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Instruction Description — 9000A

Gener: i Comme L L5

These 71 instructious are all implenentoed sevially by the micro-
processor in a time period which varies nceording to specific
ingtruction, to whether or not it iz indirect, and to whether

or not the gkip condition has been met,

Upon completion of the exccution of cach instruction, he program
counter (P register) has been incremented by onge except tor
instructions JMNP, JSM, and the skip instructions in which the
Skjp condition has been wmet. The N-repister is leit with

ontents identical to the P-repislor. The contents of the
adovo ssed memory location and the A and B registers are left
unchanged untess specified otherwise,

Memory Reference Groupn
: L £

The 14 memory réference instructions refer to a specific addyess
in memory determined by the addres i <, by the ZLRO/CURRENT
page bit, and by the DIRECT/INDI » This description
assumes familiavity with page addressing

i

roand 1uai1cct addressing,
which are both described in deta e -hp-2116 computer
reference mahuals,

The address field <m> is a 10 bhit field consisting of bits 0O
through 9., The ZERO/CURIENT page bit ig bit 10 and the
DIRECT/INDIRECT bit is bit 15, excent for reference to the A
or B register in which case bit 8 becones the DIRECT/INDIRECT
bit, An indivecct reference is denoted by a <, I> following the
address <m>,

REGISTER REIERLNCE O A OR B REGISTIR: If the location <A> or
<B> is used in place of <m> for any memory refercence instruction,
the instruction will treat the contents of A or B exactly as it
would the contents of location <m>, See footnote on special
restriction for direct register 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, It
carry occurs {rom bit 15, the I register is loaded with
0001, otherwise I is left unchanged,

ADB  m, I Add *to B. Otherw1se ldentlczl to ADA.
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~¢,'-~‘ Memory Reference Group (continuced)

m, I Com“pm ¢ to A and skip if vueeguail, Tbhe contents of

the addressed memory location arye cowpared with the contents
of the A vegister. If the two 16~bit words are different,
the next instructiop is skipped; U;a t is, the P and M

‘registers are AdvESTEEd by two }N‘(Oﬁh of one. Otherwise,

the next instruction will. be cxecuted in normal seguence.,

m,J Compare to B and skip is unegual. OCtherwisce identical
to CPA.

m,¥ Load into A, The A register is loaded with the
ccn116w1b* of the addressed memory. location,

~

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

f

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

into the addressed monory location., The previous contents
ssed memory locatiou are lost, ‘

m,I Store B. Otherwise identical to STA.

mw, ¥ "Incluvsive OR" to A. The contents of the addressed
location arc combined with the contents of the A register

as an "INCLUSIVE OR" logic operaotion, only with Hw@gﬂ*e?

</ < .
m,I Increment and Shkip if Zero. The I87 instruction adds
ONL to the contents of the addressed mewory location. Tf

the result of this operation is ZIRO, the next instruction
is skipped; that is, the P and I registers are advanced by
TWO instead of ONX. The incremontal volue ig written back
into the addresseoed memory location., Usce of ISY with the

A or B register is limited to indirect refercnce; sce foot-
note on routixctiunm.

m,I Logical "AND' to A, The contents of the addressed
location are combined with the contents of the A register
as an "AND" lopgic operation. an% with A register

m,I Decrement and Skip if Vero, The DSZ instruction
subtracts ONl from the contents of the addressed memory
location. If the result of this operation is zero, the
next instruction is skipped. The decremented v&luc is
written back into the addressed memory location. Use
of DSZ with the A or B rcglvtnr ie limited to indircect
reference;'soe footnote on restrictions.




29 !

o

- = . .Memory Reference Group (continued)

A JSM -m, I  Jump to Subroutine. The JSMN ipstruction permits

| : Jumping to a subroutine in either ROM or R/W memory. The
“contents of the P register is stored at the address
contained in location 1777 (stack pointer). The contents
of the stack pointer is incremented by one, and both M
and P arc loaded with {hie refcrenced momory location.

JMP  m, 3 Jump. This instruction trangfers control to the
.contents .of the 2ddressed location. That is, the referenced
“memorllacatiore is loaded into both M and P registers,
effecting a yump to that location,

Shift-Rotate Group

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

.. - AAR n Arctbmetic vight shift of A. 7The A register is shifted
o . ‘ right n places with the sign bit (bit 15) filling all

& vacated bit positions. That is, the n+4l most significant
bits become egual to the sign bit,

ABR n  Arithmetic right shift of B, Otherwise identical to AALR.
SAR n  Shift A right. The A register is shifted right n places

with all vacated bit positions cleared. 'fhat ig, the n
most significant bits become equal to zero.

b

~8SBR .n Shift B right; Otherwise identical to SAR.

“SAL n Shitt A left;}'fhe A register is shifted left n places
oowith the n leagt significant bits cgual to zero.

SBL n Shift B left., Otherwise identical to SAL.

RAR n Rotate A right. The A register is rotated right n
places, with bit 0 rotated around to bit 15,

}0%] n Retate B right. Otherwisc identical to RAR.
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‘address, (skip in fovward divection), and the
: e
A

Alter~-Skip Giroup

The sixteen alter-skip instructions wll contain n S-bit

variable siip 13 *'J.L% <n> which, upon sevting the skip condition,

permits a velative branch te any one of 32 lo :"ilonk,, Bits

9,8,7,6,5 are LOd”d for pouiik“~ or nepative s c}"tlve branching

in which the number <n> is 1o number to be added to the current
Lumbbr <-n> 1is

the number to be subtracted frem the current address, (skip in

negative direction). If <n>» is owmitted, it will be inter-

preted as a OND.

<> CODI=00000 REVEAT SAME INSTRUCTION
<n>=1 CODE+=00001L DO METE INSTHUUTEOV
<> CONYE+=0001L0 SKIP O INSTRUCTION
<n>=1H CoOpr=011il ‘AIH) 15 O ADDRIESS
S <n>Ee-] CODI-LLLLY DO PRUEVIOUS TNSTRUCTION
<n>=-16 CODR=10000 SUBTRACT 16 FROM ADDRISS
<n>=nothing

CODE=00001 DO NEXT INSTRUCTION

The alter bits consist of bits 10 and bxn‘ 4, . The letter <s>

following the instruction places a ONF in bit 10 which causes

the tested bit to be set sfter the teot, fg_,.‘.,.] arly the letter
<e> will place a QNI in bit 4 to cle the test bit, If both

a set and clear bit are given, the set will take precedence,

Alter bits do not apply to Sai, S4B, SEA, and S,

e

o
o

SZA n Skip if A zero.  IT all 16 bits of the A register are
zero, skip to location defined by n,

SZB n Skip if B zero, Otherwise identical to SZA,
RZA n  Skip if A not zero. This is a "Reverse Sense'" skip of S
RZB n  Skip if B not zero. Otherwise identical to RZA.

SIA n Skip if A zero; then increment A, The A regisier is
tested for =zero, then incremented by one, If all 16 bhits
of A were zevo beforc incrementing, skip to location
defined by n,

SIB n Skip if B ze >1ro;  then increment B,  Otherwise identical
to SIA,

RIA n Skip if A not zero; then increment A, This is a
"Reverse Sense' skip oi SIA, '

RIB n  Skip if B not zero; then increment B. Otherwise
identical to RXIA.

SLA n,S/C Skip if Least Significant bit of A is zero, 1f the
least significant bit (it 0) of the A register is zero,
skip to location defined by n., If either S or C is
present, the test bit is altered accox d1u~13 after tes
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. S/C 5 3 AUIve, L the capnr by
the A vepgister is a YERO, «kip 1o bovolion d
If either S5 er C is present, bil 1H s alien
test.

n, S/C  Shkip il B odie Posmitive, Otherwisoe ddosn
Sienificoant bic of I iw
i QNP =kip to leocenilo

ig prosent, Ul
set or cleared respectiively.,

.

n, S/C Skip if Least Signilicent bt I
bit 0 of the It register io o JURG, « Lo do
by n. I€ either 5 ov C is cooent, ot

is set

recute-~-UMA Group,

Thoese
several

and

CMA

CMB

TCA

TCB

LEXA

I) :v: rﬂx

speciai-purpose
wmemnory operatio

geven iunstructions include cownlomont operd
1

xtended

Complenent A,  The A registor is

complemant.

Complicment B,  The D reg

complement.

'

Two's Complement A, The A rvermiotor is

One's Complenent

roplac
i,

1

incremnonted by

Two's complement

One's Complement O
Txzeccule A, The contents ol Lho R EIE O RN A

the current incstiucets
The A register is loi
code causcs A to be alilerod,

Inmoecute B, identical 1o
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er }‘nf(“e'zh‘ e of A or B

Sy involve o
: ‘erenee Lo A or
oyieer, Those instructions

Yor the {
vwrite opevation duvring Lgvkwifbxy a

B must be restricted 1o an INR2ILBECT rofer
arc STA, STH, IS7, DS7. aund 8. A DILECT register reference to
A or B with these ins ‘)w tions may "vmi,;f 1 odn progran modification.,

This ig different from the ~hp 21} in which & memory reference

to the A or B register is trected os a reicrence to loecations O

or 1 reupectively, In the 91L1CA, 2 veference to location 0 or 1
will actually refer to locations O or 1 in Read Cnly Memory.

InﬂvL/OU put Group (X0G
SONSUSUUNE . l.. s e e 08

h o seclect code, are
ting or clearing flag
ta between the A/B

The eleven I0OG 2 t“'uc tiong, when given wi
sed for the 1111‘965,\ of checking

and countrol fiip-flops, and ir

registers and the I/0 register

1

fiaops, set

ansferring da

ST <5C> Set the flag. Set the filzg flip-~flop of the channel
indicated by select code <SC>,

CLF <8C> Clear the flag flip~flop of the channel indicated by
select code <BT>. '

SFC <5C>  Shkip if flog clear, T* the flag {flip-{flop is clear
in the channel indicated by <3C», skip the next
instruction,

SFS <8C> H/C Skip if flag set, If the flag flip~Tlop is set
in the channel indicated by <SC>, skip the next
instruction. H/C indicates i1 the flag {lip-flop

should be held or cleaved after execubting SI'S.

CLC <

n
@]
iV

n/c Clear control, Clear the control flip-{lop in the
channel indicated by <SC>. 1/C indicates if the
flag flip~flop should be held or cleared after
executing CLC,

STC <8C> II/C Set Control. Set the control flip-flop in the
channel indicated by <SC>. H/C indicates if the
flag flip-fiop should be held or cleared after
executing STC.

OT* <SC> H/C Output A or B, Sixteen bits {from the A/B register
are output to the I/0 register, H/C allows holding
or clearing the flag {lop after cexecution of OT*,
The different scelect codes allow different functions
to take place after loading the I/0 register,

SC=00 Data from the A or B registecr is output one
bit at a time {for each O instruction given,
Fr7e The A or B register is rotated right one bit,
) Data enters the one-bit /0 latch, but the
1/0 register is unchanged,
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LIx*

MI*

MI*

<Oi>

<G0>

<01>

<00>

L-Output

1n/c

1/C

iy

(@Y

with 16 bitls

Freg
TS
LAER RS

Dota from the A/B vopister is outpul one
Coat a time for eoch OTF instruction for
2 giving data to the Magnetic

Coxd Reader, The 1/0 register is ur"hangod

SC=04
Fou

5C=08

SC=16
¥l s

Load int

A/Y regis

holding
heen exe

The leas
foaded i
A cxr B rx
is lost,

The /0 register is loazded with 16 bits
Trom the A/D rep: : and the control f{lip
flop for the printer is then set.

The 1/0 register is loaded with 16 bits
from the A/R repgister t
fiop for the disp.

el
—
-
~
2L 1
o+
e
-
¢
~
>
e

then set

The [/0 repister i oadged with 16 bits
from the A/B repisio f;)d then data in the
1/0 registesr is - »rrved cto the switceh
latches.

of data into the

o A oor B3, ;
ster,  1/C aliows

ter from the r_{,
or clearing the fiapg {lop after LIX has

2 CU LG(!

t significant bit of the I/0 register is
nto the most significant location in the
cpister,  The LSE of the A or B register
and the I/0 register remains uncha nged,

llerge into A or B, Merge 16 bits of data into the

A/D regi

gter drom the I/d register by "inclusive

or'", 1/C allows holding or clearing the flag £lop

after ML

The lea
combined
bit of t

* has been executled.,

st gipgnificant bit of the I1/0 register is

by inclusive OR with the Least significant
he A or B register, and rotated to the most

significant bit Yocation oi the A or B register,
The I/0 register vemains unchanged.



Mac

A total of 16 MAC instructious are aveoilable foi operaticon

- (2) with the vhole flostino-point duta (Like trancfer,
ahiifts, ete), ox
(B)Y with two ilu&tingwpoink divtn words to speed up digit
and word loops in arithmetic Lines,
NOTE: <Ay o> means: contenis of fevepister bit 0 to 3
AR 1 igs o moemonix for writhmetic pecudo-register
Tocated in /W memory on addresses 1744 to
1747 (octal)
AR 2 is a mnemonix for arithmetic pseudo-roegister
Clocated in /W memory on addresses 1754 to
1757 (octal)
D, MO 11 di g}i
i .
most sig &
Least mlgdlfﬂ
decimal point is locuoied ba'ﬁ;woen DI and D2
Every operation with mantissa means BCD-coded decimal
operation,
ARy

? RIVI Return

16~bit-number stored at highest ccceupled adidress in stack
is transferred to P— and tl-registers, Stack pointer
(=next free address in sitack) is decremenized by one,

<A>, <B», <E> uunchanged,

MOV  Move overflow
The contents of I-register is traonsferred Lo A _3- Rest of
A-register and I-register arve filled by zeros.
<B3> unchanged,

CLR Clear a floating-poiut d&ta vegister in /W memory on
location <A>
ZEROA<A>, <A>+HL, <A>+2, <A>+3
<A>, >B>, <BE> unchanged

XFR Tloating-point data transifer in /W memory from location
' <A> to locatiown <>,
Routine starts with exponent word itransfer,
Data on location <A> is m‘chan{;cd
<I> unchanged,
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L

) [ MRY

MLS

S DLS

XA

is

nth shift: & =+ D, D.-D : .
v M i il L2
AR R Y s
T 0L, /“4_15
each shiit: <3 ,‘: - 1 -+ 3

<3 ~> unchanged

410

12 mantid
Otherwvise

shifted to wight

ical to MK

oo
:".‘} qn 15

ident

ARZ muntissa is shifted to ledt once,

ixponent word remains und changaed,
1
1927 1

unchang

G -+ D
<B>

rirht
nunchangred

AT mantissa i abhifted to

Lxponent word r
G Dy
(’\..&\\.1

ZERO + E A,

d

o]

<B> unchang

ARL mantissa ic shiflted to left onco,

word remains unchoangoed,
A, =+ Dsos
< 0~3> 127
'\’.«}‘ % }q, [14_‘15

<B> unchavged

Pized-point addi tion

antissas in pecvdo-vopiosiers VI T
together and result is placed dirto AL

JLQ

Wien
opposite o

OV e

LRSS

anged,
in

words remain 1;;1-;:7:-
set into I-rc

()e ’

<ARZ> -+ DC -+ ARZ2

pcC = > owas 0000 beiore 1o

DO o= 1 a4 <i» was 1111 beiore vo

<bB>, <ARL> unchanggid

n-Lin

Faponend

e,

AR P 4.
]'.r.j/\u)(,?ll L

Al nro nodged
2. Plo iy esipe
vgoogLt

be

Vo QOO
<Pz will

utine cxecution

utine execution

-10~

)1\‘]){

2.Cro,



AP

. ¥V

CNY

MDI

NRM

C7ERO -+ E, AL

v
o))
N

Yast mudCiply
MMantias: in oy A ond AL are addeoed
topaetl I3 andg result ia plaoced into ARZ,

Total decima 5‘ i placed to A Doth ex-

0-3°
ponent words romain unchanged,
<ARZ> 4 <ARI> K <3, L >FDC 4 ARZ
0~3
DC = 0 i.f‘ <: §:> was Q0000 before rvoutine execution
DcC = 1 s 1111 before routine cexecution
4~15

<AR1> unchanged

in pseudo~registers ARZ2 and ARL ave added
o many times until fire decimal cverflow
occurs. Result is ploced into ARYZ,  PBoth exponent
words reomain unchenged, Dach addivion without over-
filow causcs -+l increment of <IB>,

f"‘

laet addition: <ALRZ2> + <ARl> 4 DHC -+ AR2
DC = 0 if <B> was 0000 hedfore routine exocuiion
DO o= 1 if <I>» wag 1111 before routine execution
next additions: <ARZ2> + <ARLI> -+ ARZ
VATIRES I 1Y
<AR1> unchanged

¢

10's c("nyﬁieruezlt of ARYL mantissa is placed baclk
and ZERO is set into L-vegister
unchanged '
<B> unchanged

10's complement of ARZ mantissa,
Otherwise identical to CMY
Mantissa decimal incroment,

Mantissa on lecation <A» is incremente

on Dl” level, vesultl is placed baclk into the same

s

location, and zero is set

Lxponent word ig unchanged,

When overflow occcurs, result mantisza will be
1,000 0000 0000 (dec)

and OOOX (bin) will be set into L-reg,

<B> unchanged,

into L-rey,

Normalization

Mantissa in pseudo-register ARZ is rotated to the left

to get D.i # 0, Number of these 4-bit left shifts is
stored in Bj,_, in binarvy form (<B,
whcv(‘

Whe n(LO 5) 12 (dec) =zomantiscsa is zero,

Izponoxt vord remins unchanged
<A> unchangred,

to ARL,
Lxponount word remains

ed by decimal ONE

i 0,1,2,. . . , 11 (dec) = <i> = 0000
and <I>»>=0001

~11-



