external interrupt, and into 1038
a value of PSW compared with and set by EITVTE of
trap instruction, are stored respectively. Thus, when the
EIT process handler is started, the EIT process handler
starts first with respect to the external interrupt and
then that with respect to the trap instruction from the
stack frame information starts, thereby enabling the
multiple EIT to be processed.
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Next, explanation will be given on the embodiment of
the data processor of the present invention in greater
detail. The explanation is voluminous and thus is at-
tached with a table of contents, with parts requiring
detailed description being made in the form of appendix.
Regarding EIT, appendix 9 especially describes it in
detail.

CONTENTS

1. Features of The Data Processor of the Present Inven-
tion '
1-1. Basic Design Concept
1-2. OS Oriented Architecture
1-3. Instruction Set Being Tuned
1-4. Instruction Set for Compiler
2. The Data Processor 32 of the Present Invention and
Data Processor 64 of the Present Invention
3. Classification of The Data Processor Specifications
of the Present Invention.
4. Register Set
5. Data Type
5-1. Bit
5-2. Bit Field
5-3. Integer
5-4. Floating Point
5-5. Decimal
5-6. String
5-7. Quene
6. Instruction Format
6-1. Two-Operand Short Format
6-1-1. Register and Memory (S-Format and L-For-
mat)
6-1-2. Between Registers (R-Format)
6-1-3. Between Literal and Memory (Q-Format)
6-1-4. Between Immediate and Memory (I-Format)
6-2. One-Operand General Type (Gl-Format)
6-3. Two-Operand General Type
6-3-1. First Operand for Memory Read (G-Format)
6-3-2. First Operand for 8-Bit Immediate (E-For-
mat)
6-3-3. First Operand for Address Calculation
Format)
6-3-4. Other Two-Operand Instructions
6-4. Short Branch
6-5. Others
. Addressing Mode
7-1. P Bit
7-2. Symbols Used in Format
7-3. Register Direct
7-4. Register Indirect
7-5. Register Relative Indirect
7-6. Immediate
7-7. Absolute
7-8. PC Relative Indirect
7-9. Stack Pop
7-10. Stack Push
7-11. Register Relation Additional Mode
7-12. PC Relative Additional Mode
7-13. Absolute Additional Mode
7-14. FP Relative Indirect
7-15. SP Relative Indirect
7-16. Format of Additional Mode
7-17. Levels of Additional Mode Specification
8. Description Relating to Implementation
8-1. Supporting Virtual Storage
8-2. Rewrite of Instruction
9. EIT Processing
10. Structure of PSW
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10-1. Structure of PSS
10-2. Structure of PSH
10-3. Flag Change
11. Instruction Set Description Format
11-1. Outline of Descriptive Format
11-2. Instruction Bit Pattern and Assembler Syntax
11-3. Field Name
11-4. Operand Field Name
11-5. Restrictions for Addressing Mode
11-6. Notes for Description
12. Instruction Set of The Data Processor of the Present
Invention
12-1. Data Transfer Instructions
12-2. Comparison and Test Instructions
12-3. Arithmetic Instructions
12-4. Logical Instructions
12-5. Shift Instructions
12-6. Bit Manipulation Instructions
12-7. Fixed-Length Bit Field Operation Instructions
12-8. Variable-Length Bit Field Operation Instruc-
tions
12-9. BCD Arithmetic Instructions
12-10. String Manipulation Instructions
12-11. Queue Manipulation Instructions
12-12. Control Transfer Instructions
12-13. Multiprocessor Support Instructions
12-14. Control Space, Address Space Operation In-
structions ]
12-15. OS-Support Instructions
12-16. MMU Support Instructions
Appendix 1: Instruction Set Reference of The Data
Processor of the Present Invention
Appendix 2: Assembler Syntax of The Data Processor
of the Present Invention
Appendix 3: Memory Management System of The Data
Processor of the Present Invention
Appendix 4: Flag Change of The Data Processor of the
Present Invention
Appendix 5: Operation between Different Size Data
Sets
Appendix 6: Subroutine Calls for High Level Lan-
guages
Appendix 7: Control Registers and Control Space
Appendix 8: CTXB of The Data Processor of the Pres-
ent Invention
Appendix 9: EIT Processing of The Data Processor of
the Present Invention
Appendix 10: Instruction Bit Pattern of The Data Pro-
cessor of the Invention
Appendix 11: Detail Specification of High Level In-
structions and Register Values in End State.

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 pres-
ent invention is to execute basic instructions at a high
speed. In addition, 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 - TRON
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(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 < <L1R> > specification. In partic-
ular, it is focused on the high speed processing in a real
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: Instruc-
tions which serve to move and operate the bit map
necessary for B-TRON

Context Switch Instructions: Instructions which
serve to switch tasks for I-TRON at a high speed

Queune 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 operation between registers and of those for the
literal operation.

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

The 32-bit mode/64-bit mode of the data processor 64
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,
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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
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 is 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. Therefore, its
efficiency is low. In such a situation, it is suitable 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 64-bit 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 (Leve! 1 Real)
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The < <L1R> > 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-
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 instructions 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

“<<Ll2>>".

< <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
to the data processor 64 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: 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.
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The stack pointer (SP) and frame pointer (FP) are
included in the general purpose registers. SP and FR
are R15 and R14, respectively.

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 O, 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 #H712345678, RO.W
MOV #H'as, 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,R0
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’aa, @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.
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5. Data Type

The data processor of the present invention uses “big-
endian”. In other words, when the byte address or bit
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:
data:

N+1 N+2
0 0

N+3

N
0 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
RO.W, R1.W

MOV

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

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

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

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 related bit 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 is indicated in FIG. 9.

0 < width = 32 (< <LX>> 0 ¢ width = 64)
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-continued

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 instruction 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 is indicated in FIG. 10.

0 < width = 32 (<<LX>> 0 < width = &4)

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
register, 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 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 < <Co-

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 is
shown in FIG. 12.

5-6. String

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

5-7. Quene

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

6. Instruction Format

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 +ex-
tension 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 se-
lected.
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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 types of
the instruction format so that the user can easily under-
stand 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.
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 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:LB#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 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
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bits are not 0, the data is unstable depending on the
implementation.

In other words, in the case of I-Format or #im-
m_data mode, the operand depends on the implementa-
tion, while in the case of the instructions of BRA:G,
Bee:G and BSR:G, the destination to be jumped be-
comes 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): an
example is shown in FIG. 17.

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 source is smaller than
another, the 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): an example is
shown in FIG. 18.

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

6-1-4. Between Immediate and Memory (I-Format):
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): 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):
an example is shown in FIG. 22.

6-3-2. First Operand for 8-Bit Immediate (E-Format):
an example is shown in FIG. 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
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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): an example is shown in FIG. 24.

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

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

6-5. Others: except above described, there are exam-
ples shown in FIG. 27.

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 position of the P bit
is represented with ‘P’. However, it should always be
“0”. If the P bit is not “0”, a reserved instruction excep-
tion (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

represented with EA.

The portion surrounded by dotted lines represents
the extension portion.

7-3. Register Direct

Assembler syntax: Rn

Operand: Rn

Format: shown in FIG. 28.

7-4. Register Indirect

Assembler syntax: @Rn

Operand: mem[Rn}

Format: shown in FIG. 29.

7-5. Register Relative Indirect

Assembler syntax:

@(disp, Rn)
@(disp : 16, Rn)
@(disp : 32, Rn)
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Operand: mem{[disp +Rn]

Format: shown in FIG. 30.

Disp should be treated as a signed operand.

7-6. Immediate

Assembler syntax: #imm..data

Operand: imm__data

Format: shown in FIG. 31. The size of imm_data is

assigned in an instruction as the operand size.

7-7. Absolute

Assembler syntax:

@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:

@(disp, PC)
@(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.

JMP@(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 '

Assembler syntax: @SP+

Operand:

mem(SP]
SP is incremented.

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

Assembler syntax: @-SP

Operand: SP is decremented.

mem[SP]

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 invention 64 processes 64-bit
data, SP is updated by —8. It is also possible to specify
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@-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 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

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

Operand:

PC—tmp
Additional mode processing

Format: shown in FIG. 37.

7-13. Absolute Additional Mode

Operand:

O0—tmp
Additional mode processing

Format: shown in FIG. 38.

7-14. FP Relative Indirect

Assembler Syntax:

@(disp, FP)
@(disp : 4, FP)

Operand: mem{d4*4+ FP]

(disp=d4*4)

Format: shown in FIG. 39.

The prescaled displacement, d4, is treated as a signed
operand. It should be used by multiplying by 4 irrespec-
tive of the size. Thus, the memory address of the muiti-
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.

Thus, 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 processor 64 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.

5

15

20

25

30

45

55

60

65

24
Example of allocation of local variables for using
modes of @(d4:4,FP) and @(d4:4,SP) is shown in FIG.
40.
7-15. SP Relative Indirect
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 multiplies 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. i

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 occurence of the additional mode, the
following operations are performed.

Addition of constant (displacement)

Scalling (X 1, X2, X4 and X 8) and addition of index
register

Memory indirect reference

With the additional mode in n levels, the indirect
reference of up to (N+1) levels can be performed.

Processes of basic additional modes:

tmp+ Rx*scale+d4*4—tmp when I=0 and D=0
tmp+ Rx*scale+dispix—tmp when I=0and D=1

memftmp+Rx*scale+d4*4}—tmp when 1=1 and
D=0

mem[tmp + Rx*scale +dispx}—tmp when I1=1 and
D=1.

Basic format: shown in FIG. 42.
EI=00: Absence of indirect reference; continuation
of additional mode
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tmp -+ disp + Rx*Scale—tmp.

EI=01: Indirect reference; continuation of additional
mode

mem[tmp+disp+ Rx*Scale]--tmp.

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
specified 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>>

P: P bit <<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[R14-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 X 8 for PC is performed,
the temporary value (tmp) after the processing of the
level is completed, the value, depends on the hardware
implementation. The effective address obtained by the
additional mode cannot be predicted. However, an
exception does no occur. Variation of format: shown in
FIG. 43, 4.

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 Al may use the
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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-
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 <<L1>>
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 processor 32 of the present invention
will use floating point, the scaling of ‘X8’ is imple-
mented. The scaling of ‘X8’ is the < <L1> > specifi-
cation 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 170 device is read again. Therefore, inconsis-
tency may occur depending on the type of 1/0 device.
Thus, when an 1/0 device causes a side effect is read
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and accessed, take care not to cause a page fault by
another operand. Practically, 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.

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:NJ, the write cycle of the desti-
nation is separated with two sessions. First, the data of
[N-2] is written to [N-1] and the former [N-1] is written
to [N]. If page M-1 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 rewrit-
ten, 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@R6,(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
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instruction has been executed). This instruction will
serve to purge the pipeline, instruction queue and in-
struction cache.

9. EIT Processing

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 fol-
lowing 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,
which is named PSB (Processor Status Byte): shown in_
FIG. 46.

10-1. Structure of PSS: shown in FIG. 47.

Reserved to ‘0’.

If ‘I’ is written, a reserved functional exception

(RFE) occurs.

SM,RNG = 000  Uses the external interrupt stack pointer
(SPI) at ring 0.

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 O.

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 = Context which is not currently debugged

DB =1 Context which is currently debugged
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-continued
IMASK Interrupt priority which inhibits an external
interrupt and DI (Delayed Interrupt).
IMASK = 0000  Accepts only NMI (unmaskable interrupt of
priority 0)
IMASK =0001  Masked up to priority 1 (consequently, 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 proces-
sor 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 pro-
cessor 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 O 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: 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 the first operand is smaller
than those of the other operand in a comparison instruc-
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tion for both signed with signed comparison and un-
signed with unsigned comparison.

M: MSB Flag

Indicates the MSB of the operation result is ‘1°.

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 compared to the conditional
jump, processors other than the data processor of the
present invention usually distinguish signed data and
unsigned data by using a conditional jump instruction
rather than a comparison instruction.

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
instructions:

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-
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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.

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, ADDU,
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 smaller 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 O, since dest becomes 0, Z_flag
is set.

CMP #H'101.W,@dest.B—> Since the operation re-
sult 1-H'101 is not 0, Z__flag is cleared.

In ADDX and SUBX instructions, the flag status is
irregularly changed to some extent, so that it can be
used for both the unsigned integer extended operation

i5

25

40

45

55

65

32

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 operation.
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
stc is smaller than that of dest, src is sign-extended. In

SUBY, if the size of src is the same as that of dest,

X_flag consequently represents the result 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 name (mnemonic) of
the instruction.

OPERATION: Summarizes the function of the in-
struction.

OPTIONS: Represents the types of options available
for the instruction. 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 depend-
ing 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 in-
struction. 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 is
shown in FIG. 49.

AND:G . . . Mnemonic-every-Format

Represents the mnemonic-every-format of the in-
struction bit pattern to be described (see Appendix).

src, dest . . . Operand Name
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Variable which is used to describe the function of the
instruction. This variable is referenced by the “OPER-
ATION” 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, memory
access method, and other restricted information. The
letters which represent operand field names relate to
their meanings so that various meanings can be simply
represented.

Portion surrounded by lines .
BIT PATTERN

The “INSTRUCTION BIT PATTERN” represents
the operand field, size specified field position, and oper-
ation 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 func-
tion 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 future exten-
sion, it is necessary to instruct in the users manual that
the bits ‘=" and ‘#’ should be filled with 0 and 1, respec-
tively.

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.

. . INSTRUCTION

Size Specification Field Names

RR: Specifies the size of the operand which performs
read accessing.

WW: Specifies the size of the operand which performs
write accessing.

MM: Specifies the size of the operand which performs
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 im-

plicitly specifies an operand, and the MOVA:U in-

struction 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. O, or 00. . as option value).
ccec: Specifies the conditions for Bec and TRAP/cc.
ecee: Specifies the termination conditions of a string

instruction and QSCH instruction.
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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) c¢: /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,/SS=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

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

Ll: Register list (for LDM)

Ls: Register list (for STM)

Ln: Register list (for ENTER)

Lx: Register list (for 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.

#, #1, #d: Reads from the instruction space.

Ls, Ln: Reads from a register.

L1, Lx: 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.

fq: Although the bit offset is used, it does not exceed the
byte boundary. The address to be accessed is deter-
mined without referencing the offset. (Suffix of R and
M). Example: bit operation instruction in short for-
mat.

bf: Determines the memory address and range actually
operated with a combination of the bit offset and bit
field width. (Suffix of R and M). Example: Fixed
length bit field operation instructions.

q: Performs complicated accessing by the queue instruc-
tion. (Suffix of other access methods). Example:
QINS and QDEL instructions.

i: Performs accessing by bus interlock. (Suffix of M).

(LDCTX,
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%: Performs accessing of special space such as control
space and physical space. (Suffix of R, W, and M).
d: Operates two data segments (double). (Suffix of R).

Example: CHK instruction.
m: Operates multiple data segments (multiples). (Suffix
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 oper-
and of CMP instruction

IM: Inhibits the addressing mode for the memory. Ex-
ample: Local operand of ENTER:G instruction

1A: Inhibits the additional mode. Example: ctxaddr op-
erand of LDCTX instruction

1S: Inhibits the stack pop and stack push modes. Exam-
ple: 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, RIM, 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.

h: The operand size is always 16 bits. Example: WAIT
instruction.
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b: The operand size is always 8 bits. Example: src of 5o

MOV :E instruction.

S8: The size of the operand (displacement) is specified ‘

by the SS field. However, when SS=00 (i.e. 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:] 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 to-
gether with the size of another operand. Example:
MOV:I instruction.

M: The operand size is specified by the MM field to-
gether with the size of another operand. Example:
Instruction of I format.
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L: Since the bit pattern which specifies 8 or 16 bits has
not been assigned as the operand size, only the oper-
and 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 fields.

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. Exam-
ple: xreg of ACB and SCB instructions.

Xw: The operand size is specified by the X field to-
gether with another operand. This is used for specify-
ing the width of the BF instruction.

Xs: The operand size is specified by the X field together
with another operand. This is used for specifying src
for the BF instruction.

Xd: The operand size is specified by the X field together
with another operand. This is used for specifying 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: MOVA:R instruc-
tion.

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 0 of the bit pattern of the literal accords
with 0 of the operand value. N is the bit number in the
literal.

0. . .000 0
0...001 1
0...010 2
1...110 2 N-2
1.1 2 N-1i
Example:

offset of BTST:Q

n: Indicates O of the bit pattern of the literal accords
with 2N of the operand value. N is the bit number in
the literal.

0. . .000 2 N

0...001 1

0...010 2

1...110 2 N-2
1...111 2 N-1
Example: src of MOV:Q

c: Indicates the bit pattern of the literal shows the 2’s
complement. N is the bit number in the literal.

0.. .000 -2 N
0...001 -2 N-1)
0...010 -2 N-2)
1...110 T2

1...111 -1



37

-continued

Shift count of shift-right operation in
SHA:C and SHL.C

Example:

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+ can-

not 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.D1. . .Dd-2.Dd-1]

sre(src1)=[S0.S1. . . Ss-2.5s-1]

[...] rebresent 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 =resuit=[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=[F0.F1 ... Fs-2 Fs-1}.

The number of bits of R and F are d and s, respec-
tively. »

When the bit string [. . . ] is treated as a signed binary
number, the value of the bit string is represented by Sf.
.. ). 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
an unsigned packed type decimal number, the value that
the bit string shows is represented as UD]. . . ]. In addi-
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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].

[SO.S1 . . . 8§d-2.8d-1]=[SO to s-1] may be simply
represented 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—sdest.

Move and sign-extend data.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 50(a),

STATUS FLAS AFFECTED: shown in FIG. 50(b).

DESCRIPTION: Move data from the source oper-
and (src) to the destination 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.

src = 0
1Ssc=8
-128 = src = 127
sIc is any number.
src is any number.
0 = src = 255

src is any number.

Movj

movy]

BEB=RHAK

It is also applicable to the ADD, SUB and CMP
instructions.

dfdzs)
[S0. SI....Ss—28s—1} ==>
S0, Sl....Ss—28s--1} ==>

Sign-extended for d—s bits

[RO.RL. ... Rd-s+1.Rd—sRd—s+1....Rd—2.Rd—1]
(Set to dest)
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-continued
(If d<s)
[so.st. .. .. Ss—d—1. Ss—d.Ss—d+1....Ss—2.8s—1]

[Ss—~d.Ss—d+1....85—2.8s—1]

>
>

s—d bits (SO.S1. . ... Ss—d—1) are truncated.

[ RO. RI....Rd—2Rd—I](set to dest)
M_flag RO
Z_flag{ROtod—~1] =0
V_flag* S[S] <« —2 (d—1).or. S{S} = +2 (d-1)
In other words, if dZs, they are cleared.
If d <s, when,
S0=St=..... = Ss—d~1 = Ss—d(=R0)
they are cleared. Otherwise, the flag is set.

PROGRAM EXCEPTION:
Reserved instruction exceptions

When RR="1T"

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: shown in FIG. 51.

STATUS FLAGS AFFECTED: shown in FIG. 52.

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 integer 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.

(If d=s)
[S0. SI....Ss—2.8s—1]
[0.O.......... 0. S0. S1....8s—28s—1]
Zero-extended for d—s bits
[RORI.. ... Rd—s+1Rd—sRd—s+1... Rd—2.Rd-1}
(Set 10 dest)
(fd<s)
{so.si..... Ss—d—1.Ss—d.Ss—d+1....Ss—2.8s—1] ==
[Ss—d.Ss—d+1....85—28Ss~1] ==>
s—d bits (SO.SI..... Ss—d—1) are truncated.
[ RO. RI....Rd—2.Rd—I] (set to dest)
M_flsg RO

Z_fag[ROtod—1) =0

V. flag* U[S} = +2 d

In other words, if dZs, they are cleared.
If d<s, when,

S0=S1=
it is cleared. Otherwise, it is set.

=>
=>

PROGRAM EXCEPTION: Reserved instruction
exceptions

When RR="17"

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: shown in FIG. 53.
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STATUS FLAGS AFFECTED: 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
exceptions

When R=*1"

When EaRL is @SP+ or @-SP,

MNEMONIC: POP dest.

OPERATION: pop from stack.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 55.

STATUS FLAGS AFFECTED: 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 @SP4+, 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 POP @-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: shown in FIG. §7.

STATUS FLAGS AFFECTED: shown in FIG. 58.

DESCRIPTION: Load the multiple registers from
the memory. Specify the registers to be loaded using the
bit map reglist/LIRL (register list). LIRL should follow
the extension portion of EaRmlL.

Specify the bit map of the register list to be loaded 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 8 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 map 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 ‘I’ 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
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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: shown in FIG. 60.

STATUS FLAGS AFFECTED: shown in FIG. 61.

DESCRIPTION: Store the contents of multiple reg-
isters to memory. Specify the registers to be stored by
the bit map reglist/LsWL (register list). LsWL should
follow the extended portion.

Specify the bit map 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
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
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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 ‘1’ starting with
the LSB and moving toward the MSB.

Since data is moved from the larger number registers,
the larger number 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-
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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),@-5P

causes the following operation. (However, assume that
the SP value before executing the instruction is initSP.)

R9-—mem[initSP-4]
R3—smem[initSP-8]
Ri-smem[initSP-12]

initSP-12—SP,

If the register list is all zeroes, no operation is per-
formed and the instruction is terminated (rather than
flagging the occurance of an error).

PROGRAM EXCEPTION: Reserved instruction
exception

When W=°1

When EaWmL is Rn, #imm_data, @SP+ or addi-

tional mode.

MNEMONIC: MOVA srcaddr, dest.

OPERATION:

address of src — dest.

Move address of src to dest.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 64.

STATUS FLAGS AFFECTED: shown in FIG. 65.

DESCRIPTION: Move the effective address of the
source operand to the destination operand.

Although the operation of the instruction is equiva-
lent to the MOV instruction, this instruction is treated
as a different instruction. The MOVA instruction fea-
tures the address calculation on the left-side, pointer
operation in high level language and application in an
address calculation circuit, resulting in much faster
calculation.

The following instruction in the short format

MOVA:R@(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.



5,182,811

43

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 @SP4+

MNEMONIC: PUSHA srcaddr.

OPERATION: push address to stack.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 66.

STATUS FLAGS AFFECTED: 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. A

Comparison and sign-extension and comparison.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 68.

STATUS FLAGS AFFECTED: shown in FIG. 69.

DESCRIPTION: Compare the contents of the srcl
operand to those of the src2 operand and set PSB (L —.
flag and Z_flag).

If the size of the src1 operand differs from that of the
src2 operand, the smaller size operand is sign-extended
and both the contents are compared.

In the EaR!l 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 instructions, 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...8s—2.Ss—1]

src2 = [DOD1...Dd-2.Dd~1]

dfdzs)

{DO.DI. ... Dd—s—1.Dd-s.Dd—s+1....Dd-2.Dd—1] —
[S0.S0......... S0. SO. S1....8s—28s—1] ==
Sign-extended for d-s bits

[RORL.....] Rd—s—1.Rd—s.Rd—s+1... Rd—2.Rd-1]

(Not set to any location)
(fd<s)

[DO.DO. . ....... D0. DO.
Sign-extended for s—d bits
[sosi..... Ss—d—1.8s—d.Ss—~d-+1....8s—28—1] ==>
fFO.F1..... Fs—d—1Fs—d.Fs—d+1....Fs—2.Fs—1]

(Not set to any Jocation)

L_flag* S[D] < S[S]

Same as SUB instruction

Dl....Dd—2.Dd-1] —
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-continued
Z_flag [ROtod—1] =0 (ifdZs)
*FO0tos—1] =0 (fd<s)

PROGRAM EXCEPTION: Reserved instruction

exceptions
When RR=‘11"
When SS="11"

When EaR or ShR is @-SP

When EaR!l or ShR!Y 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: shown in FIG. 70.

STATUS FLAGS AFFECTED: 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!lI mode, the immediate is inhibited, while
in the @SP4+ mode, it is available.

The operation of CMPU is described using the fol-
lowing instructions:

srcl = [S0.S1...8s~2.8Ss~1]

src2 = [DO.D1...Dd—-2.Dd~1]

(Ifdzs)

[DoDl..... Dd—s—1.Dd—s.Dd—s+1....Dd-2.Dd—-1} —
{foo...... ... 0. SO. S1....8s~2S8s—1] ==>
Zero-extended for d—s bits

[RORI..... Rd—s—1.Rd—sRd—s+1....Rd—2.Rd—1]
(Not set to any location)

(fd<s)

[00. ... ....... 0. D0. D1....Dd-2Dd—-1] —
Zero-extended for s—d bits

[SO.S1..... Ss—d—1.8s—d.Ss—d+1....8s—28s—1] ==
[FO.FL..... Fs—d—1Fs—dFs—d+1....Fs—2.Fs—1]

(Not set to any location)

L_flag* U[D] < UI[S]

Same as SUBU instruction

Z_flag [RO to d—1] = 0 (If d=s)

* [FOtos—1] =0 (If d<s)

PROGRAM EXCEPTION: Reserved instruction

exceptions
When RR=°11"
When SS=‘11"

When EsaR 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: shown in FIG. 72.

STATUS FLAGS AFFECTED: 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.
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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 loaded 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:

tmp = mem{address_of _bound + operand_size}

if (index Z mem[address_of _bound] .or. index < tmp)
then

set V_flag;
fc==1)
then

index — tmp ==> xreg
else

index == xreg

Since ‘address_of_ is the inverse operator of ‘mem][.
.}, the meaning of bound is the same as that of mem([ad-
dress_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 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 following
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 operand bound
in CHK).

CMP: srcl, src2

SUB: src, dest

CHK: bound, index, xreg.

The CHK instruction does not check (upper bound
valueZ lower 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="1Y’

When EaR is @-SP
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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: shown in FIG. 75.

STATUS FLAGS AFFECTED: shown in FI1G. 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)3sflag is set.

For doing ADD: L @SP+,SP in the L-format, like
ADD: G @SP+,SP, it is recommended that the fol-
lowing operation be performed.

(initSP+4) + @initSP—SP.

However, it may be difficult to perform such an oper-
ation in the L-format, so the operation of ADD: L
@SP +,SP should depend on the implementation.

(If d=s)

[DODIL. . ... Dd—s—1.Dd—s.Dd—s+1....Dd—2.Dd~-1] +

S1....85-28s—1] ==

Sign-extended for d —s bits

[RO.RL. . ... Rd—s—1LRd—s.Rd—s+1... .Rd—2.Rd—1]

(Set to dest)

(f d<s)

DoDO. . ....... DO. DO. D1. .. .Dd—2.Dd—1] +

Sign-extended for d —s bits

[S0.S1..... Ss—d—1.8s—d.Ss—d+1....8s~2.8s—1] ==>

[FOFL..... 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] < ©

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 [ROtod—1}=0

V_flag S[D] + SIS} < -2 (d—1).or.

S[D] + S[S] = +2 (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.

(qfd=s)

UDo.DI..... Dd-s$~1.Dd—s.Dd—s+1....Dd-2Dd—1} +

UIS0So. ........ S0. SO Sl....S5-28s—-1] %

+2 d

Sign-extended for d—s bits

afd<s)

Ul D0. Dl...Dd-2Dd-1] +

UlSs—d.Ss—d+1....8s—28s—1] Z +2 d

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:



5,182,811

47

dest + src—dest.

Zero-Extension and addition.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 77.

STATUS FLAGS AFFECTED: 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
destination operand.

If the operation result cannot be represented as an
unsigned 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.

Because the operation result always becomes posi-
tive, L_flag of ADDU is always reset to 0.

(Ifdzs)

[DO.DL. . ... Dd-s-—1.Dd-sDd—s+1....Dd—2Dd-1] +
Sl....85-2Ss~1] ==>
Zero-extended for d—s bits

[RO.RL. .. .. Rd—s—1.Rd—s.Rd—s+1... .Rd—2.Rd~1]
(Set to dest)

(If d<s)

[ 0O ......... 0. DO. D1....Dd-2.Dd—1] +
Zero-extended for s—d bits

[S0.81..... Ss—d—1.Ss—d.Ss—d+1....8s—2.8s—1] ==>

[FO.FL..... Fs—d—1.Fs—d.Fs—d+1... Fs—2Fs—1] ==>
[ RO. R1....Rd~2.Rd-1]

(Set to dest) -

FO.Fl..... Fs—~d—1

s—d bits are truncated.

L_flag 0

M_flag RO

Z flag [ROtod—-1]=0

V_flag UD]+U[S]1= +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 d=s)

UDo.DI. .. .. Dd—s—1.Dd—s.Dd—s+1....Dd-2Dd-1] +

Ul 00 ......... 0. S0. Sl....85-28s—1} =

+2 d

Zero-extended for d—s bits

Same as V_flag of ADDU instruction

(fd<s)

Ul Do Dl....Dd-2.Dd—1] +
[Ss—~d.Ss—d+1....8s=28s—-1] =2 d

S0Si..... 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: shown in FIG. 79.

STATUS FLAGS AFFECTED: 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.

[
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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 8 bytes in dest2 to dest1, this instruc-
tion may be used as ADDX: E #0 in the following:

ADD  @src.W,@destl.W

ADDX #0,@dest2. W

(If d=Z5s)

[DO.DI..... Dd—s—1. Dd—sDd—s+1....Dd—2.Dd-1] +
S0S0. . ....... S0. SO. S1....85—2.8s—1] + X_flag ==>
Sign-extended for d — s bits

[RORIL..... Rd—s—1Rd—sRd—s+1... Rd—2.Rd—1] (Set to
dest)

(If d<s)

DoDo. . ... .... DO. DO. D1. ... Dd—2.Dd—1] +

Sign-extended for s — d bits
[So.s1... .. Ss—d—1.8s—d.Ss—d+1....Ss—2.8s—1] +

[FOFL. .... Fs—d—1Fs—dFs—d+1... Fs—2Fs—1] ==>
—[RO. R1....Rd—2.Rd~1] (Set to dest)
FO.Fi..... Fs—d—1

s — d bits are truncated.

L_flag* S[D] + S[S] + X_flag < 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] = O .and. previous Z_flag

V_flag S[D] + S[S] + X_Flag < —2 (d-1).or.

S[D] + S[S] + X_Flag = 42 (d-1)

Assume that the number is signed and represent the
result has overflowed. If d 5= s, the operand is

sign-extended.

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[DO.DL..... Dd—s—1.Dd—s.Dd—s+1....Dd-2Dd—1] +
U[s0s0. ........ S0. S0. S1. .. Ss—2.8s—1] + X_flag = +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.

fd<s)
U[DO. DI....Dd-2Dd-1] +
U[Ss—d.Ss—d+1....85—2.8s—1] + X_flag = +2 d

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, @SP4+ or @-SP.
MNEMONIC: SUB src,dest.
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OPERATION:
dest-src—dest.

Subtraction or subtraction with sign-extension.
OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER 5

SYNTAX: shown in FIG. 81.

50
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-
extended and the contents of the source operand are

STATUS FLAGS AFFECTED: shown in FIG. 82.

DESCRIPTION: Subtract the contents of the source
operand (src) from those of the destination operand
(dest). 10

If the size of the source operand is smaller than that of
the destination operand, the source operand is sign-

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,

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 15
signed integer in the size of the destination operand,
V_flag is set.
1f dzs) 20
[DODI..... Dd—s5—1.Dd—s.Dd—s+1....Dd—-2Dd—1] —

S0.S0. ........ S0. $0. §1....85-28s~1] ==>
Sign-extended for d — s bits
[RORL. .... Rd—s—1.Rd—s.Rd—s+1... Rd—2.Rd—1] (Set to
dest)
(Ifd <s) 2
[DeDO. ........ DO0. DO. DI... . Dd-2Dd—1] —
Sign-extended for s — d bits
[s0.S1..... Ss—d—1.8s—d.Ss—d+1....8s—2.8s—1] ==
[FOFI.... Fs—d—1Fs—dFs—d+1... Fs—2Fs~1] ==>
[RO.RI. .. Rd—2.Rd—1] (Set to dest) 30
FOFlL. .... Fs—d—1 ’
s — d bits are truncated.
L_fiag* S[D] — S[S] < O
Show a negative result. (M__flag correctly
respresents the result as positive or negative only when 35
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} = + 40
2 @-1
X._flag®* The borrow bit is loaded into X_flag. The number of
bits in (size of) dest determines where the borrow
bit needed. 45
{afd=s)
U[DODI..... Dd—s—1.Dd—s.Dd—s+1....Dd—2.Dd—1] —
U[S0.S0. ... ..... S0. 80. §1. .. .85—28s—1] < 0
Sign-extended for d — s bits
afd <s) 50
U[DO.DI. ...Dd—2.Dd—1] -
UlSs—d.Ss~d+1....85-28—~1] < 0
$0.S1.....8—d=-1
s — d bits are truncated.

PROGRAM EXCEPTION: Reserved instruction ss
exceptions

When RR=‘11"

When MM =11’

When EaR or ShRw is @-SP

When EaM or ShM is #imm_data, @SP + or @-SP. 60

MNEMONIC: SUBU src,dest.

OPERATION:

dest - src—dest.

Zero-extension and substraction,

OPTIONS: None. 65

INSTRUCTION FORMAT AND ASSEMBLER

SYNTAX: shown in FIG. 83.

STATUS FLAGS AFFECTED: shown in FIG. 84.

V_flag is set.

(If dzs)

[DODI..... Dd—s—1Dd—s.Dd~s+1....Dd—2.Dd—1] —
[00....... .. 0. S0. S1....8s—2.8s—1] ==>

Zero-extended for s — d bits
[RO.RL. .. .. Rd—s—1LRd—s.Rd—s+1....Rd—2.Rd—1] (Set

Zero-extended for s — d bits

[SO.SL..... Ss—~d—18s—d.Ss—d+1....85=28s—1] ==

[FO.FL..... Fs—d—1Fs—dFs—d+1... Fs—=2Fs—1] ==>
{RO. R1....Rd—2.Rd—1] (Set to dest)

FOFL...... Fs—d~1

s — d bits are truncated.

L_flag* U[D] - U[S} <0
Show a negative result. (M_flag correctly represents
the result as positive or negative only when there is
no overflow.)

M_flag RO

Z_fag [ROtod—1]=0

- V_flag UD]-U[S] <0

Same as 1_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.

(If d=s)
U[DODLI. ... Dd—s—~1.Dd—sDd—s+1....Dd—2.Dd—1] —
U[0.0. ... .. .. 0. S0. S1. .. .Ss—2.5s—1] < 0

Zero-extended for d — s bits
Same as X__flag of SUB instruction and L_flag and
V_A{lag of SUBU instruction.

(dfd<s)
U[{DO.DL....Dd-2.Dd-1] —
UfSs—d.Ss—d+1....8s—-28—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—sdest.

Subtraction with a carry.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 85.

STATUS FLAGS AFFECTED: shown in FIG. 86.

DESCRIPTION: Subtract the contents of the source
operand (src) with the carry from those of the destina-
tion operand (dest).

If the size of the source operand is smaller than that of
the destination operand, the source operand is sign-
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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.

(If d=s)
[DO.DI. .. .. Dd—s—1Dd—sDd—s+1....Dd—2.Dd—1] —
[s0S0......... S0. SO. SI....8s—2.Ss—1] — X_flag ==

Sign-extended for d — s bits

[RORI. .... Rd—s—1.Rd—s.Rd—s+1. .. .Rd—2.Rd—1] (Set
to dest)

(Ifd<s) :

DODO. . ....... DO. DO. D1....Dd—2.Dd—1] —

Sign-extended for s — d bits

[SoSl..... Ss—d—1.8s—d.Ss—d+1....8s—2.8s—1] —

X _flag==>

{FO.Fi..... Fs—d—1.Fs—dFs—d+1... Fs—2Fs—1] ==>
[RO. R1....Rd—2.Rd—1] (Set to dest)

FOFL..... Fs—d—1

s — d bits are truncated.

Lflag* S[D] — S[S] — X_flag < 0

Assume that the number is signed and show the result

as negative. If d == 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 [ROto d—1] = 0.and. previous Z_flag

V_flag S[D] — S[S] - X_flag < —2 (d-1).or.

S[D] — S[S] — X_flag Z +2 (d—1)

Assume that the number is signed and represent that
the result is overflowed. If d 5= 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 bit is needed.

(If dZs)

UDODL. .... Dd—s—1.Dd—s.Dd—s+1....Dd-2Dd—-1] —
U[s0.S0. ... ..... S0. SO. S§1....8s—2.8s~1] — X_flag < 0
Sign-extended for d — 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.

dfd<s)
U[DO0. Dl....Dd-2.Dd—1] —
U[Se~d.Ss—d+1....8s~28s—1] — X_flag < 0
S$0.S1..... Ss—d—1
s — d bits are truncated.

PROGRAM EXCEPTION: Reserved instruction
exceptions

When RR=°1T1"

When MM=‘11"

When EaR is @-SP

When EaM is #imm_data, @SP+ or @-SP,

MNEMONIC: MUL src,dest.

OPERATION:

dest * src—dest.

Multiplication.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 87.

STATUS FLAGS AFFECTED: shown in FIG. 88.
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DESCRIPTION: Multiply the contents of the desti-
nation operand (dest) by those of the source operand
(src). The multiplication is performed with signed num-
bers. The contents of the operands are treated as signed
integers.

This instruction is useful for high level languages
because the size of the multiplicand is the save as that of
the result.

If the operation result cannot be represented as a
signed integer because the size of the destination oper-
and is small, V_flag is set. Even if an overflow occurs,
M_flag and Z._flag are set depending on the data
which is set to dest (low order bit of correct result). For
example, with

RO=H'10000
when executing the following instruction

MUL.W #H'10000,R0

since the product becomes H'100000000, the following
results are obtained:
RO=0 (low order bit), V_flag=1, and Z_flag=1.
PROGRAM EXCEPTION: Reserved instruction

exceptions
When RR="11"
When MM =11’

When EaR is @-SP

When EaM is #imm_data, @SP+ or @-SP,

MNEMONIC: MULU src,dest,

OPERATION:

dest * src—dest.

Unsigned multiplication.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 89.

MULU:G src/EaR,dest/EaM,

STATUS FLAGS AFFECTED: shown in FIG. 90.

DESCRIPTION: Multiply the contents of the desti-
nation operand (dest) by those of the source operand
(src). The multiplication is performed with unsigned
numbers. The contents of the operands are treated as
unsigned integers.

If the operation result cannot be represented as an
unsigned integer because the size of the destination
operand is smaller than that of the source operand,
V_flag is set.

PROGRAM EXCEPTION: Reserved instruction
exceptions

When RR=‘11

When MM=‘11"

When EaR is @-SP

When EaM is #imm__data, @SP+ or @-SP,

MNEMONIC: MULX src,dest,tmp,

OPERATION:

dest * src—reg&dest (double size).

Extended multiplication, double size.

OPTIONS: None.

INSTRUCTION FORMAT AND ASSEMBLER
SYNTAX: shown in FIG. 91.

STATUS FLAGS AFFECTED: shown in FIG. 92.

DESCRIPTION: Multiply the contents of the desti-
nation operand (dest) by those of the source operand
(src). Since the result of this instruction is double sized,
the temporary register tmp is specified for placing the
high order bits of the product. The register is fixed to 32
bits (selected from 32/64 bits). The multiplication is






