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MICROPROCESSOR
TNSTRUCTION SETS

D=. M&erw D EDWARDS
COMPUTATION BEPT,, ‘
UM IS8T,
M&NCHE.S'TER
ENGLAND
u.K.

-OBSEC.TNE
TO LOOK AT THE esauueamzm's
OF A pP INSTRUCTION SET.
CEXAMINE. A TYPICAL €-BIT af
Mb%co

« INSTRUCTION SETS
a INSTRUCTION FORMAT
'@ ADDRESSING METHO®S
r + INSTRUCTIONS
. + OPERAND S
@ INSTRUCTION TYPES

TNSTRUCTION FORMAT

.+ THE pP ACTIONS ARE DEFINED

BY INSTRUCTIONS

. A, SET OF INSTRUCTIONS (S A
PROGR AM

. e THE coLLECTION of=‘ Possxél.t-'_

INSTRUCTIONS [S KNOWN AS AN
INSTRUCTION SE&ET

AN INSTRUCTION DEFINES
«OPERATION ( OPCODE)D
< SOURCE. OF THE DATA

. 'DESTINATIDN OF THE. RESULT

f SOURCE OF THE NEXT
" INSTRUCTION



orP . P.Dbasss Ruuz:ss A‘cbf“g,ss L E33

CODE |opEimmlorcpmma | Resiat | s T

TR T s

LENGTH OF INSTRUCTION (m+4n)bits

Eg: = 4 (16 instructions)

: =12 (12 &t addrens : 4096
ms-l—mc.-l—mn = 50 bits C.Ond,

* wcontined to 48,16 bk pP's
. Ve conseﬂahve, mun |
@ HAVE To REBDUCE Thshr, LENSTH

s HAVE A PC

* MAKE SOURCE [dESTINATION

- ADDRESSES IMPLICIT

* MAKE BESTINATION ABLRESS s
ADDRESS OF ONE OF THE soo:zce.
OPERANDS

« LIMIT ADBDRESSES To BE

ON-CHIP REGISTERS OR CONTENR

OF REGISTERS

©

* BY REDUCING THE LENGTH OF AN
INSTRUCTION THEN FLEXIBILITY
IS LoST, : o |

* EXTRA INSTRUCTIONS ARE
NECESSARY, o

‘& COMPUTERS WITH SHORT WORD

LENGTHS GQENERALLY VUSE AN
ACCUMULATOR AS THE SOURLE AND
DESTINATION OF OPERANDS

e KNOWN AS ONE -~ /ADRESS

JINSTRUCTIONS
oF  [Awress|
coDE |gperanD

+ OPERAND  S00RCE,[DEsTATION
1S EITHER -

« MEMORY

*/ON -~ CHIP REGISTERS

. SOME INSTeuc:nous HAVE AN
. IMPLIED  SOURCE [ DESTINATION
- OPERAND PRODLESSES < ACC

« AccomuLaTor ()

@



ADDRESSING METHODS

o WAY OF SPECIFYING A MEMORY
. ADDRESS THAT AN INSTRUCTION
USES To ACcESS OPERANDS

_+ ADDRESSING METHODS MUST BE
. SIMPLE
« SHORT ATDRESSES TN THE
TTINSTRUCTION .
. FAST ACCESS TO THE |
, OPEEANbs

. WIBELY useo &&ECSSINQ TECHIIGUES

. 'DIZEC.T
- INDIREST
IMMEDIATE
INDEXED
RELATNE

v REGISTER DIKESCT

* REGISTER INDIRECT

@,

. DIRECT ADDRESSING
TOA &~ A+ M(op.zm.hd dcldless)

. ZINDIRECT AUDRESSING |
A A'\'M((Dp@mrddddress»

X1 MMEbIﬂTE ADDRESSING

Ad"FH- o]:md.

. INDEXE'D ATDRESSING

A&« A +M(operand+ Tx)
« RELATINE ATDRESSING

A &« A +M( peltmd-;-.PC-)

-+ REGISTER ‘mre._c."r

A &R +(Re5‘|s+e.r)

. REGISTER INDIREST
A& A+ M((Register))

.. whee A= acwwmulstor

Iv= index register
PC= program
M )+ conlents

MUY £ conlents & fre. conlents of



INSTRUCTION TYPES

= DATA MANIPULATION : TRANSFORMS DATA
* ARITHMETIC  « LDGICAL
Coe SHIFT " COMPARISON

*DATA TRANSFER + MOVES DATA
* MEMORY TRANSFER - T/O
« INTERNAL TRAMSFER, "STACK"

'« PROGRAM CONTROL : CHANGES P
© - * UNCONDITIONAL.  TuMP
« CONDITIONAL JUMP
. SUBROUTINES B

INSTRUCTION SETS (IS)

*No compuler has ey possib(a.:'ms%wl-ion
‘large 1S = shoder programs, higher spead
*lage IS = (onger inskroctions, more. d-eceding
o wPls : 40-20 diskinet inshrocHons
* IP's : resbicted addressing modes
« pPls : muskityte instucHons
" 4 byte, Diyte, 3 byle
inshuctHons are Cowmen,
b L-rovRESS] neminatly

@ l M5&g00 Azcuq‘racrueé.

3

%

3
ey

7S L[_

I

TR | [Mux A
oeaner] [IXV* (1 pee=d) |
- %b iz “[eck aw
CoNTZoL R : T |
TG o L 1 ADDRESS
: L . B8us
el
vy
IR |§ 7S

SIGNALS

o ¥ INDICATES TRTESNAL

. REGISTERS AccEssiLe.
8Y THE PROGRAMMER



- ZEGlsTE.z STRUCTLORE.

3‘- -3
o ACCA |
3 °©
. laces

. TR
- [[==x
L

. PC

s

o ,o'

o

SP

e ITX

ACCOMULATOR, A '
ACCuMiLATOR B

INDEX REGISTER

| PROGRAM COUNTER
| CONDITION CODE. REGISTER

S S
STACK POINTER

regisier is naed. in fee NDEXES

. KSURESSING' MOBE O} He boo.

' P :sm«;\,bam m'opwwd.
- stack' amd Jor conkratling  SUBROSTINE.

access,

opész ATDRESSING

. IMMEbm‘TE:'. Moba

. H2 sparmnd. JieRd cﬁ-ﬂrw ;.mem

a DIRECT MODE

condming Hao. hsell amd. is’
loxaked- in e byle (8-bic cpemnd)
or bydes (16-bik operomd,) jn{lwg A
i-n.dmd&on- ,
_ — [ —
Pc | Tnst. Tnse.
PC+! Opemd_} Op. H }
' ,\_) op. —1
e O $valie ££65538
© O % valua £255 —J ’

MW&&L@[—M:W&ow
conkwind Ko addsess of Mcpuumd.
Mma_x, lscakew in m. ramaz.O 185

T

PC | TnshuetHion

 ped Opertmd. address

Oscddiess £ 258



W EXTENSED MODE (D)) o iTL_'ED m::sm (™
e idenkical fo e ditec wsdo -Qx’.cnpb . " W‘_ i WM‘L 12 mhatenk,

Heak o [lo-bie opernd oddsen Jield .‘“-“"”‘;'“‘“ “”“_"“’;j“?‘*"f and. nommaly

s requied.. | R o o dhthe procgier egistes,

Pe InsTROCTION | . Pe uchion |
- Petl loperand adtiess Wl )g, ¢ pagresscussis S
- Poadjoerend. address L ff 0 -

. SumMARY

A - | o IMMEDIATE : (R4~ (R B(nD ; (R)<(n)
B INDEXED® MODE : : , ' '
* Shwdlar to dinck asdsessing excent DIRECT (R« (R b M) ; (R)&M(n)
 faak He cpamede addsess is 'vamakle! o e M{n) 6(3‘5 ‘ o
The oparomd. Jield. is addad. bo e . - BXTEWMED (R«Rb M) ; (R) < M(n)
m 4@% ppex SEtisTeR e - o M ;MM
| . . . _A _ - INDEXED - Lﬂ)-i-(k)bM(Ix+n);(R)<-M(1}(+n)
T e o | ) MIx+n) (R ;(R)sc M(Tx+n)
. Pe | INSTRCTION ' P _ ' .m(,mx-fn)a- M(r:x-m)u
Peif| oMsee  |lo solfser 255 IMPLIED  : (RI)&(R)b(RD) 3}55);‘555))“
‘ : ’ . : : . - { a,
. i /—\_. L . '.g‘ghg. :imaLpﬂis{g)c'n.om
*Opmd oddsess = (Tx)+ ohfsek M(n))M(IKM) tMemeny (DC-OH&: :
e ' bgbimgapuubr:_u=0ma.lj°puﬂw



MOVE OPERATORS :
« Oparaiions mud.ﬂ fro condenks
of e Source o-p:uvmd. X, {0 faa
deskingHo~ eparomd. | Z.,
o (RYE(n) - (E)(—MCn))(,R)é—M(IK-&-n)
M(IK-&-n)éCE) MCn)J..—(E) (R < (22D

« LDAA : LOAD A Acc :E'l? E’ '-E“I"P

LODAB : LOAD & Acc e o . o
STAA :STORE A ACC " e s @
SThE -iSTORE B8 ACC o s
TAS : (B) & (A) . e
TBA : (A) <« (B) , S
IDX :LoAD IX = e o s e
LDS : LOAD SP e & & o
STX : SToRE IX e e w
8TsS ! STORE SP e o &

8-BIT OPERATORS

» OPERATIONS PEZFoeMEb ON.
©.~BIT OPERANDS

- MATORITY OF 30D INSTRUCTIONS

. BINARY. OPERATORS

 « BINARY OPERATIONS (b) REQUIRE
TWO SOURCE OPERANDS

- = DESTINATION MUST RE SPEQUFIED

'.T.MPI-IC.‘.I T DR. EXPLICIT,

* (RY4(RYb(N) ; (RYE(RID M{n) ;
(RY& (R) b m(:[x-m) (R}) & (R) bcm
* NOTE : DESTINATION ALWAYS A
REGISTER (A cr a)

. AE!‘THME‘I’IC ADD sus
(add+sublmee) ABA - sBA
' AdC - SBa .
*LOGICAL AND  BIT (R.M)) .
(ANDOR Exciosnig- - EOR . cmP (R-M()
OR, &IT TEST, ORA  cBA (A-8)

COMPARE )



$-BIT UNARY OPERATORS (B o &T oP=rRAToRS
« UNARRY OPERATORS REQUIRE A = « BINARY AND UNARY OPERATORS
SINGLE OPERAND o + OPERATE ON SP AND IX

SOURCE. AND DESTINATION ARE THE SAME

o Mln) M) ; M(Txen) e Mxen)u . oePx @ - (M,n)

LR &R NE THE  ($P) 4 (Ix-1)
S " RIS AOCRB .
CLR 400 ‘ | | TSX . (I & (SP+4)
coMm - X ' R : :

. o _ . _ ¢ -
‘NEG . a(00-%) S DEX (T & (IN-L
' DEC  a(%-1) | . . DES (sP) <« (sP)~4
ING - (%X+1) - ' . _ : ‘N4
TST & (X=00) - e e e el

INS (sP) &« (sP)+1

"+ RANGE OF SHIFT INSTRUCTIONS

toaicaL sHiET (LerT/rigHT)
. ARmumeTie shET (LeeT/RiGuT)
. ROTATE (LEFT RiGHT)
OPERATE ON A,B ar ML)

s Lo _—..



P>

* STACK OPERATORS -

o'stack’ is a secumnhol. usl:cﬁ dal-u..S-}ore:\

7 in RwWM.

. SP access Ha data. on fre shacle

-+ Stack
v used dor 'data haw.&hvg

. ST&CK. OPERATIONS

SPs m
T me

PSH(A,B)
PuL (a,8) (sp)e-csp)u ;3 (AR & sP(a)
PusH (Psw) o RESERRTE
I — T lAczalnl
med
M=l SP-—P — _‘—-s
! & PREVIDOSLY = o
s —= }smcmu =
[tV ) 3 TATA X
ﬂ""\__] caamE N
BEFORE AFTER _
PULL ( pPuL) ‘ :
e —— PTTN— ]:1:: alg|
m-3 ' R
nad,
m-f _
et R SP - —
ma2 L b
"3 X X
nid R X
BEFogE AFTER

on a last-m/-jq\s!:-oul:. fx:;.‘:s'- o

splm)e tﬂ‘a) (sp)<—- (.SPJ-J. |

CONDITION FLAGS
| ~6EOT CONTANS A b-BIT CCR wHase

CONTENTS ARE ALTERED BY EXELUTING
| ONE OF THE PRELZEWED OPERATORS.

&

. zEFER. To &eon IS For DETAILS
.+ CONTENTS . OF GCR :

3 i @

H

4.
I

=
NTzTvTc

Hs= Hal.-} cany Jlag
N= ne‘gal-‘ive‘:}la.g

Ned if bitgp

resute = 4
- else Nzo

N = O\i@:},\ow %&'{9

Q52 V=0

I= m{-e»upf:. ma:sk.

Z: 3er0 flag
XX ¢ reaek o
else z:0 _

Ce

aunolie. cremiion

2lse e

*CCR oy &mmupuﬂqleb. by o Az!—df— inshacliang

CLE  (Jebd -
CLTI (Deo
CLVY  (Weo
SEC  (Qded

CSET (Dei

CSEV tn<d
TAP  (ceRd<(A)
TPA. LA < (ceRr)

* COMITION FLAGS ARE OSED EXTENSNELY
:m PROGRAM CoORTOOL Insmue'nons

-

®



BRANCH INSTRUCTIONS
« PROGRAM CONTZOL FLOW IS ALTZRED

To A POINT RELATINE TO THE

PROGRAN CONTROL \_
* VARIETY OF PC MECHANISMS ARE NEEnEn,
* NORMAL CONTRoL Flow (S SEQUENTIAL.,

'NECESSARY TO ALTER THIS AND ‘Jump'
To SOME OTHER. PART OF THE TOTAL PROGRVWM.
¢ IF A SECTIoN OF PROGRAM IS REGOIRED
- MANY TIMES JN DIFFERENT PARTS OF THE
TOTAL. PROGRAM , IN ORGER. To Alon
REPUCATION OF THE CODE A SPECIAL
TPE OF JUMP MECHANISM 1Q REQUIRED
(SUBROUTINE CALL) To A SINGLE COBE
SESMENT WHIcH MAY Be &CCEESEb
"MANY TIMES.

* 6200 PROVIDES 3 TVPES OF
. PROGRAM CONTROL :nsmuc:ncu

« BRANCH

¢ JUMP

* SUBROUTINE ACCESS
* IN PROGRAMA CONTROL INSTRUCTIONS
. ONLY . THE Pﬁcﬁm\m COONTER S

ALTERED

'CORRENT PROGRAM COONTER.

) | AFTER ERXECUTAN OF
pe, " | BRANCH | THe 'BrANcH' INSTRICTION
w3 AT PC,, THE PC IS
mwi____ |  ALTERED Te P,

R where .
Pes nby - : PCa e (PC,+2)+3
=915 | Tnsirockion S

. * GENERAL FORM = [p——mr
A | * orFsertld

“THE OFFSET MAY BE POSITNE OR

NEGATIE. (bkHegign (024! 42"
- MAGNITUDE OF THE OFFSET:= 1217
* RANGE OF BRANCH INSTRICTIONS

(PC+2) -2 £ DA £(Pca2)+i27

- where DA = desknakon addwss,

+ CONDITIONAL. + unc.amu-nenm.
. - BEANQ.HES



o UNCONDITIONAL. BRANCH
PC IS ALWAYS ALTERED
« CONDIMONAL. BRANCH
" WPC IS ALTERED IF A CERTAIN
. CONDBITION 1S MET, OTHL‘.. 2NISE
. THE. NoZmit co'«rr?.oa.. FLOW COHTINUES,
. IF condivion -:L THEN (PQ=E(POILEK
- ELSE (Pe): -cpcb-n--:.

. BRA + BRANCH ALWAYS

Bcc czo  BLT Nev=4

BCS c=41 BLS C+z=4

BEG@ =24 BMI - N=4

BGE Nev:=o BNE 2:0

BGT Z4(NOV):=0 BuC N=0

BHI "C+% =0 B\S v=4
| BLE ZeNev)-i 8Pl N=O

TUMP INSTRUCTICN
« PROGRAM FLOW IS ALTERED TO
ﬁnmae:e.a IN MEMORY.

IMP (P& (T 4K Cindexed)

(Pc) « K .A Cg\&ended)

SUS2ouTINES
. « SUBROUTINES MO REPLICATION OF cobE_

+ WHEN RCCESSING SUBROUTINES THE
6800 STOZES AWAY THE ARDRESS OF
THE INSTRUCTION FOLLOWIRG THE CALL.

. SO THAT WHEN THE SUBRENTINE ACTICNS
HAVE BEEN COMPLETED, CONTROL IS

~ RETUORNED To THE MAIN PROGRAM

« THE PC IS STORED ON THE STACK
- MAIN_PRCGRAM SUBRAUTINE

w—*——/"-— _:é

“"'IIII“ -

. SUBROVTINES MAY BE 'NESTED To
ANY LENEL. THE oLy LIMITATION
IS THE SIZE OF THE STACK IN
RWM. . :

. OPERATION IS SIMILAR To THE PSH
4 PUL INSTRUCTIONS ( PSH — CALL

' : ' i PuL - e&mmg



SUBROUTINE ACCESS INSTRUCTIONS
ssé - SP(M) o~ (Pe)+2 ;,(sp)etsp)--'n.
‘.'J.s_é sP(m) &« (PA+2 ; (SPY&(sP) -1

RTs - (Pe) <= SP(M) ; (P« (P +

. CALL ('Bsé,:r.s'z) |

P - - N Y :
e e 1
o) - Sp—»
, fet o address  H
$R-pl‘\ . 53&‘-’524 L.
I b4 X
BEFORE AFTER
. ceTurn (RTS)
PC
kﬂ'mﬂ‘ ;:grez':ﬁm
"3
Sepa-g
. a-rfep Wl i
a E A [ | ] X
el X 2 SP— X
(TT R 3 i
BEFSRE i AETER.

INPUT -OUTRUT
»THE 6200 DOES NOT HAVE Any snscmc
:rlo INSTRICTICNS
. MEMOL’.Y MAPPED :Io Is USED

iNTERRuPTs ‘

-+ SOFTWARE | EXTERNAL., NON ~ MASKARLE.

+ WHEN AN INTERRUPT 1S O2EYED
THE REGISTERS ARE ANTOMNTICALLY
sThcTn' AND THE PC IS FOXTy
- TO A SPELIFIC VALLE

e ‘KNOWN  AS INTERRAPT VELTORS' (IV)

e THE PC WiLL BE ALTERED TO
THE CONTENTS OF 'ms. INTERRUDT -

VECTOR |
- 'SOFTWARE' IV $FFFAFFra

'INTERRUPT RQ' IV § FFFR FFFY
'NOR-~MASKABLE' IV §FFFC FFFD
* WHEN THE INTERRUPT HAS BEEN
'SEQVICED', THE REGISTZRS ARE
UNST&CLEB AND CONTROL. IS RETURKED
TO THE. 'MAIN PROGRAM' :
a TINTERRUPTS ARE EXTERNAL, RS‘IkCHEGMOOS
ENENTS WHICH EZQUIRE IMMENNTE ACTIN]



SUMMARY

* EXAMINED THE REQUIREMENTS
' Foz AN INSTRUCTION SET

LOOKE‘D AT THE. FACILITIES ‘Piaowbe.b
- BY egoo .
* TNPICAL OF g-bie pP's,
P TRILORED TO THE ARRCHITECTORE

. LE&%N THE. INSTRUC.TIO-\J SET OF
one MicROPZecESSoR,
* WRITE PROGRAMS FOR THE P
* SEE WHAT YoUu CAN dO ’
_*SEE WHAT YoU CANAOT Do
» EXAMINE THE INSTRUCTION S278
~ OF OTHER MICROPRECESSORS

GENERAL RuLE'

GET To KNOW ONE MICRDPRBCESSOR.
WELL AND STICZ To IT UNTIL
You ARE EXPERIENCED






