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|  HP-T1 ASSEMBLER INSTRUCTIOK SET

2
-

This chapter describes the HP-71 assembler instruction set. The
instruction mnemonics shown are those provided by the assembler
used by the HP-T1 software development team (which is available by
special arrangement with HP). Almost all the mnemonics shown are
also supported by the HP-71 FORTH/Assembler ROM.

4.1 Instruction Syntax

4.1.1 Tabels and Symbols

A label is a symbolic name for a numeric value. A label
acquires its value by appearing in the label field of certain
statements. The word “symbol"” is a general term for a label, and
the two are used interchangeably.

Labels are one to six alphanumberic characters with the
following restrictions: the characters comma (,), space ( ) and
right parenthesis are prohibited and the first character cannot be
equal sign (=), sharp (#), single quote ('), left parenthesis, or
the digits 0 through 9.

A label may be immediately preceded by an cqual sign which
declares the label to be an external symbol. An external symbol
defined in one module may be referenced as an external symbol by
another module. Such references are resolved when the modules are
linked together. Certain HP-T1 assemblers, such as the
FORTH/ASSEMBLER ROM, have no associated linker and therefore dc¢ not
support external symbols. In this case, any leading egual sign is
ignored.

When a lat:l 1is used as part of an expression, parentﬁeses are

required to delineate it. That is, AD1-10 is a label but (AD1)-10
is a computed expression.
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Aﬁcbnhdﬁtgliﬁ;ubékihilLiith,thnistqriak:(Q) in column  one, wnd may

‘occur anywhere. ° An in-line comment may begin with ~any nom-blank
" character and must follow the modifier field of an instruction (or
- ‘the. opcode if no modifier is required).

’“, k.i.3’  Ei§rossion§‘

Q.Wherevcr an expression may appear in the modifier field of an
instruction, it is represented by the symbol “expr" in the
instruction descriptions below. Expressions consist of:

EXPRESSION COMPONENTS

Itenm

decimal constants
hexadecinmal constants

ascii constants

operators

label

(expression)

Examples

23434
#1FFO  (less than #100000)

\AB\ (3 or less characters)
*AB’ (3 or less characters)

+

addition
subtraction
*256+
multiplication
integer division
exponentiate

and

or

YN s

)

Current assembly program counter

Symbol defined in the label field
of an instruction

Parenthesized expression

Two classes of instructions require a modifier field which
contains a constant of a specific type that does not conform to the

above rules. These are:
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‘ a) sfring constantiuhigﬁ'éan exceed 3 characters

LCASC *ascii® or
LCASC \ascii\

NIBASC *ascii’ or
NIBASC \ascii\

b) Unconditional Hex constant

LCHEX LFFFFF
NIBHEX 4FFFFF

4.1.4 Sample Line Image

The format below is the recommended column alignment; however,
the assembler is “free format” and only a space is required to
delimit the different fields. A label, if present, must start by
column 2.

1 8 15 31 80
v v v v v
label opcode modirier comments

- - - S W - 4o W > e . S-S A b S e 4 P AR S D YU M G6 D AD AR W e D W S W W W W e e -

4.2 Explanation of Symbols

In the following descriptions of the HP-T71 assembler mnemonics,
these symbols have the following meanings unless specified
otherwise. In particular, note the symbols used to indicate the
various values encoded within the assembled opcodes.

a The hex digit used to encode the field selection in
the assembled opcode of an instruction. See the
Field Select Table in the next section for details.

b The hex digit used to encode the field selection in
the assembled oncode of an instruction. See the
Field Select Table in the next section for details.

d The number of digits represented by a field selection
field. Used in calculating the execution cycle time
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HP-71 Hardware IDS -- Detailed Design Description

of some instructions.  See the Field Select Table ‘
in the next section for details. When used in an ‘
extended field selection fsd, represents an expression

which indicates the number of nibbles of the register

that will be affected by the instruction, proceeding

from the low-order nibble to higher-order nibbles.

expr  An expression that evaluates to an absolute or
relocatable value, usually less than or o<qual
to 5 nibbles in length.

fs Field_:olection‘symbol. See the Field Select Table
in the next section for details.

fsd Extended field selection symbol. Represents either
a normal field selection symbol fs, or an expression
that gives the number of digits d of the register
that will be affscted by the instruction, proceeding
from the low-order nibble to higher-order nibbles.

hh Two-digit hex constant, such as 08 or F2. Within an
opcode represents the hex digits used to store the
value of the expression in the opcode in reverse
order (see "Loading Data From Memory").

hhhh Four-digit hex constant, such as 38FE. Within an
opcode, represents the hex digits used to store the
value of the expression in the opcode in reverse
order (see "Loading Data From Memory").

hhhhh  Five-digit hex constant, such as 308FE. Within an
opcode, represents the hex digits used to store the
value of the expression in the opcode in reverse
order (see. "Loading Data From Memory").

label A symbol defined in the label field of an instruction.
m A one-digit decimal integer constant.

n Represents an expression that evaluates to a l-nibble
value, unless specified otherwise. Within an opcode,
represents the hex digit used to store the assembled
value of the expression in the opcode.

nn Represents an expression that evaluates to a 2-nibble
value, unless specified otherwise. Within an opcode,
represents the hex digits used to store the assembled
value of the expression in the opcode.

nnnn Represents an expression that evaluates to a lL-nibble
value, unless specified otherwise. Within an opcode, ‘
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,HP—7IfHardwar0‘Ibs‘-- Det§‘lod,bééign Description'  _

P

ripr.sentsithq,hcxjdigits used to stor.;ﬁh‘ assembled
value of the expression in the opcode. -

i+ nnnnn  Represents an expression that evaluates to a S5-nibble
\ value, unless.specified otherwise. Within an opcode,
represents the hex digits used to store the assembled
value of the expression in the opcode.

4.2.1 Field Select Table -

The following syhbols are u. +d in the instruction descriptions to
denote the various possible field selections. :

There are two ways in which field selection is encoded in the
opcode of an instruction. ~These two pattems are ‘shown in the
table below, and are designated by the letter ’a’ or b’ in the
opcode value given in the mnemonic descriptions below.

FIELD SELECT TABLE

Opcode Number
Representation of Digits
Field Name and Description (a) (b) (a)
P Pointer Field. Digit specified 0 8 ' 1
by P pointer register.
WP Word-through-Pointer Field. 1 9 (P+1)
Digits 0 through (P).
Xs Exponent Sign Field. Digit 2. 2 A 1
X Exponent Field. Digits 0 - 2. 3 B 3
S Sign Field. Digit 15. L c 1
M Mantissa Field. Digits 3 - 14. 5 D 12
B Byte Field. Digits 0 - 1. 6 E 2
W Word Field. All digits. 7 F 16

The above field selects generally share the same opcode, with one
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4.3.1

4.3.2

4.3.3

»Th‘ followinz pages briofly summarize
For further. details
follows this summary.‘

/ COTO Instruéfion§}~7”

- -

- -

GOTO label

GoC label
GONC  label
GOLONG label
GOVLNG label
GOYES label

1 = Statement Label

howovor. gcnorallyé{ :
‘This has the effect of

omputo"torv addrcsa and . 5-nibble

the HP-T1 instruction set.

plcaso)r'fer to tho Mnemonic Dictionary which

Short unconditional branch

Short branch if Carry set

Short branch if no Carry set

Long GOTO

Very long GOTO

Short branch if test true (must
follow a Test Instruction)

GOSUB Instructions

GOSUB 1label
GOSUBL label
GOSBVL label

Short transfer to subroutine
Long GOSUB
Very long GOSUB

Subroutine Returns

RTN
RTNSC
RTNCC
RTNSXM
RTI
RTNC

Unconditional return

Return
Return
Return
Return
Return

and set Carry

and clear Carry

and set XM bit (Module Missing)
and enable interrupts

if Carry set
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"~A11 test instructions must bo followed with a GOYES or  a RTINYES

instruction.d Althou;h they appcar to be two statements, in fact
they :.combine to.' be one. E;ch test adju:ts the Carry bit when
perforncd. Carry is :ot if the test is truc and cleared if false.

4.3.4.1 Regxster Tosts e

r,s = A B ¢ or (r,a) = (C D),\D c)
fs = Field Select

r=s fif ,3qﬁ$1f 

r#s fs Not equal

r=0 fs Equal to 2ero

rf0 fs Not equal to zero
r>s fs Greater than

tr<s fs Less than

7+>=3 {3 CGreater than or equal
r<=s fs Less than or equal

4.3.4.2 P Pointer Tests

0 <= n <= 15
P= n Is P Pointer equal to n?
K% n P Pointer not equal to n?

4.3.4.3 Hardware Status Bit Tests

7XM=0 Module Missing bit equal to zero?
7SB=0 Sticky Bit equal to zero?

?SR=0 Service Request bit equal to zero?
7MP=0 Module Pulled bit equal to zero?

4.3.4.4 Program Status Bit Tests

0 <= n <= 15




.- HP-TL Hardware IDS --:Detailed Design Description

Status n cqual to 1?

ST=1 'n

2ST=0 n Status n equal to 0?
I1ST#L n ' ‘Status not equal to 1?
IST#0 n. .Status not equal to 07

4.3.5 P Pointer Instructions

Q0 <= n <= 15

P= n Set P Pcinter to n

P=P+1 Increment P Pointer, adjust Carry
P=P-1 Decrement P Pointer, adjust Carry
C+P+1 Add P Pointer plus one te A-field of C
CPEX n Exchange P Pointer with nibble n of C
P=C n Copy nibble n of C into P Pointer

C=P n Copy P Pointer into nibble n of C

4.3.6 Status Instructions

4.3.6.1 Program Status

0 <= n <= 15
ST=1 n Set Status n to 1
ST=0 n Set Status n to O

CSTEX Exchange X field of C with Status 0-11
C=ST Copy Status 0-11 into X field of C
ST=C Copy X field of C into Status 0-11
CLRST Clear Status 0-11

4.3.6.2 Hardware Status

SB=0 Clear Sticky Bit

SR=0 Clear Service Request bit (see SREQ?)
MP=0 Clear Module-Pulled bit

XM=0 Clear External Module Missing bit
CLRHST Clear all 4 Hardware Status bits
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< “HP-T1’ Hardware IDS --

BT “Sysjten | é&xitroi |

SETDEC
SREQ?

CsRSTK
RSTK=C
CONFIG

 UNCNFG

4.3.8

4.3.9

4.3.10

BUSCC
SHUTDN
C=ID
INTOFF

INTON

Detailed Design Descriptien

‘Set: aéitﬁnntic mode tokhggadecinal-“f

Set arithmetic mode to decimal

',Sets Scrvicc Request bit if service bas

" has been requested. C(0) shows what
" bit(s) are pulled high (if any)

.Pop return stack into A-field of C
" Push: A-ficld ‘of C onto roturn stack:

Configuro

Uhconfi;uro

Send’ Reset:command to system bus
Send Bus command C onto system bus -
Stop CPU here (sleeps until wake-up)
Request chip ID into A-field of C

_D1sab1¢ interrupts (doesn't affect ON-key

‘ or module-pulled interrupts)
Enable interrupts

Keyscan Instructions

ouT=C
ouT=CS
A=IN
C=IN

Register Swaps

Copy X field of C to OUTput register

Copy nibble 0 of C to OUTput register

Copy INput register to lower 4 nibbles of A
Copy INput register to lower 4 nibbles of C

s = RO,R1,R2,R3,Rk

AsEX
CsEX
A=s
C=s
s=A
S=

Exchange register A with s
Exchange register C with s
Copy s to register A
Copy & to register C
Copy register A to s
Copy register C to s

Data Pointer Manipulation

4 = bo,D1
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"Exchange Data ptr d with A-field of A
Exchange Data ptr d with A-field of C
Exchange :lower U4 nibs of Data ptr d with
" lower. 4 nibs of A
ﬁExchang. ‘lower 4 nibs of Data ptr 4 with
“lower:k nibs of C

‘d=A - voi 1 Copy¥Aifield of A to Data pointer d

4.3.11

d=C - . . Copy A-field of C to Data pointer d

d=AS : Copy lower 4 nibs of A to lower 4 nibs
ot of Date pointer a

d=CS vCopy lower 4 nibs of C to lower 4 nibs

of Data pointer 4

d=d+ n Increment Data pointer d by n

d=d- .n .. Decrement Data pointer d by n

d=HEX hh "~ Load hh -~ into lower 2 nibs of Data ptr d

d=HEX hhhh Load hhhh into lower U4 nibs of Data ptr d

d=HEX hhhhh Load hhhhh into Data ptr d

d=(2y nn Load nn into lower 2 nibs of Data ptr d
(any overflow is ignored)

d=(4%) nnnn Load nnnn into lower 4 nibs of Data ptr d

e (any overflow is ignored)

d=(5) nnnnn Load nnnnn into Data ptr d (any overflow

is ignored)
Data Transfer

fsd = Field select fs, or d (# of digits). If d, then
the copy starts at nibble 0 of the working register.
1 <= g <= 16

A=DATO fsd Copy data from memory addressed by DO into
A, field selected

C=DATO0 fsd Copy data from memory addressed by DO into
C, field selected

A=DAT1 fsd Copy data from memory addressed by D1 into
A, field selected

C=DAT1 fsd Copy data from memory addressed by D1 into
C, field selected

DATO=A fsa Copy data from A into memory addressed by
DO, field selected

DATO=C fsd Copy data from C into memory addressed by
DO, field selected

DAT1=A fsad Ccpy data from A into memory addressed by
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V h 3 °3 Shift Instructions[

Note that right shifts circular or non-circular) will set the
Sticky Bit (SB=1) if a nonzero bit is shifted off to the right.
Otherwiso, SB is unghangod.

r = A,B,C, D ;
fs = Field Seloct

rSL fs Shift register r fs field Left 1 nibble
rSR fs Shift register r fs field Right 1 nibble
rSLC Shift register r Left Circular 1 nibble
rSRC Shift register r Right Circular 1 nibble
rSRB Shift register » Right 1 bit

4.3.14 Logical Operations

Logical operations are bit-wise.

- -

r,s = A,B,C or (r,s) = (c,D),(D,C)
fs = Field Select

r=rks fs r AND s into r, fieid selected
r=ris fs r OR s into r, field selected

4.3.15 Arithmetics
The two groups of arithmetics differ in the range of registers

available. In the first group (General usage) almost all
combinations of the four working registers are possible; however,
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r=0 fs
r=r+r s
r=r+l fs
r=r-l fs
r=-r [Is
r=-r-1 fs
rzr+s fs
gszr+s fs
r=s fs
s=r fs
rsEX fs

r=r-s {s
r=s-r fs
s=g-r fs

NOP3
NOPL
NOP5

in.: tho locend group (Rostrictcd usago) only: a few select - O

4.3.15.2 Restricted Usage

4.3.17 Pseudo-Ops

1ggk;3515.1 General Ugago

r.s = A,B.C or (r.l) = (C,D),(D,C)
fs = Field Select

“Set-r to zero-.

Double r, adjust Carry |

Increment r by 1, adjust Carry

Decrement r by 1, adjust Carry

10°’S complement or 2°’S complement, Carry
set if r#0, else clear

9'S complement or 1°'S complement
Carry always cleared

Sum r and s into r, adjust Carry

Sum r and s into s, adjust Carry

Copy s into r

Copy r into s

Exchange r and s

(r,s) = (A,B),(B,C),(C,A),(D,C)

Difference of r and s into r, adjust Carry
Difference of s and r into r, adjust Carry
Difference of s and r into s, adjust Carry

4.3.16 No-Op Instructions

Execution of a No-Op affects no CPU registers except for the PC.

Three nibble No-Op
Four nibble No-Op
Five nibble No-Op
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V;JAllecatc ‘nnrnn number of zero nibc

ratc -nibblo constant di;its are

Yrsed ‘in-the opcode) ~ - s
enerate m-nibble relative constant (digits
"~ reversed in the opcode)

e

NIBASC ascii’ r]Gcnsrate ascii characters, byte reversed
'NIBASC \ascii\ Generate ascii characters, byte reversed

;NIBBEX hhhh Generate hexadecimal digits hhhh (digits
L . aTe. not reversed in the opcods)

4.3.17.2 Conditional Assembly

name IF expr Start conditional assembly until ELSE or
, ENDIF if flag expr was set on invocation
of assembler (optional use of name allows
'nesting of IF’s)
name ELSE Conditional assembly if IF test was false
name ENDIF Ends conditional assembly started by IF

4.3.17.3 Listing Formatting

EJECT Force new page in the assembly listing
STITLE text Force new page, set subtitle value to text
TITLE text Set :Litle value to text

4.3.17.% Symbol Definition

label EQU nnnnn Defines label to have the value expr

%.3.17.5 Assembly Mode

ABS nnnnn Specify absolute assembly at adress given
END Marks end of the assembly source
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’tk h Mnononic Dictionary

{This :oction containa ';\Tdoscription of oach HP;71‘vasoooﬁio}
_instruction or pseudo op.... The description shows the binary opcode

'fl’goneratod by the’‘ pnemonic, if any, as well as  the execution cyclo>
-'timo required if- tho nnononic is an executable 1n-truetion. '

,,s*fmho syubols usod,

ethoso descriptions are: oxplainod in the

‘L"Explanation of Symbols section earlier in this chapter.

ﬂl.l”'*ﬂiQﬂ“l"'ﬂ.!"ﬂﬂ*ﬁi*ﬂ...ﬂlﬂ*ﬂQlQﬂQﬂ.Oﬂ“"."ll

. « . 2liii - MNEMONICS .

'*ﬂl‘.*Uﬂﬂﬂﬂ.ﬂ’."“..'**!l.'l'..Ql’*hllﬂ!IIl..!...“bﬂ

?A#0 fs - Test for A not equal to 0
fs = A opcode: 8ACyy
cycles: 13 + d (GO/RTNYES)
6 + 4 (NO)
rs = (P,WP,XS,X,S,M,B,W) opcode: 9aCyy
cycles: 13 + 4 (GO/RTNYES)
6 + 4 (NO)

Test whether the fs field of A is not equal to 0. Must he followed
by a GOYES or RTINYES mnemonic. yy is determined by the following
RTNYES or GOYES. Adjusts Carry.

7A#B fs - Test for A not equal to B
fs = A opcode: 8Ahyy
cycles: 13 + 4 (GO/RINYES)
) 6 + d (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: Qalyy

cycles: 13 + 4 (GO/RTNYES)
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IA#C  fs - Test for A not»ééuai o C

fs = A " opcode:. BAbyy
cycles: 13 +4d (GO/RTNYES)
+ d (¥0)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9abyy
cycles: 13 + d (GO/RTNYES) -
B 6 + d (NO)

Test whether the fs field of A is not equal to the fs field of C.
Must be followed by a GOYES or RTNYES mnemonic. yy is determined
by the following RTNYES or GOYES. Adjusts Carry.

?A<=B fs - Test for A less than or egqual to B

- .-

fs = A opcode: B8BCyy
cycles: 13 + d (GO/RTNYES)
6 + d (NO)
s = (P,WP,XS,X,S,M,B,W) opcode: 9bCyy
cycles: 13 + 4 (GO/RTNYES)
6 + d (NO)

Test whether the fs field of A is less than or equal to the fs
field of B. Must be followed by a GOYES or RTNYES mnemonic. yy is
determined by the following RINYES or GOYES. Adjusts Carry.
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- Test for A less than 3

f~‘5pc6d¢§ 8BLyy e
cycles: . 13 + 4 (GO/RINYES).
L 6+a(No) -

=

fs = (P,WP,XS,X,S,M,B,W)  opcode: Oblyy
el S Lpewoov eyeless 13 + 4 (GO/RINYES)
: 6 + 4 (NO)

: ,Tqét‘whothor‘ the fs field .of A is less than the fs field of B.
Must be followed by a GOYES or: RINYES mnemonic. yy is determined
by the following RINYES or GOYES. ~Adjusts Carry. o

7A=0 fs - Test for A equal to O

- - - - - -

fs ='A opcode: 8a8yy
cycles: 13 + 4 (GO/RTNYES)
6 + d (NO)
fs = (P,WP,Xs,X,S,M,B,W) opcode: QaByy
cycles: 13 + d (GO/RTNYES)
6 + d (NO)

Test whether the fs field of A is equal to 0. Must be followed by
a GOYES or RTNYES mnemonic. yy 1is determined by the following
RINYES or GOYES. Adjusts Carry.

?A=B fs - Test for A equal to B
fs = A opcode: BAOyy
cycles: 13 + d (GO/RTNYES)
6 + d (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9alyy
cycles: 13 + 4 (GO/RTNYES)
& +d (NO)

Test whether the fs field of A is equal to the fs field ¢f B. Must
be followed by a GOYES or RINYES mnemonic. yy is determined by the
following RINYES or GOYES. Adjusts Carry.

4-16




ts = A v'?ﬁfépcodo: 8a2yy
e cycles: 13 + d (GO/RINYES)

:6p66do: Salyy
cycles: 13 + d (GO/RINYES)
oE 6 + d (NO)

Test whqthir;th‘ifs;fioj@lof A'is:QQual %o the fs field of C. Must
be followed by a GOYES or RINYES mnemonic. yy is determined by the
following RTNYESfor‘qoxESaf“Adjusts_Carry. :

?24>=B fs - Test for A greater than or equal to B

fs = A opcode: 8B8yy
cycles: 13 + d (GO/RINYES)
6 + d (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9bByy
' cycles: 13 + d (GO/RINYES)
6 + d (NO)

Test whether the fs (field of A is greater than or equal to the fs
field of B. Must be followed by a GOYES or RINYES mnemonic. yy is
determined by the following RINYES or GOYES. Adjusts Carry.

?A>B  fs - Test for A greater than B
fs = A opcode: 8BOyy
cycles: 13 + d (GO/RINYES)
6 + d (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9blyy

cycles: 13 + d (GO/RTNYES)
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Test whether the fs  field of A is greater than the fs field of B.
Must be followed by a-GOYES or RINYES mnemonic. 'yy is determined
by the follow;hg\RIQXESkor*GOIBS.?ﬁAdjusts Carry. T TRt e

fs = A opcode: BADyy
: cycles: 13 + & (GO/RINYES)
6 + 4 (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9Q2Dyy
cycles: 13 + 4 (GO/RTNYES)
| 6 + d (NO)

Test whether the fs field of B is not equal to 0. Must be followed
by a GOYES or RINYES mnemonic. yy is determined by the following
RTINYES or GOYES. Adjusts Carry.

?B#A s - Test for B not equal to A
fs = A opcode: 3Alyy
cycles: 13 + d (GO/RINYES)
6 + a (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: Qalyy
cycles: 13 + d (GO/RTNYES)
6 + d (NO)

Test whether the fs field of B is not equal to the fs field of A.
Must be followed bty a GOYES or RINYES maemonic. yy is determined
by the following RIYNYES or GOYES. Adjussus Carry.
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Must be followed i by.a.
“by the following RTNYES or GOYES ;

Adjusts Carry

9B<=C . fs - Test for B less than or equal to C

fs = A opcode: 8EDyy
cycles: 13 + d (GO/RTNYES)
d (NO)
(P,WP,XS,X,S,M,B,W) opcode: 9bDyy
cycles: - 13 + 4 (GO/RTNYES)
(NO)

Test whether the fs field of B is less than or equal to the fs
field of C. Must be followed by a GOYES or RTINYES mnemonic. yy is
determined by the following RTNYES or GOYES. Adjusts Carry.

7B<C fs - Test for B less than C
fs = A opcode: 8BSyy
cycles: 13 + 4 (GO/RTNYES)
6 + d (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9bSyy
cycles: 13 + d (GO/RTNYES)
6 + 4 (NO)

Test whether the fs field of B is less than the fs field of C.
Must be followed by a GOYES or RINYES mnemonic. yy is determined
by the following RTNYES or GOYES. Adjusts Carry.

4-19




- 8A9yy
: 13 +a (co/nmnxzsy
+ d (KO)

15: 9.9yy &
H 13 +d (GO/RTNYES)
+ 4 (NO)

Test whether the fs field of B is equal to 0. Must be followed by
a GOYES or RTINYES mnomonic. yy is determined by the following
RINYES or GOYES. Adjusts Carry.

?B=A fs - Test fbr B equal to A
fcs = A opcode: 8AOyy
cycles: 13 + d (GO/RINYES)
6 + a (NO)
(p,wP,Xs,X,S,M,B,W) opcode: 9aOyy
cycles: 13 + 4 (GO/RINYES)
6 + d (NO)

Test whether the fs field of B is equal to the fs field of A. Must
be followed by a GOYES or RINYES mnemonic. yy is determined by the
following RTNYES or GOYES. Adjusts Carry.

?B=C fs - Test for B equal to C
fs = A opcode: BAlyy
cycles: 13 + d (GO/RINYES)
6 + d (NO)
fs = (P,WP,%S,X,S,M,B,W) opcode: Qalyy

cycles: 13 + d (GO/RTNYES)
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T U SO R L

_?BS#CT;fi:;j&ngsf for B gréatoélthan;or,equal to C

- 13 + 4 (GO/RTNYES)
.6 .+ a (¥o)

o 9b9yy

‘,,cyclos. 13 + 4 (GO/RINYES)
RN 6 + 4 (NO)

fs = (P,WP.XS.X,S,M.B'W) ’

Test whether the fs field of B is greater than or equal to the fs
field of C. Must e followed by a GOYES or RTNYES mnemoniec. yy is
determined by the following RINTES or GOYES. Adjusts Carry.

?B>C fs - Test for B greater than C

- -

fs = A opcode: 8Blyy
: cycles: 13 + 4 (GO/RTNYES)
6 + d (NO)
fs = (p,WP,Xs,X,S,M,B,W) opcode: 9blyy
cycles: 13 + d (GO/RINYES)
6 + d (NO)

Test whether the fs field of B is greater than the fs field of C.
Must be followed by a GOYES or RINYES mnemonic. yy is determined
by the following RTNYES or GOYES. Adjusts Carry.
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y followed

' Test whether the fs field of'C'is not equal to 0.’ 01l
‘ tol;owing

.by a.GOYES  or RINYES mnemonic. ' yy is determine
RTINYES or GOYES. Adjusts Carry. I

P L X

fs = A opcode: 8A6yy
cycles: 13 + 4 (GO/RINYES)
6 + 4 (NO) '

fs = (P,WP,XS,X,S,M,B,N) opcode: 9abyy ;
' cycles: 13 + 4 (GO/RINYES
6 + da (NO)

Test whether the fs field of C is nct equal to the s field of A.
Must be followed by a COYES or RITNYES mnemonic. yy is determined
by the following RINYES or GOYES. Adjusts Carry.

?2C#B fs - Test for C not equal to B
fs = A opcode: 8ASyy
cycles: 13 + d (GO/RINYES)
6 + @ (NO)
fs = (pP,WP,XS,X,S,M,B,W) opcode: 9aSyy
eycles: 13 + d (GO/RTNYES)
6 + 4 (NO)

Test whether the fs field of C is not equal to the fs field of B.
Must be followed by a GOYES or RTNYES mnemonic. yy is determined
by the following RTNYES or GOYES. Adjusts Carry.
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BP771?8iid?;rj IDS::~ Detailed Design Description

T - - -

'opcodo. 8A7
cycles: 13 + d (GO/RTNYES)

| ,*d(xw)
’ fs = (P’wp.xs’x’s’"‘bB'\“‘) ~°p¢°d;: 9&7
: cycltg: 13 + a (GO/RTNYES)
+d (no)

A

Test whether the fs field of C is not equal to tho fs fiold of D.
Must be followed by a:GOYES or RINYES mnemonic.  yy is dotormined
by the following RINYES or GOYES. ' Adjusts Carry. ;

2C<=A fs - Test for C less than or equal to A

- - -

fs = A opcode: 8BEyy
cycles: 13 + d (GO/RTNYES)
6 + 4 (NO)
fs = (P,WP,XS,X,S,M,B,W) opcoda: QbEyy
cycles: 13 + d (GO/RTNYES)
6 + d (NO)

Test whether the fs field of C is less than or equal to the fs
field of A. Must be followed hy a GOYES or RINYES mnemonic. yy is
determined by the following RINYES or GOYES. Adjusts Carry.

2C<A fs - Test for C less than A
fs = A opcode: 8Bbyy
cycles: 13 + d (GO/RINYES)
6 + 4 (NO)
fs = (P,WP,XS,X,S,M,B,¥) opcode: 9bhyy

cycles: 13 + 4 (GO/RINYES)
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Test for C equal to 0 .

opcodéf: 8AAyy : |
cycles:. 13 + d (GO/RINYES)
S 6+ a(NO)

fs = (P,WP,XS,X.S,M.B.H) opcodi: ‘» 9a.Ayy
’ : ’ - cycles: 13 +4d (GO/RTINYES)
' K 6 + a (NO)

Test whethar the fs field of C is equal to 0. Must be followed by
a GOYES or RTNYES mnemonic. yy 1is determined by the following
RTNYES or GOYES. Adjusts Carry.

7C=A f3 - Test for C equal to A

fs = A opcode: 8A2yy
cycles: 13 + d (GO/RTNYES)
" 6 + 4 (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9a2yy
cycles: 13 + d (GO/RINYES)
6 + a (NO)

Test whether the fs field of C is equal to the fs field of A. Must
be fo’lowed by a GOYES or RTNYES mnemonic. yy is determined by the
following RTNYES or GOYES. Adjusts Carry.
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.cﬁléqe. auyy rmﬁzs
A Y (NO)

' fs = (P,WP,XS,X,5,M,B,H) ~ opcode: Oalyy
ST e e et 0 0 ey eless 13 +d (GO/RTNYES)
+ d (No) -

uTbst whethcr the fs fiold ot c is equal to the s tiold of B. : Must
be followed by a 'GOYES or RTNYES mnemonic. yy. is dotcrnined by the
following RTNYES or GOYES. Adausts Carry.

2¢=D fs - Test for C equal to D

fs = A opcode: 8A3yy
cycles: 13 + d (GO/RTNYES)
6 + 4 (NO)
‘ fs = (P,WP,XS,X,S,M,B,W) opcode: 9a3yy
‘ cycles: 13 + d (GO/RTNYES)
6 + a (NO)

Test whether the fs field of C is equal to the fs field of D. Must
be followed by a GOYES or RINYES mnemonic. yy is determined by the
foliowing RINYES or GOYES. Adjusts Carry.

?2C>=A fs - Test for C greater than or equal to A
fs = A opcode: 8BAyy
cycles: 13 + 4 (GO/RTNYES)
6 + 4 (NO)
= (pP,WP,XS,X,S,M,B,W) opcode: ObAyy
cycles: 13 + 4 (GO/RTNYES)
6 + d (NO)

Test whether the fs field of C is greater than or equal to the fs
field of A. Must be followed by a GOYES or RTNYES mnemonic. yy is
determined by the following RTINYES or GOYES. Adjusts Carry.

4-25




TS - A o S 3 RO e 4 D

o+ d (uo)

'gTest whether the. s fiold‘ot c is’ greater than the fs field of A.
Must be followed: by & GOYES or RINYES mnemonic. yy is determined
by tho following RTNYES r GOYES AdJusts Carry '

2D#0 fs - Test for D not equal to O

P e et

fs = A opcode: 8AFyy
cycles: 13 + 4 (GO/RTNYES)
6 + 4 (NO)
(p,WP,Xs,X,S,M,B,W) opcode: 9aFyy
cycles: 13 + 4 (GO/RTNYES)
+ 4 (NO)

Test whether the fs field of D is not equal to 0. Must be followed
by a GOYES or RINYES mnemonic. yy igs determined by the following
RTNYES or GOYES. Adjusts Carry.

7D#C fs - Test for D not equal to C
fs = A opcode: 8ATyy
cycles: 13 + d (GO/RINYES)
6 + 4 (NO)
fs = (P,WP,Xs,X,S,M,B,W) * opcode: 9aTyy

cycles: 13 + d (GO/RINYES)
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: 1 , equal to. the fs field of C.
/8" GOYES or RINYES mnemonic. ¥y is determined -
or GOYES. 'Adjusts Carry. <

. E3;D;;cfﬂf§, - (T;;t for D";qss than or equal té c

fs = A opcode: 8BFyy .. :
cycles: 13 + A (GO/KTNYES)
6 + 4 (NO)
. f£s = (P,WP,XS,X,S,M,B,W) opcode: ObFyy
o " cycles: 13 + d (GO/RINYES)
6 + d (NO)

Test whether the fs field of D is less than or equal to the fs
field of C. Must be followed by a GOYES or RINYES mnemonic. yy is
determined by the following RINYES or GOYES. Adjusts Carry.

foo

7D<C  fs - Test for D less than to C
fs = A opcode: 8BTyy
cycles: 13 + d (GO/RINYES)
6 + 4 (NO)

[}

(P,WP,XS,X,S,M,B,W) opcode: 9bTyy
sycles: 13 + d (GO/RINYES)
6 + 4 (NO)

Test whether the fs field of D is less than the fs field of C.

Must be followed by a GOYES or RTNYES mnemonic. yy is determined
by the following RINYES or GOYES. Adjusts Carry.
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-% Detailed ﬁg@iﬁh{bbécription

s igr*b‘équaiuté 0.

opcode: - 8AByy L
-13 + 4. (GO/RTNYES)

_cycles:
« G Ll 16 + a.(NOo)
fs = s(p'wp’xs,”xosﬁn;!vw) opcode: 9aByy
el e P cycles: 13 T a (qo/ s)
+ a (NO)

v*Teat Hhother~tho fs fiald of.D is = oqual to 0. Must be- follSﬂQd by.
a GOYES ' or: RTNYES mnemonic. yy  1is determined by the - follouing

RTNYES or GOYES. Adjusts Carry.

D= fs - Test for D equal to C
fs = A opcode: B8A3yy
cycles: 13 + d (GO/RINYES)
6 + d (NO)
= (P,WP,XS,X,S,M,B,H) opcode: 9alyy
cycles: 13 + 4 (GO/RINYES)
6 + 4 (NO)

Test whether the fs field of D is equal to the fs field of C. Must
be followed by a GOYES or RTNYES mnemonic. yy is determined by the
following RTNYES or GOYES. Adjusts Carry.

?2D>=C fs - Test for D greater than or equal to C
fs = A opcode: 8BByy
cycles: 13 + 4 (GO/RTNYES)
6 + d (NO)
fs = (P,WP,XS,X,S,M,B,W) opcode: 9bEyy
cycles: 13 + 4 (GO/RTNYES)
6 + d (%0)

Test whether the fs field of D is greater than or equal to the fs
field of C. Must be followed by a GOYES or RINYES mnemonic. yy is
determined by the following RINYES or GOYES. Adjusts Carry.
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fs = (P,WP,XS,X,S,M,B,H)  opcode: Gblyy

{
H
i
:

gq.ﬁeéériﬁtidn

| Tbst fcr D greater than C

‘opcodo- 8B3yy
cycles: 13 + 4 (GO/RTNYES)
Lot + d (NO)

i

‘cycles: 13 + d (GO/RTNYES)
6 + a (NO)

Test whether the fs field of D is greater than the fs field of C.
Must be followed by a GOYES or RINYES mnemonic. yy is determined
by the following RTNYES or GOYES. Adjusts Carry.

o

7MP=0 - Test Module Pulled bit (MP)
opcode: 838yy
cycles: 13 {GO/RTNYES)
6 (NO)

Test whether the Module Pulled bit (MP) is zero. This hardware
status bit is set whenever a module-pulled interrupt occurs (the
#*INT line of the CPU is pulled high), and must be explictly cleared
by the MP=0 mnemonic. See the "HP-T1 Hardware Specification” for
more information. Must be followed by a RINYES or GUYES mnemonic.

vy is determined by the following RTNYES or GOYES. Adjusts Carry.

2P# n - Test if P pointer not equal ton
opcode: 88nyy
cycles: 13 (GO/RTNYES)
6 (NO)

Test whether the P pointer is not equal to n. Must be followed by
a RTNYES or GOYES mnemonic. yy is determined by the following
RTNYES or GOYES. Adjusts Carry.
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‘opcode:
- cycles: 13 ((
.. .- 6(No)

‘ peint.ris oqmlf-:"itc .t Must be i followed by &
RINYES or GOYES mnemonic. 'yy is determined by the following RINYES
or GOYES. Adjusts Carry. ' '

Test whether the

2SB=0 - Test Sticky Bit (SB)

opcode: 832yy

cycles: 13 (GO/RTNYES)
6 (NO)

Test whether the Sticky Bit (SB) is zero. This hardware status bit
~is set on right shifts (circular or non-circular) when a non-zero

nibble or bit is shifted off the end of the field. The Sticky Bit
must be cleared explicitly by the SB=0 mnemonic. Must be followed
by a RTNYES or GOYES mnemonic. yy is determined by the following
RTNYES or GOYES. Adjusts Carry.

7SR=0 - Test Service Request bit (SR) for zero

opcode: 83lyy

cycles: 13 (GO/RTNYES)
6 (NO)

Test whether the Service Request bit {SR) is zero. This hardware
status bit is set by the SREQ? mnemonic, and must be cleared
explicitly by the SR=0 mnemonic. Must be followed by a RTNYES or
GOYES mnemonic. yy is determined by the following RINYES or GOYES.
Adjusts Carry.
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.0 8Tnyy ‘
-cycles: 14 (GO/RINYES
FRECEIRN s 7 (NO) P

»Tost'vhothochrégrgn tatus bit n is set. Must be followed by a
RTNYES or GOYES mnemonic. ' yy is determined by the following RTNYES
‘or GOYES. Adjusts Carry. . ‘

2ST#1 n - Test status bit n not equal to 1

opcode: 86nyy
cycles: 14 (GO/RTINYES)
7 (NO)

Test whether Program Status bit n is clear. Must be followed by a
RTNYES or GOYES mnemonic. yy is determined by the following RINYES
or GOYES. Adjusts Carry.

?2ST=0 n - Test status bit n equal to O
opcode: 86nyy
cycles: 1L (GO/RTNYES)
7 (NO)

Test whether Program Status bit n is clear. Must be followed by a

RTNYES or GOYES mnemonic. yy is determined by the following RINYES
or GOYES. Adjusts Carry.
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Test. ogram; , Must be' followed by a
2. RINYES or GOYES mnemonic . the following RINYES
. or GOYES.  Adjusts C

7XM=0 - Test Extefﬁa;’HQQQIQ Mi?:inz bit (XM) - |

. -oﬁcod&:! 831yy -

cycles: 13 (GO/RINYES)
‘ 6 (NO)

Test the whether the External Module Missing bdit (XM) is zero.
This hardware status bit is set by the RTNSXM mnemonic, and must be
explicitly cleared by the XM=0 mnemonic. Must be followed by a
RTHYES or GOYES mnemonic. yy is determined by the following RINYES
or GOYES. Adjusts Carry. )

A=-A fs - Two's complement of A into A

fs = A opcode: F8
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: BbS
cycles: 3+4d

Complement the specified fs field of A. Complement is two’s
complement if in HEX mode, ten’s complement if in DEC mode. Carry
ijs set if the field is not zero, else Carry is cleared.
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fs = (P‘.W;xs;x s;u.n m' e
‘ e cycln:. "3 + d

‘ P.rforu a one's: eo-plonont on thc specifiod f- ficld ot A. ?éarty
is always cl&arod. R A

A=0 fs -~ Set A egqual to O

fs = A 7 opcode: DO
cycles: 7
fs = (P,WP,XS,X,S,M,B,W) opcode: AbO

cycles: 3+4d

Set the specified fs field of A to zero. Carry is not affected.

A=A!B fs - A OR B into A

fs = A opcode: OFF8
cycles: 4 + 4

fs = (P,WP,XS,X,S,M,B,W) opcode: OEa8
cycles: 4 - a

Set the fs field of register A to its logical OR with the
corresponding field of register B. Carry is not affected.
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'cyglcs:

o

Seﬁt_.jt‘ho it field of _register ‘A to its logical OR ‘with
"“corresponding ‘field of register C. Carry is not affected.

A=AkB fs - A AND B into A

fs = A opcode: OEFO
cycles: 4+ 4

fs = (P,WP,XS,X,S,M,B,W) opcode: OEaO
cycles: 4 + a

Set the fs field of register A to its 1logical AND with the
corresponding field of register B. Carry is not affected.

A=A%C fs - A AND C into A

fs = A opcode: OEF6
cycles: h + d

fs = (P,WP,XS,X,S,M,B,W) opcode: OEab

cycles: L +4d

Set the fs field of register A to its logical AND with the
corresponding field of register C. Carry is not affected.
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: , 5 cycles: 3 +d
Increment the specified “

‘ fiold,of register A by one. Adjusts
- Carry. o LI R P

AsA*A fs - Sum of A and A into A

fs = A ' ‘opcode: Clh
ecycles: T
ts = (P,WP,XS,X,S,M,B,W) opcode: Aah

cycles: 3+d

Double the specified fs field of register A. Adjusts Carry.

AsA+B fs - Sum of A and B into A

fs = A opcode: CO
cycles: T

fs = (P,WP,XS,X,S5,M,B,W) opcode: AaOl -
cycles: 2A+4d

Set tue specified fs field of register A to the sum of itself and
the corresponding field of register B. Adjusts Carry.
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'H?fTi ﬁ:éQF;r; 10§ & ﬁpfﬁile beéigq Doséfiption

A<A*C fs - Sumof Aand C into A

fs = A o opcodé: CA
) cyclts:f =T
£s = (P,WP,XS,X,S,M,B,W) opcode: A2A

cycles: 3+4d

Set the specified fs tiold of rogister A to the sum of 1tsolf and
the comsponding fisld of rog:lstor c. Ad,ju:ts carry.

A=A-1 fs - Decrement A

fs = A opcode: CC
cycles: T
fs = (P,WP,XS,X,S,M,B,W) opcode: AaC

cycles: 3+d

Decrement the specified fs field of register A by one. Adjusts

Carry. "I'

A=zA-B fs - A minus B into A

fs = A opcode: EO
cycles: 7
fs = (P,WP,XS,X,S,M,B,W) opcode: Bal

cycles: 3+4d

Set the specified fs field of register A to the difference between
jtself and the corresponding field of register B. Adjusts Carry.
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; ;»-;bofaiioé Do;igﬁ bosgfipcién

T;Aaiinhs‘c into A

‘opcode: EA

cycles:. . T
fs = (P,WP,XS,X,S,M,B,W)  opcode: BaA

cycles: 3+4

L he specified fs field of register A to the difference between
tself and the corresponding field of register C. Adjusts Carry.

A=B fs - Copy B to A

- - - -

fs = A ’ opcode: Db
cycles: T
fs = (P,WP,XS,X,S,M,B,W) opcode: Abk

cycles: 3+4d

Copy the fs field of register B into the corresponding field of
register A. Carry is not affected.

fs = A opcode: EC
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: BaC
cycles: 3+4d

Set the specified fs field of register A to the inverse difference
between itself and the corresponding field of register B. Adjusts
Carry.
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Copy the fs field:of ister C into the corresponding field of
register A. - Carry, :

opcode: 1kh2
cycles: 18

opcode: 1kA
cycles: 15

fs = (P,WP,XS,X,S,M,W) opcode: 152a
cycles: 17 + 4

fs = d opcode: 15Ax (x=d-1)
cycles: 16 +d

The amount of data (d nibbles) specified by fsd will be transferred
from the memory address pointed to by DO into the specified field
of register A. The lowest-addressed nibbls will be transferred
into the lowest-order nibble of the register field, proceeding
toward the higher-order nibbles. If fs = d, 4 nibbles are
transferred into the register starting at nibble 0. See the
section on "Loading Data From Memory" earlier in this chapter.

A=DAT1 fsd - Load A from memory

fs = A opcode: 1L3
cycles: 18

)

")
W
o

opcode: 1B
cycles: 15
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opcodes.15Bx (x=d-1)
‘eycles:’ %16 + d

 The amount of.

‘Th £ data (4 nibbles) specified by fsd will be transferred
from the memory: address pointed to'by Dl into the specified field
of register 'A.. The: lowest-addressed nibble will be transferred
‘into - the lowest-order: nibble of : the register field, proceeding
‘toward - the “ higher-order nibblesl " If fs = d, 'd nibbles are
transferred . into.. the register: starting: at nibble 0. See the
section on “Loading Data From Memory" earlier in this chapter.

A=IN - Load A with IN

opcode: 802
cycles: T

Load the low-order U4 nibbles of the A register with the contents of
the Input register.

A=RO - Copy RO to A

opcode: 110
cycles: 19

The contents of the scratch register RO is copied to the working
register A.
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¢ psR2 - Copy R2 to A

- - -

.opcodé3'~112§k
»cyclos: 19

‘The contents of thd‘scragéhfrdgistet R2 ii'éopied to the working
register A. o T , e A

A=R3 - Copy R3 to A

- - -

opcode: 113
cycles: 19

The contents of the scratch register R3 is copied to the working
register A.

A=RL - Copy R4 to A

opcode: 11k
cycles: 19

The contents of the scratch register RU is copied to the working
register A.
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£s = A

s -"-‘s{'(P,wp,xs'.x.vs;u.n,w)'

----—----.

cycles'

Exchangc the fs fields ot ragistern of A and B. CarfyAis':not

faftocted.

ACEX fs - Exchange Régistéri:A'and c

-omem - - -

fs = A opcode: DE
cycles: 7
fs = (P,WP,XS,X,S,M,B,W) opcode: AbBE

cycles: 3+4d

Exchange the fs fields of registers of A and C. Carry is not
affected.

ADOEX - Exchange A and DO (nibs 0-k)

opcode: 132
cycles: 8

Exchange the A field of register A with Data pointer DO. Carry is
not affected.
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- ADOXSs

,,,,,,,,,,

Detailed P‘sign Description

- Exchange A and DO short (ntbs 0-3)

- a0 > o w -

v opcodo.‘ A3A
'”cycles,: S

.Exchangc the lower h nibbl.s of A with the 1ower h nibblos of Data
pointcr DO. Carry is not atfocted L

AD1EX - Exchange A and D1 (nibs 0-k)

opcode: 133
cycles: 8

Exchange the A field of register A with Data pointer D1. Carry is
not affected.

AD1XS - Exchange A and D1 short (nibs 0-3)

opcode: 13B
cycles: 7

Exchange the lower 4 nibbles of A with the lower 4 nibbles of Data
pointer Dl. Carry is not affected.

AROEX - Exchange A and RO
opcode: 120
cycles: 19

Exchange the contents of the working register A and the scratch
register RO.
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cyclis:‘;?19,

‘Exchange the ' contents
.. register Rl. ' o

“of ' the working register A and the scratch

HIREN

AR2EX - Exchange A and R2

opcode: 122
cycles: 19

Exchange the contents of - the working register A and the scratch
register R2.

AR3EX - Exchange A and R3

opcode: 123
cycles: 19

Exchange the contents of the working register A and the scratch
register R3.

ARLEX - Exchange A and RY4

opcode: 124
cycles: 19

Exchange the contents of the working register A and the scratch
register Rb.
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op:! ! z‘,ilf" :

‘ U I gyclos:j<, 7
s = (Piwp,xs,x,s.u,n;w)‘ _opcode: BbO

Cyclcas j 3 + 4

Shift the: contcnts of tho spccifiod tl field of rngistcr A loft one
nibble,  without affoeting the rest of = the ragister. The nibble
shifted off the left - end of the field is lost. - The new low-order
nibble of the field is zero. The Sticky Bit (SB) is not affected.

ASLC - A Shift Left Circular

opcode: 810
cycles: 21

Circular shift register A left one nibble. Operaves on all 16
digits. The Sticky Bit (SB) is not affected.

o ASR fs - A Shift Right

fs = A opcode: Fl
cycles: 7

fs = (P,WP,XS,X,S,M,B,W) opcode: Bbh
cycles: 3+4d

Shift the contents of the specified fs field of register A right
one nibble, without affecting the rest of the register. The nibble
shifted off the right end of the field is lost, but the Sticky Bit
(SB) is set if the nibble was non-zero. The new high-order nibble
of the field is zero.
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Ddta};ééxDeiigﬁ‘D§séription

~'Right Bit

opcode: B81C
cycles: 20

¥

'{Shift/register {A rizht one. bit. Cperates on all 16 digits. The
bit shifted off the‘end is lost, but = the Sticky Bit (sB) is set if
e S 2 utq,yogfzq;q *Tho new high-order bit of the register is zero.

ASRCV -~ A Shift Right Circular

opcode: 814
cycles: 21
Circular shift register A right one nibble. Operates on all 16

low-order around to high-order position was non-zero.

B=-B fs - Two's complement of B into B
fs = A opcode: F9
cycles: 7
’ fs = (P,WP,XS,X,S,M,B,W) opcode: Bb9

cycles: 3+d

Complement the specified fs field of B. Complement is two’s
complement if in HEX mode, ten’s complement if in DEC mode. Carry
! is set if the field is not zero, else Carry is cleared.

L-ks5
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 B=-B-1 fs -fEOnofiﬂgohplgnen;‘of B into B

‘£e = (P,WP,XS,X,S.M,B,W)
i Lo 3+4d

Perform a one’s complement on the specified fs field of B. Carry
is always cleared. ‘ Ft e :

fs = A opcode: D1
cycles: T
fs = (P,wWP,Xs,X,S,M,B,W) opcode: Abl

cycles: 3+4d

Set the specified fs field of B to zero. Carry is not affected.

B=A fs - Copy A to B

fs = A opcode: D8
cycles: 7

fs = (P,WP,XS,X,S,M,B,W) opcode: AbS

cycles: 3 +4d

Copy the fs field of register A into the corresponding field of
register B. Carry is not affected.
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‘B=BIA fs

fa=A

- BORAinto B

' Set the fs field of register B to its logical. OR with the
" “corresponding field of register A. ' Carry is not affected.

T

B=BIC fs - B OR C into B

fs = A “opcode: OEF9
~cycles: 4+ d

fs = (P,WP,XS,X,S,M,B,W) opcode: OEa9
cycles: h + d

Set the fs field of register B to its logical OR with the
corresponding field of register C. Carry is not affected.

B=B&A fs - B AND A into B

fs = A opcode: OEF4
cycles: 4 + 4

fs (P,WP,XS,X,S,M,B,W) opcode: OEal

cycles: y + 4

Set the fs field of register B to its 1logical AND with the
corresponding field of register A. Carry is not affected.
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. HP-TL Hardware’

A4

opcode:
cycles:

Set the fs field of: rogiitor B

- corresponding field of register C.

B=B+1 fs - Increment B

fs = A opcode:
cycles:
fs = (P,WP,XS,X,S,M,B,W) opcode:
cycles:

IDS -- Detailed Design Description

fs = (P,WP,XS,X,S,M,B,W) opcode:
cycles: .

OEF1
iy ed

OEal
h + 4

to its logical AND  with. the
Carry is not affectodgfli,; g

ES
7

Ba5
3+4d

Increment the specified fs field of register B by one. Adjusts

Carry.

B=B+A fs - Sum of B and A into B

fs = A opcode:
cycles:
fs = (P,WP,XS,X,S,M,B,W) opcode:
cycles:

Set the specified fs field of regis

c8
T

AaB ,
3+ 4d

ter B to the sum of itself and

the corresponding field of register A. Adjusts Carry.
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fs = A : . opeode: C5
cycles: 7

“opcode: Aa5

fs = (P,WP,XS,X,S,M,B,W)
' ' iqyglos: 3+d

Double the specified s field of register B. Adjusts Carry.

B=B+C f3s - Sum of Band C into B

fs = A opcode: Cl
cycles: T
fs = (P,WP,Xs,X,S,M,B,W) opcode: Aal

cycles: 3+d

Set the specified fs field of register B to the sum of itself and
the corresponding field of register C. Adjusts Carry.

B=B-1 fs - Decrement B

fs = A opcode: CD
’ cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: AaD

cycles: 3+4d

Decrement the specified fs field of register B by one. Adjusts
Carry.
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B=B-C fs

e -

‘Set the spocifiod fs tiold'of:,rtgiltor B to thov v
itself and tho corrtsponding field of registor A “Adjust: Chrry"

difforonco botnnonf

B minus C intolb

opéadc: El

fs = A
cycles: 7
fs = (P,WP,XS,X,S,M,B,W) opcode: Bal

cycles: 3+4d

Set the specified fs field of register B to the difference between
itself and the corresponding field of registor C. Adjusts Carry.

B=C fs - Copy C to B

fs = A opcode: DS
cycles: 7

fs = (P,WP,XS,X,S,M,B,W) opcode: AbS

cycles: 3+4d

Copy the fs field of register C into the corresponding field of

register B.

Carry is not affected.
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;;,,"c-minus B into B

fs =A opcode: ED
’ By - cycles: 7
fs = (P,WP,XS,X,S,M,B,W)  opcode: BaD

cycles: 3+4d

- Set the specified fs field of register B to the inverse difference
‘between itself and the corresponding field of register C. Adjusts
) Carry. ST SR e o . e

BAEX s - Exchange Registers B and A

fs = A opcode: DC
cycles: T

(P,WP,XS,X,S,M,B,W) opcode: AbC
cycles: 3+d

fs

Exchange the fs fields of registers of B and A. Carry is not
affected.

BCEX fs - Exchange Registers B and C

fs = A opcode: DD
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: AbD
cycles: 3+d

Exchange the fs fields of registers of B and C. Carry is not
affected.
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F1
T

Bbl

fs "(P-“P’XS'X;SQﬁiﬁ&!) ‘
: S+ Xy3,M,8,0) 3+

Shift the contonta ° tho spocifiod fs field of register B left one
nibble, without attocting the ‘rest of the register. The nibble
-shifted off the: lnftwkond;of%th. field is lost. .- The new: low-order
nibblo of the field is zero. The Sticky Bit (SB) is not affected.

BSLC - B Shift Left Circular

opcode: 811
cycles: 22

Circular shift register B left one nibble. Operates on all 16
digits. The Sticky Bit (SB) is not affected.

BSR fs - B Shift Right

fs = A opcede: FS
cycles: 7

fs = (P,WP,XS,X,S,M,B,W) opcode: BbLS
cycles: 3+4d

Shift the contents of the specified fs field of register B right
one nibble, without affecting the rest of the register. The nibble
shifted off the right end of the field is lost, but the Sticky Bit
(SB) is set if the nibble was non-zero. The new high-order nibble
of the field is zero.
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s g 5
% ‘register ‘B'r ght-onc‘bit..f~0perates on all 16 digits. The
“bit shiftod off tho end isflost “but ! tho Sticky Bit (SB) is set if

BSRC - B Shift Right Circular

opcode: 815
cycles: 21

Circular shift registér‘Br fight on.'ﬁibblé. Operates on all 16
digits. The Sticky Bit k(SB) is set if th. nibble shifted from
low-order around to high-order position was non-zero.

BUSCC - Bus Command "C"

opcode: 80B
cycles: 6

Enters the HP-71 bus command "C" onto the system bus (this command
is rese. red for later use). No other operation is performed. See
the "HP-71 Hardware Specification” for more information.

C+P+1 - Increment C by One Plus P Pointer

opcode: 809
cycles: 8

The A field of the C register is incremented by one plus the value
of the P pointer. This instruction is always executed in HEX mode.
Adjusts Carry.
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C=-C fs - Two's complement of C into C

o fs = A RO opcode: FA

cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: BbA

cycles: 3 +d

Complement the specified fs field of C. Complement is
complement if in HEX mode, ten’s complement if in DEC mode.
is set if the field is not zero, else Carry is cleared.’

C=-C-1 fs - One's complement of C into C

fs = A opcode: FE
cycles: T
fs = (P,WP,XS,X,S,M,B,W) opcode: BLE

cycles: 3+4d

Perform a one’s complement on the specified fs field of C.
is always cleared.

C=0 fs - Set C equal to 0

fs = A opcode: D2
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: Ab2
cycles: 3+4d

two's

Carry

Set the spocified fs field of.C to zero. Carry is not affected.
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opcode:
cycles:

fs = '(?;ﬁp,m;x;’s,u;a.w) opcode:  Ab6
' : cyclcs° 3+4

Copy tho fs. fiold or rogistcr A into the corrcsponding rield of
rcgistor c. Carry is not affoetad. S

B ,,l»,h

C=A-C fs - A minus C into C

fs = A opcodo: EE
cycles: 7
fs = (P,WP,XS,X,S,M,B,W) opcode: BaE

cycles: 3+ 4

Set the specified fs field of register C to the inverse difference
between itself and the corresponding field of register A. Adjusts
Carry.

C=B fs - Copy B to C
fs = A opcode: D9
: cycles: 7
(P,WP,XS,X,S,M,B, W) opcode: Ab9
cycles:. 3+4d

Copy the fs field of register B into the corresponding field of
register C. Carry is not affected.




B,

~ opcode:
cycles:

£s = "(?;vp.xs".x,s,u,s,w)

o opcodo"
cycles:

" OEFA

W

OEaA
4 +a

Sot tho fs: fiold of r.gistor C to its logical OR with tho

corrosponding field of rngistor A.

C=C!B fs - CORB into C

fs = A opcode:
cycles:
fs = (P,WP,XS,X,S,M,B,W) opcode:
cycles:

Carry is not tffocted.

OEFD
L +ad

OEaD
4 +d

Set the fs field of register C to its logical OK with the

corresponding field of register B.

¢=C!D fs - CORDinto C

- -

fs = A opcode:
- cycles:

fs = (P,WP,XS,X,S,M,B,W) opcode:
cycles:

Carry is not affec'ea.

OEFF
4 + 4

OEaF
L + 4

Set the fs field of registes C to its logical OR with the

corresponding field of register D.
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" ‘opcode: UEF2
. cycles: W+ a4

s = (P,WP,XS,X,S,M.B;QIEV '?Bpébdo: OEa2

, " cycles: h+a
Set the f3 field of register C to its logical AND with the
corresponding field ot;rqgister A. Carrv is not affected.

fs = A | opcode: OEFS
- cycles: 4 +a

(P,WP,XS,X,S,M,B,W) opcode: OEaS
cycles: h + 4

fs

Set the fs field of register C to its 1logical AND with the
corresponding field of register B. Carry is not affected.

C=C&D fs - C AND D into C

fs = A opcode: OQEF7
cycles: h + a

fs = (P,WP,XS,X,S,M,B,W) opcode: OEaT

cycles: 4 + 4

Set the fs field of register C to 1its 3logical AND with the
corresponding field of register D. Carry is not affected.
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eription

opcédc: E6
Hcy;logak," 7

6§c646:~ Bab
cycles: 3+ 4

field of register C by one. Adjusts

iy

€=C+A fs - Sum of C and A into C

fs = A S opcode: C2
S cycles: 7
fs = (P,WP,XS,X,S,M,B W) opcode: Aa2

cycles: 3+4d

Set the specified fs field of rojister C to the sum of itself and
the corresponding field of register A. Adjusts Carry.

C=C+B fs - Sum of C and B into C

fs = A opcode: C9
cycles: T

fs = (P,WP,XS,X,S.M,B,W) opcode: Aa9
cycles: 3 +d

Set the specified fs field of register C to the sum of itself and
th2 correst-..ding field of register B. Adjusts Carry.
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7;:3irduarohiﬁ§tﬂ

fs = A opcode: C6
Ui S : cycles: 7
fv‘_f’b (P’wp”xs:x'sbﬁ;a’") opcode: Aab

P PR cycles: 3+4

Double the specified fs field of register C. Adjusts Carry.

C=C+D fs - Sumof Cand D into C

fs = A opcode: CB
cycles: T

fs = (P,WP,Xs,X,S,M,B,W) opcode: AaB
cycles: 3+4d

Set the specified fs
the corresponding field of register D.

field of register C to the sum of itself and
Adjusts Carry.

Decrement the
Carry.

specified fs

A EERLW

field of register C by one.
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C=C-1 fs - Decrement C

fs = A opcode: CE
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: AaE
cycles: 3+d

Adjusts



* Set the’ pééifi;d.{ ffiqlrtyf,ixogiif;£vc to the difference between
itsel ‘and,the”co:?@spdpdipg,fiold]éf register A. Adjusts Carry.

C=C-B - f; ﬁf C minus § info c vf‘

e O opentes 39
‘cycles: T
fs = (PQW,XS»,X‘S.H,B,W) OPCOde: Bag

cycles: 3+4
Set the specified fs field of register C to the difference between
jtself and the corresponding field of register B. Adjusts Carry.

C=C-D fs - C minus D into C

fs = A opcode: EB
cycles: 7

fs = (P,WP,XS,X,S,M,E,%) opcode: BaB

cycles: 3+4d

Set the specified fs field of register C to the difference between
jitself and the corresponding field of register D. Adjusts Carry.
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» opcode: T
ycles: .. .

£s = (P,WP,XS,X,S,M,B,W) ‘opéédé.,‘AbB
: ?Cyclos: "3+ d

Copy the fs field of roginter D 1nto th. eorresponding field of
register C. Carry is not affectod. '

C=DATO0 fsd - Load C from memory

fs = A opcode: 146
cycles: 18

fs = B opcode: 1LE
cycles: 15
fs = (P,WP,XS,X,S,M,W) opcode: 156a
' cycles: 17 + 4
fs = d . opcode: 15Ex (x=d-1)

cycles: 16 + &

The amount of data (d nibbles) specified by fsd will be transferred
from the memory address pointed to by DO into the specified field
of register C. The lowest-addressed nibble will be transferred
into the lowest-order nibble of the register field, proceeding
toward the higher-order nibbles. If fs = d, d nibbles are
transferred into the register starting at nibble 0. See the
section on "Loading Data From Memory" earlier in this chapter.

h-61



Wiiédkbcgiga Dg;éxiptioh '

_CsDAT1 fsd - - memory

CitgeA ' "gp‘?odﬂ-’%fl’ﬂ
G ;cyclcszrkv;g‘
ggm B ""opcoddiiii&?
. cycles: 15
fs = (P,WP,XS,X,S,M,W) = opcode: 15Ta
I cyclq:: ~1T + d
ﬁf,‘.ia' 6§é$do: fIS?x (x=d-1)“ft

‘cycles: 16 + d

The amount of data (d nibbles) specified by fsd will be transferred
from the memory address pointaed iu by D1 into the specified field
of register C. :The lowest-addressed mibble will be transferred
into the lowest-order nibble of the register field, proceeding
toward the higher-order nibbles. If fs = d, 'd nibbles are
transferred into the register starting at nibble 0. See the
section on "Loading Data From Memory” earlier in this chapter.

C=1D - Request chip ID
opcode: 806
cycles: 11

The chip which has its DAISY-IN line high and its configuration
flag low will send its 5 nibble ID register to the system bus which
will be 1loaded into the low-order 5 nibbles (A field) of the C

register. See the "HP-71 Hardware Specification” for more
information.
C=IN - Load C with IN

opcode: 803
cycles: T

Load the low-order L nibbles of the C register with the contents of

the Input register. See the "HP-T1 Hardware Specification”™ for
more information.
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e c¢pyi?*Pbinter into Nibble n of C

opéod§§ 8ocn
cycles: 6

Copy P.pointer into C register at digit position specified by n.

C=RO - Copy RO to C

opcode: 118
cycles: 19

The contents of the scratch register RO is copied to the working
register C.

C=R1 - Copy R1 to C

O L

opcode: 119
cycles: 19

The contents of tha scratch register Rl is copied to the working
register C,

C=R2 - Copy R2 to C

opcode: 11A
cycles: 19

The contents of the scratch register R2 is copied to the working
register C.
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C=R3 "= Copy R3 to C

opcode: 11B
cycles: 19

The cdntonts of the scratch register R3 is copied to the working
rr7ister C.

C=Rl4 - Copy Rb to C

opcode: 11C
cycles: 19

The contents of the scratch register RL is copied to the working
register C.

C=RSTK - Pop stack to C

opcode: 07
cycles: 8

Pop the top-most address off of the hardware return stack, placing
the address in the lower 5 nibbles (A field) of register C. The
high-order nibbles of C are unchanged. As the address is popped
from the return stack, a zero address is inserted at the bottom of
the stack. Compare with the RTN mnemonic.
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its St: tha ‘status’ registor into Etho
ot the C rezist.r.'

vvlow-ordor 12 bits: (x field)

CAEX fs - Exchange Registers C and A
fs = A opcode: DE
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: ABE
‘ cycles: 3+d

Exchange the fs fields of registers of C and A. Carry is not g
affected.

CBEX fs - Exchange Registers C and B
fs = A opcode: DD
cycles: 7
(P,WP,XS,X,S,M,B,W) opcode: AbD
cycles: 3+ad
Exchange the fs fields of registers of C and B. Carry is not §
affected. :
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= Exchange C and DO short (nibs 0-3)

opcode: 13E
cycles: 7

'Exchange the lower k4 nibbles of C with the lower k nibbles of Data
~pointer DO. Carry is not affected.

CD1EX - Exchange C and D1 {nibs 0-4)

opcode: 137
cycles: 8

Exchange the A field of register C with Data pointer D1. Carry is
not affected.

CD1XS - Exchange C and D1 short (nibs 0-3)
opcode:: 13F
cycles: 7

Exchange the lower 4 nibbles of C with the lower 4 nibbles of Data
pointer D1. Carry is not affected.
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"DF

-7
AbF
3+4d
1‘ﬁ§chan§o t 3 ﬁ"w:A of régistors of ¢ and D. Carry is not

iffecton*

CLRHST - Clear Hardware Status bits
opcode: 82F
cycles: 3

Clears the L4 Hardware Status bits XM, SB, SR and MP. Note that the

opcode is actually 82x, where x is merely a mask for which Hardware
Status bits to clear, as follows:

bit 0 - External Module Missing bit (sec XM=0 mnemonic)
bit 1 - Sticky Bit (see SB=0 mnemonic)
bit 2 - Service Request bit (see SR=0 mnemonic)
bit 3 - Module Pulled bit {see MP=0 mnemonic)
R For example opcode 829 clears XM and MP. Although there is no

mnemonic for +this, the opcode can be inserted into the code by
using, for example, NIBHEX 829.

CLRST - Clear Program Status
opcode: 08
cycles: 6

Clear the low-order 12 bits (SO through S11) of the Program Status
register ST.




See the HP 71 Bardwaro

5

CPEX n - Exchange

-- .- - -

Nibble n of C With P Pointer

Vopéod.' 80Fn
cyclcs. 6

Exchango the P pointor with digit n of the C register.

CROEX ~ Exchange C and RO
opcode: 128
cycles: 19

Exchange the contents of the working register C and the scratch
register RO.

CR1EX - Exchange C and Rl

opcode: 129
cycles: 19

Exchange the contents of the working register C and the scratch
register Rl.
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 Exchan‘o th- cqntcntlfcf tho‘working registcr c and the scratch

registcr R2.

:CR3EX - Exchango C. and R3

opcodo. 12B
cycle:' 19

Exchange the contents. of the working regxstor C and the scratch
register R3. -

CRLEX - Exchange C and R4

opcode: 12C
cycles: 19

Exchange the contents of the working register C and the scratch
register RA,

CSL fs - C Shift Left

fs = A opcode: F2
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: Bb2
cycles: 3+4d

Shift the contents of the specified fs field of register C left one
nibble, without affecting the rest of the register. The nibble
shifted off the left end of the field is lost. The new low-order
nibble of the field is zeroc. The Sticky Rit .3E) is not affected.
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CSLC - C Shift Left Circular

opcode: 812
cycles: 21

. Circular shift register c"10ft.eno nibble. Operates"op all 16

digits. The Sticky Bit (SB) is not affected.

CSR fs - C Shift Right

fs = A opcode: F6
cycles: T
fs = (P,WP,XS,X,S,M,B,W) opcode: BbE

cycles: 3+4

Shift the contents of the specified fs field of register C right Q
one nibble, without affecting the rest of the register. The nibble

shifted off the right end of the field is lost, but the Sticky Bit

(SB) is set if the nibble was non-zero. The new high-order nibble

of the field is zero.

CSRB - C Shift Right Bit

opcode: 81E
cycles: 20

Shift register C right one bit. Operaies on ali 16 digits. The
bit shifted off the end is lost, but the Sticky Bit (SB) is set if
it was non-zero. The new high-order bit of the register is zero.
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- C Shift Right Circular

opcode: 816
‘cycln:: 21

Circular shiftr‘rcgistor C right one nibble. Operates on ra11v16
digits. The 3Sticky Bit (SB) is set if the nibble shifted from
low-order around to high-order position was non-zero. :

CSTEX - Exchange Status with C register

opcede: OB

cycles: 6
Exchange the low-order 12 bits (SO through S11) of the Program
Status register ST with the low-order 12 bits (X field) of the C
register.
D0=(2) nn - Load 2 Nibbles Into DO

opcode: 19nn

cycles: L

; Load the low-order two nibbles of DO with nn. The upper nibbles of
: DO remain unchanged. Any overflow is ignored by the assembler.
The assembled digits of nn are stored in the opcode in reverse
order so0 that when the instruction is executed the data will be
loaded into the register with the intended orientation. See the
section on "Loading Data From Memory" earlier in this chapter.

-1
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- Load } Nibbles Into DO

opcode: 1Annnn
cycles: .6 JERRL AT I

Load t 'loiforder four 'nitbles of DO with nnnn. The upper nibble
of DO remains unchanged. : Any overflow is ignored by the assembler.
The assembled digits of nnnn are ' stored in the opcode -in’ reverse
order so *that when the instruction is executed the data will be
loaded into the register with the intended orientation. . See the
section on ‘Loading Data From Memory” earlier in this chapter. - ...

D0=(5) nnnnn - Load 5 Nibbles Into Do

opcode: 1Bnannn
cycles: T

Load all five nibbles of DO with nnnnn. Any overflow is ignored by
the assembler. The assembled digits of nnnnn are stored in the
opcode in reverse order so that when the instruction is executed
the data will be loaded into the register with the intended
orientation. See the section on “"Loading Data From Memory" earlier

in this chapter.

DO=A - Copy A to DO (nibs 0-4)
opcode: 130
cycles: 8

The A field of register A is copied into Data pointer register DoO.
Carry is not affected.
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are copied into 'the lower & ¥nibble

Carry is not affected.

DOsC - Copy C to DO (nibs 0-4)

- - -

opcode: 134

- cycles:

‘The A field of register:
Carry is not affected. -

8

DO=CS - Copy C to DO short (nibs 0-3)

opcode: 13C
cycles: 7

$s<1copigd€1nto Datt‘pointdf‘re;istcr'Do.

The lower U4 nibbles of C are copied into the lower 4 nibbles of
Data pointer register DO. Carry is not affected.

opcode: 16x (x=n-1)

DO=DO+ n - Add n to DO (l<=n<=18)
cycles:
Increment DO by n. This instruction

mode. Adjusts Carry.
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opcode: 18x (x=n-1)
cycles: 7

Decrement DO by n. This instruction is always executed in HEX
mode. Adjusts Carry.

DO=HEX hh - Load DO with hex constant hh
opcode: 1Ghh
cycles: b

Load the low-order two nibbles of DO with the hex constant hh. The
upper nibbles of DO remain unchanged. The digits of hh are stored
in the opcode in reverse order so that when the instruction is
executed the data will be loaded into the register with the
intended orientation. See the section on “"Loading Data From
Memory”" earlier in this chapter.

DO=HEX hhhih - Load DO with hex constant hhhh

- - - - - - -

opcode: 1Ahhhh
cycles: 6

Load the low-order four nibbles of DO with the hex constant hhhh.
The upper nibble of DO remains unchanged. The digits of hhhh are
stored in the opcode in reverse order so that when the instruction
is executed the data will be loaded into the register with the
intended orientation. See the section on "Loading Data From
Memory" earlier in this chapter.

B-7Y
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Load DO with hex constant hhhhh
. " P R e A . Jgf}“ thenl

. opcode: 1Bhhhhh
- eycles: T '

Load all five 'nibbles of DO with the hex: constant hhhkh. ~ The

digits of hhhhh are stored in the opcode im reverse order so that .-

. when the instruction is executed the data will be loaded into the
register with the intended orientation. See the .section on
“Loading Data Fro;‘Homory" earlier in this chapter.

D1=(2) nn - Load 2 Nibbles Into D1
opcode: 1Dnn
cycles: 4

Load the low-order two nibbles of D1 with nn. The upper nibbles of
D1 remain unchanged. Any overflow is ignored by the assembler.
The assembled digits of nn are stored in the opcode in reverse
order so that when the instruction is executed the cata will be
loaded into the register with the intende:l orientation. See the
gsection on “Loading Data From Memory” earlier in this chapter.

p1=(4) nnnn - Load b4 Nibbles Into D1
opcode: 1Ennnn
cycles: 6

Load the low-order four nibbles of D1 with nnnn. The upper nibble
of D1 remains unchanged. Any overflow is ignored by the assembler.
The assembled digits of nnnn are stored in the opcode in reverse
order so that when the instruction is executed the data will be
loaded into the register with the intended orientation. See the
section on "Loading Data From Memory" earlier in this chapter.
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ignored by

bled digits of nnnnn are stored  in the
{that when the instruction 6 is executed
into s the register with :the intended
»n on “Loading Data From Memory” earlier

opcode: 131
cycles: 8

The A field of register A is copied into Data pointer register Dl.

Carry is not affected.

D1=AS - Copy A to D1 short (nibs 0-3)

opcode: 139
cycles: T

The lower U nibbles of A are copied into the lower 4 nibbles of
Data pointer register Di. Carry is not affected.

D1=C - Copy C to D1 (nibs 0-lL)

opcede: 135
cycles: 8

The A field of register C is copied into Data pointer register D1.
Carry is not affected.
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lower k nibbles of
de e

D1=Dl+ n - Add'n to

PR Lo dadudend

Increment D1 by n. This instruction is always executed in HEX
mode. Adjusts Carry. C R T

D1=D1- n - Subtract n from D1 (1<=n<=16)

opcode: 1Cx (x=n-1)
cycles: 7

Decrement D1 by n. This instruction is always executed in HEX
mode. Adjusts Carry.

D1=HEX hh - Load D1 with hex constant hh

opcode: 1Dhh
cycles: L

Load the low-order two nibbles of D1 with the hex constant hh. The

upper nibbles of D1 remain unchanged. The digits of hh are stored
in the opcode in reverse order so that when the instruction is
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’Dﬁsﬂﬁx$

See the section  on-

hhhh ‘4‘£oad D1 with hex constant hhhh

--arm -

opcode: -1Ehhhh
cycles: 6

Load the low-order ~four nibbles of D1 with the hex constant hhhh.
The upper nibble of D1 remains unchanged. The digits of hhhh are

,stqrqd‘in,tho;ppcode;in_r.vcrse. order so that when the instruction
i executed the data will be loaded into the register with the

intended orientation. See the section on ‘"Loading Data From
Memory” earlier in this chapter.

D1=HEX hhhhh - Load D1 with hex constant hhhhh
opcode: 1Fhhhhh
cycles: T

Load all rive nibbles of D1 with the hex constant hhhhh. The
digits of hhhhh are stored in the opcode in reverse order so that
when the instruction is executed the data will be loaded intc the
register with the intended orientation. See the section on
"Loading Data From Memory" earlier in this chapter.

D=-D fs - Two’s complement of D into D

fs = A opcode: FB
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: BbLB

cycles: 3+d

Complement the specified fs field of D. Complement  is two’s
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‘1 3--9-1,f.fi-_ One’s ;aﬁ;;.a.ut of D into D

fe=A o . opcode: FF
) ~eycles: 7

fs = (P,WP,XS,X,S,M,B,W) opcode: BbLF
: cycles: 3+4d

Perform a onq’s'~éomplcmb£tﬁén the specified f3 field of D. Carry
is always cleared.

D=0 fs - Set D equal to O

fa = A opcode: D3
cycles: T
fs = (P,WP,XS,X,S,M,B,W) opcode: Ab3

cycles: 3+4d

Set the specified fs field of D to zero. Carry is not affected.

D=C fs - Copy C to D

fs = A opcode: D7
cycles: T

fs = (P,WP,XS,X,S,M,B,W) opcode: AbT
cycles: 3 +4d

Copy the fs field of register C into the corresponding field of
register D. Carry is not affected.
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Adjusts-

DsDIC fs - DORC inte D

P S opcodes OEFB
: _eycles: 4 +4d

ts = (P,WP,XS,X,S,M,B,H) opcode: OEaB
Co cycles: 4 + 4

Set the fs field of register D to its logical OR with the
correspending field of register C. Carry is not affected. i ‘

D=D&C fs - D AND C into D

fs = A opcode: OEF3
cycles: L +d

fs = (P,WP,XS,X,S,M,B,W) opcode: OEa3
cycles: L +4d

Set the fs field of register D to its logical AND with the
corresponding field of register C. Carry is not affected.
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D=D+1 fs

m;ofCOdﬁ;’%ET'
‘ _cycles: T
fs = (P,VP,XS,X,5,M,B,W) = opcode: Ba7

Increment the spocifijdzfs field of register D by one. Adjusts

D=D+C fs - Sumof D and C into D

fs = A ‘ ~ ‘opeode: C3
cycles: T
fs = (P,WP,XS,X,S,M,B,W) opcode: Aal

cycles: 3+4d

Set the specified fs ield of register D to the sum of itself and
the corresponding field of register C. Adjusts Carry.

D=D+D fs - Sum of D and D into D

- -

fs = A opcode: CT
cycles: T
fs = (P,WP,XS,X,S,M,B,W) opcode: AaT

cycles: 3+4d

Double the specified fs field of register D. Adjusts Carry.
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s -:(P,WP.XS,X;S;H,B,W) * “opcode:
' " eycles: .3+ 4d
. R . R 2 A sy T y ‘
Decrement the specified fs. field of register D by one. Adjusts
Carry. ' : : ' '

DsD-C fs - D minus C inte D

fs = A - " opcode: -E3

~cycles: T
rs = (P,WP,XS,X,S,M,B,W) opcode: Ba3

cycles: 3+4d

Set the specified fs fiild of registof D to the difference between
jtself and the corresponding field of register C. Adjusts Carry. ‘

DATO=A fsd - Store into memory from A

fs = A opcode: 140
cycles: 17
fs = B opcode: 1h8
cycles: 1h
fs = (P,WP,XS,X,S,M,W) opcode: 150a

cycles: 16 + d

fs = d opcode: 158x (x=d-1)
cycles: 15 + d

The amount of data (d nibbles) specified by fsd will be written to
th2 memory address pointed to by DO from the specified field of
register A. The lowest-order nibble of the register field will be
written to the lowest-addressed nibble of memory, proceeding toward
the higher-order nibbles. If fs = d, d nibbles are written to
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fs = (P,WP,XS,X,S,M;W) _opeode: 15ha
"’ w Y ‘cycles: - 16 + 4

fopéodo:ffISCx (x=4a- 1)
cycles: .15 + 4

The. amount ot data (d nibblos) speczfied by fsd will be written to
“the memory address pointed to . by DO from the specified field of
register C. The lowest-order nibble of the register field will be
written to the lowest-addressed nibble of memory, proceeding toward
. the. higher-order nibbles. If -fs = d, 4 nibbles are written to
memory ‘'starting from nibble 0 of the register. See the section on
"Storing Data Into Memory" earlier in this chapter.

DAT1=A fs - Store into memory from A
fs = A opcode: 141
cycles: 17
fs = B opcode: 1h9
cycles: 14
fs = (P,WP,XS,X,S,M,W) opcode: 151a
cycles: 16 + d
fs = d opcode: 159x (x=d-1)

cycles: 15 + d

The amcunt of data (d nibbles) specified by fsd will be written to
the memorr address pointed to by D1 from the specified field of
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er nibble of.  the register field will be
ssed nibble of memory, proceeding teward
‘If fs = 4, 4 nibbles are written to
ory-start . .0 of - the register. See the sectien on Ly oat
£o; ‘Data Intd Memory earlier in this chapter. - SR :

opcode: 1L5
cycles: 17

opcode: 14D
cycles: 1b

£s = (P,WP,XS,X,S,M,W) opcode: 155a
: cycles: 16 + 4

fs = d . opcode: 15Dx (x=d-1)
cycles: 15 + d

The amount of data (d nibbles) specified by fsd will be written to
the memory address pointed to by D1 from the specified field of
register C. The lowest-order nibble of the register field will be
written to the lowest-addressed nibble of memory, proceeding toward
the higher-order nibbles. If fs = d, d nibbles are written to
memory starting from nibtble O of the register. See the section on
“Storing Data Into Memory" earlier in this chapter.

i DCEX fs - Exchange Registers D and C
fs = A opcode: DF
cycles: 7
fs = (P,WP,Xs,X,S,M,B,W) opcode: AbF
cycles: 3+4d

Exchange the fs fields of registers of D and C. Carry is not

affected.
|
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Shift the contentz of th‘ spocifiod fs field of rtgistor D left one
“ nibble, without aftocting ‘the " rest of - the register. . The nibble
~shifted off the left: ‘endiof the field is lost. The new: low-order
nibble. of the fiold is zero. Tho Sticky. 3it (SB) is not affected.

DSLC - D Shift Left Circular
| opcode: 813
cycles: 21

Circular shift register D left one nibble. Oporates on all 16
digits. The Sticky Bit (SB) is not affected.

DSR fs - D Shift Right

fs = A opcode: FT
cycles: T

fs = (P,WP.¥%5,X,S,M,B,W) opcode: BbT
cycles: 3+4d

Shift the contents of the specified fs field of register D right
one nibble, without affecting the rest of the register. The nibble
shifted off the right end of the field is lost, but the Sticky Bit
(SB) is set if the nibble was non-zero. The new high-order nibble
of the field is zero.
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- D Shift Right Bit

; 'op°°d'£7
cycl"z

Shift register D right one bit.  Operates on all 16  digits. The
bit shifted off the end is lost, but the Sticky Bit (sB)' is set if
* "1t was non-zero. The new high-order bit of the register is zero.

DSRC - D Shift Right Circular -
6pcod-:‘ 817
cyclos:\ 21
Circular shift register D right one nibble. Operates on all 16
digits. The Sticky Bit (SB) is set if the nibble shifted from
low-order around to high-order position was non-zero.

- g

GOC label -~ Go relative on carry

opcode: laa
cycles: 10 (GO)
3 (NO)

Short relative jump to label if Carry is set. label must be in the
range:

addr - 128 <= 1label <= addr + 127

Y g

where addr is the address of the second nibble of the opcode. The
address offset aa is in two’s complement form and is relative to
addr.

Bt

Py
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‘Long’ relative Jump’ to label unconditionallj % 1abed must: be in the
rango.: : : B

addr 32768 <= iibol <= addr + 32761

:Hwhoro addr is the addr.ss ot the third nibble of tho opcodn.;
address offset aaaa is’ in two’s complement foru and is relativo to
‘addr. - ; : o

GONC  label - Go relative on no carry

opcode: Saa
cycles: 10 (GO)
3 (NO)

Short relative jump to 1label if Carry is clear. label must be in
the range:

addr - 128 <= 1label <= addr + 127

where addr is the address of the second nibble of the opcode. The
address offset aa is in two’s complement form and is relative to
addr.

GOSBVL label - Gosub very long to label

opcode: 8Faaaaa
cycles: 15

Absolute subroutine jump to aaaaa, which is the absolute address of
label. See the GOSUB mnemonic.
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e T PP AT S K R T e et e

“Rolqﬁiﬁo'ihbr

:‘obosé:iption

" opcode: Taaa
“/‘cycloS{ 1j12‘

tin Jump to labol. labol uust be in tho rango.

x’7' addr - 20&8 <= label <= addr + 2oh7
ftho tarting addross of tho next instruction. The

whoro addr 1

HL ) R . B e B

: ~-with - 311 subroutino jumps. the address. (addr) of. tho
1nstruction following the gosub opcode 1is pushed onto the hardware

return. stack, so  that when: a corresponding return is  executed,

control rosuuos with tho instructiou at addross addr.

As - tho roturn addross is pushed onto the return stack, the
bottom-most addross ‘on the stack is discarded. Therefore, the
return stack always contains 8 addresses, and if pushes exceed pops
by 8 levels, the bottom-most return addresses are lost. Since the
interrupt system requires one level to process interrupts, only 7
levels of the return stack can be used by code which must execute
when interrupts are enabled. See the RIN mnemonic for further
information.

GOSUBL label - Gosub long to label

- - - -

opcode: B8Eaaaa
cycles: 15

Long relative subroutine jump to label. label must be in the
range:

addr - 32768 <= label <= addr ¥ 32767
where addr is the starting address of the next instruction. The

address offset aaaa is in two's complement form and is relative to
addr. See the GOSUB mnemonic.
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' address offs
addr.

GOVLNG label - Jump very long
opcode:
cycles:

- where addr is the address of the secend nibble of the opcode.
et aaa is in two’s complement form and is relati

‘8Daaaaa
14

Unconditional jump to aaaaa, which is the absolute address of

label.

GOYES 1label - Jump if Test is True

opcode:
‘cycles:

GOYES is 2 mnemonic to specify part
must always follow a test mnemonic.
is met, a jump is performed to label
in the range

addr - 128 <= label

yy
included in the accompaning

Test mnemonic cycle time.
of a CPU test opcode. GOYES

If the condition of the test
with Carry set. label must be

<= addr + 127

where addr 1is the starting address of the jump offset yy. If
the test condition is not met, Carry is cleared and control passes
to the next instruction. Compare with RTNYES.
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interrupt systea. * However, INTOFF does not
, *INT . line interrupts.:- See the "HP-T1

vg;N$OXQ .‘;,IhterruptvOn‘
| opcodo:. 8080
cycles: 5

‘Enable the keyboard interrupt system. See the "HP-T1 Hardware
‘Specification” for more information.

LC(m) n..n - Load C with constant (1<=m<=6)

opcode: 3xn..n (x=m-1)
cycles: 3I+m

Load m digits of the expregsion n..n to the C register beginning at
the P pointer position, and proceeding toward higher-order nibbles,

with the ability to wrap around the register. See the section on
"Loading Data From Memory" earlier in this chapter.

LCASC \A..A\ - Load C with ASCII constant

opcode: 3mc..c

(m = 2*(# of chars)-1;
c..c = ASCII codes)
cycles: 3+2*(# of chars)

Load up to 8 ASCII characters to the { register beginning at the P
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”‘urtp around: the

P

e ASCI _eharactors“aro'f;tored in tho»opcodo in

J ‘intondod orientation.»‘
‘Data: From Memory" earlier in this

LCHEX h..h: - Load C with hex constant

opcodc.\-3nh..h (n=# of digits-1)
cycles.r 'h+n o

Load up to 16 hc ’édigits into tho c register beginning at the P
pointer position, and proceeding ' toward higher-order nibbles, with
_ the ability to wrap around the register. The hex digits are stored
e in the opcode in -reverse order  so that when the instruction is
executed the data will be loaded into the register with the
intended orientation. See the section on "Loading Data From
Memory"” earlier in this chapter.

MP=0 - Clear Module Pulled bit (MP)

opcode: 828
cycles: 3

Clears the Module Pulled bit (MP) and pulls the Module Pulled
Interrupt line low. See CLRHST mnemoniec.
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- Throﬁ‘nibble No-op

‘Th lncnonic gonortt.s a GOC to tbo next 1natruetion. effoctivoly
skippin‘ threo nibblos. :

NOP4 - Four nibble No-op
opcéde~ 6300
cyclos. 11

This nnemonic genaratos a GOTO to the next instruction, effectively
skipping four nibbles.

NOPS - Five nibble No-op

opcode: 6L000
cycles: 11

This mnemonic generates a relative GOTO to +4 nibbles. The fifth
nibble in the opcode is a place holder and is jumped over. The
mnemonic effectively skips five nibbles.

ouT=C - Load 3 nibbles of OR

opcode: 801
cycles: 6

All nibbles of the Output register are loaded with the low-order
three nibbles of C (X field).
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:
{
@
¥

‘\ef tho c register.

- Copy P pointirit:pm C at Nibble n

“opcode: 80Dn
- cycles: - 6

'$Cop§'nibblo n of registdf c intb.tho P pointer.

P=P+1 - Increment P Pointer

- --

opcode: 0OC
cycles: 3

executed in HEX mode. Adjusts carry.
P=P-1 - Decrement P Pointer

opcode: OD

executed in HEX mode. Adjusts Carry.
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cycles: 3
Decrement the P pointer. If P is decremented
automatically wraps around to F. This instruction

_erg"tl.x"'o Output ragistor i loaded with

Increment the P pointer. If P is incremented past F it will
automatically wrap around to 0. This instruction is always

past 0 it
is always




- Cop§”A:f6’rogist§} RO

"opéédq: 100
_ _ .;;cyclgs: 19 ‘

The contents of the working 'fékiifcf A is copied to tho‘;#?;féh:

register RO. : Sy

RO=C - Copy C to register RO

opcode: 108
cycles: 19

The contents of the working register C is copied to the scratch
register RO.

R1=A - Copy A to register Rl

opcode: 101
cycles: 19

The contents of the working register A is copied to the scratch
register R1.
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H

\Rng'v - Copy Affoirqzi

;‘opéodea 102
eycles: 19

The contents of tho<wbrkiﬁg}'rigister A is copied to the scratch
register R2. . v

R2=C - Copy C to register R2

opcode: 10A
cycles: 19

The contents of the working register C is copied to the scratch
register R2.

R3= - Copy A to register R3
opcode: 103
cycles: 19

The contents. of the working register A is copied to the scratch
register R3.

4-95




o gy e R T T T N

-

P 5 N PR P AT R T A e 1 7 St 2 e e e

-mmwo- oo

"Ri=A - Copy A to register R

The contents ‘of 't

h°'“°fiiﬁtf‘fetisto ‘A 'is ‘copied to the scratch
register Rh. ' el

Ri=C - Copy C to register R4

opcode: 10C
cycles: 19

The contents of the working register C is copied to the scratch
register RY.

RESET - System reset,

opcode: 80A
cycles: 6

The System Reset Bus Command is issued with all chips performing a

local reset. The reset function will vary according to the chip
type. See the "HP-T1 Hardware Specification” for more information.
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IDS -- Detailed Desigm Description

'~ Push C to Return Stack

See the GOSUB

Thc c rogistor ro-ains unchangod.

- Return from interrupt
opcode: OF
cyclos' 9

Return and re-enable . the interrupt systcm. See the RTN mnemonic,
and also the "HP-71 Hardware Specifieation.”

- - - .-

opcode: 01
cycles: 9

Return contreol to the top address on the hardware return stack.
The top address on the hardware return stack is popped off and
placed in the program counter FC. As the address is popped off the
stack, a zero address is inserted at the bottom of the stack.

Therefore the hardware return stack always contains 8 addresses,
and if more pops (returns) than pushes (gosubs) are performed,
zeros will be read off the stack. Such an attempt to "retura” to
address O results in a memory reset, since the memory reset code of
the operating system resides at address O.
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RTNNC - Return on no carry

Return if Carry is not set.

03
9

opcode: 500
cycles: 10 (RTN)
3 (NO)

See RTN mnemonic.

RTNSC - Return, set carry

opcode: 02
cycles: 9

Return and set Carry. See RTN mmemonic.
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- - -

opcode:
cycles:

Return and
opcode is zero,
non-existent memory device.

| for more information.
RTNYES - Return if Test is True
opcode:
cycles:

RTNYES is a mnemonic to specify part
must always follow a test mnemonic.
Carry is set and a return is
not met, control passes to

- Clear Sticky Bit (SB)

opcode:
cycles:

3 Clear the Sticky Bit (SB).

] k-99

set the External Module
thig mnemonic is
See the "HP-T1 Hardware Specification”

Missing bit (XM).

executed.
the instruction following the RTNYES.
Compare with the RTN and GOYES mnemonics.

HP-T71 Hardware IDS -- Detailed Design Description

- Return, set External Module Missing bit (XM)

00
9

Since the
executed on a jump to a

See also the RTN mnemonic.

00
included in the accompaning
mnemonic cycle time.

of a CPU test opcode. RTNYES
If the test condition is met,
If the test condition is

822
3

See CLRHST mnemonic.




" SETHEX 'h:'sét‘héxa40¢ii;i;0956'
| B opcode: O4
| - eycles: 3
/ :sit”cpu arithmetic mode to”h;g;deciuai. |

5

SHUTDN - System Shutdown

opcode: 807
cycles: 5

When this mnemonic 1is executed the (PU sends out the Shutdown Bus
Command and stops its clock. Issuing the SHUTDN command with the
least significant bit of the output register equal to O (i.e., if
bit0=0) will immediately cause a cold start -- the PC is set to 0
and the CPU is not halted. This action is to insure that the ON
key will be able to wake up the CPU. See th3 "HP-T71 Hardware
Specification” for more information.

SR=0 - Clear Service Request bit (SR) |
opcode: 824
cycles: 3

Clear the Service Request bit (SR). See the CLRHST mnemonic.
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”’?Roquost Bus Connand.f» : - _
~.the least significant nibble of :: thes.C. register. : i
‘pulled high detormines tho dcvico typo according to tha ellowinz

- table. w . v o

i Bit Device .
,%‘ 3 Unused v o
" 2 Card Reader

1 HP-IL Mailbox

0 Display Driver (timer)

o If any bus line is high, the Service Roquest bit (SR} will be set.
o See the "HP-71 Hardware Specification” for more information. See
also the ?SREQ and SR=0 mnemonics.

ST=0 n - Clear Program Status bit n

opcode: 8ln
cycles: Y

Clear the Program Status bit selected by n.

ST=1 n - Set Program Status bit n

opcode: 85n
cycles: b

Set the Program Status bit selected by n.
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PTL Hardmre I0S -- Detatled Design Description

ST=C - ¢ to Status
' opcode: OA
cycles: 6

Copy the low-order 12 bits of the C register (X field) into the
low-order 12 bits of the Status register. : '

UNCNFG - Unconfigure

opcode: 804
cycles: 12

Load the low-order 5 nibbles (A field) of the C register into the
data address register of each peripheral chip, with the device
addressed by the C register unconfiguring. See the "HP-T71 Hardware
Specification” for more information.

XM=0 - Clear External Module Missing bit (XM)

opcode: 821
cycles: 3

Clear the External Module Missing bit (XM). This hardware status
bit is set by the RINSXM mnemonic. See the CLRHST mnemonic.
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