B’ du iy
18
aqa=ad il
Bt
ar
43
ad=ad,\ "bs
oi-
1y
ag=ad., "w
=18
aF
WL
WiH-|
ad=ad A b -
gF
ds
wd=ad A% bstN}

14
ds
N

ad=ad A" 1sp+N}

*od="bdAas
8y
ds
*bd="bdAN

89
de
N

*dd=*ddAbs

Oy
s

ad+=ad.vas

HH
ds

ad=ad N

df

ad=ad "W

HL
dF

«O=aGgi as
H
it
ad=adl N

g
drF
]

ad=ai “hs
95
s

ad=ad "w

*td-*bdl N
o
dF
N
*dd=*dd| bs
(&3]

e
ad=ad | as
18]

[s$9
ad=adiN

o
dk
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ad=ad| "W

9o
dF

ali=ausiss
by
3
ad=ad&N

9y
di-

]
ad=adl*bs
18]
ds

ad=ad&*W

9E
oF
N

* - bd&as
99
ds
“bd= "bd&MN
[2:5)
ofF
™
“dd=*dd&hs
[834)
[
ad-addas
9y
15
ad=addiN
95
ifr
i
ad=ads " bs
=15
s
dr=add& "W

U0
di-

d01-gu --as
AD

ad=ad--i

Al
dF

*lcd= * a5
Al

*bd="hd-- N

Al
dF

*dd=*dd—bs

E3
s

ad=ad--as
AQ
ds
ad=ad--N

Al
uf

ad=ad- "bs
Ab

ad=ad—*W

AL
GF

A Tautas
%
s
ad=ac+N
Al
[+13
41
ad=adt *bs
Ay
ds

ad--ad +*W

EXADECIMAL ..

ds

*ha = i+
Al
d¥
I
*de=*dd+bs
F:
[
aa=acl+as
g
ds
ad sau+M

Ay
[+

ad=ad+ "W

AL
[

VTN #1=as ad=aline 3

40 Hi. E

45 s i e
ad-—Iv ad=N ad=adAN S

BO ag o) =S

dr dF SF it

N N i} f

ad—*"s ad=*bs ad=adA *hs

8% gh Hi

ds ds it
ad— ¢ ad=*W ad=adA*W

Wit
Wik

: ad=adi “tw:

I ad=ad | *Ihsi Ml
as
iy

™

ad=ad i *{sp N

B1 2] i
ds [
*hd—H “bd="kxt| W
B1 o
aF 2"
N N A 3]
*d -t dd= gt
1 i
33 [+18
ad=as aa=ayAas ad=ad | as n
34 B (L1
v [ Cin
ad=M ag=adalN ad=ad! N
() =] Lt
uk ur o~
i} I Fi
ad="bs ad=ad.A 0y ati-ad | “bs
B i iy i
i s B i
acl="w ad=adA W ad=s} W Je— e
b Hir s
ur i} o
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ORGANIZATION Part 3 ~ Miscellaneous Dyadic and Monadic Instruction:

These instructions consist of the tollowing operations.

s Find. clear, count ones, and loaid address into 16-bit registe:
This hexadecimal (hex.) coding chart allows you to translate your program assembly
language into a machine code that the MAC-8 microprocessor can store, manipulate, and » Regisier pointer manipulation {load, bump. and debunip)

process. The chart comprises the following parts:
s Stack pointer manipulation (load, iogical add, arithmeticul ald)
Part 1 — Dyadic instructions

+ Condition register rnanipulation {set and clear)}
A dyadic instruction is defined as having two operands, one designated

as the source and one designated as the destination. The result of the o Memory stack save and restore (push and pop)
operation is stored in the destination. The dyadic instruciions consist of
the following operations. Part 4 — Transfer Instructions : Unconditional and Condition Regis ter
Bit Cenditional
» Move
Transfer instructions alter the order of instruction execution. These
o Arithmenical add and siubtract instructions come in two forms: one form is unconditional and wies
abbreviated addressing modes; the other form is conditional and is
» Lopical AND, OR, exclusive OR., compare, and test dependent upon a particular condition bit being set or cleared. The

condition bits are neg, zero, ovfl, carry, ones, odd, enable, flag, It,
lteq, Iteq, hom, shovfl, and always. The last six bits are logical com-
binations of the first eight bits. The unconditional and bit conditional
instructions consist of the following operations.

All dyadic operations use both 8- and 16-bit operands, except tesi which
uses 8-bit operands only.

Part 2 — Monadic Instructions » Branch (unconditional jump)

A monadic instruction is defined as having one operand that serves as o Conditional jump (local or global)
the scurce and the destination, but is designated as the destination. The
monadic instructions consist of the following operations. o Unconditional call

s Zero

e Conditional call

Negate iti
. INCE » Unconditional return

o Increment i4i
e Conditional return

{
s Decremen Part 5 - Transfer Instructions :  Register Bit Conditional :nd

. Miscellaneous
» Complement

s Arithmetical shift These instructions consist of the following operations.

+« Conditional jump {local only)

o Logical shilt
» Rotate 8 ¢ Hal

N e
« Rotate 0 s No operation inop)

Part 6 — Summary of Machine Codes
All menadic operations use 8-bit operands; the zero, increment, and
decrement operations use both 8- and 16-bit operands. All MAC-8 hex. machine codes are listed in numerical order.
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Symbuls Mcaning
GLOSSARY

To understand the hex. coding chart, you have to become familiar with the designations XAy
and symbols and their meanings that are listed below

X=y replace x with y

bit-by-bit exclusive OR of x and ¥

x ly bit-by-bit inclusive OR of x and ¥
x&y bit-by-bit AND of x and y
Memory Register Identification ) .
Designation Meaning oy X minus y
x+y x plusy
ad a register used as the destination
i<t das th *x the contents of the memory address{es) pointed to by x;
as a fegister used as the source if x represents a 16-bit number, *X represents the contents
bd b register used as the destination of that 16-bil number used as an address
bs b register used as the source *xtt after operating on the contents of the memory
address(es} pointed by x, increment x; if two
dd i i hi | ;
b register used as a pointer to 16-bit data successive memory addresses are referenced by
ds b register used as a pointer to 16-bit data the instruction, x is incremented by 2

*x+N) the contents of the memory address that is N

. ) . addresses above the address pointed to by x
MAC-8 Microprocessor Register [dentification

Designation Meaning -X the value of x negated (2s complement)

cr condition register +ix the value of x incremented by 1

pc prugram counter ——x the value of x decremented by 1

p register pointer X the value of x complemented (1s complement)

sp stack pointer x*2 x arithmetically shifted left one bit (multiplied

by 2)
Number Identification x/2 x arithmetically shifted right onc bit (divided
Designation Meaning by 2)
. x<<] % logicully shifted left onc bit
M &-bit immediate data or address offset gieally
> ically shifted right it
N 8-bit immediate data or address offset x> x logically shifted right onc bi
- , <l tated left it
A% 16-bit immediate data or address <<l % rotated loft one bi
L . =g ¢ ight it
W 16-bit immediate data or address x>l x rotated right one bi
x§<<1 x rotated left through carry one bit
x>=§| % rotated right through carry one bit
Register and Number Operation Symbols &x the address uf x
In the following, x and y are used to denote the contents of registers. contents of
memaory addresses, or immediate data. 'x nantrue condilion {(where x represents a register bit}



HOW TO USE THE HEX. CODING
CHART

To translate your program into hex. code, you have to examine each assembly language
instruction, determine its type (dyadic, monadic, etc.) and, within the type, what kind of
operation is performed {move, add, etc.). For example, if vou want to move the contents
of register a3 to register a7, the assembly language instruction is

a7=a3

This is a dyadic instruction for a move between registers operation. If you look in Part 1
of the charl, under the Addressing Mode (the Register and Register entry) and Move
columns, you will find the corresponding instruction

ad=as

20
ds

The operation coede (opcode) is 80. It is followed by the a register that is used as the
destination, which is register a7, and the a register that is used as the source, which is
regisier a3. So, the hex. code is 80 73, a 2-byte instruction,

Before Afrer
- .
» .
73 Fi]
L]
*
. *
-
» ( CER o S
al 31
aZ az
al i8 LX) 3B
- L]
» .
» .
a? HE a7 3B
afl ag

Memory Before and After Execution of 80 73

To move the conients of register 212 1o the address pointed to by register bi, the
assembly langnage instruction is

*bd=ai2

This is a dyadic instruction for a move operation between an indirect address and a
register, and in Part 1 of the chart, under the Addressing Mode (the Indirect and Register
entry} and Move columns, you will find the corresponding instruction

*bd=as

81
ds

The opcode is 81, and it is followed by the b regisler that is used as a pointer (0 the
destination, which is register b4, and the a register that is used as the source. which is
register al2. So, the hex. code is 81 4C, a 2-byte instruction.

Belore Aftar

[ L X ]
LE K |

| e
ol =
sy
h-l
~
=fma
o

| I o S [ T a0

al al

LA N
LN N ]

a1
o

ad hi ad
T } L]

b'

Y ]
Srrer
[+3

]
X
]
o
©
3
s
Ir

L)
e e

address 1AB0 20 address 1AL0

“
o,
e

Nots: Kegister b4 is assumed ta cantain address 1450,

Memory Before and Afier Execution of 81 4C
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Ta add 72 to the contents of the address pointed to by register b8 and store the resuit in
the same address, the assembly language instruction is

*p8=*b8+72

This is a dyadic instruction for an add operation between an indirect address and
immediate data, and in Part 1, under the Addressing Mode (the Indirect and Immediate
entry) and Add columns, you will find the corresponding instruction

*hd=*bd+N

A9
dF
N

The opcode is A9, and it is followed by the b register that is used as the pointer to the
destination, which is register b8, hex. digit F, and the number that is to be added, which
is 72. So, the hex. code is A9 8F 72, a 3-byte instruction.

Befora After

[ [

. -

. .

] =1 [=
aF BF

12 72

- .

- .

- »

a0 | N e

- .

- .

- -

N .

- L]

as| B8 }m3 1 i } ba

1A 1A

- »

- »

- .

- .

- .

- .

. -

address FAGS Q5 addrese 1485 77
- ]

. L]

» L]

Nute: FHegicter b 15 assumed to contain address 1ABE.

Memory Before and After Execution of A9 8F 72
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To compare the contents of the memory address 18 AB with the number 56, the assermnbly
language instruction is

*18AB-56

This is a dyadic instruction for a compare operation between a direct address and
immediate data, and in Part 1, under the Addressing Mode (the Direct and Immediate
entry) and Compare columns, you will find the corresponding instruction

*W-N
Bl
FF

W(LO)

W(HI)

N

The opeode is Bl FF. It is followed by the low contents (eight least significant bits) and
the high contents {eight most significant bits) of the address, which are AB and 18,
respectively, and the number with which the contents of the address are to be compared,
which is 56. So, the hex. code is Bl FF AB 18 56, a 5-byte instruction.

Befora Afrar

T

glzlz|z[z]eee
P
m

XX XRNENERE NN}
[EERRRR RN R D}

address 1848

(=]
[o]

address 18AB

]
Ia]

Note: No changes occur in memory contents as @ resull of the companson. however, since the result
of the comparson is negative, the nen bit in the crisset to 1.

Memory Before and After Execution of B1 FF AB 18 56



To place all zeros in the mremory address pointed to by register b3 and then brcrementd
that address, the assembly language instruction i

*b3+4=(

This is a monadic instruction for a zero operation with gutomatic incrementing of the
indirect address, and in Part 2, under the Addressing Mode {the Automatic Increment
entry} and Zero columns, vou wilk find the corresponding instruction

*Bd+4=0
23
40

The opcode is 23, and it is followed by the register that is used as the destination, which
is register b3, and 0. So, the hex. code is 23 30, 2 Z-byle instruction.

Bafora After
. -
. -
| ne — 23 | pe 73
kit 30
.
-
- -
- -
- *
. -
- -
[ [ j——) all I_ w l—)- al
- .
. .
- -
a3 80 } o3 a3 81 } v
14 1A
. .
. L]
. -
- L]
L] .
L] .
addrass TAE0 FE address 1480 ag
- L]
- -

Nata: Pegister b3 is assumed to initially ¢ontain address 1480

Memory Before and After Execotion of 23 30

Teo fump to addrese 1850, the assembly langwage instruction is
gata e 1850

(The prefiz Ox tells the assembler that the following mumber is 2 hex. number.)

This is a tramsfer instruction For an unconditioral juinp operation, and in Part 4, wnder
the Jump Instructions and Always columns, you will find the corresponding instruction

goto *W
59
W{LO}
W(HI)
The opcede is 59. Kt is followed by the tow contents {eight least significant bits) and the
high contemts feight neost significant bitz) of the address 1o which the jump is 1o be wade,
which are 50 and [8, respectively. S0, the hex. code is 59 50 I8, a 3-byte instruction.

Yau cam alse wse the instruction
it feondition} goto *W  {where the condition is always)

4%
FF
W(LO}
W(HI)

However, the ex. code is 49 FF 50 18, 3 4-byte insireclion.

Before . Aftar -
L] -

- -

[ e 59 l B F— 59
a0 50

18 18

. -

L] -

- -

L] L]

L] L

. -

N -

» -

. -

address 1850 address 1850

- L]

- -

- -

[ -

. .

L] L]

Memory Before and After Execution of 59 50 18

PA-800517 Issue 1, December 1978
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To call the subroutine at the address pointed to by register bi0 if the zero condition is

not mei, the assembiy language instruction is

it(tzero)*b10( )

This is a conditional transfer instruction, and in Part 4, under the Call Instructions and
Zero columns, you will find the corresponding instruction

if(tcondition)*bd( )

{where the condition is zero)

The opcode is 61, and it is followed by the register that contains the address of the
subroutine to be called, which is register b10, and 1. So, the hex. code is 61 Al, a 2-byte

instruclion.

Bafore

L]
L]
»
L]

pe —= | &
Al
»
LJ

LB

al
-
-
L3
L]
L
g - B10
1A
L]
-
-
L ]
address 1480 start of

- subrouring
L]

Note: Register b10 15 assurmed to contain address 1ABD,

Memory Before and After Execution of 61 Al

Afrer

Lo 7w

al

ald

address 1ABD

asad

o
prt

(1311

m
=]

-
b=

} wro

shan

seart of
subrguting

ro it

zel

Zera Condition Met

Afuar

al

ald

w
=]

} oo

start of

-
*

(L1 1 )]

address 1ABD -

subrouting

crl i I I I I IOl I zera condition not met
ro bit

zel

Zero Condition Not Met



To jump seven locations ahead of the first instruction byte in your program if bit 3 of
register al4 is a 1, the assembly language instruction is

H(bi1(3,a14)goto *(pc+5)

(The offset is 5 rather than 7 because the pe will contain an address two above that of
the first instruction byte.)

This is a register bit conditional transfer instruction, and in Pari 5, vnder the Jump
Instructions and Bil No. 3 columns, you will find the corresponding instruction

if(bit(n as)goto *(pctN)
SA
33
N

The opcode is SA, and it is followed by the register number, the bit number, and the
number of locations to be jumped. So, the hex. code is 5A B3 05, a 3-byte instruction,

Befare Atrer Afer
: - .
- . H
: : :
Offser - Offset L] Oitset
o =] sa | = % ]
€3 1 E3 1 Fo
05 0 05 o 05 0
1 Lt 1 i
2 2 I
3 2 i
4 4 ‘
5 5 '
- * e
: : :
: : :
: : :
-
ald ald ald
- - .
. * :
. - H
L . ’
a14 [ To] ol  To sta fajr o] 1] 1o o]

Memaory Before and After Excontion of 5A E3 05

L——h.l:i*[] gbng

Condition Not Met Condition Met

PA-B800517 lIssue 1, December 1978



ADDRESSING
MODE

Ragistar and
Ragistor

Registor and
Immadiate

Register and
Indirsct

Register and
Direct

Registar and
Automatic
Inecrament

Ragister and
Offsat
Memaory

Ragistar and
Offset Stack

Endirect and
Ragistar

indirect and
Immediate

Indiract and
16-8it
Register

See Note

MOVE

admas

20
ts

ad=N

80
dF

ad=*bs

85
ds

ad=*w
85
dF
WI{LG)
wiHI)
ad= *bs++

87
ds

ad="lbs+N]

ge
ds
)

ad=%}sp+N)
86
dF
N
*bo=as
81
os
*bd=
81
aF
N
“dd=bs
(9]

XOR

ad=adAas

BE
ds

ad=adAN

88
dF
N

ad=adA*bs

80
ds

ad=adA*W

D

dF
WiLO)
wiHI)

ad=adA¥bs+t

BF
ds

ad=adn [bs+N]

BE
ds
N

adeadA* (sp+N)

BE
dF
N

*bd="bdAas

89
s

*bod="bdAN

89
dF
N

*dd="ddAbs

g
ds

OR

ad=ad | as

9w
ds

ad=ad| N

20
dF
¥

ad=ad| "bs
95
ds
ad=ad | *W
95
dF
WILO!
WIHI
ad=at | *bs++
a7
ds
ad=adi *{bs+N]
26
ds
N
ad=ad | *{sp+N}

86
dF
N

*bd=*bd| as
N
ds
*bd="bd| M

91
dF
N

*dd="dd!bs

D1
dg

PART 1.— DYADIC INSTRUCTIONS

OPERATION
AND SUBTRACT
ad=ad8ias ad=ad—as
o8 AQ
ds ds
ad=ad&N ad=gd—N
ag AG
dF dF
M N
ad=ad& *bs ad=ad—*ps
je1v] AS
ds ds
ad=ad&*W ad=ad—"W
aD AR
dF dF
wWiLO) WI{LO}
WIHI} WiHI|
ad=add& “hs++ ad=ad—"hs++
oF AT
ds ds
aduad®&* {bs+NI ad=ad-*{hbs+N|
9E AB
ds ds
N M

ad=ad&* [sp+N)

9E
dF
M

*bd=*boéas
2.z}
sy

* bd=*bd&N

59
oF
N

*dd="do&bs

o9
ds

ad=ad--*{sp+N)
AB
dF
N
Fhd="hd—as
A1
ds
*bd=*hd M

Al
dF
N

*dd-*dd—bs

E1
dg

ADD

ad=ad+as

F-%:)
ds

ad=ad+N

AR
dF
N

gd=ad+*hs

Al
ds

ad=ad+*W
AD
dF
WILO)
WiHD
ad=ad+*hs++

AF
ds

ad=ad+*bs+N}
AE
das
M
ad=ad+" {sp+M}
AE
dF
N
*bd="hd+as
A9
ds
*bd= *hg+N

AQ
dF
M

*dd="dd+bs

E9
ds

Note: Instructions operating on 16-bit data identify the LO byte of the result with the specified memory address and the HI byte with the suceeeding memory address.
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COMPARE

ad—as
BO
as

ad—N

BO
df
N

ad—*hs
BS
ds
ad—*W
BS
dF
WILO)
WiHI)
ad—*bs++
B7
ds
ad—*lbs+N}
B&
ds
N
ad—* [sp-+HN

B6
dF
N

*bd—as
B1
ds

*nd—N

e1
dF

“dd--bs

F1
ds

TEST

test{ad,as)

:1:]
ds

tast{ad, N}

B8
dF
N

testiad, " bs)

BD
ds

testiad, "W)

BD

dF
W{LO}
WiHI}

test{ad, "bs++)

BF
ds

testiad,* {bs+N1)

BE
ds
N

testiad, *isp+MN]}

BE
dF
N

test{*bd as}
B9
ds
tast{*bd M)

B2
dF
M

DESTINATION~
SOURCE RANGE

d

0-15 0-14
015
0-15 014
015
0-15 0-18
015 014
0-15
0-14 0—14
0-14
014 0-14



ADDRESSING
MODE

Indirect and
16-Bit
Immadiate
Sag Noté

Automatic
Increment
antd Aegistar

Automatic
Increment
and Immaediate

Automatic
Incrament and
16-Bit Register
Sae Note

Automatic
Incrament and
16-Bit Immediate
Ses Note

CHfseat
Memory and
Register

Offsat
Memary and
tmmediate

Ofset
Memory and
Oifsat Memory

MOVE

*do=iW
(3]
dF

wiLO}

WiHI}

*bot++=as

82
ds

*hd++=N

83
dF
N

“ddt+=hbs

]
ds

*dd++=W

C3

dF
wWiLO}
WIHI}

*{pd+N}=as

82
ds
N

*{bd+N)=M

82
dF

N
4]

*{boHN)=
*{bs+M}

Cc4

ds
M
M

XOR

*dd="ddAW
co
dF
WiLO)
Wi{HID
*bd++=*bd++ras
2B
ds
*pd++=*bd++ AN
e
dF
N
*dd++="dd++Abs

cB
ds

*dd++="dd++ AW

[

dF
WwiLO}
WIHI}

“thd+N}=*Ibd4 N} A as
=238
ds
N

*{hd+M]="{bd +N} A M

“{beHNI=*lha+NIA
(b M)

zz %8

OR

*od=*dd | W
D1
dF
WILO}
WIHI

“bd H=¥hd+t | as
93
ds
*pa++="bd+ 1IN

a2
dF
N

*dd++="dd++|bs

D3
ds

*dd+i= ¥ del++ | W

D3

dF
wiLQ)
WHHI}

*{bd+N- "{Ld+N} as
a2
5]
N
*{bd+Mi="{bd+N} M

92
dF
M
M

*lud+N)=*{bd+N} |
* (bs+M)

D4

ds
M
M

PART 1 — DYADIC INSTRUCTIONS {Continued)

OPERATION
AND SUBTRACT
*dd=*dd&wW * dd=*dd-W
De E1
dF dF
wiLo) Wi{LOIl
WiHI} W(HI

*bd++=*bet++&as

9B
ds

*h4+=*bd++ BN

&8
dF
N

*dd++=*dd++8&bs

[ol:]
s

*dd++=* deH-+&W

DB

dF
WILC)
Wl

* (bl M= *{bHN ) &as

0A
ds
il

*{bdH-MI=" {bek N &M

a9n

dF
N
M

*{bd+N)="{hd+N}&
*{hs+M)

oc

s

M
N

*bett+="bd++ as

A3
ds

*b++="bd++—N

A3
dF
N

*ddt+=*dd++—bs

E3
ds

*dd+e *ddH+—W

£3

dF
wiLo)
WiHI

*{bd+N}=" {bd+N} —as

A2
ds
N

" {bd+N}="{bd+N) M

A2
dfF
N
L]

T {bo+N)=" (b +N) -
*{bs+ M)
Fa

ds
M
N

ADD

*dd="*dd+\¥

ED

dF
wiLO)
LICTH

*hdt+="hd++ +as

AB
ds

*bd++=*hat+ + N

AB
dF
N

*dd++="dd++ + bs

Eg
ds

‘dd+t=*rid++ + W

EB

dF
WiLO}
WiHI)

“{bd+MNI="{bd1N}+as

AA
s
N

*{bd 4+ N * b+ -

AA

daF
N
M

*bd+NI=*{bd+NI+
*{bs+}

EC

ds
M
M

Nate: Instructions opurating on 16-bit dala identily the LO byte of the resudt with the specified memory addrass and the HI byte with the succeeding memory address.
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COMPARE

“dd—W
=1
dF

wWiLD)

WIHI}

*hd++—as

B3
ds

*hd++—M
83
dl-
Ml

*dd++—bs

F3
ds

Edd++—W
Fa
dF
WiLO}
WiHI)

“iod) M)—as

B2
ds
N

*{hri+N}--M

B2

dF
M

M

“Ibd+N)—
*{bst+ M)

Fa
ds

TEST

testi* b4 +,a5)

BB
ds

test!* b+ M)
BB

dF
N

test {* (b +N),as}
BA
ds
N

festt* thd+N) A1)

BA
dF
M
M

test{* (bd-1i),
“{bs+M})

FC

ds
M
M

DESTINATION-
SOURCE RANGE

0-15

0--14

0--14

014

lssue 1, December 1978
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0—14

014

o014
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PART 1 — DYADIC INSTRUCTIONS {Continued}
DESTINATION-
OURCE RANGE
ADDRESSING OPERATION S G
MODE MOVE XDR OR AND SUBTRACT ADD COMPARE TEST d s
Offset *|pd+N) = “lbd +N}=* {bd+Nj A *{bd+N}=*{bd+NJ | *{ad+NI="* (bd+N] & *{bd+NI=*bd+N} — *{bd+N)="{bd+N}+ *ibd+N —*{sp+M} test(* thd+NJ, 0—14
Memory and " {sp+i) *{gp+i) *igp+m} * {gp+M) *(spt+M) *isp+M} *lapHMbi
Oftson Stack ca cc D4 oc £4 EC F4 FC
dF oF dF dF dF dF dF dF
] ] M ] M ] M it
N N N N N N N N
Dffsat *ldd+N}=bs *ldg+Nl=*{dd+Nla bs  *{dd+N)="[dd+N) | bs *dd+Ni=" {dd+N)&bs *{dd+N)=* (dd+HN) —bs *{dd M= {ddN ) +hs “{dd+Nj—bs 0-—14 o-14
Memory and
e mogister c2 cA Dz DA E2 EA F2
ds ds ds ds ds ds os
N N N N N N M
Offsat *{ddt N =W *ldd+NF=* (dd+NP AW Tidd+N)=" [dd+ N} W *ldd+NE=" {dd+N 18w *ldd+N)="{dd+N) - * {dd+N}= " (dd+Nj+W *{dd+Nj- W 0~14
Mamory and
;B‘BI:I‘ Immediiate c2 cA D2 DA E2 EA F2
ee Note dF uoF dF dF dF dF dF
N ™ N N M N N
WILO) WLy WILD) WLy WILOY WiLO) WILO)
WiHID WIHI WiHI) wiH» W{HN Wik W{HI}
Diract and *W=as W= Aas TW="Was *W=*W&as W="W-as W="Wtas “Weas tast{*\W as) 0- 14
Register 81 89 91 99 A1 Ag B BS
Fs Fs Fs Fs Fs Fs Fs Fs
W{LO) WiLO) WiLO} wiLo) WiLDH WiLD Wi{LO) WILO)
WHHI WiHI) wWiHI) Wi WIHI WIHI WIHI WiHI}
Ciirect and =M =R AN =W W=TWEN Y=t HW="WN W tast{*W N}
Immodiata 81 g9 N o9 al A9 B1 B9
FE FF FF FF FF FF FF FF
WIiLD) WILD) WiLO} wWiL) Wi{LO} wiiLO) wiLo) WILO)
wiHD WiHN WiH)} WiHI} W{H!) WIHI WIHIY W{HI)
N N N N N N N N
Dirsct *W=bs *W="WAbs W= Wi bs W= WEbs W=*W—bs "W="Wths Wb o 14
T 1 Bt e co D1 D9 €1 E9 F1
S::';“" Fs Fs Fs Fs Fs Fs Fs
ote WiLO) WILD) WiLO} WILD) W{LO} WILO) W{LO)
Wi{H# WiHI) WiHD Wi} WiHil WiHI WiHI)
Diract W=V WECWAY W=t WY “W=W—y WY Y
and 16-Bit
c1 ce o [al] Ej E9 F1
'S'“‘“h‘:"'“‘ FF FF FF FF FF FF FF
¢ Nate W{LO} WiLO} WiLD) WiLO) wILOI wiLo) wiLo)
W{HI WiHI} WiHI WIHD WiH WiHl] WiHI}
ViLO} ViLO) viLal VILO) V{LD) VILO) viLol
VIHI) ViK WVIHD WIHI YiHD ViHI} ViHI)

Note: Instructions operating on 16-bit data identify the LO byte of the result with the specified memory address and the HI byte with the succeeding memory address.



ADDRESSING
MODE

Offcat
Stack and
Royister

Ofinet
Stack and
immediste

Stack and
Offzat Momory

Offsat
Stack and
Offgot
Stack

Offsat

Stack and
16-Bit Rogigtar
San Nota

Offast

Stack and

16-Bit Immadiste
Sea Nots

MOVE

*sp+Ni=as

82
Fs
N

*{gp+N]=M

82
FF
N
M

*aptN)=
*{bs+M)

ca
Fs

M

N

*[sp+iv)=
*{ep+M|
C4
FF
M
N

*{dsp+N)=hs

c2
Fs
N

*{dapH)=w

c2
FF
']

W{LO}

WIHT)

Xon

*ispHib=*[sp+NIA at

8a
Fs
N

*isptM=*{sp+Ny A M

B8a
FF
N
1]

*spthI="(gp+N)A
*{bs+M}

cc
Fs
M
N

FlspHhl=*lsp+N) A
“{sp+M|

cc
FF
M
N

*(dsp+N)=
*dsp+-M)Abs

GA,
Fs
N

*{dsp+N)=
*dsptNIAW

CA
FF
N
wilLo)
Wit)

OR

*lsp+N)=*lsp+M}| as

a9z
Fs
N

*spHd=*{sp+N} | M

92
FF
\']
M

“lsptN)=*lsp+N) |

*{bs+M)

D4
Fs
M
N

“{ep+MNI=*(sp+ N} |

*{sp+M)

D4
FF
M
N

*{dsp+N)=
*(dsp+M}| bs
D2
Fs
N

*ldgptN}=
*laspti) iwe

D2
FE
N
wiLQ)
WUHI)

PART 1 — DYADIC INSTRUCTIONS {Continued)

OPERATION

AND

Plgpt =" fsp+NiKas

BA
Fs
M

*lsptMI="{5p+ NIAM

aa

FF
N
(8

*{sp+N="{sp+NK
*{bet+M)

Cc
Fs
M
N

*lgptN)="{sp+N|&
*{sptM)
oc
FF
A
N

*{dsp+Mjw
*{dap+MN)Rbs

DA
Fs
N

*{dsp+N)=
*{elsp+ ) &W
DA
FF
N
WILO}
WiHN

SUBTRACT

*sprNi=*{sp+M)—as

A2
Fs
N

F{spt M=l HN -

A2
FF
N
M

*{sp+N}=*{sp+N)—
“{betM}
E4
Fs
M
']

*spHhi="igp+N)—
“sptM}
E4
FF
M
N

“|dspti)=
*{dsp+N)—bs
E2

Fs
'}

*{dsp+ N)=
*ldsptMN =W

E2
FF
N

wiLO)

W{HI)

ADD

lep+N) " (sptN as

AA
Fs
N

*{spHi =" {sp+ N1+

AR

FF
N
™

"{spEN)=* (gp+Ni+
“{bs+M]

EC
Fs
M
N

*IsptN)==lsp+N |+
*lsptha)

EC
FE
M
N

*{dsp+N)=
*{dsp+N }+bs

EA
Fs
N

*(dsp+N)=
*{dsp+N W
EA
FF
N
WILO}
WIHI}

Nate: Instructions operating an 16-bit data identify the LO byte of the result with the specified memory address and the HI byte with the succeeding memory address.

PA-800517

COMPARE

*{spHN) —as

B2
Fa
N

*{sp+N)—M

82
FF
N
M

*{sp+iNi=*{bs+ M}

F4
Fs
M
M

*lsp+Ni=*{sp+M]

F4
FF
1]
N

* [dsp+h}—bs

F2
Fs
N

*{dspHNI—W

F2
FF
N

wiLQ)

WIHI}

TEST

test(™ {spti),as)

BA
Fs
N

test{* (sp+N},M)

BA

FF
N
M

test{* lsp+N),
4los+MN

FC

Fs
M
N

tast{*(sp+N},
“{sptMi}

FC
FF
M
N

Issue 1, December 1978

DESTINATION—
S0URCE RANGE
d Y
014
0--14
014
™



ADDHRESSING
MODE

16-Bit
Ragister and
16-Bit
Register

16-Bit
Rogistar and
16-Bit
immediata

16-Bit
Register and
Indirect

See Note

16-Bit
Register and
Direct

Sea Note

16-Bit
Register and
Automatic
Inerement
See Note

16-Bit

Register and
Ofiset Mamory
See Note

16-Bit
Register and
Offsat Stack
Ses Note

MOVE

bd=bs

ds

ba=W
co
dF

wW(LO)

WIHN

bd="ds

Ccs
ds

bd="w
cB
dF

wiLO)
WIHI}

bd="dy++

c?
ds

bd="{ds+N)

CE
[+:3
N

bd="{dsp+N}

CcB
aof
N

XOR

bd=bdAbs

ca
ds

bd=bdAW

o3

df
wiLo)
WiHl

bd=bdA*ds

coD
ds

bd=bdA *W

cD

dfF
WILD}
wiHI}

bd=bdA*ds++

CF
ds

bd=bdA*{ds+N)

CE
ds
N

bo=bdA * (dsp+N}

CE
dF
N

OR

ba=bd | bs

Do
ds

bod=bd| W

Do

dF
WILO)
WIHI

ba=be| “ds

DB
ds

bd=bd| *W

D5
afF

WILO)

WKl

bd=bdl *ds++

D7
ds

bd=td | *Ids+ N}

D&
ds
N

bd=bd | * (dsp+N}

D6
dF
N

PART 1 — DYADIC iNSTRUCTIONS (Continued}

OPERATION
AND

bd=bd&bs

8]
ts

bd=bdg&W

D8

dF
WILO}
WiHI

bd=bd& *ds

oD
s

bd=bd&*W
&)
dF
wi{lL.Q)
WiHll

b =kd8 *ds+1

3F
ds

ba=hd 8 * (ds+ N}

DE
s
N

bd=bd& *{dsp+N|

DE
df
N

SUBTRACT

bd=bd—bs

EDQ
ds

bd=bd~—W

ED
dF

WILO}

WiHI)

bd=bd—*ds

ES
ds

bd=bd— *W

EE

dF
wi{LQ)
W{HY

bd=bd—*ds++

E?
s

bd<bd—* {ds+N)

E6
ds
N

bd=bd—* {dsg+N}

E&
dF
N

ADD

bd=bd+bs

EB
ds

bd=bd+W
=2
dF
WILO)
WiHl)

bd=bd+*ds

ED
ds

bd=bd+*W
ED
oF
WILO)
WH

bd=bd+* ds++

EF
ds

bd=hd+*{ds+N}

EE
ds
N

bo=bd+* Idsp+}

EE
dF
N

Mote: Instructions operating on 18-hit data identify the LO byte of the result with the specified memary address and the HI byte with the succeading memory address.

PA-800517

COMPARE TEST

bd—bs

FG
ds

td —W

FO

dF
w(LO)
Wi{HI}

bd—*ds

F5
ds

bd="W

Fo
dF
WILO)
WiHI

bd—*dst+

F7
ds

b —*lds+N)

F&
ds
N

b —* {dsp+N}

F&
dF
N

issue 1, December 1978
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DESTINATION—
SOURCE RANGE

0-15

D-—-15

0-15

0—16

0- 14

0--14

015



ADDRESSING
MODE

Register

Indirect

£wtomatic
Increment

Cfset
Memory

Cirect

Offset
Stack

18-Bit
Ragister

ZERC

a0
2
qan
o=
2
il

*he D

23
4

Yibd - MI-0
s
40
M

“=0
i
Fa

wiLat

wWiHI

¥lsnd M)=g

e

Fi

N
b

&0
of

NEGATE

Bed= ad

24
a0

*hd=—*hd
25

40

it
i+ +
7
]

Pl M-
—*{Gr+N)
%

a0
M

.
5
Fa

WILOH
WIHI

L L]
-t (spHNY
28
Fi}
M

INCREMENT

1+pr
28
dl
vhd
29
dd

g+

28
di

++ HlbatN)

248
dd
H

A+
2
F&

W L

WHHE

A1 spel

25
FQ
2]

++id

68
dJ

DECREMENT

—-ad
28
a8

——*bd
23
dB

——"“b++

2B
dB

——"[bu+M)

dA
ug

——nd

L]
g

COMPLEMENT

ad=—ad

0
ol

# bed— " bd

0
dd

g

P
2F
ai

*ligd +Mi=
~ %L+ M)

ZE
il
M

=iy

0
FO
Wil
WiFNE

*lsptM]=
= Hap)
2E
FO
M

PART 2 — MONADIC INSTR JCTIONY

OPERATION
SHIFT
ARITHMETICAL
LEFT AIGHT
ad=ad*2 ad=ad/2
30 a0
di dF
"bde b 2 *lo="bd/2
3 3t
d1 dF
*hdx+= *hdt+=
*bari=2 “hd4+i2
33 33
di dF
* g+l - S+ M-
PN In2 *{bd+R §iZ
32 33
d1 dF
M M
Y= 2 W2
3 RA
F1 FF
wWiLal WiLO
LT wWiHI
= lape M- MECEIE
speN]tE Alepan 12
32 32
Ft FF
M M

SHIFT
LOGICAL
LEFT RIGHT
ud-ad<<] ar=ad>+1
38 348
o1 oF
*bd—* bd< <1 “bd=* b= #1
32 38
o1 dF
it an *hd+i=
*hd++<<1 Tl ==
36 aB
d1 aF
“lbd+N)= *lbdth b=
b+ Ml o+ M) > 1
34, 3a
d1 oF
] ]
“W=rtwa el A e
39 39
F1 FE
vALOY W L
WAHT R
*lspd Ni= epthi=
Tapaba] *sp+MN] =1
3a aa
F1 FF
N L}

ROTATE &

LEFT RIGHT
gt L CET ey |
24 34
g1 dF
Abd="ha< <1 " bo=*bd > 1
3h 45
d1 dF
*hag 4 - “hd+4
b4 ot
37 a7
d1 oF
' lbd+ M= “lpr b=
M * b M1
26 1]
d1 dF
N M

U ER R |
3%
F1
WL
WErIE
*sp e *irN)=
Flapd Nl *lspEh] e
36 a8
£ FF
N M

PA-800517

ROTATE 8
LEFT RIGHT
ad—ad$< <1 ad=ptl =41
ac 3z
dl dF
*he="pa§ <1 =t 1
jedn) o
di dF
Thdte thd++-
“bdt+E ‘b H
3F 3F
di dF
*lbdeN) = * (d #M)=
*lhd+MIg< <1 Hbd +M) =51
3E 3E
di drF
M L)
i e | W RS
40 3D
F1 FF
WiLQ) WL
wWiHI WHHI
M) = * fep+NI-
=gl )< <1 Heptil)z = $1
3E A€
F1 FF
M M

Issue 1, December 1978
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AANGE
a
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SPECIAL
ADDRESSING
MODE

Ragister and FIND LEFT
Ragister ONES

ad=flofas)

oc
ds

16-Bit LOAD
Raygistar REGISTER
ADDRESS

bd=&bs

BD
ds

LOGICAL
ADD
REGISTER

be=bd+
logical {as)

75
ds

m LOAD
See Note IMMEDIATE

rp=W
4D
aF

wi{LO)

Wi{HI}

p
LOAD
IMMEDIATE

sp=W

oD

OF
WILO}
WiHI)

Meote: The last three bits of the rp are always Q5.

PART 3 — MISCELLANEQUS DYADIC AND MONADIC INSTRUCTIONS

FIND, CLEAR
LEFT ONES
ad=ftoc{as)

4C
ds

LOAD
INSTRUCTION
ADDRESS
bd=&"pc
6D
dF

LOGICAL
ADD
IMMEDIATE
bd=bd+
logical (N}
75
dF
N

LOAD
REGISTER

re=hs

40
Os

LOAD
REGISTER

sp=bs

oo
O0s

OPERATION

COUNT
ONES
ad=bitsumn{as)

0E
ds

LOAD
MEMORY
ADDRESS

bd=&" [bs+N})

&F
ds
]

ARITHMETICAL
ADD
REGISTER

bd=bdl+as

7D
s

BUMP 4
rp=rp+8
42

LOGICAL
ADD
REGISTER

sp=sp+
logical {as)

75
Fs

LOAD
STACK
ADDRESS

bd=&"{sp+MN)

BF
dF
N

ARITHMETICAL
ADD
IMMEDIATE

bd=bd+N

D
dF
N

BUMP 8
rp=rp+16
43

LOGICAL
ADD
IMMEDIATE

sp=sp+
logical {N}
75

FF
N

PA-800517

BYTE
SWAP

swap(bd]

6A
dd

DEBUMP &
rp=rp—8
4A

ARITHMETICAL
ADD
REGISTER

sp=sptas

0
Fs

Issue 1, December 1978 14

DESTINATION~
SOURCE RANGE
d 5
0-15 015
SIGN
EXTEND
axtend (bd) 0-15 0-14
62
dd
0—14 0-14
DEBUMP B
rp=rp—1& 0-14
4B
ARITHMETICAL
ADD
IMMEDIATE
sp=sp+N 0—14
7D
FF
N



SPECIAL
ADDRESSING
MODE

cr
See Note

Stack

Stack

PART 3 —~ MISCEL LANEQUS DYADIC AND MONADIC INSTRUCTIONS (Continued)

SET CERTAIN BITS

set (N}

o
N

SAVE 8-BIT
REGISTER

push {as)
a6
05

RESTORE 8-BIT
REGISTER

ad=pop{ )
04
dg

OPERATION

CLEAR CERTAIN BITS

clear [N)

03
i

SAVE 1€-BIT
REGISTER

push {bs)
46
Os

RESTORE 16-BiT
REGISTER

bd=pop{ ]
44

do

SAVE
w
push {rp)

47

RESTORE
rp

rp=pop{ )
45

DESTINATION-—
SOURCE RANGE
d H
SAVE
cr
push {er) 0—15
a7
RESTORE
er
cr=pap{ ] 0-15
o5

Note: The bits to be set or cleared are determined by the location of 15 in N, The order of the bits of the er is as feltows: 7, Hag; 8, enable; 5, odd; 4, anes; 3, carry; 2, ovil: 1, zero; 0, neg,

PA-800517 Issue 1, December 1978 15



JUMP INSTRUCTIONS

yoto *W

qoto *lpcHN|

iflcondition) goto *W

if{lcondition) gato *W

iflcondition] goto *bd

wf{lcondition] goto *bd

iflcondition} goto *{bd +N)

if{lcondition] gota *{bd+N)

if{condition) goto *{pc+N)

i lcondition) goto *(pe+N]

PA-800517

Issue 1, December 1978

PART 4 — TRANSFER INSTAUCTIONS: UNCONDITIONAL AND CONDITION REGISTER BIT CONDITIONAL

UNCONDITIONAL

[ALWAYS}) NEG 2ERC

59

wiLO}

WiHlI
58
N
49 49 49
FF FO F1

wW{LO) wiLO) WILD}

WIHI) WiHI) wiHI
a1 a1 41
FF FD F1

wiLO) Wit 0) WL}

WiHN WiHI) WIHI)
a9 49 48
dF d0 di
41 41 41
dF do d1
a3 43 48
dF do di
N N M
40 40 40
dF do d1
N N N
48 48 48
FF FO F1
N ™ [
40 40 40
FF FQ F1
] N N

OVFL

49
F2
wiLO}
winl}

41
F2
wiLO!
WIHI

4%
d?

4
d2

48
dz2
N

a6
a2
M

48
F2
N

40
F2
N

CARRY

49
F3
WiLO)
WiHI}

a1
F3

W{LO)

WiHH

49
d3

11
a3

48
d3

40
d3

43
F3

40
F3
N

ONES

48
F4
wiLQ)
WIHI)

W1
=4
wiLG)
WHI)

49
a4

41
d4

48
dd
N

40
d4
N

a8
F4
]

40
Fa
N

obD

49

5
W{LO)
WiH1)

41

F5
w{LOl
wiH 1

49
db

41
d5

48
db
N

40
a5
N

48
Fh
N

40
F&
N

CONDITION

ENABLE

49
F&
WILD}
WIHI

a1
F6

WiLO)

WiHI}

a3
o6

41
dé

48
dé
N

40
d6
N

48
Fe&
N

40
F&
N

FLAG

49

F7
wiLO)
WIHE

41
F7

WILD)

WiHI

49
d7

41
d7

48
d7
N

40
d7
N

48
F7
M

40
F7
M

LT

4G

F8
wi{LQ)
WiH{}

4

F&
WwiLO)
WiHi)

49
d8

4
d&

45
dg
N

40
dg
M

48
8
[}

490
F8
N

LTEQ

49

Fa
wiLO}
WIHI)

41

Fg
W{LO)
W(HI)

49
d9

41
d9

a8
d9
N

40
d9
N

48
F9
N

40
F9
N

LLTEQ HOMOG SHOVFL
48 49 49
FA FB FC

WiLD) W{LOY WiLO)

WiH WiHII Wi{HI
41 41 41
FA FB FC

wiLQ) wi{LO) WILO)

W{H3I W{HU) WiHI}
49 49 43
dA dB dC
41 41 41
dA a8 dc
48 48 48
dA dB dC
N N N
40 40 40
dA oB dc
N N N
48 48 48
FA FB FC
N N N
4D 40 40
FA FB FC
N N N

16

DESTINATION
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UNCONDITIONAL

CALL INSTRUCTIONS {ALWAYS)
Wi} 79
wiLoh
WiHI
iflcondition) *Wi{ ) &9
FF
W LGN
WI{H I}
if[Icondition) *W{ } 61
FF
W{LD)
WiHI
iflcondition) *bd( } 69
dF
ifllcondition) *bal ) 61
dF
RETURN INSTRUCTIONS
raturn 6g
ireturnl } 67
iflconditien] return 64
OF
iftlcondition) return 65
OF

PART 4 — TRANSFER INSTRUCTIONS: UINCONDI TIONAL AND CONLM TION REGISTEH BIT GUNLIYVIONAL iGontnued:

NEG

69
FQ
WiLO}
Wi}

681
FO
WILOJ
WIHI}

69
do

51
do

64
00

-1
co

ZEROQ

69

F1
WiLO}
WHHI

61

F1
WILO)
WiIHI)

B9
dl

61
di

G4
01

85
o

OVFL

69
F2
W{LO!
W{HI)

a1

F2
wiLo
WiHI

69
d2

61
dz2

64
a2

69
02

CARRY

69

F3
Wi{LO}
WIHI}

&1

F3
WiLD)
WiHI)

69
d3

61
d3

64
03

G5

03

ONES

69
F4
W(LO}
WIHI

61

F4
WILO)
WIHI)

69

g1
d4

64

65
01

CONDITION

oDD ENABLE

69 69
F5 F&
WiLO} WILO)
WIHI W{HI}
g1 81
F& F6
WILO wiLO|
WiHI WiHI}
&9 69
db o
61 61
oS d8
64 64
05 [t+]
65 65
05 o]

FLAG

69

F7
WILO}
WiHI)

61

F7
WILO}
WiHI

69
d7

B1
d?

o7

65
o7

LT

89

F8
WILO)
WHI)

61

F&
W{LOI
WiHI)

5]
dg

61
d8

64
08

65
08

LTEQ

89

F9
WILO)
WiHI}

81
Fg

wi{L0}

WiHI}

6%
d9

61
di

64

6E
08

PA-B0O0517

LLTEQ

69

FA
wiLO)
WiHI}

61
FA
W{LO)
W{HH

69
dA

61
dA

64
0A

65
04

HOMOG

69
FB
WiLO)
W{HI}

61
FB
wi{LQ)
WHI}

G9
dB

61
dB

64
0B

85
QB

SHOVFL

69
FC
wWiLQ)
WiHI)

&1
FC
WILD)
W{HI}

53]
dC
51

dC

64
cC

&b
oc

lssue 1, December 1978
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RANGE
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JUMP INSTRUCTIONS
if{bit{n,as}) goto *{pctN)

if{!hit(n,as}) goto *{pc+N)
if(bit{n,;bs}! goto *{pctN)
if{bit{n, *bs}} goto *{pc+N}
if{bit{n,*bs++)} goto *{pctN)
if{1bit{n,*bs++}) goto *{pc+N)
MISCELLANEQUS

halt( } 78

nop( } 7F

PART b — TRANSFER INSTRUCTIONS: REGISTER BIT CONDITIONAL AND MISCELLANECUS

A
s0

52
s0

o8
s0

z23 8

7B
50

73
50

Mate 1: Register bit number 7 is the most significant bit.

Note 2: N is'a positive or negative number (signed 2s complement).

7B
51

73
s1

hA
52

52
52

5B
52

52

7B
52

73
s2

REGISTER BIT NUMBER (n)

3 L)
54 BA
53 s4
N N
52 52
53 s4
N N
5B 5B
53 54
N N
53 53
53 s4
N N
7B 7B
s3 s4
N N
73 73
53 54
N N

62
55

5B
sH

83
15

7B
s5

73
5b

PA-800517

52
56

z5% 3

258

78
56

73
s6

Issue 1, December 1978

SOURCE
RANGE

5A 0—158
57

52 0-15
57

57

53 0-—15
s7

7B 0-15
57

73 0—15
s7
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01

03
04
05
08
07

oc
oD
oD
OE
20
2

21

22
22
23
24
25
25
26
26
27
28
28
20
20
29
29
28
2A
2A
2A
2B
2B
2C
2D
o]

Note: The Condition column identifies which bits of the cr are affected by the operation. The charactars are defined as fo
bits; H, affects enable bit; M, mask determines bits affected; N, no effect: and 5, byte popped determings bits affected. |
dyadic instructions {move, exclusive OR, OR, AND, subtract, add, compara) and by 16-bit
instructions and by all rotate and shift instructions in an undefined manner. The conditio
It = neg A ovfl; Iteq = zere | (neg A ovfll; liteg = carry | zero: hamog

dd

as

ds

43

OF
ds

dD
o
FOQ
a0
FO
do
do
do
FO
do
FO
ol
af
d8
do
d8
Fo
F8
do
d8
FQ
Fa
do
dg
do
di
FO

MACHINE CGDE
BYTE
3 4

WILOL  WiHD)

WILO} WHN)

WILO) WiHI}

WILQO)Y W(HI)
WILO) W(HI}

22 2=

W{LO) W{Hh

PART 6 — SUMMARY OF MACHINE CODES

ASSEMBLY LANGUAGE
INSTRUCTION

set(M)
clear{N)
ad=pop({ }
cr=pap( |
push{as}
pushicr)
ad=flo{as}
sp=bs
sp=W
ad=bitsum{as}
ad=0
*bd=0
*W=0
* Ibd+N)=0
*lsp+N)=0
*hd++=0
ad=-ad
*bd=—"hd
W WY
*“{hd+N)y=—*{bd+N}
*sprENy=—*{sp+N)
*bdt+=—*bd++
++ad
——ad
4+*bd
- : |
++ W
T T
++"{bd+N}
—~*{bd+N)
++ {5p+ )
——*{sp+N!
++*hd+
~="bd++
ad="-arl
*bel= ~ *bd
e~ My

ADDRESSING
MODE

or
cr
Stack,
Stack
Stack
Stack
Renister and Registsr
5p
sp
Hegister and Register
Register
Indirect
Direct
Offsat Memory
Offset Stack
Autamatic Increment
Register
Indirect
Diract
Offser Memory
Dffset Stack
Automatic Incrament
Ragister
Register
Indirect
Indirect
Direct
Direct
Offset Memory
Offsat Memory
Offset Stack
Dffset Stack
Automatic lncrement
Automatie increment
Register
Indirect
Direct

PA-800517

OPERATION

Zet Cortain Bits
Clear Certain Bits
Hestore 8-Bit Register
Restare cr
Save B-Bit Register
Save ¢r
Find Left Ones
Load Register
load Immediate
Count Qnes
Zero
Zero
Zero
Zero
Zero
Zero
MNegate
Megata
MNegate
Megate
Megate
Negata
Increment
Decrement
Increment
Decremert
Increment
Deerement
Increment
Deacrement
Increment
Decrament
Increment
Decrement
Complement
Complement
Camplament

COMDITION
(See Note)

il
hl

TTMNEPrPErrrrebrEPr P T I TI T TEZFE 1P Pin >

Hows: A, affects the neg, odd, zero, ones, ovfl, and carry bits; F, affects neg, add, zero, and ones
llegal opcodes have no effect on the hits of tha er. The odd and cres bits ore affected by ail 18-bit
increment and decrement instructions in an undefined manner. The ovfl bit is affected by 8- and 16-bit incremant and decre ment
ns It, Mteq, liteq, homog, and shovfl are not part of the ¢ but are lagical combinations of the cr bits, They are derived as follows:
zero | ones; and shovfl = neg A carry.

Issue 1, December 1978
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2E
2E
2F

N

31

31

32
32

32

32

33

33
34
34
35
35
35
35
36
36
36

36
37

37

38
38
39
39
39
39
3A
3A
34
3A
3e
3B
3C
3C
30
30
30
30
3E
3k
3F
3F

3F

3F

do
FO
dd
d1
dF
d1
dF
F1
FF
d1
dF
Fi

¢t
dFf
d1
dF
a1
dF
F1
FF
a1
dF
F1
FF
dl
dF
d1
dF
d1
dF
F1
FF
d1
dF
F1
FF
d
dF
di
dF
d1
dF
Fi
FF
d1
dF
F1
FF
d1
dF

MACHINE CODE
BYTE
3 4

M
N

WILO} W(HI}
W{LO) WiHD

ZZZZ

W{LO) W(HI)
WELOI W{HD

222 2

WILD) W{HI}
WILO) W{HI}
N

N
N
N

WILO) Wik
WILOY W(HE}
N

N
N
N

PART 6 — SUMMARY OF MACHINE CODES (Continued)

ASSEMBLY LANGUAGE
INSTRUCTION

*bd+N}= ~ *{bd+N)
“(sp+)= = “{sp+N}
* b ++=~"pd++
ad=ad*2
ad=al/2
*bd="bd*2
*hd="bd/2
W=Tw2
W= W2
“{bd+N1="{bd+N}*2
*lbd+N}=" {bd+N}/2
*{spHNi="(sptN)* 2
*isp+N)="{sp+N}/2
“b++="hd++"2
*bd++="bd++{2
ad=ag << <1
ad=ad > > 2> 1
*bd~"bd << <1
*bd="bd >>2>>1
"W MW < <<
WetW I
*{bd+Ni="{bd+N} <<
*{bd+Ni="ibd+N} >>1
*isprN)=" [sptN) <T<0<C 1
*leprNI="{sp+N} > > > 1
*hd++="hd++ < <=1
*bd++="bd++ > > > 1
ad=ad <=1
ad=ad >2>1
*bd=*hd << 1
*ho="bd >0 1
W=t <<
WtW
Fbd+N)="{bd+N| < <1
*ihd+N)=*{bd+Nj > > 1
HsprNp=* {spEN} <<
*lsp+N)="{sptN} >+ 1
*bo++="bd++ < <1
Fhd++="bd++ > 1
ad=ad$ <11
ad=ad > > §1
*bd="bd$-<1
*bd="bg >>$1
*W="ws <1
W= I >3
*ibd+N}=*{bd+N}$ <I<{1
*fod+N)="{bd+ N} > > $1
*{sp+N="{sp+N1$ <=1
*{sp+N)=*{sp+N} > 2> §1
*hed+=*hd++% <7<
*bd++="bd++ 2> > H1

ADDRESSING
MODE

Offset Memory
Dffset Stack
Automatic Increment
Register
Register
Indirect
indirect
Drect
Dirsct
Offset Memory
Qffset Memary
Offset Stack
Offset Stack
Automatic Incramernt
Automatic Increment
Aeqister
HAcgister
Indirect
Indirect
Direct
Direct
Dffset Memary
Dffset Memery
Offset Stack
Offsat Stack
Automatic Inerement
Automatic bncrement
Register
Register
Indirect
Indirect
Direct
Direct
Offset Memaory
Offset Memory
Offsat Stack
Offset Stack
Automatic Increment
Automatic Inerement
Register
Register
Indirect
indirect
Direct
Direct
Offset Memory
Oflfset Memory
Offset Stack
Offset Stack
Automatic Increment
Automatic Inerement

PA-800517 Issue 1, December 1978

OPERATION

Complement

Complement

Complement
Left Arithmetical Shitt
Right Arithmetical Shift
Left Arithmetical Shift
Right Arithmetical Shift
Left Arithmetical Shift
Right Arithmetical Shift
Left Arithmetical Shift
Right Arithmetical Shift
Left Arithmatical Shift
Right Arithmetical Shift
Left Arithmetical Shift
Right Arithmetical Shift

Left Rotate B

Right Rotate 8

Left Rotate 8

Right Retate 8

Left Rotate 8

Right Rotats 8

Left Rotate B

Right RAotate B

Left Rotate 8

Right Rotate §

Left Rotate B
Right Roptate 8
Left Logical Shift
Right Logical Shift
Left Logical Shift
Right Logical Shift
Left Logical Shift
Right Logical Shift
Left Logical Shift
Right Logical Shift
Left Logicat Shift
Right Logical Shift
Left Logical Shift
Right Loglcal Shift
Left Rotate 8
Right Rotate 9
Left Rotate 9
Right Rotate @
Left Rotate 8
Right Rotate 9
Lett Rotate 9
Right Rotate 9
Left Rotate 9
Aight Rotate &
Loft Rotate 9
Right Rotate 2

CONDITION

PP PFPFPEPEPIEDPLDPILILPDRRPRPRERRPRPRPRPRPPRPEPRP PP PP PP
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1 2
40 de
40 Fe
4 dc
41 Fg
42
43
44 dd
45
46 0s
47
48 de
L] F¢
49 de
49 Fc
44
48
ac ds
4D 0s
4D 0F
52 sn
53 Hil
58 N
58  WILO)
SA sn
58 sn
&0 dd
B1 dc
&1 Fc
62 db
&4 Oc
BA Qc
[:13]

67

&8 dd
[+ d8
[i3:] de
[ii] Fe
GA, do
60 ds
gD dF
GF ds
6F JF
73 $n
Note 1:
Mota 2:

MACHINE CODE

BYTE

3

N
V]

Ww{LQO)

WILO}

W{LO|
N
N

WiHI)
N
N

WILO}

W{LO}

=Z=Z =2

PART 6 — SUMMARY OF MACHINE CODES {Continued)

ASSEMBLY LANGUAGE ADDAESSING
4 b INSTRUGCTHON MODE OPERATION
See Note 1 if{lcondition)gota™{bd+N} Jump
See Note 1 if{lcondition}goto* (pe+N) Jurmip
Seg Note 1 if{lconditionigoto*bd Jurmp
W(HI} See Note 1 iflleondition}goto "W Jump
rp=rp+4 re Bump 4
rp=rp+16 p Bump 8
ba=popt } Stack Restore 18-B3it Aegister
rp=papl | Stack Restore rp
push{bs) Srack Save 16-Bit Register
pushirp) Stack Save rp
See Mot 1 if{conditionigoto* (bd+N) Jump
See Note 1 ificonditionjgoto™ {petM| Jump
See Mote 1 ifleonditiongoto *bd Jurnp
WiHI) See Note 1 if{condition Jgoto™*W Jump
rp=rp—8 rp Debump 4
rp=tp—16 [f+] Debump B
ad=floc{as) Register and Register Find, Clear Left Ones
rp=bs p Load Reqister
W{HII p=w rp Load Imrnediate
See Note 2 if{Ibit{n,as} }ooto* {pc+; Jump
See Note 2 if{lbit{n, *bs) }goto™* {pe+N), Jump
goto® (potN) Uneonditienal Jump
goto "W Unconditional Jump
See Mote 2 if{bit{n,as} igoto " tpc+N) Jump
Seu Note 2 if{bit{n, *bs} Jgota* (pe+M) Jump
bd=0 16-Bit Register Zero
See Note 1 if{lcondition) “bd{ ) Call
WIHIl Sea Note 1 ifilcondition)*Wi ) Call
extend {bd} 16.-Bit Register Sign Extend
See Note 1 if(conditionjreturn Return
Seoe Mote 1 if{lcondition)return Return
return Return
i roturn{ } Interrupt Return
++bd 16-Bit Register Ingrement
—=bd 16-Bit Registar Decrement
Sse Note 1 iflcondition}*bd{ | Call
W(HI} Sec Note t if{eondition) *W( ) Call
swanibd) 16-Bit Register Byts Swap
bd=&bs 16-Bit Register Load Register Address
bd=&"pe 16-Bit Register Load Instruction Address
bel=&* {bs+N} 18-Bit Register Load Memory Address
bd=8&* {sp+N) 16-Bit Register Load Stack Address
See Note 2 it{!bit(n, *bs++) Jgoto® (peti) Jump

n is the register it number.

¢ is the candition. Its value is as follows: Q, neg; 1, zera; 2, ovll; 3, carry; 4, ones; §, odd; 6, enable; 7,flag: 8, t; 9, Iteq; A, liteg; B, homag; C, shovfl; F, always.

COUDITION

ZZZTZE2ZZEZPPVEZZ 2 E2Pr ECE E R R R EENEEEEEEZEER2 2R 222222
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MACHINE CODE

BYTE
1 2 3 )
75 ds
75 dF N
75 Fs
75 EF N
78
79 WILOH  WIHN
iB Ll M Sea Note
o ds
70 dF N
0 Fs
70 FF N
7F
80 ds
80 dF N
81 ds
81 dF N
81 Fs WILO WiHO
81 FF WILOY W{HD
B2 ds N
g2 dF N It
B2 Fs Il
B2 FF N M
83 ds
83 dF 4]
85 ds
85 dF WILOY WIHY
B8 ds ]
B& dF N
B? ds
88 ds
38 dF N
89 ds
ga dF N
89 Fs wiLey WiHD
89 FF WILDY wiHI}
84 ds N
84 dFf N M
8A Fs M
84 FF N M
88 ds
8B dF N
8D ds
aD dF WILO! WIHH
8E ds N
8E dF N
aF ds
90 ds
a0 dF N

Note: nis the register bit number,

PART 6 — SUMMARY OF MACHINE CODES {Continuad}

ASSEMBLY LANGUAGE
INSTRUCTION

bd=bd+logical{as}
bd=hd-+ogical [N}
sp=sp+lagicallas)
sp=sptlogical (W)
halel
W)
ifibittn, *bs++) Jgote T {pc+N)
bd=bd+as
bd=bd+N
sp=sp+as
sp=sptN
nop{ ]
ad=as
ad=N
*bd=as
"bd=N
“W=as
"W=N
*(bd+N}=as
*lbd +Mi=M
*lsptN)=as
*(spN)=M
*bd++=as
Bl ++=N
ac="bs
ad="W
ad="bs+N}
ad="{sp+N}
ad="“bst+
ad=ad Aas
ad=ad AN
“bo=*bd A as
“bd="bd AN
w-"wW Aas
W tW AN
"{bd+N}="Ibd+N} A as
*{bd+Ni="{bd+N) A M
*lsprNi=*{spHiY Aas
*sp+N)="{sp+N) A M
“ho++="hd++ Aas
*bd++="bd++ AN
ad=ad A *bs
ad=ad A *W
ad=ad A *{bs+N)
ad=ad A "lsp+N}
ad=ad A *bs++
ad=ad | as
ad=ad [N

ADDRESSING
MODE

16-8it Register
16-Bit Repister
P
sp

16-8it Register
16-Bit Register
sp
sp

Register and Register
Register and Immediate
Indirect and Register
Indirect arid Immediate
Direct and Register
Direct and |mmediate
Qffset Memory and Register
Offset Memory and Immedizte
Offset Stack and Register
Offset Stack and tmmediate
Automatic Increment and Register
Automatic Increment and Irnmediate
Register and Indirect
Register and Direct
Ragister and Offset Memary
Register and Offset Stack
Register and Automatic Increment
Register and Register
Register and immediate
Indirect and Register
indirect and Ilmmediats
Citect and Ragister
Cvreet and Immediate
Offset Memary and Register
Offset Memory and Immediate
Offset Stack and Register
Offset Stack and Immediate
Automatic Increment and Register
Automatic Increment and Immediate
Register and Indirect
Register and Direct
Register and Qffset Memory
Reagister and Offset Stack
Register and Automatic Increment
Ragister and Register
Register and Irmmediate

PA-800517

OPERATION

Logical Add Register
Logical Add Immediate
Logical Add Register
l_ogical Add Immediate
Halt
Unconditional Call
Jump
Arithrnetical Add Register
Arithmetical Add Immediate
Arithmetical Add Register
Arithmetical Add lmmediate
No Operation
Move
Move
TWove
Wove
Move
Move
Move
Mave
Move
Move
Move
Move
Move
Move
Maove
Mava
Mave
Exelusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive QR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive R
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
OR
OR

1ssue 1, December 1978

CONDATION
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ds
dF
Fs
FF
ds
dF
Fs
Ff
ds
dF
ds
dF
ds
dF
ds
ds
dF
ds
dF
Fs
FF
ds

Fs
FF

dF
ds
dF
ds
dF
ds
ds
dF
ds
dF
Fs
FF
ds
dF
Fs
FF
ds
dF
ds
JF
ds

ds

MACHINE CODE
BYTE
3 4 B
N
W{LCI WiHl)
WLOT WiHD N
N
N M
N
N M
N
WiLA) W(HD
N
N
N
N
W{LO) W{HI}
W{LO)Y W(HI) N
N
N Tt
N
N M
N
WILO] WIH{)
N
N
N
N

WILOY W{HI} N

N
N M
N
N M
N
W{LG) W{HI)
N
N

PART 6 — SUMMARY OF MACHINE CODES {Continued}

ASSEMBLY LANGUAGE
INSTRUCTION

*hd="bdlias
“bd="bdlN
“W="wlas
*w="wln
*(hd+M)=" {bd+M) | a5
“ b +N)="{bd+N) [m
*{sptMN)=*{sp+rN}as
*sprNi=*(spN) M
*lad++="*bd++ i as
*b++="he++| N
ad=ad| *bs
ad=ad | *w
ad=ad | *{bs+N)
ad=ad | *{sp+N}
ad=ad | "ts++
ad=ad&as
ad=ad&M
“bd="*bd&as
*bd="*bd &N
W= W&as
"W="WE&N
*{bd+N)-" b+ N)&as
*thd+N}=" (bd+N}&M
*sp+N)="{sp+N)&as
“{sptNI= T (sp+NI&M
“hel++=*d++Beas
*ho++="bd++&N
ad=ad&*bs
ad=ad&™W
ad=ad& " {bs+MN}
agd=ad& " {sp+N}
ad=ad& bs++
ad=ad—as
ad-ad -N
*bd="bd —as
*bt="bd ~N
W= W —as
=W
* thd+N}=" (bd+N) —as
*{pd+M =" (bd+N} —M
" {sptN)=*{sp+N) —as
*{sp+NI="{sp+ NI -M
“bd++="bd++—as
*bd++="hd++ -N
ad=ad—*bs
at=ad-"W
ad=ad—" {bs+N}
ad=ad —"{sp+N)
ad=ad —*bs++

ADDRESSING
MODE

Indirget and Register
Indireci and Immediate
Direct and Reqgister
Direct and Immediate
Offset Memory and Register
Offset Memaory and |mmediates
Offset Stack and Register
Offset Stack and Immediate
Automatic Increment and Register
Automatic Increment and Immediate
Register and Indirect
Register and Direct
Register and Offset Memory
Ragister and Offset Stack
Register and Automatic Increment
Register and Regizter
Register and mmediate
Indirect and Register
Indirect and Immediate
Dirert and Register
Direct and Imrmediate
Offset Memory and Register
Offset Memory and Immadiate
Offset Stack and Register
Offset Stack and 'mmediate
Automatic Increment and Register
Automatic Increment and lmmediate
Register and Indirect
Register und Direct
Register and Offset Memory
Register and Offset Stack
Register ang Automatic Increment
Register and Aegister
Register and Immediate
Indirect ang Register
Indirect and Immediate
Direct and Register
Direet and Immediate
Otfset Memory and Register
Dffset Memory and lmmadiate
Dffset Stack and Register
Offset Stack and Immediate
Automatic Increment and Register
Automatic Increment and |mmediste
Ragister and Indirect
Register and Direct
Register and Offset Memory
Register and Offset Stack
Register and Automatic Increment

OPERATION CONDITION

R
QR
OR
OR
aR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AMD
AND
AND
AND
AND
AND
Subtract
Subtract
Subtract
Subtract
Subtract
Subtract,
Subtract
Subtrant
Subtract
Subtract
Subtract
Subtract
Subtract
Subtract
Subtract
Subtract
Subtract

LPPP.DPIbibb:b)rb)’}bJ:v:bb}-n'n'n-n-n-n-n'n'n-n-n-n-n'nm*n'r-n-n-n-n-n-n-r!-n-n'n'n-n-n‘n-n
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A8
A8
AS
AG
A
AL
AA
AA
AA
Al
AB
AB
AD
AD
AE
AE
AF
BO
BO
B1
H1
B1
B1
82
B2
a2
B2
B3
a3
BS
B5
BB
B6
B7
88
B8

B9
B9
89
BA
BA
BA
BA
[2]:]
BB
BD
BD
8E
BE

ds
dF
ds
dF
Fs
FF
ds
oF
Fs
FF
ds
dF
ds
dF
ds
dF
ds

dF
ds
dF
Fs
FF
ds
dF
Fs
FF
ds
dF
ds
dF
ds
dF
ds
ds
dF
ds
dF
Fs
FF
ds
dF
Fs

ds
dF
ds
dF
ds
dF

MACHINE CODE

BYTE
2

wiLO}
WILO}

2222

Z

Ww{LO)

WILO)
W{LOD)

ZZ 22

Z

Ww{LO)

WILO}
wiLO)

ZZEZZ

=z

WiLO)

4

WiHI)
WiH!)

WiHI}

WIHT}
WiHI}

WHHI)

WiHN
WHI

WiH1)

PART 6 — SUMMARY OF MACHINE CODES {Continued}

ASSEMBELY LANGUAGE

INSTRUCTION

ad=ad+as

ad=ad+i
*od="bd+as
*bd="bd+N
*iy="W1as
W TN

*{bd+N)=" {bd+N}+as
*[bd+N}=* {bd+N}+M
*lsp+N}="[sp+ N)+as
*{aprNi=" (st N+M

“hd++="hd++ +as
*bd++="bd++ +N
ad=ad+" s
ad=ad+ "W
ad=ad+ " {bs+N)}
ad=ad+ " {sp+N)
ad=ach+ "be++
ad —as
ad—M
*bd—as
*bd—N
“W_as
“W-N
*lbd+N) —as
*{bd+N} M
*{sptN)—as
*lsptN)-M
“be++—as
“pd++-N
ad—"bs
ad-—"W
ad—"ibs+NI}
ad —*{sp+N}
ad —"bs++
testiad,as)
test{ach, M}
test{ *bd,as}
test{*bd,N|
test | *W,as)
test{“W,N)
test{ {bd+N},as)
test( " {bd,Ni M}
test{*{sp+i},as)
testt” (sp+N},M}
test{ *bd++,as)
test{*bd++,N}
testiad, "bs)
testiad, *Wh
testlad, * bs+N)
test{ad, *{sp+N}

ADDRESSING
MODE

Register and Register
Register and lmmediate
Indirect and Register
Indireet and Immediate
Direct and Reaister
Direct and Irmmediate
Offset Memory and Register
Offset Memaory and Immediate
(Offset Stack and Register
Offset Stack and Immediate
Automatic Increment and Register
Automatic Increment and immediate
Register and tndirect
Register and Direct
Register and Offset Memory
Register and Offset Stack
Fegister and Automatic Increment
Register and Register
Register and 'mmediate
Indirect and Register
Indirect and Immediate
Direct and Register
Dirget and Immediate
Offset Memory and Register
Offset Memory and Immediate
Offset Stack and Register
Cffset Stack and Immediate
Actomatic Increment and Register
Automatic Increment and Immediate
Register and Direct
Register and [ract
Register and Cffset Memory
Register and Dffset Stack
Register and Automatic Increment
Register and Register
Register and Immediate
tadirect and Register
Indirect and Immediate
Direct and Register
Direct and lmmediate
Offsat Memory and Register
Offset Memory and Immediate
Ofiset Stack and Register
(fset Stack and Immediate
Automatic Increment and Register
Automatic Inerement and Immediate
Register and Indirect
Reqister and Dirgct
Register and Offset Memory
Register and Offset Stack

PA-800517

OPERATION

Compare
Compare
Compare
Compare
Compate
Campare
Campare
Campare
Compare
Compare
Compare
Compare
Compars
Compara
Campare
Comparg
Compare

issue 1, December 1978

Add
Add
Add
Add
Add
Add
Add
Add
Autd
Add
Add
Add
Add
Add
Add
Add
Add

Test
Test
Test
Test
Test
Test
Test
Test
Fest
Test
Test
Test
Test
Test
Tast
Test

'n'nﬂTl‘n'n'ﬂﬂ'nﬂ‘r!'n'rl'n'nﬂ‘,bbbI=)a-:b‘.bhbbbbhbbbbbbbbb}bb}bbbbbb)}

CONDITION
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BF

co
c1
1
<1
C1
c2
c2
c2
c2
Cc3
c3
C4
c4

Cc4
CcE
Ch
C6
Cc6
c7?
c8
c8

ca

c9

c9

CA
CA
CA
CA
ce
CB
cC
cC
cc
cc
cD
ce
CE
CE
CF
Do
Bo
>

D1

o1

o1

ds
ds
dF
ds
dF
Fs
FF
ds
dF
Fs
FF
ds
dF
ds
dF
Fs
FF

dF
ds
df
ds
ds
dF
ds
dF
Fs
FE
ds
dF
Fs
FF
ds
dF
ds
dF
Fs
FF
ds
df
s
dF
ds
ds
dF
s
dF
Fs
FF

MACHINE CODE
BYTE

3

WILO)

WILO}
W{LO)
W{LO)

2222

W{LQO)

=2 RS

WiLO)

W(LO)

W{LO}
W({LO}
W{LO)

ZZ2Z2

WILO}

=EE2E=

W{LO}

W(LO)

W{LO}
W{LO}
W(LO)

4

W(HI}
WIHI
WiHI1}
W{HI}
WILO}
WILO}

Wi{HI)

2Z2Z2

WIHI}

WiHI)
WiHI}
WiH)
WiHII
Ww{LO}
WLO)

WIHI}

=Z=F =

W{HI

Wi{HI)

WIHI)
W{HI}
WHI

WILO}
WIHI}

W{HI

ViLO}
W(HI}

WiH}

VILO)

VIHT}

ViHI)

ViHU

FART 6 — SUMMARY OF MACHINE CQDES (Continued}

ASSEMELY LANGUAGE
INSTRUCTIONS

test{ad,*bs-++)
bd=hs
bd=W
*dd=bs
*dd=W
*W=hs
=y
" {dd+N )=hs
*{dd+iy =y
*{dspi N=hs
*{chsp+N)=w
*dd++=hs
*dd-+H=w
*{bd+N)="(hs+M}
(b N)=" [sp+M)
*lsptNi=* {bs+M}
*{sptNI="(sp+M}
bd="ds
bd="\W
bd="{cls+N}
bd="{dsp+N)
bd="ds+ I
bd=hd A bs
bd=bd A W
“do="dd Abs
*dd="dd AW
"W="W Abs
*W=tW A Y
*{dd+N}="{dd+N} A bs
*idd+N)="{dd+N} AW
*fdsp+N)="{dsp+N) A bs
*{dsp+Np-*dsp+N) AW
‘dd++="dd+t Abs
“dd++="dd++ AW
*lhd+NI=*{bd+N) A ¥ {bs+M)
Fibd+N}="{hd+N} A * (sp+i}
*lsp+NI=* (sp+N) A *{bs+M])
FlsprNl="{s0+N)} A F{sp+M)
be=hd A “ds
bd-bd A *Ww
bd=bd A *{ds+N)
bd=bd A *{dsp+N}
bd=bd A *ds++
bd=bd | bs
bd=bd | W
*gd="dd | bs
“dd=*dd | W
W= [ s
W=t |y

ADDRESSING
MODE

Register and Autamatic Increment
18-8it Register and 168-Bit Registor
16-Bit Register and 16-Bit Immediate
Indirect and 16-Bit Register
Indirect ard 16-Bit Immediate
Direvt and 16-Bit Register
Direct and 16-Bit lmmediate
Offset Memory and 16-Bit Hegister
Offset Memary and 16-Bit Immedite
Offset Stack and 16-Bit Register
Offset Stack and 16-Bit Immediate
Autorratic Increment and 16-Bit Reyister
Automatic Increment and 18-Bit Immediate
Offset Memory and Offsat Memory
Offset Memory and Offset Stack
Offset Stack and Offset Memory
Offset Stack and Offset Stack
16-Bit Register and Indirect
16-Bit Register and Diirect
18-Bit Register and Offset Memary
18-Bit Register and Offset Stack
18-Bit Register and Automatic Increment
16-Bit Register and 16-Bit Registor
16-Bit Register ang 18-Bit Immediate
Indirect and 16-Bit Register
Indirzct and 18-Bit Immediate
Direct and 16-Bit Registar
Direct and 16-Bit Immediate
Offset Memory and 16-Bit Register
Offset Memory and 16-Bit Immediate
Offset Stack and 16-Bit Register
Offset Stack and 16-Bit Immediate
Avtomatic Increment and 18-Bit Register
Automatie Increment and 18-Bit Immirdiate
Qffset Memory and Offset Memory
Offset Memoary and Offset Stack
Qffset Stack and Offset Memory
Offset Stack and Offset Stack
18-Bit Register and Indirect
16-Bil Register and Direct
16-Bit Register and Offset Memory
16-Bit Register and CHiset Stack
16-Bit Register and Automatic Increment
16-Bit Register and 16-Bit Register
18-Bit Register and 16-Bit Immediate

indirect and 16-Bit Register
Indirect and 76-Bit Immediate

Direct and 18-Bit Register
Birect and 18-Bit Immediate

PA-800517

OPERATION

Test
Move
Move
Move
Move
Mave
Move
Move
Move
Move
Move
Move
Mave
Maove
Move
Move
Move
Maove
Move
Move
WMove
Move
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive QR
Exclusive OR
Exclusive QR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Exctusive OR
Exclusive OR
Exclusive OR
Exclusiv OR
OR
OR
OR
aR
OR
R
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D2
D2
D2
D2
D3
D3
D4
D4
D4
D4
D5
DS
D6
DB
D7
D8
08
ol
o]
Do
D9
DA
DA
DA
DA
(o1}
(o]
oc
DC
oC
oC
Do
DD
DE
DE
DF
EO
EO
Ei
E1
E1
E1
E2
E2
EZ
€2
£3
E3

ds
dF
Fs
FF
ds
dF
ds
dF
Fs
FF
ds
dF
ds
dF
s
ds
dF
ds
dF
Fs
FF
ds
dF
Fs
FF
ds
dF
ds
dF
Fs
FF
ds
dF
ds
dF
ds
ds
dF
ds
dF
Fs

ds
dF

FF
ds
dF

MACHINE CODE
BYTE

W

2=z=Z2Z

wiLO)

W{LO}

W(LO)
WI(LD)
W{LC)

sz 22

WiLD)

===

wiLO}

W{LO}

WI(LO}
W{LC}
WILO)

2222

Wi{LOD)

4

WILO}
WILQO)

W{HI
N

N
N
N

W{HI)

W{HI}
WHI}
WiHN
W{HI)
WILO)
W{LOI

WiHI}

2222

WiHI)

WiH1)
WiHD
W{HI}
WiHI}
WILOY
WILO}

WiHI}

PA-B00517

PART 68 — SUMMARY OF MACHINE CODES {Continued)

ASSEMBLY LANGUAGE
INSTRUCTIONS

*jdd+Ni="*(dd+N) | bs
WHD *tdd+N)="{dd+N 1w
* {dsp+Ni=*{dsp+N} s
WIHI *{dsptNI=*{dsp+N) | W
*do++="che++ | bs
*dd++=*dd++ | W
* {bd+HN)="*{bd+N} | *(bs+M)
* (oMY= * thd+N) | *{spri}
*sp+Ni="{sp+N) | *{bs+M)
*lgp+N}="{sp+N} | *(sp+M)
bd=bd | “ds
bd=hd | "W
hd=bd | *{ds+M}
bd=bd | “{csp+M}
bd=bd | *ds++
bd=hd&bs
bd=hd &W
*dd="*dd&bs
*dd="ddawW
*w="Whbs
W=WE&Y
*{dd+ N}="{dd+N}&bs
WiHI *dd+NI="{dd+NIBW
*ldsp+N)="{dsp+N)&bs
W{HI) *(dsptN =" {dsp+N&W
*dd++="dd++&bs
“dd++="dd++&W
*{bd+NT= = {bd+ M) & * (bs+M)
*(bd+N)="{bd +N)&* [sp+M)
*{sptNI="sp+N]}& " (bs+M}
*lsp =" (sp+NI& " {sp+i}
bd=bd& *ds
bd=bd&*W
bd=bd& * (ds+N)
bd=Lu&* {dsp+N)
bd=bd&*ds++
bd=bd —bs
bd=bd —W
*dd="dd—bs
*dd="dd -W
"yy="W_hs
w=twov
*ldd+N)="{dd+N) b=
WiHI} *{dd+MNi="[dd+N} -W
*{dsp+M)="(dsp+N)—bs
WiHI} *{dsp+N}="dsp+N} —W
*dd++="ddH+ -bs
*dd++="dd++-W

VILOY ViHI

VILOH ViHN

ADDRESSING
MODE

Dffset Memory and 18-Bit Register
Qffset Memory and 16-Bit Immadiate
Offset Stack and 16-Bit Register
Offset Stack and 16-8it Immediate
Automatic Increment and 18-Bit Register
Autoratic Inerement and 16-Bit Immediate
Offset Memory and Offset Memory
Offset Memory and Offset Stack
Offset Stack and Offset Memory
Offset Stack and Offset Stack
18-Bit Register and Indirect
16-Bit Registar and Direct
18-Bit Register and CHfset Mamory
16-Bit Register and Offset Stack
16-Bit Begister and Automatic Increnient
16-Bit Register and 16-Bit Register
16-Bit Register and 16-Bit Immedizte
Indirect and 16-Bit Register
Indirect and 15-Bit Immediate
Direct and 16-Bit Register
Direct and 16-Bit !mmediate
Offset Mernory and 16-Bit Register
CHfset Memory and 16-8it Immediate
Offset Stack and 16-Bit Register
Offset Stack and 16-Bit Immediate
Autamatic Increment and 16-Bit Aegister
Automatic increment and 16-Bit Immediate
Offset Memory and Offset Memory
Oftset Memory and Offset Stack
Offset Stack and Offset Memaory
Offset Stack and Offset Stack
16-Bit Registar and Indirect
16-Bit Register and Direct
16-Bit Hegister and Offset Mermnoary
16-Bit Register and Offset Stack
16-Bit Register and Automatic ncrement
16-Bit Register and 16-Bit Register
16-Bit Register and 16-Bit Immediate
Indirect and 16-Bit Register
Indirect and 16-Bit Immediate
Direct and 16-Bit Repister
Direct and 16-Bit Immediate
Offset Memory and 16-Bit Register
Offset Memory and 15-Bit Immediate
Offset Stack and 16-Bit Register
Offset Stack and 16-Bit Immodiate
Automatic Increment and 16-Bit Register
Automatic Increment and 16-Bit Immadiate
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OPERATION

0R
CR
OR
OR
OR
OR
aR
af
0R
OR
GR
R
OR
OR
OR
AND
AND
AND
AND
AND
AND
AND
AND
AND
AMND
AND
AND
AND
AND
AMND
AND
AND
AND
AND
AND
AND
Subtract
Subrtract
Subtract
Subtract
Subtract
Subtract
Subtract
Subtract
Suhtract
Subtract
Subtract
Subtract

CONDITION
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us
dF
Fs
FF
ds
dF
ds
dF
ds
ds
dF
ds
dF
Fs
FF
s
dF
Fs
FF
ds
dF
ds
dF
Fs
FF
ds
dF
ds
dF
ds
ds
dF
ds
dF
Fs
FF
ds
dF
Fs

ds
dF
ds
dF
Fs
FF
ds
dF

MACHINE CODE

BYTE

3 4

M N
M N
M N
M N
W{LO! WiHI|
N

]

WILO) WiHI
W{LOI W{HI}
WLQ) WiHI)
WLOI W{HI}
N

N WILO}
N

N WILO)
WL wiH1)
™M N
M N
M N
M N
WILO) W{HI}
N

N

WILO) W{HI}
WILO W{HI)
WL W{H1)
W(LOI WI(HI)
N

N WILO)
N

N W{LO}
VHLO} WIHI)
] N
M N
M N
M N
WILO} WIHI

VILO ViR
WIHI}

wi{H1

VLG VHL
WiH1)

WIHI}

PART 6 — SUMMARY OF MACHINE CODES (Continued)

ASSEMBLY LANGUAGE
INSTRUCTIONS

*(bd+M)=" (bd+N} —* [bs+M)
*fbd+N)="{bd+N) —*{sp+M)
*isp =" (spHN ) — " {hs+M)
*(sptN =" isp+N) —*{sp+h)

bd=bd —*ds
bd=bd —*W

bd=bd-*{dstNi}
bd=bd—*[dsp+N}

bd=bd —*ds++
bd=bd+hs
bad=bd+W
*dd="dd+bs
*dd="*dd+y
Wb
“W=WHY

*{dd+N)="{dd-+N}+bs
*ldd+N)=" {deHNI+w
*{dsp+N)="{dsp+N|+bs
*{dsp+N)="{dsp+NHW
"dd++="dd++ +bs
Tdd++="dd++ HW
Flbd+N}="{bd+N+* {bs+M)
"{be+N)=" (bd+N}+" [sp+ M)
“lsptNi=* (sp+ NI+ (bs+ M)
HsptNi="lsp+ NI+ {sp+M}

bd=bc+ *ds
hd=hd+*W
ba=bd+ * tds+N)

bd=bd+* {dspt+N)

b=kt *ds++
bel—hg
bd —W
*dd —bs
*dd W
*W_hs
W-v
*{dd+N)—bs
* (dd+N) -
*idsp+N) —bs
*ldspeMy—wW
*dd++—hs
"dd++—W

*od+M}=* (bs+M}
“{bd-N) =" {sp+h)
*{spHhi=" (bs+M)
*{spHNI="{sp+M)

bd—*ds
bd=*W

ADDRESSING
MODE

Offset Memary and Offset Memory
Offset Memary and Offset Stack
Offset Stack and Offset Memory

Offsat Stacle gnd Offset Stack
t16-Bit Register and Indirect
16-Bit Register and Direct

16-Bit Register and Offset Memory
16-Bit Register and Offset Stack

16-Bit Register and Automatic Increment
16-Bit Register and 16-Bit Register
16-Bit Register and 16-Bit Immediate
tndirect and 16-Bit Register
Indirect and 16-Bit Immaeadiate
Direct and 16-Bit Register
Direct and 18-Bit Irnmediate
Offset Memory and 16-Bit Register
Ofiset Memory and T6-Bit Immediate
Offset Stack and 16-Bit Register
Offset Stack and 15-Bit Immediate
Automatic Increment and 16-Bit Register
Automatic Increment and 16-Bit Immediate

Offset Mermory and Offset Memory
Offset Memory and Offset Stack
Offset Stack and Offset Memory

Offset Stack and Offset Stack
16-Bit Register and Indirect
16-Bi1 Ragister and Direct

15-Bit Register and Offset Memaory
16-Bit Register and Offset Stack

6-Bit Register and Automatic [ncrement
16-Bit Registor and 16-Bit Register
16-Bit Aegister and 16-Bit Immeadiate
Indirect and 16-Bit Register
Indirect and 16-Bit Immediate
Direct and 16-Bit Register
Direct and 16-Bit lmmediate
Offset Memory and 16-Bit Register
Offset Memory and 16-Bit Immediate
Offset Stack and 16-Bit Register
CHiset Stack and 18-Bit Immediate
Automatic Increment and 18-Bit Register
Automatic Increment and 16-Bit Immediate

O Hset Memory ang Dffset Memory
Offset Memory and Qffset Stack
Offset Stack and Offset Memory

Offset Stack and Offset Stack
16-Bit Register and Indirect
16-Bit Register and Direct
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OPERATION

Subtract
Subtract
Subtract
Subtract
Subtract
Subtract,
Subtract
Subtract
Subtract,
Add
Add
Ael
Add
Add
Add
Add
Audd
Add
Add
Add
Add
Add
Add
Add
Audd
Add
Add
Add
Add
Add
Camparg
Compare
Compare
Compare
Compare
Compare
Compare
Comparg
Compare
Campure
Compare
Campara
Compare
Compare
Comparsg
Compare
Compare
Compare

COMDITION
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F&
F&
F7
FC
FC
FC
FC

ds
dF
ds
ds
dF
Fs
FF

MACHINE CODE

3

Z 2

===

BYTE

a

2=z =2

PART 6 — SUMMARY OF MACHINE CODES (Continued)

ASSEMELY LANGUAGE
INSTRUCTIONS

bd —* {ds+N)
bd —* {dsp+N}
bd —*ds++
testl*{bdt N}, *{bs+M})
test{*(bd+N},* {sp+i}}
test(*isptN), " (bs+M})
test{* [sp+N), *{sp+M)}

ADDRESSING
MODE

16-Bit Register and Offset Memory
16-Bit Register and Offset Stack
16-Bit Register and Automatic Increment
Offset Memory and Offset Memory
Offset Memory and Offset Stack
Offset Stack and Offset Memory
Offset Stack and Offset Stack

PA-800517
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OPERATION

Compare

Compare

Compare
Test
Test
Test
Test

CONDITION
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