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CHAPTER 7
o CC~-40 ASSEMELY-~-LANGUAGE INSTRUCTION SET

INSTRUCTION LINE FORMAT
A line containing an assembly-language instruction :mnsi#tsﬁ
R
of four +Fields. The fields are sebarated +rom each other Ly one

or more Spaces ("bHlanks") as T0llows.

LABEL OPCODE OFERAND COMMENT

ﬁa:h field in an instruction line has a particul ar gpurpose.

LABELS

Labels may be used in any instruction line. ﬁ_label is &
“word” which identifies or names a line so that it may be
refterenced by name in other lines in & program. More
specifically, the ALDS assembler identifies the word in the label
field with the memory address o0f any object—code command produced
by the line. I+ no object cade is produced by the line, the label
is identified with the first nbjact-énde ;ruducing liﬁé +cllu;ingf,
the label. Dther instructions, such as those requiring & jump to
the labeled inﬂtrucﬁinn, can thererore refer to the instruction
by h&mEJfatherAthan by5memnry address.

Labels consist of either an initial uppercase or lowercase
a«lphabetic character or the symbol "$" and any number of
subsequent &alphabetic or numari; :haraciers. Only the +firsc
a;ght characters of a label &re signifticant (the assa&bler
considers & label "SFECIFICI" to be the same as "SFECIFICZ™).

The assembler interprets anv charatter which ie placed the

first column of the line 9 e the Tirst character o+ & label.

L
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Therefore. if no label is used in an instruction, the first

character position in the instructicn line must be a space.

OFP CODES AND OPERANDS

Cp codas (operation caodes)--sometimes called "assembly-
language commands"~—are required on each assaembly-l anguage
instruction line which, ;hraugh assemnbly, is to produce ﬁachine
cude.1 Op codes are standardized mnemconic abbreviations for the

names of the command codes and commands executed by the 7000-

family processor. They consist of from two to five alphabetic -

characters.

Operands, in general, praovide value or addressing
inFurmatin# ﬁarti:ular to each operation. Soma operations are
complately described by an opcaoda. For axample, the RETS (return
from subroutina), TSTA (set status flags on value in A), and LDSR
(load stack pointer) instructions have valuae and addressing .
information "implied" in them. Other instructions raquira as
many as three operands. The BTJO (Eit test and jump i+ ONE)
operation, for examplae, requires three cpaerands o spacify a bit-
£e§£¥h;§k byta.s a roqiétar ko be tasted, and a destination
address for the jump.

Operands follaw opcaodes on instruction lines, and they must

be praceded by one or more spaces. When aultiple operands are

F -4

required, they are separated by commas. 3ingle- or mul:ipls-

operand must not contain spacas. 7
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COMMENTE

Comments may be written in an opiionxl field following the
aperand field (or the oncode field in instructions in which no
operand is-raquired); ~t least one space must precede a comment.
Any printable (ASCI11) characters may be used in & comment, and
the length of & comment ie limited only by'tﬁe haximum
instructian-liﬁgrlength.

Comments, additionally, may use the entire length of an
instru#tian iline if they are preceded by an asterisk (#) in the
first column of the line. Such comment lines are ignored during

assembly.: they produce no machine code.

INSTRUCTION DATA SHEETS

Detailed information about particular instructions,

npa;atians, cpeodes, and operands is provided in the instruction

' data sheets contained im this chapter. The instruction data

sheets are arranged in elphabetical order by opcode. ' Each sheet

containg the following blocks of information.

- - - - 1 - - - —

DESCRIPTION: A description of the operation performed.

. I b
a ks | h

TABLE

é . A table listing opcodes, operands, address modes,
machine codes. and times (:y:lli) reqguired +or
command execution. '

PROCEES: A svmbolic operation description of the process
which occurs during command execution.
FLAGS: A description of the effect an npnratinﬂ has upon
- processor status rlags.

Figure 1-1' showe a typical instruction data sheet and

identifies the content of each pari of the sheet.

B TR
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BINARY ARR WITH CARRY

¥ f
! !
! !
: !
: !
! !
' , V WHAT TRE
! IDESLRIPTION: 4dd the valus froa either the scurce register or the issediate ' ! INSTRUCTION
V! cperand to the value froa the destinaticn register, ' 1 DOES
' ' !
! ! 1# the Carry +#lag is sat to ONE by executica of a1 previcus ! !
'l tastructicn, the sus is increseated by cne. The sus is stored ! !
'l - ia the destination register. !
P [
' ! | The Zero and MNagative flags are sst according to the value ! !
. storad in the destination registar. The Carry flag is sat to !
1 ONE if the addition has incrasented Bit 7 fres ONE to IERQ. '
L 7 : " 1
! ) ¥ !
! LI ' y ! !
' t! PGRM ! ADDRESSING ! SRC EXAMPLE ! 0OBJ CODE 't‘fﬂ.ES'! ! TABLE GF
! | I—-—-——--h—-—._——h—-—-——-—-ﬂ—-—-———#——-“l ! ! w m’
! ! RC B,A ! lapliad ! R0C B,A 1§ b3 1 ¢ (OPERANDS,
! ! 1 ADC Rn,A ! Register file ! ADC R2,A ! 219 02 g ! ! NACHINE LANGUAGE,
' ' ! ADC Ra,B ! Register file ! ADC RIS,3 ! )39 XOF r 8 i ! AND TIMES
t U 1 ADC Rn,An ! Register filae ! ADC REA,RI7 ! 49 dMZI 5111 10 ! :
! !} ADC TH,A ! lesediats P ADC IS, A ! 22 )33 L A !
: ' 1 AOC IN,3 ! lasediata ! ADC 1233,8 ! )39 MFF I !
! {1 ADC WN,An ! lasediate PADC LTRSS 1OV F 0 9 ! '
1 i1 ? LA | }
! ’ ! -
!, ' . ol
' 3 R A ! DESCRIPTION OF
1! PROCESS: {Ar 3 ¢+ (B ) +Carry —¥ {8 } 11 PROCESS IR 7000-FRNILY
't 4 Rn Rn 11 EIECUTION UF COMMAND
[ R ——— |
. .!I ' T — _ - ___"'-_".!

UURARST ' leror. - Set to ONE IF the sus is zard ! DESCRIPTION OF COMMAND
" Aegative: Set to ONE if Bit 7 of the sua is ONE !1 EFFELT QN FLAGS
H | Carry:  Set to ONE i Bit 7 has bewn incraseated | i
" past o Lt
!'m‘m“——m“.m'!

? oot ————— = , : : ’

; Figure L~2., Data Sheet font2ants and*Usaes

- INSTRUCTION DESCRIPTION

The description of @ach instructicn explains the executicn

" e
o

ot tha inatru:ticn by the processcr.

1
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INSTRUCTION TABLE ENTRIES

The instruction tablie lists 211 of the specific information
'specifi: To each inmstruction.

The "FORMY column lists the opcode with all possible operand
combinatjons.

The “"ADR MODE" column lists the mostt prominent addresesing
mode used with each combination of opcode and operands. I+ bLoth
the A and B rﬁgisters.are ueed as operands, the addraasiﬁg mogoe
is "i%plied.“ Instructions with operands “"implied" in them, such
as CLRC, EINT, and TSTE) also use implied addressing. If a
-register other than & or B is specified in the operand, the
addressing mode is “register file" or "peripheral file.® I+ &n
iﬁmndiate value is specified, the addf§==ing mode is immediate.
Uperands for memory—addressing instructions (such as R, CALL,
and LDA) vield diréct, indirect, and {indexed addressing modes.

The "SRC EXAMFLE" column liste examples of each opcode and
operand combination for e&very addressing mode.

The "DOBJ CODE" column lists the dachine-languag# code
raﬁulting‘+rnm assembly of each instruction in the "SRC EXAMPLE"
column. The +first fand perhapse only) byte of each object—-code
*?ékﬁhéfﬁiénliﬁwﬁhe single-byte machine-language command which
corresponds to the instruction. Second, thira, and fourth bytes
provide address information or data required by the processor for
command execution.

L ’ &

The "CYCLES" column records the number of svstem clock

b

(machine) cycles taken to execute an instruction. The actual

time consumed by each machine cycle is deperndent on the area of

memory. from-which & command 'er. data byte is being fe*ched or &«

Y
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data byte is being written to. During RAM accesses, the time
used during one cycle is 800 nanoseconds. During ROM accesses,

cycle tima can be as slow as 7.2 microseconds.

If a jump instruction has twoc exaecution pagssibilities (i.2., -

if it is a conditional jump instruction)., two quantities are
listed under "CYCLES" to indicata (1) the number of machine
cycles taken during execution when thae jump is not taken and (2)

the number of cycles taken during execution when the jump is

Raken.

PROCESS DESCRIPTION ENTRIES

The “PROCESS" blnck”cantains symbolic descripticn aof the .
operation rhsultingrfrum Rach instruction.  Frocessing activity

during instruction execution is diagrammad.

FLAG~-DESCRIPTION ENTRIES
The "FLAGSY block daescribes in detail the setting ar .
resetting cf-tha carry, negative, and zero flags in the status

bvte gduring the exacution of each instruction.

CONVENTIONS AND SYMBOLS USED IN DATA SHEETS
Number conventions and symbols used in thae following
instructién data sheets are the same as thosae used in pravious

sagtians of this manual. In summary, thay are as follcws.

o

NUMBER REPRESENTATION CONVENTICNS

Mumbers express decimal values unlass thev ars praceded by a

" (greater than) svambol cr a "7" {question mark) svmbol. A "
\

—
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svmbol indicetes hexadecimal valug. & Y"2?" svmbol indicates
Einary value,

~1l numbere used +or immediate~value, Or literal operands
must be preceded bv & “"ZL" (percent) svmbol. All numbers used <or
Sirect~ or immedlate-—address ODerands are preceded by an "@" (at)

sian.

The length of numeric expressions described in the
instruction dats shaeets is indicated by the number of numeric
charactere present in the “SRC EXAMPLE" column of the inmnstruction
table. I a value greater than decimal 25T or >>F ic present in
the column, the instruction being exemplified evaluates the
corresponding operand to & two-byte value ranging from O to
65,535. 14 the value in the column is lese than 256 or }10G}_the

instruction evaluates the operand to a single-bvte value (from O

GENERAL-PURFPOSE REGISTER SYMBOLS -

The 128 memory-resident, genaeral-purpose registers in the
CC~40 are identified either by a combination of alphabeﬁit-nr
graphic svmbol and number or (in two cases) bv single alphabetic
1etter.*fr
.ﬂ.vﬁéfﬁﬁabetiﬁjnr grapﬁic symbafi used in combination with

numhers to designate registers are illustrated in the following

examplea.i . ,

N RO . @1 | .
R8O &>7F a
T | R>3F . @127

Onlv the £ WO regiseters &t the low-address boundary of the

regisier +tile are represent@c by single alphabetic lettere. The

N\

._'\lﬂl.'ﬂl -_—_—
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register with the lowest address (designated also by RO and &0)
is represanted by the letter "AY; similarly, the letter "B"

represents the second register of the file (R1 or @i1).

PERIPHERAL-FILE REGISTER SYMBOLS

Thae 233 registers in the CC-40 peripheral address spaca are
deésignated by register numbers prefixed with "P" as shown in the
falléﬁing list.

FO

F2%5
P>FF

SFECIAL SYMBOLS

The "$" (dollar sign) symbol used alone or in a mathematical
exprassion represents the current machina-language praogram
counter. The instructicn " JMP $-2 provides, +or exampla, a
twa-byté infinitely @xacuting program loca.

The symbol "ST" represents the status (flag) register. &it
7 n{ the status register is the the CARRY +laqg, biﬁ & the
NEGATIVE flag, bit S the ZERQO flag, and bit 4 tha INTERRUFPT +laag.

The lower four bits are insignificant.

H -

| -ﬂﬂ..illt.

T e
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RIS

BIXARY ADP MITH CARRY

DERCRIFTIBR:  Add the vaiue froc either the source register or the issediate

sperand to the vilup froa the destimation register.

5 the Carrf tlag is set to DHE by exscution of & oravious
instruction, the sus*is incremenied by one. Ths sus is stored

in the aeatination register.

The lero and Negative flags are et according to the value
stored in the destination register. The Carry flag is set to
DNE i the addition has incressnted Bit 7 fros OO to ZERD.

! FDRM ! ADDREZZING ' SRC EXANPLE "! OR) CODE ! CYLLES !

! A0C B,A P88 !
' ROT Rn,A ! Register file ! ADE R2,A Y9 e !
! ADL kny3 ! Repister file ! ADC RIS, B ! )39 OF !
! ADC Rn,Rn ! Register file ! ADC RAG,R1I7 | X8 X2 21!
! ADC IN,A ' lamediate 'ADE LIGA ! X8O :
' ADL IK,B ! lpsediate . ! RDC 1235,3 ! )09 OFF !
' ADC IN,Rn ! Imeediate ! ADL X127,R38 ! 379 OTF Y60 !

. B k A
- PROCESSS {Kkn2 ¢ {B }elacry==>{2 )
N Ra i
FLAES: eros Set tc ONT if the pus is zerp

Kegative: Set to ONE i4 Bit 7 of the sus is OMI
Carry:  Set to DNE if Bit 7 kas besw incressoted
past ONE
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DESCRIPTION:

! FORN

&

' AD
! R9D
' ADR
! ADD
1

PROCISS:

A
8 ! Register file ! ADD R1S,3 ! )38 XOF

ADD TM,A ! lamediate ! ADD I3S,A ! 028533
! ADD 2,3 ! lamediate ! ADD 1235,3 . ! )38 OFF
! ADD INoRa ! Isasdiate ! ADD 1327,89 ! 378 )T Hed

ADD
BINARY ADD
Add the value from #ither the source register or the iasediate
coerind ta the valus froa the destination registar.
The sus is stored ia the destination register.
The lero and Negative flags arsm set according to the value

stared 1in the destination register. The Carry £1ag is st ¢
CNE i# the addition has {ncreseatsd B8it 7 froa ONE to IERG.

3
! ADDRESSINE ! SRC EXAMPLE ' OBJ CODE ! CYCLES
P Iaplind ! A0D 3,A b 268 3
' Registar file ' ADD RZLA ! )18 )02 g

: '
' !
't g
Rn ! Registar file ! ADD R&G,R17 ! M@ 421! 10 !
7
I S
' 9 ¢

3 A A
{Ra)+ {8 }=-={8 }
pé | Rn R

Iers! Set Lo ONE if the sue is zaro

Negative: St ta ONE if Bit 7 of the sus is ONE

Carry:  Set to ONE if Bit 7 has beea iacreseatsd
past ONE
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A% RITR R -PLPOSE REniSTex

DESCRIPTION: Logically "and® each Bit ¢roa either the source- operand or
isapdiate-gperand bdvie with the corresponding bit +ros the
gsgzindtion-pperanc pvte.

¥hern the Sits of each pair are “andet,® the resulting bit is ONE
it and only if both of thes have 3 vilue ot DKE.

The resulting logical product is stored it the destinstion-
operand bvte. The Zero flag is sat if the resulting bdyte is O,
ang the Negstive €139 is set to OOE i¢ Bit 7 of the result is
Ot

y .
!  FORM ! ADDRESSING ! SRC EXMMPLE ! ORs CUDE ! CYCLES !
' AND B,A ! leplied ' AND B,A b )63
| ARD R,k ! Register file ' AND K24 P32
t 4D kn,E ! Register file ! ARD RIS, B ! )33 WOF '
" 1 AKD Rn,Rn ! Register file ' AND Réé,R17 ' XJ X242 >} !
' AND IN,R ! Ismediate T AD DI,A XS
' AND IN.T ! Issediate ! AND I2BS,B ! )L HFF
' AKD IN,kn ' Tanediate tAND I127,R%6 ! OTI X )50

1
1
¢
)
i
1
!

pam PN gy e g A8 g
[
o ol wg > oty OV oM

- B & f
T . PROCEES: {Rn2AND (B }~->(} 1}
‘ ™ Rn ~ Rn
FLAGS: ierc: Set tc DNE if the result is zero

Negative: Set to ONE if Bit 7 of tht'riiult is DNt
Carry!  Feset {0 IERD
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DESTRIPTIONS

' FORR

A NITH PERIPYERAL-FILE REBISTER

Lagically ‘and® each bil fros register A, register 3, or ao
issediate value specitied in the scurcz oparand with the
carresponding Bit in a peripheral-file registar. Stors the
rasult in the peripheral-file register.

dhen the bits of each pair are inded, the resulting bit is 0N
if and only if bath of thea have 2 value of ONE.

The resulting logical product is stored ia the peripheral-fils
ragister, The lerc flag is set if the resulling byte is 9, and
the Negative $lag is set to ONE if 8it 7 of the result is ONE.

e ———y
! ADDRESSING ! SRC EXANPLE ! (BJ CODE ! CYCLES !

! RNDP A,Pn ! Peripheral file ! ANDP A,P2 ! )83 X2 S [ I
t ANDP B,Pn ! Paripheral file ! MMDP B,P3T ¢ 39333 . ! 9.

! RMDR IN,Pa ! Peripharal file ! ANDP I13,P54 ! JAJ JOF 340! 11 !

|

A
{83 ) AND Pn~>Pn
o

H T4 H Sat to ONE if the result is zerc
Negative: Sat to ONE if Bit 7 of the rasult is ONE

. Carry:  Resat to ERO

L

—
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DEECRIPTION:

BRANCH TD ADDRESS

Load the progras counter with a vaive #or use as the address of
the next ingtruction tc be executed.

Jhe txo-bvie operand value agy adarese any lozation in Ll-4y

aepory., The source ot the address 1¢ detersined by the address
acde of the branch instructios.

In direct address sode, the progras counter is loaded with 2
two-byte iasediate value specitiad by the expression in the
cperand,

In indirect aode, the least-significant byte of the progras

counter is loaded from 3 register specifiad by the cperand. Tha

sost-sioniticant byte of the progras counter is loaded #roe the
next-1cuer ausbered register.

In indexed sode, the progras counter is loaded with the sus of
the two-byte iasediate vilue specified by the expression in the
pperand and the value ifree 0 to 255) in the B repister.

¥here isasdiate bexadecisial values are shown in the table bslow,
syabolic values assigned in equate instructions and labels can
alss be usnd,

FORM !ADDRESSINE' SRL EXAMPLE ! OBJ EXAMPLE ¢ CYCLES !

! BREEXPR ! Direct ' BROOBOOO- ! XGC B0 0 ! 10
! 3R #Rn ! Indirect ! BR $R3D . () } ' 9
P BR EEXPRIB)! Indexed ' BR BX4A500(B) ! XAC X85 0 ¢ 12

Direct Rode: Cperand --) P

“Indirect Node: #kn —~) PL .

Indexed Noda: Operand ¢ § —) PC

linchanged

FAGE 7-13
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i

BIT TEST AMD JUMP JF ONE

DESCRIPTION: Test for & value of ONC in specifisd Dbit pesitions aof 1
register. it any bit tasted is ONE, perfora a rejative juop.

Bit positions +or the test ara identified by ONE hits ia the
sourca-operind byte. The register in which bits are 20 De tesied
is specitied by the destianation aperand. - The source-operand and
destination-cperand bytas are *inded® t3 set or reset status-
register fligs. No other register contents ars affected by the
tast.

" 14 the lera #lag is reset to IERQ, the prograa counter is loaded
with the the value of the jusp operand {abbreviated “JOPRND" i1
the table below! relative to the pgrogras-countsr vilue at the
instruction following the 3730, The assesbler casputes 3 one-
byts displacesent to the juss destiaation. ¥ the value
cosputed for this byte lies ocutside the range )00 through >7°
for gositive values cf O through 127 or Y80 through )FF for
Aegative values of -128 through -1, the issasbler outputs 2
"BISPLACEMEXT TOQ 818° error asssage.

in the following table BCXTEN is a iabal which occcurs ten byt
pricr to the fastructioa following the 8750, and FWOTEN is a
label which accurs tes bytss aftsr the saae iastruction.

t BTJ0 3,A,J0PRND ' Laplisd - ! BTIO 3,A,BCKTEN ' Y%h SF5 t.79
t BTJ0 Rn,d,JOPAND ! Register File ! BTJD R2,A,FWDTEM ! D15 302 %08 ! 10,12 °
t 3130 Rn,B,J0PRND ! Register file ' BTJ0 RIS,D,3CKTEN ! )2 JOF 6 ! 10,12
! BTI0 Ra,Rn,JOPAND ! Register film ! BTJO R&s,R17,FWOTEN ! 344 42 311 Y04 ! 12,14 !
L USTI0 DG A, JOPRND ! Tessdiate ! BTI0 DIIN,A,BCKTEN ! DI OITOFE ! 9,41 ¢

'

i

______

: BTé3 IN,B,JOPRND ! lasadiata ' BTI0 1233,3,FHDTEX ! )3b JFF XA P 9,11
! 8130 IN,Rn, JOPRND ! Tasediate ¢ BT30 T127,R96,3CKTEN ! 375 OTF )60 3F5 ! il 13

' . e

| A - : _
PROCEES: It {Rn 2 AND { B 1 <) O thea PC ¢ DISPLACEMENT --) PC
e u Rn A}
FLABS: Lera: set to ONE if (he result is cers lno juse) |

Negative: Set ta ONE if 3it 7 of the rusuil is ONE
Carry:  Reset Y3 IERQ

li‘_,'
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ITI0P

BIT TEST MO JIN¥ IF Dc—PCRIPHERAL

L Test dor 3 value of DNE in specified bit positions of s

peripheral~file bete, 14 any bit tested is DKz, perfers @
relative juap,

Bit positions <or the test are identitied by DNz bits in the
source~pperand byte. The ragicter in wbick bits are to be tested
is specitind in the destination opsrand., The source-cperead and
dastination-operand bytes are “anded® to set or reset status-
repister flags. No register contents are atfeztad by the tast.

I+ the lero flag is reset to ZERJ, the progras counter is loaded
with the value of the jusp operand (abbreviated *JOPRND® in the
table below) relative to the progras-counter wvalus at the
instruction following the BIJOP. The asseadler cosputes ¢ one-
byte displacesent to the juep dastination. 1f the value
coaputed for this byte lies outside the range Y00 threugk >7F
tor positive values of O through 127 ar B0 through )FF +or
nesative values of ~12B throogh -1, the assesbler outputs @
*DISPLACENENT YOO BIE" errer ssssage. '

In the following table BOKTEN is & label which occurs tan bytes
prior to the instruction #ellowing the BTI0®, and FUDTEX is a
label which occurs ten bytes after the sase instructioe,

! BTIOP &,Pn,JOPRRD 'laplied ! BTJOP A,P2,BONTEN ! D86 202 b ' 11,13
! BT30P B,Pn,JOPRND 'laplied ! BTJOP B,P3S,FUBTER ! 596 333 Y04 ! 10,12

i

! BTI0P IX,Pn,JOPRND! Iesediate ! BTIOP 215,P10,DCKTEN ' MG DOF 20A OF6 ! 12,18

A
B LB ) AN Pn (> 0 then P ¢ DISPLALEMENT —) PC
o . |

lers; Set to DNE if the result is zerp (mc jusp)
Megative: Set to DNt i¢ Bit 7 of the result is ONE
Carrve - Keset to ZERD |

FREE 7-15
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DESCRIPTION:

BT

BIT TEST AMD JuNP IF IERD

Test for a valum of ZERD in spacified bit positions of a byts.
{f any bit tastad is IZR0, perfors i grogras-counter reiative
jusp.

Bit positions for tha test are identified by CNE bits in the
source-operind byte. The register in which bits ire to be tested
is specified by the destination operand. The sourca-operind
bytea and the ccapleseat of the destinatica-operand byte are
"anded® to set or resst status-register ¢#lags. No other
registar contents ars atfected by tha tast.

If the “and® operation sets the Iero flag to ONE, the progras
counter is loaded with tha value of the jusg operand
{abbraviated °“JOPRND® in the table below) relative to the

FARGE 7-14&

prograa-counter value at the iastruction following the BTJ1.
The asseabler coaputes a one-byte displiceseat to the juap
destiaation. If the value cosputed for this byte liss ocutside
the range Y00 through X7F for pesitive values of O through 127
or 80 through )Fr for asgativa vilues of -128 threugh -1, the
assesdler cutputs a *DISPLACENENT 700 BIG* error sessage.

In the following table BCXTEN is a label which occurs tsn dyles
prior to the instructios follaming the 8TJI, and FUOTEN is a
label which occurs tan dytas after the sise fastructioa.

™

! '

! FORM ! ADDRESSING '  SRC EXANPLE ' QB3 COBE t CrCLES !

! e e —— e B W S SO SI——

t 3132 B,A,J0PRND  * lagliad t 3131 8,4, 3CKTEN ! )67 IFb b 7,7 !

! BTIL Rn,A,JOPAND ! Registar #ile ! BT37 Ro,A,PHOTEN ! )17 202508 ! 10,12 !

¢ 3N 8n,3,JOPRND ! Registar file ! BTII R1S,B,BUKTEN ! )37 YOF 9F5 ! j0,12 !

-V BIIT A8, ﬁn,mm ! Register file ! BTIZ RA4,RL7,FUDTEN ! D47 342 311 04 ! 12,14 !

! BTIT IN,A,JOPRND ! Iasediata ! BTI7 IDISABCKTEN ! DZ7 )33 3F6 ! 9,11 !

! BTJT IM,5,J0PRND ! Iasediata ! 3V37 1255,B,FubTEN ;ST OFF0R ! 8,11

' BTIT N, Rn,JOPRND ' lesadiate ! DTIZ 2127,R96,8CKTEM ! 577 »7F 340 7% ! 11,13 !

*-——-———-——1—-—-——-—’_’-_-____..___.._____.__.____________!

8 A " .
PROCEES: If{‘-tn}nﬂn:'lﬂ'l'{a){kﬂthmPtl-BISFLﬁEEHEHT FC »
ph xn
-~ FLABSS lere: <et o ONE if the resalt is zero {juap: '

Negative: Set to ONE it 3it 7 of the rasul® is GME
Carry:  Resat tz IERD

l_l-l,i_

L
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CC=—30 ASSEMELY LANSUABE INSTRUCTIONW S=T FABE 7-

STITP

BIT TEST AR 3BT IF ZERO—PERIPHERAL

DESIRIPTION: Test far a valwe of ITKO in specified bit positions of
peripheral-tile byte. If any bit tested is 2ERD, perfors i
relative juap,

Bit pogitions +or the test are identified by OME bits in the
source-pperant byte. The register in which dits are to be tested
1 spacitieC in the destination ooerand. The sourte-operand
byte and the cosplesent of the destination~operand byte ar2
“andad® to set or rasel status-register {lags.  No register
contents are affected by the test.

1+ the lero flag is set to DNE, the progras counter is loaded
" with the the value of the jusp operand {abbreviated "JOPRMD® in
the table delow} relative to the progras-counter value at the
instruction tellowing the BTIIP. The assesbler cosputes a one-
byte displaceseat to the joap destinatisn. If the value
conputed for this byte lies sutside the range 200 thraagh >7°
tor positive values of O through 127 or )BU through FF for
negative values of -128 through ~i, the assesbler ootputs 3
"DISPLACENEXT TOD 216* error asssage. |

in the inllnuing table BEKTEN is & Jabel which pccurs ten bytss
prior to the instruction following the BTJIP, and FUDTEN is a
label which occurs ten bytes after the same instruction.

§
d FORN 'ADDRESSING! SRC EIRNPLE ! 0B L0t ! CYCLES !
! BIVIF A Pa, JOPRND !laplied ! BTJIP A, PLBLXTEN ! OF7 02 b 'L, h
! BTJIF B,Pr,JOPRND 'Ieplied ! BTJIP B,PS1,FMDTER ! %7 333 HOh ' 10,12 !
! BTJIP IN,Pn, JOPRND! lneediate ! BTJIP 115,PIC,BOKTEN ! AT YOF D0R OFé ! 12,14 !

- % - [
' - “ .i‘. -t A ‘ .
- PROCESSS ™ " 14 { B ) AND MOT Pn <> O thea PL + DISPLACEMENT —) PFC 2Tl
IN
FLARS: lsro: Set to ONE if the result is zero {jusp)}
Negative: Set to DM i Bit 7 of the result is ONE
Larry:  Reset to 1ERD ’ -




CC-40 ASSEMELY LANGUAGE INSTRUCTION SET

CiLL
SUBRDUTIXE CALL

DESCRIPTIONS  Incruwsent the stack pointer and save the naext-instructian

L

addruss, sost-signiticant UJyte first, on the stick as the
subroutine-raturs address. Thea load the subroutine-iddrass
value fros the expression ia the aperand into the the progris
counter, thus transferriag progras control to the subroatine.

The source of the subroutine iddress valus is detersined by the
addrass sode of the CALL instruction.

In direct sode, the progras couster is loaded with 3 two-byte
isasdiats value specified by the sxpressica ia the cperand.

In indirsct aeode, the progras counter is loided with the
coaltaats of the register specified by the operand (least-
sigaiticant bdyte) ind the register ome addrass below it {sost-
significant byte). -

1a indexed sode, the progris counter is loaded with the sua of
the two-byte jsssdiate vilus spacified by the axoression in the
cperand and the value in the B register.

¥here isnadiate haxadeciaal values are shown ia the table Selow,
sysholic values assigned ia equats instructions and labels can
alsy be used,

— '
FORN 'ADDRESSING! SRC EYAMPLE ' (0BJ CODE ! CYCLES

e T T —
' CALL SEXPR ! Dirsct ! CALL 238000 tOBE B0 X0 Y 14 !
! CALL #Ra ! {ndirect ! CALL #R30 } )9 ik S B .
! CALL REXPR{B)! Indexad ! CALL ©EOLI(E] ! JAE B0 »15 ! (& !

. ...: F.F.-
: * iﬂlf.t'

m:m:_.

FLAGS:

- -
.

Jirsct Mode: PC MSB,LS3 ~-) STALX; Ooerand ~) P
Indirect Node: PC MS3,LS3 —) STACK; #ha —) PC

. Indexed Mode: PC ¥SB,L38 ~) STACK; Operand + 8 --) PC

Uachanged

FARGE

=18

e G o
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CC=-40 ASSEMELY LANDUAGBE INSTRUCTION 5T

PESIRIPTION

PROCESS:

- FLiS:

CLR

CLEARZ RESISTER

The Carrv and Nepative flags are reset to ZERE, and the Zere

Lflag is set to DME.

' FORM ' ADDRESSING ! SRC EIAMPLE @ OBJ CODE' CYCLES
S i . A ——

; CLR & ! Japlied ! (LR & L~ L
TCLR B ! leplied t GR3B | = ¢ § !
PCLk Rn ! Kegister fide ! CLRRE !5 6! 7

A
0 —~>{B i 5et or reset ¢lags.

Rn

lers: Set tc DN
Nepative: Keset to IERD
Carry.  Keset to IERD

keset 211 bits in the register specitied by the operand to ZERG.

FABE 7-15




CL-40 ASSEMBLY LANGUAGE INSTRUCTION SET

CLRE
(LEAR CARRY FLAG
UESCRIPTION: Resat the Carry flag to IERO and sat or reset the lara and
Nagative tlags according ta the value in the A ragister.

This instruction produces the siee abject coda as the TST)
{nstruction.

. !
' FORM ) ADDRESSING ! SRC EXAMPLE * CBJ CODE' CYCLZS !

PROCESS: Set or resat flags.

FLAGS: lero: Sat to ONE if A coatains zero
Negative: Set ta OME if BIT 7 of A {s ONE
Carry:  Rasat to IERD

FRGE 7-20
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CLC-40 ASSEMELY LANGUAGE INSTRUCTION SET FREE 7=21

o

CMPARE REGISTER

DESCRIPTION; Subtract the value in the source register or the value of tha
tensdiate ooerind +froa contants of the destination register.
Discard the diftereacs,

he lero and Nagative flags are set or reset according to the
ditference. The ULirry flag is reset to IERD if a borrow has
occurred {i.e., if bit 7 has bemn decreasntad past IERQ), when
the destination register or iassdiate operand is legically lass
than or equal to the destination register.

’ ’

! FORM ! ADDRESSING ! SRC EXAMPLE ' 083 CODE ! CYCLES !

D ——— e LT EE R PP E P ER PR

! O B,A ! Register file ! QP B,A 1) '3

! P Rn,R ! Ragister file ! CMP R2,A P 1B )02 :

CEP Rn,B ! Ragister #ile ! CHP RIS,B ! 23D XOF t 3
CHP Rn,Rn! Registar film | CNP R&O,RI7 ! )4D )42 )11 !

CHP IN,A ! lamediate 1 OP D5, ! 02D )38 '

CNP IN,B ! leasdiate ' CHP 2235,3 ! XS OFF :

W |

'

; !

H

10 !

!

: t
IX,Rn! Iseediate ! CHP 1127,R96 ! )7D )7F >80 ! :

7
7
9

\
i
|
l
i
f

- A B
PROCESS: (B ) -{Ra’ sets flags
A i
FLABSS lera: Set to ONE if ditfersnce is zero {squal.

Negative. Set to ONE if Bit 7 of the dittermmce is ONE
Carry:  Reset to ZERD if 2it 7 has besn decresented past IERD




CC-40 ASSEMBLY LANBUAGE INSTRUCTICN SET

DESIRIPTIONS

COMPARE NITH A EITENDED

Subtract the contents of a sesory lccation froa the A ragister.
Discard the differance.

The lero and Negative flags are sat or reset accerding to the
difterance. Tha Carry +$lag is resat to {ERD if a borrcw has
accurred {i.e., if bit 7 has been decresented past IERQ). The
assary locaticn usad ia the cosgarison say be specified Dy
direct, indiract, or indexed addrassing eade.

{n direct aode, the location is specified by the expression ia
the operand. -

In iadirsct scde, the location is specitied by the ccatants of
the naned register (least sigqaificaat byte) and the ragister one
address below §t (sast sigaificaat byte).

In indersd sode, the locatiss is specified by the sus of the
two-byte issadiats value spacified by the expressicn ia the
operand and the value (froam 0 through Z33) {a the B register.

f
' FORNA TADUREIIING! SRC EIAMPLE ! 0BJ CODE ¢ CYCLES !

' CNPA SEXFR ¢! Dirsct ! CNPA D)Q000 ! 38D )80 500 ¢ 12
VONPA SRn ! Indirect ' OMPA WR30 ! DFBME ' 1t ¢
| CAPA QEIPRIB)! Indexed ! CNPA 415(3)! DAD 01 )9F ' {4

PROCESSS

r

el |
E.l
o
'Il.

The aperand valus subtracted fros A sats flags

Zera: - Set ta OME if the differenceis zern lequal}
Negative: Set to ONE 1 Bit 7 of the difference is
QNE - |
Carry:  Resat to IERQ if Bit 7 has Seen decrasentad
past 1ERD

& -

FAGE 7-22
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DECINAL ADD irru.cnn:v"

DESCRIPTIOX:  Add two binary-coded cecisal (BCD) nibbies (four-bit nusbers) it

the source register or in the valpe of the issediale ooerand to

tuc BCU nibbles in the destination register. fesuils of this

gperation are undefined §f the aibbles do mot contain vali¢ BLD
values (0 throush 91,

H the CLarry tlag has baen set to ONE by eracution of 3
previows instruction, the sus is iacresented by one. & dacimal
adjust ocperation is perforasd on sach aibble of the sus to
correct it for BLD representation. The sua is then stored im
the destination register. The lero and Nagative +lags are set

or reset according to the sua. The Carry flag is sat to DNE i
& carry has ozcurred (that is, when the value in the destination
register exceeds )99 50D). . |

o o L
] 1

! FORM ! ADDRESSINE ! SRC EXAMPLE ! 0BJ CODE ! CYCLES

! e e B s
' DAC B,& ! laplied -1 DAC B,A I %E L |

! DRC Rn,h ! Register file ! DRC R2,& ! L 62 L [
! DAC Rn,B ! Register #ila ! DAL RIS, B ! )3 XF ! 1b

Y DAC Rn,Rn ! Register file ! DA RO&,RI7 ! ME M2311 ! 12 !
! DAC IN;A ! lesediate 'DAC DI,A O N S B
' DAL IN,E ! lesediate ! DAC 2>62,8 ! )3E 22 A
! DAC INR,Re ! lssndiate ' DAC TX99,R%¢ ' OTE ORY X0 ! 1

B A R

PROCEDS: {Rnd+«{B })e+larry=>{} } INDDIRD 10}

s

N Rn Rn

lare: Det to ONE if sum is zero

anatsve. Sot to OXE if Bit 7 of the sua is OXE

varry:  Bet to OME if Bit 7 of the sus Bas been
increaented past Gt




CC-40 ASSEMBLY LANGUASGE INSTRUCTION SET
DEC
JECRENENT RESISTER

DESCRIPTIONS  Decrasent by one the contents of the register soecified in thi

cperand.

The lera and Negative flags are set or reset according to the
result. The Carry flag is resst to IERO if the decreesat has
been fros 300 to JFF., Otherwise the Carry flag is sat '3 OMNE,

! !
' FORM ! ADORESSING ! SRC EXAMPLE ! OBJ CODE ! CYCLES !
! ettt i i ittt it e s s e s et |
' DEC A ! Isplind ' MCA !)2 ! 0§
' DEC 3 ! leplied ' M3 ‘)2 ! g
! DEC Rn ! Register #ile! ODECARD ! 30206 ! 7

B 1

- A A
PROCESS: 18 3-1t=2{(3 }
| B R
' FLABS: leru: Set ta ONE if result is 1er0

Negazive: Set to ORE if Bit 7 of the rasult {s ONE
Carry:  Resel to IERD if the decresent has hem
froa Y00 to ¥F

FAGE 7-24
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UCCREMEXT DIRIBLE RZEISTER

D=SCRIPTIGN:  Decreaeni the two-bvie value stored in a register piir.

The value in the recister specified ic the operand and the value
in the recister in the next Jower sesory location fora a 1é-bit.
two-dyte value which is oscresented by one. The recister at the
lower semory locition holds the aost-sienifirant byte of the
pair,

The Ierp and Regative fiags are set according to the decresentad
tontents of the sost significant dyte. The Carry flag is reset
to ZIERD i{ the decresent of the sost sigaificant byte has been
fros 200 to XFF. Otherwise the Larry flag is set to ONE,

' ’
! FOR ! ADDREESING ! SRC EYAMPLE ' OBJ CODE! CYCLES !
e e o e
P DECD & ! laplied ' DEB A OB I |
'DECD B ! laplled P ODEL B ! OCE S
! DECD Rn ! Register file ! DECORS ! XDB Y06 : I

PROCESS: RPn = | == RPn

FLAGS: ierd: Set to ONE if the eost sigaificant byte of
the result is 2erp
Negative: Set to ONE i+ Dit 7 of the aost
significant byte of the result is ONE
Carry:  Reset to IERD if the enst significant byte
has been decresented itroa 200 tp XF




Co—-40 [RS3eEMBLY LANGUAGE INSTRUCTION SET

DESERIPTION:
A1l isterrupts
J
. ' FORY
Y DINT

PROCESS:

FLAGS: | lera:
Nagative:
careys:
Intarrupt:

17 f .

ST
DISABLE INTERRUPTS

Resat ail status flags, including the Interrupt flag, to IERD.

instructisca is execuled.

are disabled until an

Enable

! ADORESSING ! SRC EXANFLE ! 08J COOE ! CYCLES !

l_—hﬂﬂ——m-_—_—fml

Isglied ! DINT

Resat all flags to IERD

Sat to IERD
Set to IERD
Set to IERD
set to 125D

1

206

Intarrupt
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BIXI

DECRCMEXT REGISTER AKD JIRP IF NON-IERQ

DESCRIPTION:  Decresent the register named in the pperan? ané periors & juap
reiative to the prograe-counter if the resulting bvie does not

. have & value of 0.

I
khen the register is not Cacreasnted to 0, the progras ceunter
ic loaded with the the value of the jusp operand {abbreviated
"JOPRND* in the table below) relative t¢ the pregras-counter
vilue at the instruction following the DINI. The assesbler
cosputes i one-byte offset to the juap destination. If the
value coaputed for this byte lies outside the range )00 throsgy
»TF for posizive values or O through 127 or )B0 through XF +fer
negative values of -128 through -1, the assesbler outputs a
*BISPLACEMENT TOD BIS® error message.

| In the ¢cllowing table BCXTEX is & label which octurs ten bytes
prior to the instruction following the DINI, and FEDIEXK is a
Jahel which occurs ten bytes atter the sase instruction.

s t
! rORX ! ADRRESSING ! SRC EIAMPLE ' (OBJ CODE : CYLLES !
¢ DINI K, JOPRKD ! Ispliad, PC relative ' DINZLA,BOKTEN ! DBA 1 2,7
VIR B,JOPRND ! laplied, PC relative ! DIRZ B,BCKTEN ! XCA HFb ' 2,7 !
' DIK? Rn,JOPRKD ! Register file, PU relative ! DIXC RIS,FUDTEN ! JDA JOF >0k ! 3,8 !

A - ' .
PROCESS: I§ {B 3 =140 then PC + DISPLACEHENT =-> PC  ({)snat equals) T
Rn
FLABS: iero:  Set to DM if the result is not zero
Negative: Se: to ONE if Bit 7 of the decresent
result is ONE

Eﬁ“hnﬂ.:hﬂtmzm& -




CC-30 ASSEMBLY LANGUAGE INSTRUCTION SET

DESCUPTION:

Subtract tuo binary-coded decisal {3C)) nibbles [(four-sit
nusters) in the source registsr or in the vilue of the iasediats
cperand fros two BCD nikbles in the destination register. If
the Carry tlag has been sat to 1ERQ by sxecution of a previous
instruction, decreseat the differsnca Dy one. Resulls of thisz
operation are cndetined if the nidbbles do nat contain valid BCD
viluss (0 through 9],

R decisal adjust aperation is parforzad on sach aibble of the
differsnce to correct it for BCD represantation. The corracted
difference is then stored in the destination registsr. The lerec
and Negative flags are set or reset according to the difference.
The Carry tlag is set to IERQ if a barrow has occurred {i.e., if
8it 7 has been decresestad past IERD),

y

1
| et e e e e e St e et
'maa ! Isplied 1 0SB B,A ! NF 7
' 0SB Rn,A ! Regiszer file, Isplisd ! DEBR2,4 ! MF 302 16
! 083 Rn
I

t

i

! Register file, laplied ! DSB RIS,B ! 33F )OF 1 !

D53 Ra, Hu ! Regisaer file ! DEB R&G,RI7T ! XAF 42 )11 2 !
|
|
I
y

! DS3 IN,A ! Isaediate, Impliad 1088 DDIN,A ! P HIT 9
! 0SB 14,3 ! Isemdiate, laplied ! 08B L)t1,B ! O%F O q
! DEB M, Rn ! laaediate, Register #ils ! DSB 1D79,R95 ! X7F )79 ):F I §

A 3 A
PROCESSS (B ) -{Rn) - NOT CARRY -=> { 3 ) (NOOULD {0}
- fin - | Ra
Ik L : -
FLABS: ara: Sat to QAE Lf the differenca is zer
- Neqative: Set ta ONE if Bi: 7 of the difference
is QNE

Carry: Resat -0 IERD if Bit 7 of the difference
has baen lecrisentsd past IERG - -

| I
FORN ! ADDRESSING ! SRC EXAMPLE ! (IBJ CODE ! CYCLES !

FaGE 7-~28
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Co-40 ASSEMELY LANGUASE INSTRUCTIDN SET FAGE 7~2%

EINT

ENABLE INTERRUPTS

DESCRIPTION: et all status flags, including the Interrupt tlag, to ONE.

All interrupts set in the IOCE are enabled until a Disable
Anterrupt instruction is executed or an interrust ic received.

I——-———-—-—-—-“-—_—-——m—_-——-_-'
! FORM : ADDRESSING ! SRC EXaMPlz ' DBJ CODE! CYCLES !
' EINT ! leplied !  EIW LD | I -

PROCESS: oet all ¢lags to DN

FLABS: ierp: bet to DNe
Negative! Set to DRE
Carry: Set to OIE

Interrupt: Set to ONE




CC-40 ASSEMBLY LANGUAGE INSTRUCTICN SET FARGE 7-30

IRE
I8LE UNTIL INTERRUPT

DESCRIPTION:  Halt processing uatil an {aterrupt or a resat occurs.

For an interrupt to causa procassing to resuse, the Interrupt
tlag and any interrupt-enable bits in the 1/0 contral registe-
sust be sat prior to execuzion of the [AE iastruction.

¥ . ¥
! FORM ! ADDRESSING ! SRC EXANPLE ! 0BJ CODE ' CYCLES ¢
' IRE ! lsplied ! IRE ! 201 ! a8

PROCESS: Halt processing

FLABS SET: Unchanged

L

SR )

Ld
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ASSZMELY LANGUALGE INSTRUCTION SET

X

IKCREMENT RESISTER

DESCRIPTIOR:  increaent the bvie in {be register desionated by the operand.

PROCESES

_The Jers and Negative flags are st actording o the incresented
contents. The Carry flao is set to ONE it the increaent has
beer. fros X% tp 0. ODtherwise the Carry flag is reset to IER0.

R A SR R R e A me——
' FORM ! ADDRESSINS ! SRU EXAMPLE ! DBV CODE! CYCTLES !
s e e A

- VIND & ! laplied t THC A '3 S T
YV INCE ¢ laplied ! IS D | S T
! INC Rn ! Kegister file! IRCRE !OX3 8! 7 !
f A
(E Y+§—~>{B ]}
kn Rn

lers: Set to OXE if the result iz zers
Neaazive: Set to ONE it Bit 7 of the result is ONE
Larry:  Set to ONE if the incresent has haes

| froe )rF to 0




CE-340 ASSEMBLY LANGUAGE INSTRUCTION SET FAGE 732

v

INVERT REBISTER

DESIRIPTION:  Invert (complesent) all bits in tha register designited by tha
sperand .

The Mdegative +lag and the lerc flag ara sat according to the
resulting value. The Carry flag is resat ta IERL.

y ’
' FOR® ! ADDRESSING ! SRC EXAMPLE ' 08J COODR! CYCLES !
D ———— e T e g

IV A ! laplied 't ODVA O iR ! 3
'INV 8 ! laplied 't N3 ' X4 ! s !
! INV BRa ! Register file ' 1INV RS ' 4 504 ! T !
) A
PROCESS: MT {8 } -->{B ]}
Rn | Rn -
' FLASS: laro: Set to ONE if the result is zerd

Negazive: Set to ONE if Bit 7 of the result is ONE
Carry:  Reset to IERQ

L—Jh.-_

—rom.ar e

SN N N

I




CL-40 ASSEMELY LANGUASE INSTEUCTION SET

DSCRIFTION:

J

JiRP IF CARRY FLAS SET

1f tne Larry f)ag is sei 4c OKE, load the prograc counter wits
che value ot the jusp operand (sbbreviatad JOPRND® in the table
below! relative to the prograc-counter value ¢ the imstructios
foilowing this instruction.

The asseatler cosputes o one-byte disolacesmnt to the juep
gestination, J¢ the value cosprted for this bvte lies outside
the range )00 through >7F lor positive values of 0 through 127
or )B0 through XFF for aegative values of -128 through -1, the
assesbler outputs a *DISPLACEMENT TOD BIE* error asssage.

In the following iahle BEXTEX is & l1abel which occcurs ten bytes
prier tc the iastructien following the JC instraction.

¥

! FORM ! ADDREZSING ¢ SRU EXAMPLE ! 033 CDDE ! CYLLES !
! d0 JOPRND ! PC relative ' JC BUXTEM ! 7E3 OFd ' 3,7
'-““——__—-—m—m‘

PROCESS:
FLASS: -

14 Carry flag = ONE then PC ¢ DISPLACENENTY —) P

Unchanged

FAGE 7-33
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DESCRIPTIONG

JEl

JUNP IF ESUAL (IERQ FLAS SET)

Ef the lsro flag is sat to ONE, load the grogras couater wits
the value of the juap operand (abbraviatad *JGPRND® in the table
below) relitive to the progris-couatsr value at the instruction
folloning this instruction.

Although this instruction produces the saae sichine-] snquage
Coasand that is produced by J1, the JEU ansmonic is particularly
useful aftar 4 cosparison to tast whether twa valuas ire equal.

The assasbler coagutes a omebyte displacesest ta the jusp
dastination. If the value cosputed for this byte lies oulsida
the ringe 200 through J7F for pesitive values of 0 through 127
or 280 through )FF for negative valuss of -128 theough -1, the
assesdler outpuls a *DISPLACEMENT TO0 BIG® error sessage.

In the following table BCKTEN is a label which cccurs ten bytes
prior to the iastruction following the JEQ instructioa.

! +EQ JOPRND ! PC relative | JEQ BCXTEN ' B2 )b ! 57 !
S — e N,

PROC=SS:
FLASS:

If Zara flag = ONE thea PC + DISPLACSMENT —) PC

Unchanged

FAGE 7-33
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i

JUN® IF HIGHER OR THT SAME (CARRY FLAS BET)

DESIRIPTION:  If the Larry flag is set to DNE, load the progras counter with
the the vilue o the jump operand (adbreviatec "JOPRND® in the
table below) relztive to the progras-counter valse &t the
instroction cllosing this instruction.

Althoush this instruction produces the sase sachine-language
tomsand that is produced by 4T, the JHS anesonic is particulsrly
useful after i czosparison to test whether the valus
repreprasented by the second operand is higher than er the same
as the valse represented by the first operand.

' The assextler cosputes & one~byte dizslacessnt to the joap
sestination. I+ the vilue cosputed for this byte lies sutside
the range )00 through )7F /»r positive values of 0 through 127
or )80 through JFF for negative ..ives of ~125 through <=1, the
asseabler outouts a *DISPLACEMENT TDD BIE® error sessage.

In the following table BOKTEN is a label which occurs ten bytes
pripr to the instruction following the JHS iastructios.

L

!—-—--—--_ ’
! FORAM ! ADDRESSING ! SRC EXAMPLE ' DBJ CODE ¢ CYCLES !
t JHS JOPRMD ! P relative ' JHS BOKTEN '  OE3 b ¢ 37 !
'-m_—______m'

CPROCERS: 14 Larry €lag » ONE then PC ¢ DISPLACENENT =) PO

FLAGS: Unchanosd




CC-40 ASSEMELY LANGUAGE INSTRUCTION SET

DESTRIPTIONS

¥

JL
JUNP IF LOMER (CARRY FLAS RESED)

[# the Carry flag is rasst to IERO, loid the progris counter
with the value of the jusp operand {(abbrevisted "JCPRHD® in_the
table belowl relative to the progras-coustsr valus at the
instruction followiag this instructien. |

Rithough this instruction groduces the saas seachine-linguage
coandnd that is produced by JNC, the L emescaic is particularly
useful fter a cosgarison to test  whether the valus
reprepresuntad by the sacomd operand is lower than the valye
represeatad by the first opsraad.

The assashlisr cospules 3 mﬁl displiceaent ta the juap
destination. [ the vilus computed for this byte lies cutside
the range 00 through >7F for positive valuas of 0 through 127

or 280 through YFF for asgative values of ~128 through -1, the

assesbler outputs a "DISMLACEMENT TOO 813° error sessage.

In.the followiag tadle BCKTEN is a iabel which cccurs tan bytes
prior to the ianstruction following tha JL iastructioa.

§

! FORM ! ADDRESSING ! SRC EXANPLE ' 0BJ CJOE ! CYCLES ¢
] ettt e e ettt et et it e s e A i i 00 et e e |
t oL JOPRXD ! PC rslative ! JL BOXTEN ' OE7 P86 ' &7 !

e ]

it Carry tlag = TERD then PC + DISPLACZHENT --) BC

Unchanged

Fabe 7-24&
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CT—40 AB3EMELY LANGUAGE INSTRUCTION S=T

D=SCRIPTIOR:

AN -
Y FON ! RDDRESSING ! SRC EXAMPLE ! DB CDIz ! ¢ !

JHP

JUNP UKCOMDITIONALLY

Load the prograa counter with the tae vilue of the juac operand
(abbreviated °C*JOFPRRD® in the tible below) relative o the
progras-counter value &t .the instruction +iclloxing this
ingtruction.

The asseabler croaputes o one-byte displaceasnt Lo the juap
gestination. Jf the value Computed tor this byte lies outside
the range 00 through )7F for pogitive valuss of O through 127
or Y80 throuah F for negative values of ~128 through -1, the
assesbler outputs a *DISPLACEMENT TDO BIS® error sessage.

In the following takle BCXTEN is a label which octurs ten bvies
prior to the instroction following the JHF instruction.

sl eyl il e —————

' P JOPRED ' PC relative ' JMP BCKTEN ! JEOOFS ! 7

'--—

-

- FLABS:

PC + DISPLACEMENT - BC

Unchanged

FARBE 7-37




CC-40 ASSEMBLY LANGUAGE INSTRUCTION SET

DESTRIPTION:

JURP IF NEGATIVE OESATIVE FLAS SET)

It <he Nsgative flag is sat to CME, load the the grogria
counter witd tha value of the juap operand labbreviated *JOPRND®
in the table balawd ralative o the progras-countar vilue at the
instruction tolloming this iastructien.

The assesblar coeputes i ose-byte displacesent to the jusp
destination, If the valus ceaputed for this byte fies autside
the range 00 through XIF for positive values of 9 through 127
ar X80 through JFF for negative values of -8 through -1, the
assashler cutputs 3 *DISPLACEMENT TU0 BIG® errar sessage.

In the tollowing table BCXTEN is a 1adel which cccurs tan dytes
prior to the instruction following the IN iastruction,

e 0ot e - el A e il
g

FLAGS:

. 9
' FORM ! ADDRESSING ! SRC EIAMPLE ! 08J CODE ! CYCLES !
i e A Y SRR

t N JOPAND ! PC relative ' JN BCXTEN ! JEL 3F6 ' S,7 !
e et 448 kP S e B B i e et

PROCESS: If Negative flag = OXE then PC + DISPLACEMEMT --) PC

Unchanged

FAGE 7-38
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CC-40 AESEMBLY LANGUABE INSTRUCTIOGN SEY

BESCRIPTION:

L '_
FORX | ADDKESSING ! SRC EXAMPLE ' O0aJ Cabc ! CVCLES !

oNC JOFRND ! PC relative ! JNC BOKTER ! o£7 e ! 5,7 !

JiC

JIMP IF ND CARRY (CARRY FLAE RESET)

I3 the Carry {lac is reset to ZERC. lcad the the progras
rounter with the valug of the jusp operand {abbreviatec "JUPRNE®
in the table beloni reiative to the progras-counter value at the
instruction 4ocilowing the this instructior.,

The asseadler coaputes a one-bvie dispiacepent o the jump
destination. If the value computed for this byte lies outgide
the range Y00 through >7F for positive values of 0 through 127

or &0 through Y+ for nepative values of -128 through ~!, the
asspabler outputs a "DISPLACCMENT TGO Blo° error eessage.

I the to}lowing table BCKTEN ic & label which accurs ten bytes
pricr to the instruction folloxing the JRC instruction.

1¢ Carry f1ag = IERD then PC ¢ DISPLACENCNT —) PL

Unthanged




CL-40 ASSEMELY LANGUAGE INSTRUCTION SET

BESCRIPTIONS

JRE

JUNP IF XOT EQUAL (IERS FLAS RESED)

I the laro flag is resst to IERQ, load the tbe progras ctunte-
with the value of the jusp operand (abbreviated “JOPRND® in the
table below! relitive to the progras-counter value at the
iastruction tollowing the this instructioa.

Although this instruﬁtlun producss the sase aachine-linquage .

coasind that is prodoced by NI, the JNE maeaonic is
particularly useful after 3 cosparison to tast whether the valus
reprepresentsd By the cperands are unequal,

The assasbler cosputes a4 one-byte displicemeat Lo the jumd

" dastinaticn. If tha value coaputed for this Byts liss cutside

the range Y00 through >7F far positive values of & through 127
er )80 through XFF for megative values of -128 through -1, the
isseabler outputs a *DISPLACEMENT TOO 318° error asssage.

In the following table BCXTEN is a labal which occurs ten bytss
prior to the instruction foilawing tha JME {nstruction.

}
FURM ! ADDRESSING ! SAC EXAMPLE ! 03J CODE ! CYCLES !

| e e e e p e e o e s et -y s e
! JNE JOPRND ! PC relative t JNE BCXTEN ¢ JE3 )F8 ! 35,7 !

PROCESS:

FLABS:

¥

[f lsro flig = IERD then PC + DISPLACEMENT --) PC

Uachangad

4
e— -
»

i o

r1 g

L=

b




CC=-40 RSSEMELY LANGUABE INZTRUCTION SET FABE V-4

Jxl

JUM° IF NOT ZERD (ZERD FLAS RESET)

DEECRIPTION: It the zero flap is reset ic ZERD, lcad the the prooras counter
ki:h the value of ihe juar operant {(abbreviated *JOPRND® in the
_table below) relative to the progras-counter valve at the

instruction foilowing the this instruction,

The assesbler coeputes & one-byte displacement to the jump

destimation, I the valus coeputed for this byte lies outside

the range )00 through )Tr for positive values of O through 127 -
or »20 through XF for msgative values of ~125 through -1, the

assesbler outputs & "DISPLALEIERT TODO 3IB° error eessagu.

" In the following table BCKYEN is & label which occurs ten bytes
prier to the instruction followiag the JNI instruction.

¥

S — ,
! FORN ! RDDRESSING !SRC EIRMPLE ! OBJ CODE ! CYCLES !
R o A A —— :
' JRZ JOPRND! PC relative ! NI ECKTEN ! DB )P ! §,7 !

L

PROCEESS 1¥ lero flap = ZERD then PC + DISPLACEMENT —-) PC

FLARS: Unchanged




CC-40 ASSEMELY LANGUAGE INSTRUCTICW SET

DESCRIPTICN:

t  FORN

P#

P IF PUSITIVE (NEGATIVE 8 IERD FLAGS RESED)

[f both the Negative flag and the lero flig are raset to [ERQ,
load the pragraa couater with the tha value of the jusp operand
{abbraviatsd °JOPRND® in tha tablas below) relative Ro the
grogras—countsr value at the instruction following the this
instruction.

The assasbler casputes i one-byte disgplacesent to the juse
destination. 1f the valus coaputed for this byts lies autside
the range Y00 through >7F for positive valuas of O thraugh 127
ar >80 through XFF for negative valuss of -12§ through i, the
asseabler cuzputs a “DISPLACZMENT TGO BIS® error sessige.

[a tha following tablae BCKTEN is a labal which occurs tam dytes
prior to the instruction fallowing the JP iastruction.

. !
! ADDRESSING ! SRC EXAMPLE ' 0BJ CODE ! CYCLES !

~ B

PROCESS?

FLABS?

! JP JOPRND ! PC relative ! JP BCKTEN ! B4 OFS ! 5,7 !

L,

[+ both Negativa flag and Iars $lag = IERQ
than PC + DISPLACEMENT --) PC

Unchanged

PAGE 7-4
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CC-40 ASSEMBLY LANGUAGSE INSTRUCTION SET FABE 7-43

JP1

JUNP Ir POSITIVE DR TERO (EGATIVE FLAS RESET)

DESCRIPTION: 1§ the Nepative flag is reset to IERC. load the the prograc
- counter with the value of the juse operand (abbreviated *JOFRND®
(in tne tadle belox) relative to the procras-counter value at the

instruction ¥ollowing the this ingstructios.

The asseabler cosputes a one-bvie displicesent (¢ the jusp
destination, If the value computed for this byte lies outside
the ranoe 00 through >7F for positive values cof ¢ through 127
or )80 through T for negative values of -126 through <!, the
asseabier outputs a "DISPLACENENY TOD Blo* error sassage.

In the following bable BCKTEN ig 2 labe! which octurs ten bytes
prior to the ingtructicn following the JPI instructioa.

------ N

' e
! FORX ' ADDRES3ING 'SR zIAN®L: ! OB [0 ! CYCLES !
!
i

S SO S PUU SO
JF7 JOPRND ' PC relative ! JPIZBCKTER ' 2 )F6 ! &7 !

7 L)

PROE S, I+ Negative flag = IERD then PL + DISFLACDIENT -—-) PL

FLABS: Uachanged




CC~40 ASSEMEBLY LANGUAGE INSTRUCTION SET PARGE 744

42 -,

JUP IF TEX0 {IERQ FLAS SEI) | )

DESCRIPTION: If the Iara flag is sst to ONE, load the the progras counter ~
with the value of the jenp operand {abbraviated °*JOPRND" in the o [
table belos) relative to tha progras-counter value at the ;
instruction fellowing the this instruction. ]

The assesbler cosputes i one-byte displacasent to the jumo - |
destinatioa. If the value cospated for this dyte lies aatsids N
‘ the range Y00 through )IF for positive values of O through 127 -
v or )80 through JFF for asgative values of -128 through ~l, the -
assesbler ouzputs a °*BISPLACEMENT T00 B316° error ssssaqe. B

In the following table BCXTEN is & label which occurs tea bBytes .
prisr to the iastruction following the JZ instructica. -

T e i i e s i e i liebliels b e S e
! FORM ! ADDRESSING !SRC EIAMPLE ' {BJ CODE ! CYCLES !
! 31 JOPRND ! PC relative ! JT BOXTEM ! DE2 )6 ! 7,9 ! .

' II-J

. PROCESS: 1f Ters Flag = ONE then PC + DISPLACINENT ) PC -

FLAGS: Unchanged -




CC—-40 ASEEMEBLY LANGUABE INSTRULTION SET

LDh

[BAD THE & REBISTER FROM MCMORY

DESCRIPTION:  Loac the & repcister xith the conlents o+ 2 eesorv locition. Det
the T1ags on the bvte loaded.

fThe’nennrv Iotation is specified by direct, indirect, or indexel

addreszing. With dirsct adoressing, the location i specitied by an
expression in  the operand. With indirect adoressing, it is

spacifisd by the contents of the nased register {least

gioniticant byte) aad the register one address below it (most

significant bytei. Ip indexed ande, it 35 specified by the sus

of the value rapresented in the operand and the coatents of the

P register,

Where iesediate hexadecima) values are shown in the table below,
gyabolic vialues assigned in eouate insiructions and ladvels can
ilsd be used.

1 ‘ ¥
! FDRY 'ADLRESSINE!SRC tXMMPLE ! 083 CODE ! CYLLES !
D . S St A A ———
t LDR @EXPR ! Direct ! LDA €XBOOOH ! XBR 3BO 00 ! 11 !
! LDk ¢Rn ! Indirect ' LDA #R30 ! D%k JiE 1!
Y LDA BEXPR(B)! Indexed ' LDA €BIS(R) ! DAADOIHF ! 13 !

FROCESS: KENORY =-) & REBISTER

FLAGS: era; Set to ONC if the bvie loaded is zero
Negative: Set to ONE i€ Bit 7 or the bvte loaded
is ONc

carry:  keset to JERD




CC—-40 ASSEMBLY LANGUAGE INSTRUCTIGH SET

LDS?

LOAD STACX POINTER

DESIRIPTION:  Lsad the value in the B register into the stack gointar.

] e e ———
! FORM ! ADDRESSING ! SRC EXAMPLE ! 0B CODE! CYCLES !
LOSP ! laglied ! ADSP ! 00 ! 0§

- PROCESS: 8 --> §P

FLABS: Unchinged
b
S

FARGE

7—4&




CC=-A40 ASSZMBLY LANDBUARGBE INSTRUCTION SeET

MOV
KOVc TO REGISTER
DESCRIPTION:  Transéer & one-byte vilue tc @ register. 5et the flage on tha
byte soved.

fﬁe source vaive a2v be imsediate or the contents of another
register.

) ’
' FORK '  ADDRESSINE ! SRC EXAMPLE ! OBJ CODz ! CYLLES ¢
| et 0 e et Bttt e s s s et ettt ety ey e mtitn |
' #OV A, B ! laplied ! ¥V &,B ' 0 !
' WOV BA ! laplied ! MOV B.A ' 362 !
Y MOV A.Rn ! Repister file ! MOV &,R20 ! >D0 >4 !
! MOV B.Rn ! Register #ile ! MOV E,RI00 ! HD1 Héd '
! HOV Rn,A ! Repister file ! MOV RZ,R ' 2 K02 !
! HDV Rn,3 ! Kegister file ! MOV RIS,B ! 332 YOF '
]

! )

! !

!

- )~ O D DN
--ﬂ-.u—-—-—-ﬂ

- ) MOV kn,Rn ! Register £ile ! ROV R&S,RIT ! X2 M2 )i
| NOV IN,A ! Iasediate ! ROV D354 222 335
! KOV 2R, B ! lsaediate ! MOV 2205,B )32 FF
t B0V IN,Kn ! lsxediate ' MDYV L127,R%8 ! 372 YTF Hbb

R
B h
PROCZES: { y—=3{B )
Ro Rn
i |
FLABS: lero: Set to ONE i the bvte soved is 2erp
Negative: Set to DNE if Bit 7 of the byte
apved is OXE

. Carry: Feset to ISRD

.: S




CC-40 ASSEMBLY LANGUAGE INSTRUCTION SET

HOVE DOUBLE BYTE

DESCRIPTICN: Transfer i two-byts vialue to a register air. Sat the flags o1
the sost significant byte agved.

Tae source of Lthe value may he [ssediite, the contents of
agother register pair, or the sus of an iasadiate value and the
vilue in the 3 register.

' The destination register specified by the aperand is the digher
‘ nuabered register of the pair {(which containg the least-
significant byte of the two-byte valuel.

' !
! FORN ' RDDRESSING ! GRC EXANPLE ! (08J COpE ! CYCLES !
R EE R o S S A ———-

) MOVD DWN,Rn ! lsaediate ! MQVD T)8000,RS ! D88 380 300 05 ! 1§

! MOVD An,Ra . ! Ragister flle ! MOVD R7,RS t 398 )07 X8 S U
t 0VD INN{(R),Rn ! ladexed ' BOVD DXTFFF(BIL,RT ¢ OAB X7F DFF Y01 ' {7 !}
’ -
[anediate
PROCERS: { Reg Pair 1} --) Register pair
[aned ¢+ 8
FLABS: lero: Set to ONE if the most significant dyte
aoved is zers

Negative! 3et to ONE if Bit 7 of the sost significaat
byte agvad is ONE
Carry:  Reset to 2ERO

FAGE 7-43




el --.ﬁ B
-

BESCRIPTIOR: Transfer 2 bvie iroe the register designated by fhiw source
soerand to the recister degignated by the dlstinatiun nplraad.
Eet the 1495 on the byte aoved. e

14 the source operand designates a p!rinhlul m- I"lgiitll’, the

instruction inputs & byte 4roe the peripheral ¢ile register. 14
the source opsrand desipnates register A or B or an issediate
valug, the iastruction uutputs ] brtl to the prriphu'll ﬂli

register,

. )
4 FORM ' RDDRESSING 1 3RC EYAMPLE ¢ DB CODE ! CYCLES !
e e e e et e et e i ettt i e e e e ettt |
! HOVP &,Pn ! Peripheral file ! WOVP &,P9% ! DB2 X3 S { B
' BOVE B,Fn ¢ Peripharal file ! NOVP &, me.- ' 352 M 1 &
] BOVP IN,Pn ! Periphera) file ! ROVP 222,P6 ! 2R2 520 208 ' 11 !
~ Y MDOVP Pn,& ! Feripheral ¢ile !ﬂBVPPlﬁ ! 380 X0 {9
! KOV Pa,B ! Peripheral file ! MOVP FY,B 1 O%] )O3 S
»

2

i R
PROCESSE {B 2—=2Pn § PA-=3{ 1}
w 3

FLABS: lerp: Set to DNE i+ byte moved is zerd -
Negative: Set to ONE i Bit 7 of byte sovad is OKE
Carry:  Reset to IERD

. H PR PR I e Y -
T T“"l ! l':_- kS "r"‘.t - "::- ..-r e ow - B fr rl LR lr r - e et . \ "
' f,._.g_-- e J'a . u. ”'- S ] . - oL . .. . __"_.d - ) .- I a \
i.‘.‘ L2 -~ "‘.q.- LI - _.:- . - - » - . R '\._ ’ . : A K I ) : .
'_' L . . . o ) o o=
L] [ ] . a4 . . - -
.Il"- - rl + - - F . i H i - ;
. ;?'*r L T a T ' e . e . . '
.,-_- Ii' . . ' [ ....‘l- -I-‘_ e . . - .- o N . . , a
= .n.r ' . M -I' "' ' . |-|- - +"'I . -l i} - _' T ]

WOVE 70 OF FROX PERTPHERAL FILE REBISTER - °7 'wsy 00

.l. . . A e H .._-- . "

Y - _ Rl Tl LI




CC-30 ASSEMBELY LANGUAGE INSTRUCTION SET

XPY

MLTIPLY

DESCRIPTION: Xultiply tha value in the sourcs register or tha value of tha
isasdiate aperind by the vilue in the destination register. The
sost significaat byts of the product is stored in the &
register, and the least significaat byte is stored in the 3
raqister.

The lero and Negative flags arw sst according to the value of
the wsost significant byts of the product. The Carry ¢lag s
resat to ZERC.

'

! FORM ! ADORE3SING ! SRC EXAMPLE ! (BJ COGE ' CYCLES !
s i e
' WPY 2,A ! laplied ' HPY B,A ! 3L Y 8 !
! WFY Rn,A ! Ragistar file ! MPY R2,A ' 2C )02 Pt !
. WPY Bn,B ! Register file ! WPY R1S,B ! 330 MOF S | -
! WPY Ra,Rn ! Regiszar #ile ! MPY RAGG,RI7 ! X4C M2 M1 8 !

! XPY 6,4 ! lasadiate tPY DELA ! IS ! £ !
PIPY SN,B ! lsandiate | NPY 129%5,8 ! YEC OFF 143 !
! MPY IN,Ra ! lsaediate . ' WPY UUZTRYFIVICOIF OGS ! 4T !

3 'S
PROCESS: (Bat#(3 § )40

r+ | Rn
FLABS: Tara:  Set to ONE if the sost significant bvte of

product {in A} is zere
e el Megativel Set to ONE if 36t 7 of the sost sigaificant byta of
| 7 product (ia A). iy ONE '
- Larry:  Rasat to IERO

FAGE 7-30
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CC~40 ASEeMELY LAaNGUARBE INETRUCTION SET

N0 OPERATION

DESCRIPTION:  Fertora an instruction with nc orocessine results,

"The NOF iestruction his oo efrect on oprocessing extept <c
‘incresent the progras counter by 1. It is vs2ful for “paddiag*
abject prograss for future patching or for replating uasanted
abject code during progris dedugoing.

¥ ]
! FORM ! ADDRESSING ! SRC EXAMPLE ! OB COD=' CYCLES !
¢ KOF ! laplied 'ONOP o0 Y 4

PROCESS: None
FLABS: Unachanoed

FRGE 7-~T1
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CC~-40 ASSEMBLY LANGUAGE INSTRUCTION SET

o
OR GENERAL-PURPOSE RESISTER

DESIRIPTION: Logically "or® each bit of the byte reoressntad by the sgurce
oparind with the corresponding bil of the byte repressntad by
the destination cperand. Then stors the rasulting value ia tha
dyte represanted by the dastination operand ind set the Zero and
Negative flags accordiag to the value.

#han two bdils are ored, the resulting bit is ONE if either or
both of thes have a value of OMNE,

. H

' FORM ! ADDRESSINS ! SRC EXAMPLE !. 03J CODE ! CYCLES !
i e e e -
OR 3,A ! [splind ¢t of 3,A ' t5

" OR Rn,A ! Register fils ! DRRZ,A  'D314202 ' 8§ !
OR Rn,B ! Register File ! ORAIS, !DMMF ¢ g ¢
OR Rm,fn ! Register file ! OR RE,R17 ' 248 242011 10 ¢
R 2,4 ! [saediate L RIS, A 1DUHINS T
CR IM,B ! lasediate ' RITSS,B 'OSANF ! 7
OR W,Rn ! Issediate ' OBRLIZIR9E P OTAOF MO 3 ¢

._
W oyam el pas fEm g xdl aam

B A A

PROCESSS {ReYOR(B I =—=>({8 )
. ka Ra
FLABS: lara: Set to ONE i the resull is cero

Negative: Zel ta ONE if Bit 7 of the rasull is ONE
Carry:  Resat to {ERC

FAGE 7-52




DESCRIPTIDN:  Logically “or® each bit of the bvie fros register A or B or sach
bit froe an ismediate value froa the source operand with each
_torresponding bit of the peripheral—tile register designated bv
Abe  Cestination operand, Place the result in the peripheral
file register, and cet the lero and Negative flly according ¢
the result.

dhen tuo Dits are “ored,® the resulting hit 15 ONE if either or
both of thes have a value of m

e s o —
FORM !  ADDRESSING ! SRC ExaMPte ' OBJ CODE ! CYCLES
BRP R,Pn ! Perigheral €ile ! ORP R,P4B ! B4 330 S ('
! DRP B,Pn ! Peripheral file ! ORP B,PBS ! >3 )35 I B
! ORP IN,Pn ! Peripheral #ije ! ORP 116,P8 ! A4 D10 308 ' 11 ¢

’
|

: A
PROCESS: fROR{B )} ~)Pn
.
FLACS: lera: Set to ONE if result is zers

Negative: Set to ONE if EIT 7 of result is OKE
Carry:  Reset to IERD




CC—-40 ASSEMBLY LANGUAGE INSTRUCTICN SET

PopP

POP RESISTER FROM STACK

DESCRIPTIONE  Move the value at the top of the stack ta either 1 specified

genaral-purpasa register or the stitus register. Then decresant
tha stack pointar.

The lera and Negative ¢lags are st oa the valuw popped iata a

register. When a vilue is pogped inte the status ragister,
flags are sat im accordance with the bits that aake up the
vilue.

’
FORR ' ADORESSING ! SRC EXAdPLz ' 08J CODE! CYCLES !

! POP A ! Iaplied ! PP A toy ' 8 !
1 POP B ! Iaplied ' PP B oy ' 8§ !
! POP Rn ! Register file ! POPRZ ' 509 502! & !
! PGP ST ! laplied ! POPST ! X8 ' & !

R

B
Tep of stack —-> 0

Rn

13

lara: Sat t5 ONE i+ the register scooed cantiins zero
Negative: 3at to OHE if 3it 7 cf the ragister jopped is OME
Cirry:  Reset to IERD

FaGE

7=34




CC-40 ASSEMBLY LANSUAGBE INSTRUCTION SET

PUSH

PUSH REGISTER

DESCRIPTION: Increaent the stack pointer bv one and sove the value in either

PROCEES:

2 specified general-purnnse register or the status register to
'fthe location pointed te.

The Iero and Negative flags are set oz the value pushed, except
shen the status register is pushed. Flags reaiin the sese when
the status register is pushed.

!
', FORM ! ARDDRESSING ! SRL EXANPLE ! OBJ CODE' CYCLES !

' PUSH AR ! laplied t Pl ! OB8 Y T
' PUSH E ! lsplied ' PUSEBE !B A T
' PUSH Rn ! Repister ¢#ile ' PUSHRY !O5DB X% ! 8 !
¢ PUSH ST ! Implied ' PUSE ST !t HOE LY Y

A

B

{ & =) Top of stack
Rn

g

lerp: Set to DME it the repister pushed containg 2ero
Negative: Set to ONE if Bit 7 of the register pushed is DN
Larry:  Reset to IERD ”

‘7

- ek R e ——

w
t




CC—-40 ASSEMELY LANGUAGE INSTRUCTION SET

RETI

RETURN FRON IXTERRUPT

DESCRIPTION: Load the progria counter with the topsost two bytes of . the
stack, l1cad the status register froa the next byte of the stack,
dad decrasent the stack poiater thrae tiaws.

The progria counter and status register are restored with the
valuas they contained upon intarrupt.

’ ?
! FORM ! ADDRES3ING - ! SRC EXAMPLE ! 0BJ CODE! CYCLES !
'RETI ! laglied ! RET! D | S

- PROCESSS Restors PC (LSB, NSB) and Status ragister
FLABS: Set according to the third stack bdyte (3T} '




CC=-A0 w

BESCRIPTION:

SSeMBlY LANBUARGZ INSTRULTION SEY

¥
1

RETS
RETURK FROM SUBROUTINC
Loas toe prograe counter with the topeos: two bvtes pf the stack
and deCreaent the plack pointer teice.

Tis proorac counter is restored with the vilue it Zontained wpen
executing the last suvroutine call instruction,

?
FORr | ADDRESSING ! SRC EXANPLE ! DBJ CODE! CYCLES !

HIMW—W!

PROTESS:

RETS ! lsplied t  RETE ! A ' 7 !

sy -l

Restore PC (LSE, NSB)

Unchanges




CC—-40 ASSEMBLY LANGUAGE INSTRUCTIGON SET

DESLRIPTION:

!
| FORM '  ADDRESSING

! AL B

Ehift all bdits in the designatad register one position to tha

latt.

Bit 7 (the highest-order bitl is shitted into both bit O (the
and iato the Cirry flag. " The lera and
Negative #ligs ire set iccording to the resulting value at the

lawest-order Dil)

Syte.

RL A ! lanlind
! lagliand
' RL Rn ! Register #ils

8it a ~—) Bit a3

larg:

Larryl

L

ROTATE LEFT

¢ SRC EXANPLE ' 0OBJ CCDE! CYCLES !
e e —————— e e e e ]

1
| 3
I
"
I
]

RL A
RL B

RL Rb

! JBE
P 2R

! JDE 206 !

1
*

3

3
7

Bit 7 —> Bit 03 3it 7 -~ Carry

Sat to ONE if the byte is zero
Negative: Set to ONE if Bit 7 of the result is ONE
Set or reset by Bit 7 of ariginal byts

FAGE 7-Z28




CC-40 ASSEMELY LANGUABE INSTRUCTION SBET

RLE

ROTATE LEFT THROUGH CAREY

DECCRIPTION: Shift &)l bits in the designate¢ repister one position to the
1ett through the Carry flas.

The CLarry 11ag is shifted into bit O (the lowest-order bit) of
the repister, and Bit 7 (the highest-order bit) is shitted into

the hrr; 1123,  The lero and Negative tlags are set according

o the resulting value of the byie.

) 4
' FORN ' ADDRESSING ' SRC EXAMPLE ! 03J CODE! CYCLES !
| e i s et s e At A e S et A e e

TRULEA ! Isplied ! RCA ) - S

L RUCE ! Implied ' KL B v OCF i 5

' RLL Bn ! Register #ile ! RLI RS ' DF X! 7 !
PROCESS: Bit a --> Bit n¢i; Carry — Bit O Eit 7 ~) Larry
FLAGS? lero, Set tu'uﬂz it the brie is zero

Negative: Bet to ONE i€ Eft 7 of the resuit is ONE
Carry:  Set or reset by Bit 7 of original byte

FABE 7-55




LCC-40 ASSEMBLY LANGUAGE INSTRUCTION SET

SESTRIPTION:

ROTATE RIGHT

Shift all bits in the nased register one positica to the right.

8it 0 ({the lowest-crder Bit) is shifted into both Jit 7 (the
highest-crder bit) and iato the Carry flag. The laro and
Negative fligs are sat according to the value of the resulting

byte.

' FOR® ! ADORESSINE ! SRC EIAMPLE ! 0BJ CODE! CYCLES !

! RRA ! laplied ! HRRA i S S
' RR3 ! laglied ' KRR 3B 10 & L
! RRRn ! Register flls ! RRRS ! MICX&e! 7 !

¥

Bit a -~ Bit n-I; Bit 0 =) Carry; Bit 0 -=) Bit 7

lwro: et to OME if the byls is 1ero
Negative: Set ta ONE if Bit 7 ef the resglt is ONE
Carry:  Set or reset by Bit § of ariginal byte

FAGE 7~&0

i |




CC—40 ASSEMELY LANGUAGE INSTRUCTION SET

ROTATE RIGHT THROUSH CTARRY

DESCRIPTION: Shift all bits in tbe desiomztel recister one position to the
rignt tnrough the carry.

"The Carey {flag is shifted icto bit 7 Ithe highest-order bit).
Eit 0 (the losest-ordes bit) is shifted into tne Larry +{lag.
The Zerp and kegative flags are set according to the resulting
value of the bvyte.

¥

-1
é FORN ! ADDRESSING ! SRC EXAMPLE ' O5J) COBE! CYCLES !
e e A ——— e TES SRR

' RRC A ! Isplind ' RRCA '8 ! 0§
'RRC B ! isplied !\ RRCB !B ! S I
' RRD Rn ! Register #ile ¢ RRC RS ! DD 06! 7 !

PROCESS: Bit a --> Bit e-13 Carry —) Rit 7; Bit ¢ =) Carrv

FLAZS: lerc: Set to ONE if the byte is zer0
Kegative, Set to DNE jf Bit 7 of the result is ONE
carry:  Set or reset dy Bit 0 of original bvte

FABE 7T-4&1




CC—-40 ASSaMBLY LAMEGURGE INSTRUCTION SET

DESCRIPTICNS

" BINARY SUBTRACT MITH BORRON

Subtract the value in the source ragistwr or the value of the
issediate operand by Lw0’s cosplssent additicn froa the

destination registar. IF the Carry flag has beer rysst to IERO

by execution of a previous instruction, decresant the ditference
by one. 3tore the difrarmace in the destination register.

The lero and Nagative flags are sat or reset iccording o the

differance. The Carry #lag is reset to (ERO it a borrow has
occurred {i.e., 14 Bit 3it 7 has heen decresentad past ZERO).

H

' FORM

ADDRESSING ' SAC EXANPLE ' OBJ CCDE - ! CYCLES !

! $39 8,7

! GB8 Rn,B ! Register file, Ispliad ! SBB RI3,3 ! 33 »OF .

! S88 Ra,Rn ! Register file ' SBB Rbe,R17 Y MB M2 M1 ! 1}
' SBB TN,A ! lsaediate, Isplied ! §88 35,4 ! 2B OIS !

! SB3 ,B ! lesediate, laplind ' 88 2100,3 ! X3B 44 !

0

! Isplind ! 5§88 8,54 ! 6B
! 538 Ro,& ! Register file, Iaplied ! S3B R2,3 ! 318 )02

SBE M,Ra ! lamediate, Register fils ! 5BB L125,R%b ! HJB 37E )40 !

b vy d O UD O LA

]
-
I
»
|
n
]
[ ]
!
=
|
&
I
L]
)

3 A | A
(Ra 3 -(8 ) -NOT Carry —> (B }
pé.| Rn Rn

iero: Set Lo ONE if tha citference is 1ar2
Negative: Set to ONE if Bit 7 of the differance is ONE

<o Carrys  Reset to IZRO if it 7 of the differsnce

“hag been decrssentad past ERG

FAoe

=6

Mg im,

‘LS




CC~&0 ASE=MSLY LANGUAGE INSTRUTTIDN SET

3 ¢

SET CARRY FLAG

DESCRIPTIM:  Set zhe farrv and Zerc slags to ONE. Resel the Necative flac to
IeRL.

4 L)

b FORN ! ADDREZSING ! SRU EIAMPLT ' DBJ COLE ! CYCLES !
D S e .

v ST ! Isplisd o SENL D (7 S - -

PROCESS: Sst ar reset flags

FLAGS: Zera: Set to ONE,
Kegative: Reset to IERD
Carry:  Set to OXE

FAEE 763




CC—-40 ASSEMBLY LANGUAGE INSTRUCTION SET

DESCRIPTION:

!
!

ST
STURE THE A RESISTER IN MENORY

Storz the value in the A regisier into a semary locition. Tha
aesory location is specitied dy isaadiate, relative, or indexed
iddressing. Set the lerg and Regative fligs according ta the
value of the dyte stored.

In direct aode, the location is specified In the {astructicn
operand. In indirect sode, it is specitied by the coateats af
the adned registar (least significant byte) and the register one
dddress below it (aost sigaificant dytel. In indexed eodse, it is
specified by tha sus of the expression im the operand and the
contents of the B register.

Where issedlite hexadecisal values are shown ia the table belaw,
syadolic values assigned in ecquate {astructicds and labels can
alsg be used. :

) !
FORN 'ADDRESSING! SRC CIAMPLE ' OBJ CODE ! CYCLES !

R e A s .
¢t STA QEXIPR ¢ Direct ! STR 2)800C ' 288 )30 )00 ¢ 11 !
! STA &RN ! [adirect ! STA #R30 ! 39B DIE ' 10 !
! STA QEIPR{3)! Indexnd ! STA #300(B) ! JAB Y0t > ¢ 13 !

1

A ==) Nesory

Lero: Set to ONE if the byts-stored is Zero
Negiative: Set to ONE if Bit 7 of byts stored is ONE
Cirry:  Resat to IR0

FAGE 7-&4

|




CC~40 ASSEMELY LaNBURGE INSTRUCTIDIN SET

344

STORE STALX PUIKTER

DESCRIPTIOR.  Move the value in the stazk pointer into the § register.

f

P —— '
! FORN- ! ADDRESSIN: ! SRC EXAMPLE ! 0BJ CCDE' CYCLES !
e et e e e e e |
P STSF | leplied ! 3T5P S S T

PROCESS: SP =)

FLASS: Unchanged




CC-40 ASSEMBLY LANGUAGE INSTRUCTIGN SET

DESCRIPTIONS

! FORN
! SUB §,A

Subtract the caateats of the source register or the value of the
cperand by twa’s cosplaseat additiocn +rca
Store the differance in the destination

jnasdiate
destination register.

reqister,

The lerc and Negative flags are set or reset according to the
The Carry tlig is reset to 180 if a borrow has
occurred (L.2., if Bit 7 has been decreseated past IERD.

ditéermce.

ADRRESSING

! Taplied

! SUB Ra,d ! Regisler file, laplied
! SUB An,3 ! Register file, laplied
! SUD Ra,Ra ! Register file

1 SUB N4 ! lsandiate, laplied

! 5B 2,3 ! lasediate, laplind

BINARY SUBIRALT

! ! SRC EXAMPLE
D S S OU—
' SUB B,A

! SUB /2,4
! SUB R13,B

t SUB R&a,R17

! SUB 72533,A
! SUB 1100,3
! SUD O An ! lassdiate, Register file ! 5UB T125,R95 ! X7R 77E )& !

8 A
. {Ra}~-{B }=-=>(38 ]}
pé | Rn
lera:
Carry;

t {8J CODE

1
]
I
»
1
]

Yoh
YA 202
YA SOF

the

! CYCLES !

!
!
'

P4 M2 ML

1
]

L i IR
P33R 64

Set to GNE if the differsnce is zar
Negative: Set to ONE [+ 3it 7 of the difference is QAE
Resat to (ERD if 3it 7 of the differencs
has deen decraseatad gast IERQ

3
8
8
10
7
H
¢

A il + g 'E - ¥ il il

FaGE

7—-&5

T
T




o

CC-40Q

ASSEMELY LANGUAGE INSTRUCTION SET

TRAP X

TRAP TO SUBRCUTINE-CALL VELTOR N

QESCAIPTION:  Save tha address of thi asxt-instructioa pragraa countsr an tha

stack «nd load the progria counter wilth i value frca a 24
address table at the top of CL-40 aesary.

The 28 two-byte valuss stored in ssaory fros JFDOO through SPFFF
irs ioversaly iadexed oo the vector ausker, TRAP O usas the
value in JFFFE-)FFFF, TRAP 13 uses the valus ia JFPEQ-)FFel, and
TRAP 23 uses the valus at >F000-)FDOL,

Four of tha table vectors are dedicated to systes-hardware use.
The TRAP 0 vector paints to systes-resat routines. TRAP |,
TRAP 2, and TRAP 3 paint to interrupt-handling routines for
ioterrupts I, 2, aad 3 respectivaly.

Siagle-3yte eachine-linguiqe coesand codas for TRAP O to mp
are listad in the table cf COMRANDS belaw.

MM
!

"le | - ADDRESSING ! SRC EXAMPLE ! 08J COODE! CYCRLES !

|.—__+-—_—-—+—-—-ﬂ-—'-—l——-’_—-!

CTRAP N ! lsplied ! TRAPO ! JEF 0t 14 .

IM"

y 4 I ]
'R 1QOCDYIN 'CDCDYIN ‘CNDCDY
!__..*._.—...-II._....__.-—!I_.*.——.——-!
P9 Y OME Lt v T YUlst O !
S L b e Y Ve ! R 'YT! EE !
12 00 D 1146 yFS i1 D !
13 Y OSEC b VRt Y OFF 119l el !
14 ! 3 YUQ2t I r10! 3 !
tS ot OFA L HA3Y W2 11Ul e !
NI : R RN R B
}7 1 R 1118 P 1YWt de§ e

Save PC (NS3, LS3, an lhe stack and Sranch to iddress ia ths
TRAP tabla

Unchinged

IE L 1 L RN BCEL D

FAGE 7-4




CC-40 ASSEMBLY LANGUAGE INSTRUCTION SET

SNAP KIBBLES IX REBISTER

DESIRIPTION:  exchange the least-sigoificant nibble (four-bit value) in the

soecified oensral-purpose register with the amost-tigniticent
nibble. Set the Zero and Negative flags according to the

Fesulting byte, and set the Larry flag 14 bit O of the resctiag

byte contsins & DIE,

The Larry 1ag is set on bit O of the resulting dyta. (The SWAP
instruction produces the sise results as the exscution of four
consecutive Rotats Left instructioas.)

!L-___._—-_——_——ﬂ_ﬂﬂ-—‘__’
' FGRM ' ADDRESSING ! SRC EXAMPLE ! 08J) CODE ! CYCLES !
)
' BAF A ! laplisd ' SWAPA OB ! B
' SWAP B ! Isplied ' SRR o7 ' 8 !
) GUAP Rn ! Register f#ila ! SWAPRE 107300 ! 10 !

'W

 Bits 7-4 (=) Bits 3~0

lers: Set to OIE if the registar containe 2er0

Negative: Set to OME i Bit 7 of the result is OME

Carry:  Set or raset actording to Bit 0 of the
resuit




CC-40 ASSEMBLY LANSUASE iMSTRUCTION SET

DESCRIFTIDK:

 FRoCESS:

TSIA
TEST TiE & REBISTER
Gat or reset the lers ang Kecative status flags based on the
value in the & register. Kkeset the Larryv Dit to IERD.

This instruction produces the seee object code as the CLRC
ingtruction,

. ¥
' FORM ¢ ADDRESSINS ! SRC EXAMPLE ! DBJ CODE! CYLLES !

|-—-“Pq——-—--+-—————-§--__-+-—-—-ﬂ-!

E TSTA ! lsplisd ! TSTA ! B0 ! b !

» "

Set or resat flags.

lero Flags  Set te ONE i¢ A containg 2er0
Megative Flags Set to ONE if Bit 7 of & is ONE
Larry Flag:  Keset to IERD

o ok = ek - e - 0 - L] - .- = - - rpam

- -
. _.,_‘.......h-ll-l"""l'

. oqime - e e

- m g e g E— e T




CC—-40 ASSEMOLY LANGUAGEZ INSTRUCTION SET PRGE 7-70

1878

TEST THE 3 RESISTER

DEECRIPTION: Sat or raesst the laro ind Negative status flags hasad on tha
value in the § register. Reset the Cirry Dit to IERQ.

' '
! FOKit ! ADDRESSING ! SRC EXAMPLE ' 03J CODE! CYCLE: !
! et et ot et e e e e e s s s e e et e ey |
'TSTB ! Isplied ! 1518 S '+ G Y T ) "

8 e s Al A e el Al et cmealie sl s et il -l el w e el ey T

- PRDCESS: 3at or rasat flags. -
FLAGS: lero Flag: Set to ONE if B contains Zero * ~

| Negative Flag: Set to OME if 3it 7 is ONE N
Carry Flag:  Rasat to IERQ . :

-

-

- i

SRR




. A

-t
']
-
L
L)
L P -
AL ST &
USRS rll
§
¥

it 1....,._-a" i 1£~-

-- :.r - v
.l k L] -
N L .'...-ll-. -'lr'-‘q!-' ‘.l-.-'h-ll L4 "'-.‘ 'r"h."-l T g WX T T
' " ilr - g ] . Y -t T R g vk [
: - E \.?L H g;,. i e N A I S ,{_.:- S
' ’ - - 3 ¥ " - ' - a L [
F - .o _ B " Cu ---l e - s " Coa e . P
- ICHB -
T e T L
o \ !‘l:,T [

FICHMGE NITH B REBISTRR

DESCRIPTION:  Exchange the value in the spezified peneral-purpose regi;tlr'

kith the value in the B register,
r

The lero and Hegztivt flags are cat a:ﬁnrdinq to the nriﬁinal
contents of 5. The ICHE B instructioo produces the same results
as the I157% iostruction,

-
!

! FURH ' ADDRESSING ! SRC EXAMPLE ! OBJ ODE ! CYCLES !

| SCHE A ! lsolied - TR
1 ICHB B ! Implied ' (MR B ! Ol LY T
{ XCHE Rn ! Register #ile ' JCHBRBO ! DA D50 ! B °
| e e ettt 2 P -2 e e e e
]
PROCESS: {F Y{(—=>B ; Set tlags
i ke
FLASS, lera: Set to ONE if the § register originally
containg 2ero
Negative: Set to ONE if Bit 7 of the value .
originally in B is OE
Carry:  FReset to 2ERD
N

—y C

L]
R .
S ey, -

1 '-,I"; L

CC-40 ASSEMELY Lausuasn INSTRUC:IDN ss: .rﬁﬁfi;ii}:;:paGéTjEiiiJ




CC=-40 ASSEMELY LANGUAGE INSTRUCTION SET FaRGEGE 7-72

i

EICLUSIVE OR SEXERAL-PURPOSE REBISTER

BESCRIPTIONS  Perfors an exclusive-or operation on each bit of the byte
represented by the source operind and sach corresponding bit of
the byta represantad by the destination operand. Store the
result in the dyte representad by the destination operind, and
set the lero and Neqative flags according to the rasult.

When two bits are “exclusive ored,® the resulting bit is CHE i¢
ane, Jut agt bath, af thas have a vilue of ONE,

)

§
+ FURM ! ADDRESSING ' SRC EXAMMLE ! 08J CODE *® CYCLES !
e e e e e e e e e e e o o
UV I0R 8,4 ) Taplied ! 10R 3,5 ' )43
! XOR Rn,A ! Register file ! XOR R2,A 1 M8 Y02
! YOR Ra,B ! Register file ! YOR RIS, 3 ! )38 XOF !
: 10R Rn,Rn ! Register £ile ! I0R R&S,RIT ! 343 M2 )11 ¢
! IR WA ! laasdiate ' IOR DX35,A ! LT 1S
P IDR IN,8 ! lsmediate } TOR R235,8 ! O33 XFF .
! YIOR IM,Rn ' lasediats T IOR 127,896 ! 73 >TF )0 !

- PN g S e B g
[T
o = =y T 3 (3 LN

!
'
!
!
!
!
!
F

3 A A

PROCESS? {Rn) IR (8 ) --2>{8 } - .
s | R in "
FLAGS: Ters: Set to ONE if result is zars

degative: Sat to GNE if 3it 7 of tha resull is ONE
Carrv.  Reset to IERG

L |




Co-40 ASSSHBLY LANSUABE IWSTRUCTION SET

I0RP

EI0LESIVE OF FERIPHEERAL FILE REEISTER

DESCRIPTIDN. Pertors an exclusive-or operstion on each bit of the byte +ros
recister & or B or #ros the issediate wvalue in the source
operand with each correspondine bit of the bdyte in the
peripheral~¢ile register designated by the destination ooerand.
Place the result in the peripheral +ile register, and set the
ters and MNepstive flags atcording tc the result. ‘

The result of an extiusive-or operation on two bits ic ORE i
pne 0f the bits—but not both-—-are DM:.

¥

y . ——-—-———-—-_—__-n—_—-_q'
! FORN '  AUDRESSIRG ! SRC EXAMPLE ¢ OBJ CODE ! CMLLES
! YORP A,Pn ! Periphera) file ! IORP A,PI3 'BSOD ! 10 !

' ADRP E,Pn ! Peripheral ¢ile ! XDRP B,Pe4 ! D90 & t % !
! I0RP IN,Fn ! Peripheral €ile ! XORP 21,P6 ! RS X01 & ' 11 1
e 0 £t e £t € e et A Bt e et ettt ¥
a -]
PROCESS: P XBR { B ) == Pn
yi
FLASS: ierp: Set to ONE if result is zero

Nepative: Set to OME if Bit 7 of resull is OHE
Carry:  Reset tp ZERD




APPENDIX A
VALUES IN EINARY, DECIMAL, AND HEX

There is correspondence between numbers antered by kevhoard
or produced by an ALDS program such &= the editor, assembler, or
.( .

\cader and the state of bits in & byte is in accordance with the

rollowing equation.

KUt VAL = B7412B + bbeed + LSRY2 + bavlh +pJ6R 40284 ¢ blE2 + bOE]
uhera,

b7 = wsost sionifizant bit in the byte
b0 = least significant bit in the byts, and so en

128 = 2 raised to the 7th gower
1 = 2raised to the Otk power,; and 50 o4
Bit 7 of a byte (the most-significant bit) is valued at 128,
Bit 7 at &4, .. and Bit O at 1. Determining the value of a
byt€“raquiraﬁ sunming up the bit-position values (128, and
" 1) for ‘which a bit is ONE and ignoring thn values +or which a bit
is ZEROQO. | _.

The following table shows the values (expressed &s standard

decimal numbers) of six tvpical bit combinations in a bvte.

9 A S S S S S S S S Sl fii el el S S A il s - ol - S % A - . e S i ale - A A AN S S e i i S A N -t i g— ik —

. ’ . .

' BITS IN BYTE ! DECIMAL VALUE ! ! BITE IN BYTE ! DECIMAL VALUE !
[P (
i

- - ] . -

{ 00000001 ! 1 ' ! 0101010% 5%

| e e e e e e e e | e e e e o e e e e '

L. 10000000 ! 128 (vt 10101011 Y 171 |

S . o ———— e e z | e e m ot e e e e ————m s '
1

L 10061001 ! =7 vt 31111111

oy
Wi e oy I S S S S S P - R A A . A S S Sl S A b . e s s b SR - » i e il S S A P . . S A i e s YIS AL S St e e ol S S S g i




VALUES IN ZINARY. DECIMAL. AND HEX FAGE A-2

“Vélues" in the table above are aupressad in decimal
numbers. Decimal numbers, however, are clumsv for axpraessing
valuas which must alsc be axpressed in binarv numbers. Mcore
practically, values antered through a kevboard for expression in
byte# are usually entered in "“hexadecimal" or "hex" numbers
rather than decimal numbers because of the :arraﬁpandancé ot hex
numbars to bit positions in a bvte, (The DEBUG Monitcr and the
asaaﬁyler will accept decimal numbers from keybcard entry and

convert them internally to hex and binary, but values which are

.nutput by the debug monitor and assambler are always expressed in

hex.

In hax numbers, numerals include "0" through "%" and "A"

-

-t

'through "F" Therefore single—~digit numbers can take on values

between O and 15 (with "A"=10, "B"=1i, "C"=12, "D"=13, "E"=14,

and "F"=13. up to 15.. Expressad in hex numbers. the value

equation for a binary number is, as shown below. somewhat

o .
simpler.

NUM YAL HEX) = 57#)80 b BaRMY + 338300 ¢ BARXI0 ¢+ BINXT +hIe04 ¢ BiH)2eb040]
o o J.ﬂllfl’ ; o

b7 s east signiiicant bit in the dyte .
80 = least significant Bit im the byte, and sa an

Y80 = §8)10°1 (hex, is., 10 Yex-z 15 decieal)
M = 18100, ind 39 on

l‘" .
}
!

ine practicality of hexadecimal notaticm i3 twofcid. Fir

bl
cr

the bit-positicn values follow a ragular progressicn of
increasing heradeczimal value.l(i.e., 1,2,9,3,L8,2C,30.8G) .

Second, all possible values ofr & bvia can b2 exprassad in Lwa

s '




VALUES IN EINARY, DECIMAL, AND HEYX FAGE A-3

digits {E.g., rr- = 288) each of which are cirectlv representative
of & one OFf the two groups oFf four bits (riibbles) in the bvte.
The inconvenience of hexadecimal numbering is its possible
confusion with decimal notstion. To minimize this inconverience,
the CL~40 assembler uses & "> (greater-than) sign to url guel v
identify hexadezimal numbers. Thus >10 has « value of 1&, but 10
has & value of 10. The correspondence of 4-bit binary numbere to
hexadecimal numbers and decimal numbef: ie shown in the following

table. Note that the CC-40 assembler also uniquely prefirxes

binary values with & "7?" (qQuestion mark).

.
I BINARY ' HEX IDECIMAL !
S | . S e . e v i it iy v |
' P0000 ! >0 s 0 !
' PO001 ! >1 ) ] !
L R0010 ! >2 1 z !
' 20011 ¢ >3 ! 3 !
L 20100 ! >4 * 3 |
20101 ! > : 7 '
o P0110 ! >é ' & ! .
' 20111 7 * 7 !
b ?1000 ¢ pY = ! 8 !
t 21001 ! > ! S s
b 21010 ) >A ' 10 '
I P1011 ¢ >B. ! il !
bOR1100 ! >C ! 12 !
SUNCA Ao 15101 ! »D : 13 !
1 3110 ! >E ' 14 :
1111 1 >F ' 15 '

2

Ty il Sinle el S Weinle sl S

Hey numbers represent & bytn with two hex digits which
cnrrasnnnd directly to the bit cnm9951tinn of the' byte. The
f%lrst hex digit represents the most-significant fsur bits, and

the second represents the_least*significant.

.LH. - T
“.‘

L e ——t




VALUES IN BINARY, DECIMAL. AND HEX FAGE A~4

In the byte represented by 81, for exampie., the highest-
order bit (b7) of the higher four—bit grouping is “"high" or "ON,*
and so is the loweaest-order bit (bi) of the lowaer four-bits
grouping. The remaining bits “léw" aor "“"GFF". Similarly. the
byta represented by >AS, has the most significant and third-most
significant bits of the higher order grouping (b7 and b3) on and
the second-most and least signiticant of the lcwer grouping (bl
and bé) on. Thase four-bit groupings within & byte can plav such
an important rele in programming that they have a special (though
humorous) name: thaeay are called nibbles.

IHax nunbers fallow th? sama rules of arithmetic that decimal
Qr binary nqmbﬁrs fnllaw. In addition operaticns, a carry out c¥f
a digit position occurs when the sum i{s intramnntad past the
highest possible digit (2 in decimal, >F in hex). In a
subtraction aparatian{ a borrow transfers the highast—-possible
digit plus 1 to the digit-position to the right in the minuend
(F+1 in decimal, »F+>1 in hex) and de:femnnta the di@ittin the
pesiticon "borrowed from" by 1. Some examplas of haxadecimal

arithmetic are as follows.

- : e ”'H_-ﬂ._.'j.‘n'
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_ APPENDIX E
..~ SCREEN CONTROL CODES FOR SELECTED TERMINALS

The following table lists the codes used to control screen

cperation on five CRT terminals.

_—

¥ ?

t LEER SIEBLER ! LEER SIEGLER ' HAIELTINZG ! S0ROC ! KADJO GHALX !

! ADIOA ! ADN31 : 1420 v D120 ! MODEL 1F !

! MOVE CUSOx ! a7 b! ' a7 bl ! 21 &t 7 B S S R ¥ Y !
! ROS FIRST ! 1 ' 1 : 0 ! 1 ; i !
| OrFBEYT ' 32 t 22 ! 0 I ¥ ' M !
1 ettt - e et o e == s it s S -t s At i ittt |
' CLEAR SCREEM 18 Y ™% ' 7w Y ;a2 % '
1 CURSOR UP ! i} ¢ i1 ¢ 27 12 ! i1 i 11 !
! LIKE FEED (CURSDR DDRK) ! 10 ! 10 ! 1o ! i0 ! 10 !
! CURSOK RISHT } 2 ’ 12 ! i ! i2- ! 12 !
t CURSOR LEFTY ! 8 ! B ! g : B ! 8 !
"1 i i i e e - e e i AP A e i ettt et |
' . BEEF 3 7 \ 7 ! 7 S B !
t ERASE TD EWD Or aLKEEN ! o 121! - t 7 t 8% ! b !
! ERAS: TD EXD OF LINE ' 7 B4 ! - 27 1S 1 2784 ! 1?7 !
! INSERT LIKE ! Iy | ! ' o iy ; ! !
» -Mm—-mmm’




EDITOR DEFAULT KEYROARD DEFINITION

APPENDIX C

EDITOR DEFAULT KEYBOARD DEFINITIONS

FUNCTIONS
QF
KEYS.

Copy
Delete

Find
Format

.Halp

Jump

List

Move

Quit .
Replaca
Save

Tab define
Undo

Veritv

Auto

Back tab
Clesar
Command exit
Delete char
Deletae line
Down

Enter

Erasae +field
Home

Insart char
Insart lina
Lett

Line display

. Fage back.
20 Page forward

Right

-Tab

'EXTERNAL KEYBOARD
(Telavideo 920)

S S A S S el o sl — —— N S vk e S— i S—— ——— . Y W S A N i il dul — — S S N ——

N s S A W S ol s W S S S Y D Al A et s, el s oyt v

CESCILC]
LESCILDI
CESCICF]
CESCIIN]
(ESCICHI
CESCILJ]
CESCICL]
CESCIIMI]
CESCICQI
CESCILRI
CESCILS]
CESCILT]
CESCICLU]
CESC2CV]
CCTLITAL
CCTLICUD
LCTLALCT
CCTLICXK]
CDEL] (>7F)
CCTLICD]
£!'1 {(LCTLICI1Y -
CENTERY (CLOTLICMI:

LTLICED |

CHOME] (>1E)
[CTLICAl
CCTLICN)

[<=1 (CCTLICHI)
CCTLICTI
[ESCIC~2
CESCIC ! 2

C->1 (CCTLICLI)
ETAB1 (CCTLICI
£~3 (CCTLICK3
CCTLICV

R e rare 7 o omma B rr swwlwr M O EF - FEmE . A= EmE L

FAGE C-1

TeRN&L KEYBO0ARD

(CC—40Q)

CFNIELC]
EFNILD]
CENICF]
CENIONI
CENICHI
CFNICJI
CFNICL1
CENICMI
EAN2CQl
(FNI1CKI]
EFNILS]
CFMIET]
EENI1LUD
CENICVI
CCTLICAZ

CETLILL~]

CCLR1
CCTLICX]

CSHIFTICLL~]

ECTLIED1
C!1]
CENTER]

CCTLIC!T

ceTLiIc~1

ESHIFTIC—51

CCTLITNI
L{~1
CCTL3ICLT]
cCeTLiIC-3
ECTLIC+]
L=2>1

CCTLIC=->1

L™~1
cCTLICV]

:
!
!
!
'
!
:
!
!
:
!
'
!
!
!
!
!
!
!
:
!
;
!
!
:
!
:
'
!
!
:
!
!
!
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APPENDIX D
S USING THE HEX-BUS—tm VIDED INTERFACE

The HzX-3UE wvidec interface provides multiple~line display
+or the screen editor. entry ot editor commands and text is
per%urmeq by the CC~40 internal kevboard. The video interface
gisplays 24 lines of 40 characters on video monitor.,

The characteristics requirecdc by the VIDEDU INTERFACE for
standard 24 line by 40 character operation during an OFEN command
are “40, R=h",

%he VIDED INTERFALE is compatable with the default screen
parameter table for the internal keybaard; The defaults for
digplay codes. display size, and optional codes are «lso the same
also.

'The screen editor supports the 80—-column., but line numbers
cannot be used. The BO-column option creates & virtual screen B8O

calumns by 24 lines displaved through a 40 column by 224 line

window,

Use of the BO-column option requires the screen size to Se -
redetined to be BO, Z4.

With th 80-column option, liﬁe numbers tan be scrolled of+f
~the. screen andﬁ:annﬁt be brought back into view. Movement of the
cUurseor controlsg the shitting of the window uvér the virtual
-iﬁreén. IBe:ause the screen editor does not allow the cursor to
backspace over line numbers, it ii;impnﬁsibia to bring line

i \
nUmbers back into view when thev have been scrolled. -

W

The option string recuired by the VIDED INTERFACE #n this

virtual mods o+ cperation is: "40.R=i.80".

L
- a

L]
L |
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TAGGED OBJECT CODE FAGE E~1
APPENDIX E
TAGGED OBJECT CODE

The tormat of the machine-language program output bv the
assembler is tagged object tormat.

Tagqu objiect code consists of & series of variacle—-length
fields. éach field begins with & single «ldhabetic label or tag.
The label or tag uniguely identifies the format, the contents,
and the tvype of data following it in the +ield.

The following table lists the slements of fields containing
either ébnalute ar relocatabe binary data. As the table enries
show, the alphabetic tag which identifies whethaer the +ollowing
data is a byte (8 bits) or word (lé bits) and is absclute or
relocatable is followed immediately by the appropriate one or two
-byﬁes of data. ‘ - | —

N " TABLE &~1
: TAGGED-DBJECT FIELDS CONTAINING BINARY DATA

.

ITARG ! ELEMENTS OF FIELD ' DESCRIFTION . . '
D s 4 et . e e . S . S i S D M G D - e R S S S S P P P e b st e |
I L Byte ! Absolute byte of data - '
1 e e e e et e S e e o e e e e e e et e e e e e e o
! 1 ! Word ! Absoclute data !
1 e et e i e e e 4 0 2 e A R S B 0 B B . S e e e e e e |
t J ! Word L ! Relocatable data !

."."*'dmi.._j.-‘ .. ; : )

-

The fields tagged with H, I, and J contain the code which is
rewritten as executable-object code after processing by the

linker. Cpcodes aﬁd bytes of data definaed for assemblv with

" b

BYTe instructiong occur in H fields. Words of data which wre
@ither not related to addresses or defined by absolute addressing

(following ADRG in assambly) occur in I fields. Address-related

-,
\, -
1,




TARGGED OBJECT CCDE FAGE E-2

(relocatable) words of data which must be recalculated or biased
for execution occur in J fialds.
The remaining types of fields contain instructions for

linking and subsequant loading of the binary data for execution.

The following table lists thaese instructions.

e e e D

1
'TAG ! ELEMENTS OF FIELD ' DESCRIPTION :
¥ ! e e e o ——————————

@ ! MNord Progras-l} | Progria indentifier {Crunched forsmat) !
I ! Nord = Highest relocatable addrass !
! ! ! '
'3 ! Word Progras-1d ! Prooraa indentiiier (Uscruached format) !

i - ’ ]

! ¥ord = Highast relocatable address
s A R '
tC U lerd ! Absolute load addrass '

! ' i i
. - . »

'3 ! Seord ! Relocatable load addres: !
R S A e SRR RRY

dard = syabol vilue,

1 £ ! Byte Sysbal ! fEred svabol, dyte = svadol length - ! !
| i i }
‘F ! Bytes Vord Sysdol ! dbsolute CEFed syabol !
! ! ! ¥ord = syabal vilue, !
t ! 3yte = sysbo! length - | !
| 1 1 i
'8 ! Byte Nord Syshol ! Relocatible JEFed syabal ! )
1 i | i
} | ] }

| ! Byta = syadal length - !
| -—+ﬁﬂ_—-——--_—+-——“-——_-ﬂ--—-——“ﬂm—-—m!

!X} Uordl Herd? ! Externil ratirmnce '
- S ! dordl = Refereace ausber !
I oo P ! Word2 = Value to be addad ta referenca !
ST forrs st i e e e e o i o
LY dard ! Checksus t
o ' | '
‘A derd ! Tlaqnora checksua !
D ettt o ettt e o o et e s e e |
N ! ! End af recard :
bt 'y b
° 1 g ! Ead 3¢ File . "o

/

In the tabls shown above., a bvte is an 3-bit value and a

L] ] L] R - l‘.l * - ' -
ward is a 1n—b5t value. A svmbol consists of from cne ts =ight
h

L |

Y




TRbBED JsdcslT CODE ~AGBE E<T

ASCII characters, and the program 1D consiste oFf & symbol padded
with blankslta the right, if necessary. to make up eight
Characters.

The tagged-obiect code output by the assembler and input to
the linker is similar to the taggec-object code output by the TI-
@YC/DX=10 THME-TO00 assembler (see chapter B +tor & detailed

. COmparison)l,

[ i AEF "ERE A - AN
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AFPENDIX F
se ASSEMBILER PSEUDO OPS AND DIRECTIVES

PSEUDO DP=ERATIONS IN ALPHABRETICAL CRDER

BYTE: " Write ome or more single—bvite values specitied by the
operand into the cbject +tile.

DATA: Write one or more two—-bvie {(word) values specified by
the pperand into the object +file.

RTEXT: Write the ASLClI representations of characters in the
string specitied by the operand into the object +ile in
reverse order (last character at lowest object—file
‘addraess, first character at highest object—-file
address. This imstruction is particularly useful
because the TMS7000-family processor h:s & memory-
pointer decrementing instruction (DECD) . t no pointer
incrementing instruction. & label preceding the RTEXT
instruction is evaluated to the address of the last
byte of the string (highest address). -

TEXT: Write the ASLII representations of characters in the
: string specified by the operand into the aobject +file in
nor-mal order (First character at the lowest object-+ile
address, iast character at highest cobject-+file
address). A label preceding the TEXT instruction is
evaluated to the address of the first byte ot the
string (lowest address).

DIRECTIVES IN ALPHABETICAL ORDER N

-ADREG Absolute origin: Set the absolute—address origin of
subsequent object code to the value specified in the
operand.

* JBEE{?:jﬁwVELQ;g“gggigg with svmbol: Skip past object-code

locations for the number of bvtes specified in the
operand and assign any label +for the skipped bytes to
the address of the first byte after the block skipped.

B85: Elggk g_gggigg with svmbol: Skip past object-code
locations +or the number of bytes specified in the
oparand and assign anv lakel Ffor the skipped bytes to
the address of the first bvie skipped.

Cary: Cooy file: Copy or include another source file named in

the operand intc the current file during assembly only
(source +iles remain separate following assembly).
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=il ey - b —

operand as a “public” symbol in the cbject file with a
value made available to the linker +or uss in other
programs being linked te the current one.

DEF: RDefineg gvmbol: Include the svmbol specitiaed in the

=NDs End sourca codg: Terminate assembly at this line.
SCit): Eguate: Assign the value in the operand tao the label
IDT: jdantify program: Identify the program by the string

in operand bath for the listing page heading and for
accaess bv the linker. |

LIST: - List lines: List the lines of the assembled program
. following this directive and set the number of lines to
be printed on aach page prior to automatic end—-cf-page
eject..

OPTION: Perform actions indicated by lsettars in ocperand
' (s@parated from &ach other by commas): the letters are
as follows.

B3 Truncate byte lines: Print only the first line of
object code generated by each BYTE pseudo—op.

D: Truncats data lings: Print onlv the first line of
. cbject code generatad by each DATA peavdeo—~op.

£ Einish line frungation: Print full cbject code
generated by BYTE, DATA, TEXT, and RTEAT pseudo-
opSs.

- g w oyl

- . ""_.

R Froduce a Reduced cross-reference table: Froduce a
crassi-refaraenca &s above, except that only symbols
from copied files which are referenced are listad

in the tablea.

SR Iruncate text linag: Frint aonly the first line of
o object code genarated Dy each TEAT psasudo cp or
the last line of. @each RTEXT pseudo—-co.

X: . Produce a Gross-referance table: Froduce a
o detailed cross-refersnca table listing the valua
af @ach svymbol, the socurca-+ile line on which the

value definition QGours, and the sourca-fila linaes

- containing raferencis to the symbal}fin Aierands; .
e .'
FARGE S Tisct sage: Eiject a paege in tisving. /
REF: Reraraace symboll Include the syvmbel speciftiad in the

bl L L e R S S——y e - T

Jperand as an "external’ symbol in the chisct file with
2 value to be searched +or oy the liakar ancng othar
~raograms Delng linmkaed Tao the current cne.

b

k!




3

'—Iﬁ::t .

L

ASSEMELER FEEUDD OFS AND DIRECTIVES

NORG:

TITL:

UNL:

FABE F-3

relocatable origin: Set the relative-address origin of

the obiect code Lo arm address displaced from relative
address 0O bv the value specified in the operand.

Iitle :the followinog paugs: Frovide &« page title

for the next page and sucsequent pages from the string
in the operand.

Unlisgt lines: Do not list the lines of assembl ed
program following this directive.
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ASCI1 CODE CHART

CODE CHART
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CHAPTER 2: TMS7000 MACEINE AND ASSEMBLY LANGUAGE
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