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. Instruction Description - 9000A

General Comments

These 71 instructions are all implemented sevially by the m1<r0—
processor in a time period which varvies according to gspecific

Jinstruction, to whether or not it iz indirect, and to whether

or not the skip condition has been met,

Upon completion of the exccution of each instruction. the program
counter (P register) has been incremented by one except for
instructions JMP, JSM, and the skip insiructions in which the °
skip condition has been wet. The M-register is left with
contents identical to the P-registor. The contents of the
addressed memory location and the A and B registers are left
unchanged unless specitied otherwvise,

Memory Reference Group

The 14 memory réference instrvuctions refer to a specific address
in memwory (E JLClPLm,d by the address field <m>, by the ZERO/CURRENT
page bit, and by the DiREJT'IRDTLuCT bit., Thisg description
assumes 1am1“i‘tztv with page addressing and indirect addressing,
which are both described in detail in the -hp- 211C computer
reference mahuals,

The address field <m> is a 10 bit field cons igting of bhits O
through 9. The ZERO/CURRENT page bit is bit 10 and the
DIRlCm/INDIP Cr bit is bit 15, exccpt for reference to the A

or B register in which case bit 8 becomes the DIRECT/INDIRECT

bit, An 1nd11éét reference is denoted by a <, I> following the :
address <m>, %
REGISTER REFERENCE OF A OR B REGT e IT fhe location <A> or

.
ey

S
<B> is used in plilace of <m> for n3 nemory reference instruction,
the instruction will treat the contents of A or B exactly as it
would the contents of location <m>, See fcotnote on special
restriction for direct reglstcr reference of A or B,

ADA m, T Add to A. The contents of the addressed memory
location m are added (binary add) to contents of the
A register, and the sum remains in the A register, If
carry occurs from bit 15, the I rcplvunr is loaded with
0001, otherwise E ig left unchanged,

ADB m,I Add to B, Otherwise identical to ADA.
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Memory Reference Group (continuoed)

CPA

CPB
LDA
LDB

STA

STB

IOR

ISZ .

AND

DSZ

m,T Compare to A and skip if unequal. The contents of
the addressed memory location ave comparced with the contents
of the A register., If the two 16-bit words are different,

-the next instruction is skipped; that 15, the P and M

registers are advanced by two instesd of one. Otherwise,
the next instruction will be cxecuted in normal segqguence,

m,¥ Compare to B and skip is unequal. Otherwise identical .
to CPA,

m,I Load into A, The A register is loaded with the
contents of the addressed memory location.

m,I Load into B. The B register is loaded with the
contents of the addressed memory location.

m, I Store A. The contents of the A register are stored

into the addressed memory location. The previous contents
of the addressed memory location are lost. :

m,I Store B, Otherwise identical to STA.

m, I "Inclusive OR" to A. The contents of the addressed
location are combined with the contents of the A register
as an "INCLUSIVE OR" logic operation. ong with Hr%?sﬁ%

m,I Increment and Skip if Zero. The ISZ instruction adds
ONE to the contents of the addressed menmory location., If
the result.of this overation ig ZERO, the next instruction

is skipped; that is, the P and I registers are advanced by (N
TWO instead of ONE. The incremental value is written back o
into the addressed memory locstion. Usc of IS5Y7 with the L
A or B registec is limited to indirecct refercence; sce foot- &
note on restrictions. b e
m,I Logical "AND" to A. The contents of the addressed

location are combined with the contents of the A register

as an "AND" logic operation. anﬂ with A register

m,¥  Decrement and Skip if Zero. The DS7 instruction : fi

subtracts ONE from the contents of the addressed memory
location, TIf the result of this operation is zero, the
next instruction is skipped. The decremented value is

written back into the addressed memoxry location. Use

of DSZ with the A or B register is Limited to indirect
reference; sce footnote on restrictions.

3
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Memory Reference Group (continued)

i

JSM.m, T Jump to Subroutine. The JSY instruction permits
1¢Cy

Jumping to a subroutine in eith ROM or R/W memory. The
wontents of the P register is stored at the address
ocontained in location 1777 (stack pointer). The contents
of the stack pointer is inalcmeJted by one, and both M
and P are loaded with the referenced memoery location.,

JMP  m, I  Jump. This instruction transiers control to the
..contenfs of the addressed location. That is, the referenced
memovr Iocat/orL is loaded into both M and P repisters,
effec Lng a Jjump to that location,

Shift-Rotate Group

The eight shift-rotate 1nstruotions all contain a 4 bit variable
shift field <n> which permits 2 shift of one through 16 bits;
that is, 1 < n < 16, If <n> is comit ed, the shift will be
trcubed as a one bit shift. The shift code appearing in bits
8,7,6,5 is the binary code for n-1, except for SAL and SBL, in
whlch cases the complementary code for n-1 is used,

~AAR n. Arithmetic Vtght shift of A. 'The A register is shifted

right n places with the sign bit (bit 15) illllng all
vacated bit positions. That is, the n+l most significant
bits become egual to the sign bW'.

ABR n Arlthmet;c‘right shift of B. Otherwise identical to AAR.
SAR n  Shift A right. The A register is shifted right n places

with all vacated bit positions clesn ired.  That is, the n
mos t 51gn1f1cant bits become equal to Zero,

~SBR .n Shift B rtght Otherwise identical to SAR.

“SAL n shitt A Ieft Tho A register is shifted left n places

with the n least ngnlflcaDt bits cqual to zero
SBL n Shift B left, Otherwise identical to SAL .

RAR_ n Rotatec A right, The A register is rotated right n
places, with bit 0 rotated around to bit 15,

EBR n Rctate B right. Otherwisc identical to RAR.
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"Alter-

Skip Group

The
vari

perm

addre
the

aixiwﬁa‘
able
its a

numbei

vei tive
9,8,7,6,5 are coded for posii

~in which the number

131?5111<131

<n> is the

29 !

uctions

upoin
e ”pv one
] o’
number

ive

ss, (skip in forward cfira‘“$1<)m)

to be

subtracted
If <n>» is

negative direction).

preted as

The

SZA

SZB
RZA
RZB

SIA

SIB

RIA

RIB

SLA

alter
following
the tested bit to be
<c> will
a set and c.
Alter

<p>=0
<n>=1
<n>=2
<n>=15H

S <n>=-1

<n>=-16

a ONBE.

CODhR
CODE:=
CODI=
Cony
CODIs
CODLE=

<pn>=nothing

the

place
tear
pits do
n Skip if
zero, skip

n Skiﬁ.if
n Skip if
n Skip if
n Skip if
tested for

of A were
defined by

not

CODpL=0

Ok
bhit

ar

0090

A wero,
to location defined by n.

B zero.,

=00000
00001
00010
~01111
11111
10000

].4

bits consist of biig
ingtruction places a
cset after
in bit
e given,
appliy to

It

A not zero

B not zero,

A zerog
zero, then

n.

n Skip if B zero;

to SIA,

then increme:

n Skip if A not zero;

"Reverse Sense' skip oi

n Skip if

n, S//C
least

present,

the

B not zero;
identical to IIIA.

test

the

from

REPEAT

and
current

DO NEXT

SKIP ONI
CADD 15

all
meeting
of

omi tted,

contain a

.
32

0 be

it

the

thoe ski
locations., :
nepative relative branching.
added current
number

3 At
agnre

to

e
55,

He-bit

p condition,

Bits

the
<-n> is

SAME INSTRUCTION
ITNSTRUCTION
INSTRUCTEION
PO ADDRESS

DO PRIEVIOUS INSTRUCTION

SUBTRACT

16 FYROM

DO NEXT INSTRUCTION

10 and

the test, Similarly the letter
4 to clesv the test bit, If both
the set will take precedence,
Sah, SAB, Sia, and N1,
all 16 bits of the A register are

This is a

Otherwis

incremented

then increment A,

SIA,

ONT

bits 4.

then increment A.

vt B,

in bit

"Rever

then increment B.

%

alte

of the

Skip if Least Significant bit of &
significant bit (bhit 0)
skip to location defined by n.
hbit 1s

The
10

se

The A register
by one,
ero before incrementing,

If

Sense"

ADDRESS:

letter <s>

which causes

Otherwise identical‘to SZA.

e identical to RZA.

is
all 16 bits

skip to location

Othorw1 5e 1dent1¢al

This is a

Otherwise

Is

zero,
A register 1is
If either S
red accovdingly after

or

Zer 0,
C is
test,

(skip in
will be inter-

If the

skip of 'S
s

Y

%
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IR ' Alter-Skip Group (continued)

SLE  n, 85/C Skip if Least Sigpidicant bit of B is zero. Other -
wise identical to SLA.

SAM n,S/C Skip if A is Minus. e the sign bit (hit 15) of the

T A register is a ONE, skip to locution defined by n. It _
either S or C ig present, bit 15 is altered after the test,
SBM 1, 8/C. Skip if B is Minusg. Otherwise identical to SAM,
SAP  n,S/C Skip if A is Positive. I iho sign bit (bit 15) of
; \ the A register is a ZERO, skip to location defined by n.
| T , If either S or € isg present, bit 15 is altered after the
| test.
| - SBP n,S/C Skip if B is Pozitive, Otherwise identical to SAD,
SES n,S/C Skip if Least Significant bit of E is Set. If bit
0 of the ¥ register is a ONI, skip to location defined by
n, IT either S or C is present, the entire I register is
set or cleared respectively,
. SEC n, S/C Skip if Least Significant bit of I ig Clear, If
bit 0 of the I register is a 2RO, skip to location defined
by n, If either S or C is present, the entire I register
T is set or cleared respectiveliyv.
-3
Complement-Evecute-DMA Groun,
These seven inatructions include complement operations and
several special-purpose instructions chosen to speed up printing
and extended memory operations, ' ;
CMA  Complement A, The A register is replaced b its One's b
¢ v E ¢
oo complement. ¢
i T
- v
CMB  Complement B, The B register is replaced by its One's
complement.
TCA Two's Complement A. The A register is replaced by its
One's Complement and incremented by one,
TCB Two's complement B, The B register is replaced by its :
One's Complement and incremented by one, ks
EXA  Execute A. The contents of the A register are treated as
the current instruction, and executed in the normal manner,
The A register is left unchanged unless the instruction
code causes A to be altered,
. EXB Execute B, Otherwise identical\to XA,
b - DMA Direct Memory Access, The DMA control in Ixtended Memory
oy is enabled by setting the indivect bit in M and giving a WIM

instruction. The next ROM c¢lock transfers A+M and the
Jollowing ivo cycles transfer DoM. ROM clock then remains
inhibited until released by DMA control.
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MAC

RET

MOV

CLR

XFR

Inﬂtzum‘ium

\od 4

A total of 16 MAC instructiocus are avoilable for operation

(2) with the vhole fleosting-poiut data (Like transfer,

(B) with two floating-point data wor to speed up digit
and word loops in arithmetic routines,

NOTE <A0 5> MeAns: contents of A-register bit 0 to 3
AR 1 is a moemonix for arithmetic pseudo-register
' Tocented in H/W wmemory on addresses 1744 to

1747 (octal)

AR 2 is a mnemonix for arithmetic pseudo-register
Tocated in /W memory on addresses 1754 to
1757 (octal) .

Di means:  wmantissas i-th decimal digit:
most Slgnxkiﬁﬂnt dipit is Di

leagt siguidicant digit is DI2
1ﬂc1mal point is located between DI and D2

Every operation with mantissa means BCD-coded decimal
operation, :

Return

16—b4”~nuwber STO”cd at highest ccceupied address in stack
is transferred to P- and d-registers, ‘izgh pointer

]
3
(~next free &ddrqus in stack) is decremenizd by one,
<A>, <B>, <I> uuchanged.

Move ovexrflow :

The contents of I-register is transferred to A 3 Rest of
A-register and E-register ave filled by zeros,

<B> unchanged,

Clear a floating-poiut data register in RB/W memory on
location <A>

ZERO<A>, <A>+Y, <A>+2, <A>+3

<A>, >B>, <E> UHChdMng

Floating-point data transfer in /W memory from location
<A> to location <B>,

Routine starts with exponent word transfer

Data on location <A> is unchanged,

<E> unchanged,

9
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PAN o
A a4 }_1, 1’\4’1 f) .
each shift: <@, > - 1 = B, .
) 0-3 0-3
% <By..15” unchanged

L MRY AR2 mantiissa is shifted to right n-times,
Otherwise identical to MRX
. . . Y i - ~N
MLS ARZ2 munticsa is shifted to leflt onuce,
Exponent word remains unchaunged,
o D. =+ D. o3 Dy = AL o :
122 i i-1’ 1 6-3 7. A
Y "\A"i

s

€ -+ D
<B> unchanged i

PRY  ART mantissa is shifted to right once
Expounent word yewaius unchanged

- - s D, o+ DL, Dy v AL L
G Dy Dy o Dyggi Dya Aoy
7ZERO =+ E and A4"15
<B> unchanged

DLS ARL mantissa is shifted to left once, Lxponent
word remains unchanged,

(A0_3> + Dyg; Dy =+ Dy 45 Dy + Ag_g

g+ B, A

(@]

4~1

<B> unchanged

I'XA Fixed-point addition
fantissas in pseudo-registers ARZ and ARL are added
together and result is placed into ARZ. Joth exponent o
words remain unchanged. When overilow occurs roooL" ‘
is set into E-reg., in opposite case <E> will be zero,

<ARZ> + <ARL> + DC -+ ARZ

i

vC & if <k> was 0000 before routine execution

= DC = 1 it <¥> was 1111 before routine execution
¥ : <p>, <ARl> unchanged
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R

¥pv

CMx

CMY

MDI

NRM

do-registers AL ond /XI{} arve added
sexpimes and resuli i aced into ARZ,

i
overfliow is placed to A Both ex-

0-3°
ponent wo remain unchanged,

AILL> X <B0~?>+DC + ARZ

DC = ¢  if <B> was Q000 before routine execution

DC = 1 if <> was 1111 before routine execution

ZERO + L, A,
<AR1> unchanged

Fast divide

N

Mantigsas in pseudo-registers ARZ and ARL are added
together o many times until first decimal cverflow
occurs, Result is ploced into ARZ,  Both exponent

words romain unchanged, Dach addition without over-

flow causes +1 iancremeunt of <B>

1lst addition: <ARZ> + <All> + DC =+ An2
DC = 0 if <> was (0000 before rcoutine execution
DC = 1 1if <E> was 1111 before routine execution

next additious <ARZ> + <ARYL> -+ ARZ
ZERO =+ B

<AR1> uunchanged

N

LX)

10's complement of ARl mantissa is placed baclk to ARL,
and ZFRO is set into LE-register, Lxpounent word remains
unchanged

<B> unchanged

10's complement of ARZ mantissa,
Otherwise identical to CNMNY

Mantiscsa decimal increment,
Mantissa on location <A> is incremented by decimal ONE

on D12 level, result is placed back into the same

location, and zero is set into E-reg,

Exponent word ig unchanged,

When overflow occurs, result mantisza will be
1,000 Q000 G000 (dec)

and 0001 (hin) will be set into E-reg,

<B> unchanged,

Normalization

lantissa in pseudo-register ARZ is rotated to the left
to get Dy # 0, Number of these 4-bit leflt shifts is
_1 f‘\_":)‘::O)

when 0 o 0,1,2,. . ., 11 (gdec) = <i> = 0000

When (1)

stored in BO—S in binary form (<B4_

0-37 "

Exponent word remrins unchanged
<A> unchanged,

12 (dec smantissa is zero, and <E>=0001
)/

B
:z
L

i
B
i
i
I
i




