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1 .  In t r o d u c tion 

T h e Mar i nc h ip 9900 As s em b ler i s  a r e l o c a t a b l e  a s sem b l e r  f o r t h e Marinchip 
9900 com p u t er. It r u n s on the 9900 com p u t e r. a c c e p ts s ourc e f i les i n  a 
f o rmat e s sen t ia l ly c o m p a t i b l e  wi t h  t h e Texa s In s t r um e n t s  a s s em b l e r. a n d  
o u t put s re l o c a t a b le c o d e  c om p l e t e l y  c ompa t i b l e  w i t h  T. I. f o r mat . T h e 
a s sembler opt i o n ally prod uce s  a n  a s s em b l y l is tin g .  w h ic h  m a y  b. sen t t o  a 
f i le or t o a p r i n ter or con s o l e . L i n e s c o ntain i n g  err o r s  will b e  p r in t e d 
on t h e u ser consol e. 

T h e . as s em b ler a ll o w s  "a d dr e s s  e x p res s i on s". which p e r m i t  a s �m b o l  t o  b e  
equated t o a f u l l y  g en e r al 9900 a d d re s s .  S u c h  a s ym b ol c a n b e  u s e d  o n  
in s truc t ion fields, a nd p er m i t s  t h e  la t e r  re d e f i n i t i o n of s t o r a g e  u s e  
s i mply b y  c h an g in g the val u e t h e s y m b ol w a s equ ated t o .  For examp l e , 
stati c s t o ra g e m a y  ea s i ly b e  c h a n g e d  t o  s t ora g e  b a s e d  on a n  i n d e x  r e g i s t e r  
in this mann er. 

The assemb ler all o ws condl t i o nal a s sem b l y  o f  
assembly-tIme var iable s .  This a l l ows p r ogr a m s  to b e  
varlOUS code options at assemblu t ime. Con d i t i on a l 
written with a sim ple IF - ELSE - ENDF c on s t r u c t i on ,  
a rbitrar y  d e p th. 

code d e p e n d i n g  o n  
ea s ily c o nfig u red For 

code s e qu e n c e s  are 
an d may b e  n e s t e d  to 

The assem b l e r  runs u n d e r  any Mar i n c h i p o p era t i n g s y s tem, an d u s e s  the 
operating s�s t e m  for all i t s  liD.  In add i t i on .  since t�e o p er�t i n g s y s tem ) 
pel'for·ms ali mem ory all o c a tion. the assembler a u t oma t i c all y u se s  a l l .. �. 
c onfigured m e mo r y  wi t h o u t  mo d ifica t i o n . 

1. 1 .  C o n ve n tion s 

In t h i s  m a n u al .  i t e m s  w h i c h  a r e  e l e men t s  o f  t h e la ng uage ar e w r i t t e n  i n  
UPPER CASE TYPE. Al l e xam p l e s of a s s e m b ly p r o g r a m s  w i ll b e  i n  u p p er c as e .  
The as s e m b l er i t s el f i s  i n s e n s i t i v e t o  t h e c a se o f  t e x t . s o  t h e p r o g r a mm er 
n eed n o t  f o l l ow t h i s  c o n ven t ion. I t ems s u p p l i e d  by t h e  p r ogr a mmer w i l l  b e  
indicated b y  <c o r n er brackets>. w i t h text i n s i d e  the b r a c ke t s d e s c r i b i ng 
t h e i t em t o  b e  c o d e d . O p t i o n a l i t em s w i l l  b e  e n cl o s e d i n  [ s q u are 
brackets]. T h e d e scri p t ion of t h e  i tem w i l l  m a k e  c l e a r  w h a t  a c t i o n i s  
t aken when s p ec i f i ca ti o n s a r e  omi t t e d . 

2. U sin g t h e a s sem b l e r 

2. 1. Ca l l i ng the as sem b l e r 

The as s em b ler i s  i nv o ke d  fr o m  o p erat i ng s y s t e m  c o m m a n d  mo d e b y a c omma n d  ,,) 
o f t he f o rm: �':;i 

ASM <reloc>=<source>[,<listing>J 

w h ere <r eloc> i s  the na m e  of t h e  f i le w h e r e  t h e r e lo c ata b l e  o u t p u t o f  the 
as s embly i s  t o  b e  wr i t t e n ,  < s o u r c e> is t h e  n a m e  of t h e a s s em b l y  l an g ua g e  
p r ogram t o  b e  as sem b l e d ,  and t h e o p t i o n a l < l i s t in g >  i s  t h e f i l e  w h e re t�.e 
as s embly l i s t ing ( d e scr i b e d  b eldw) is wr i t t en. If the < l i s t i ng> 
s p e c i fica t i o n  an d "  t h e comm a  t h a t  p re c e d e s  i t  are omi t t e d , t h e a s s e m b l er 
wi l l  make no l is ting . b u t wil l p r in t l i n e s  o n  w h i c h  err ors a re d e t e c te d .  

For exa m p l e. t o  a s s e m b l e  t h e  P i l e  MYFILE� p l a c e t h e r e loca t a b l e  o b Jec t 
code in � i l e  MYOBJ, a n d  s e nd t h e  l i s t i ng to the file LISTNG, on e wou l d  

: , ) ASM MYOBJ=MYFILE. LISTNG 

To p r o duce n o  l i s t i n g ,  o n e  w o u l d  u s e: 'J ASM MYODJ=MYFILE 

I] 

l h e  files u s e d  wi t h  t h e  a s s e m b l e r  m a y b e  ei t h e r d e v i c e  f i l e s or d i sc 
files. lhe l ist i ng f i l e , in p ar t i c ular, i s  fr e q u e n t l y  s e n t  t o  the c on sole 

2 ) 
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o r  a l i n e  p r i n t e r b y  s p e c i f y i n g t h e n a m e  of t h a t  d ev i c e  f i l e. 

2. 2. Ass e m b l y  l i s tin g forma t 

T h e assem b l e r  o p t i o n all y g e n e r a t e s  a l i s t i n g  w h i c h in c l u d e s  t h e s o u r c e 
co d e  b e i ng as s �mbled a n d  a h e x a d e c i ma l  r e p r e s e n ta t i o n -of t h e o b J e c t  c o d e  
genera ted. T h e f o r m a t o f  t h e  l i s t in g i s  e x p l a in e d b e low. 

2. 2: 1 .  Err o r  fla g s  

If an y er ro r s have b een d e t e c t e d  on t h i s  l i ne o f  t h e  a s sem� l y , o n e or more 
single-character e rr o r 'la g s w i l l  b e  p r i n t e d  w h i c h  i nd i c a t e  th e n a t u r e  of 
the �rr or . I� s ome rare c ase s �  t h e  er r o r fla g may re fer to a n  er r o � o n  
the line precedin g the lIne o n  w h I c h t h e  flag w a s p rIn t e d .  Th e m e a nI n g s  
of the flags are as fo l l ows: 

D 

E 

I 

L 

R 

T 

U 

v 

$ 

Duplicate. T h e i tem i n  t h e lab el f i el d  i s  b e i ng r e de f i n ed. 
normally in d i c ates a d u p l i c a t e l ab e l  i n  t h e  p r o g r am. 

T h i s  

Expression er ror . T h i s  err o r  i n d i c a te s  an i m p r o p e r  exp r e s s i on ,  
or a g eneral s y n t ax e r ror on an i n s t r u c t i on o r  d i re c t i v e . 

In s t r u c t ion er r o r. T h e i t em i n  t h e o p e r a tion f i e l d  wa s  n o t a 
known i n s t r u c t i on o r  d i r e c t i ve .  

L e v e l  o verf l ow .  A n  e x p re s s i on w a s t o o  complicated. 
rewr i t ten w i t h o u t  so many n e sted p a r e n t h e ses. 

It s h o u l d  b e  

Relo c a t i o n er r o r . T h i s  g en e r a l l y r e s ul t s fr o m  u s e  of a 
r e l o c a t a b l e  v a l ue w h e n  a n o n r e l o c a t a b le value i s  r e q u i r ed. o r  
from a n  i m p r o p er mi x o f  r e l o c a t a b l e  a n d nonrelocatable va l u e s  i n  
a n  e x pre s s i o n .  

Tr u n ca t io n .  A valu e was to o  la r g e  fo r t h e  fie l d i n  w h i ch i t  h ad 
t o  be p la c e d .  F o r  e x am p le ,  u s i n g  a v a l u e g r ea t er t h a n  15 w h e n  a 
r e g i s t er n u m b er i s  r eq u i r e d  w i l l  c aus e t hi s  er r o r .  

, 
U n d e f i ned . T h  i s  i s  n o t  a n  e r r o r . but s i m p ly f l a g  s a ref e r e n c  e to 
a n  e x t  e r n  a 1 s y m b 0 1. I t i s i s s u e d s i m p 1 y t o  ma k e e x t  e r n  a I 
r e Per e n c e s  e a sI e r  t o  s p o t  whe n  r ea d i n g  c o d e. 

Va l u e e r ror.  
f o rme d . 

A s t r i n g ' o r  n um e r i c  va l u e  i s  t o o  b i g or b ad l y 

In t e r n a l 
er r o r . 
t h a t  t h e  
INCLUDED 
ERROR. 

er r o r. T h i s  error in d i c a t e s  a n  i n t e r n a l 
Plea s e  s u b m i t  t h e s o ur c e pr o g r a m  t o  Ma r i n c h i p  
er r o r ma y b e  c o r r e c t e d . PLEASE ALSO SUBMIT 

BY COpy STATEMENTS IN THE PROGRAM WHICH 

a s s e m b l e r 
S y s t e m s  so 
ANV F1LES 
CAUSED THE 

T h e o c c urr e n c e  of a n y  e r r or fla g (oth e r  t h a n t h e  "U" fla g )  o n  a l i n e  w i l l  
c a use t h a t l in e  to b e  p r i n te d  o n  t h e s y s t e m c o n s o l e . e v e n if t h e  l i s t i n g  
has n o t  b e e n  re q u e s t ed o r  i s  b e i n g  s e n t  to a n o t h e r f i l e.  If t h e l i s t i n g  
is b ein g sen t t o  ano t h e r f i le, t h e  er r or l i n e  w i l l  b e  p r in t e d b o t h  i n t h e 
l i s ti n g f i l e a n d o n  t h e s y s t e m c o n s o l e. 

�t •. , " c:... '-. Co. L ocation c o u n t e r  

If t h i � lin e g e ner a t e s  co d e. 
start o f  t h e line will b e  p r i n t e d. 
fo ur h exa d ecimal d i g i t s .  

2. 2. 3. O b J e c t c o d e  

t h e v a l u e of t h e lo c a t ion c o u n t e r a t  t h e  
T h e l o c at i o n  c o u n t e r  w i ll b e  e d i te d  as 

If c od e  is g e n e r a t e d  b y  t h e lin e .  i t  w i l l  be p r i n t e d i n  h exade c i ma l  
�ormat.  Word s '  w i ll be �eparated.by s p a c � s ,  �n d a maximu� of three wor d s 

of c od e  (6 b y t e s) wl l l  b e  prIn t e d  o n  a lIne. I f  a lIne generates mo r e  

3 
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th an thr e e words of c o d e. t h e  code will be continued onto as many') 
a d d it i onal lines as are r e qu ir ed . If a line gen era te s an odd number of 
bytes. only the actual numb e r  of bytes ge ner a ted will be p rint ed . 
2. 2. 4. Line number 

Th e l i n e  number of each line in the so u r ce program w i l l be pr int�d • .  
fo l l ow e d  by a per i od . If t h e  lin e bein g listed is from a COpy fil e (wh e r e 
l istin g was specified on t h e  COPY directive). the line number prin t e d  will 
be the line number of the COPY s t a t emen t in the or i g i n a l  p rogr a m  . .  I n  this 
case, the line number w i ll be Pollowed by an asterisk (*) t o  i d e n tify t �e 
co d e  a s  having come from a COpy file. 

;;.�, 2. 5. Source code 

·rhe input source line wi l l be l i s t e d  exac t l y  as read by the a ss e m b ler. 

3. The assembly lan gu a ge 

The source language c3,c.ce p te d by the assembler c onsis ts of two major types ) 
of statements: assembler direc t ives and mac h ine instructions. Assembler 
directives are s tatement s that control the assembler iteslf, a nd also 
perform such fun c t i ons as genera ti o n of c on stant num e ric da t a. Machine 
instructions are mne monics f o r  the h ardwa r e instruc t i o ns of the M9900 CPU 
itself, and are translated into the appropriate b in ary codes by the 
assembler and pl aced i n  the o u tput fil e .  

3. 1. S our c e l ang u age syntax 

Input t o  the assembler is written in th ree m a jor fie l ds. th e LABEL field. 
the OPERA1ION field, a n d  th e OPERAND field. An� infor ma t i on following t h e 
�pDrand Pield is ignored. a n d  ma y be used for c o mmen t s . All in p ut is 
totally fr e e  f ormat : information ne ed not be aligned i nto speciPic 
columns. In order to make p r og rams more readable. it is recommended that 
th e o p eration, op er and , and comment fields be a ligned. The stand ar d 
columns used in all Marinc h i p software are: 

Field 
Label 
Op era tion 
O p erand 
Comment 

Column 

1 
11 
21 
41 :.J It a l i ne h a s  a labeL it must sta r t in column one. I f  col u mn one of a"' 

lin e is blank, it is cons i d e red to be an unlabe led line, and t he �irst' 
wor d  on th e li n e i s  i n te r p re t ed a s  an ope r ati on . 
:J. 1. 1. Lab�15 

All labels d e f ined by the programmer m u s t  start with an a l phabe ti c ASCII 
c h aracter, and consist only of alphab e tic and n ume r i c characters, or the 
special character dollar sign ($). Exam p l e s of p r o p er labels are: 

RUNKA BLEEPl C$S3F1$ A$BOOGIE 
Examples oP im proper labels are: 

6GOBBLE $ZAP 23SKIDOO 

Lab els ma� b e  up t o  80 ch .. na c te r s  in l e ngth . and all c haracter s aT'e 
significa�t. Th e c as e of alphabetic characters is i gn o red in c o m parin g 
label s, so the two labels: . 

TESTING and t es t i ng 

4 
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are consid ered identical by the assembler. 

3. 1. 2. Numb e'" s 

Numbers accepted by th e assemble r may be e ithe r d e c i mal or hexadecimal. 
Any number that starts with a l ead in g zero is considered to be 
hexadecimal, and the c h�r ac te rs "A" through "F" are accepted as part of 
it. Num b ers must be less than 65535 decimal, or OFFFF hexadecimal. A 
sign m

.
ay be us

. 
ed b e .f ore. a nu. mber to g enerate its two's complemen t negat ive 

representation. The sign is not act u a lly part of the number, as a sigRed 
number. is cons i d ered an �xpr ession and evaluate d as any other e x pr �ssi on : 
see th e se ction "ExpreSSIons" below. 

StT'in9S 

A strinQ is an arbitr ary group of characters enclosed in quote marks. 
E i the- r s'i n Q 1 e quo t e s (I) c. T' d 0 ubI e quo t e 5 ( " ) may b e use d . S t l' i n 9 5 m u 5 t 
he less than 80 characters in length. Two consecutive q uo t e s will c ause 
the s�cond qu o te to b e  ins�rted in th e string as a normal ch aracter. 
1·lence the stTing: 

'It JlIst ain"t fair. ' 
w ill be interpreted by the assembler as the ch aracters: 

It Just ain't Pair. 

Strings are used in various contexts by the assembler. A on e or two 
character string may be used wh erever a number appears. and has the value 
o f  a one or two byte ASCII representation of the quoted characters. 

3. 1. 4. Expressions 

Th e element on wh ich · the assembler ope rates is the expression. An 
expression is composed of numb e rs, labels, and operators wh i ch act on the 
operands (numbers, labels, and other expressions>. An exp ression may be 
as s imple as a s ingle number, or a s  c omp lex as imaginable. 

Expr essions are divi ded into two maJor ca tegories: 
ad dress expressions. A numerIc e x press ion 
nonreloc�tab le values and numeric operators. while 
may con t a in values with relo cation attached, and 
the u�e of addressing op erat ors . These terms 
i nv olved sh ould bec ome more c l ear as the f ollow ing 

3. 1. 4. 1. Relocatabi lity 

numeric expressions aQd 
is compos ed onl y of 

an address e x pression 
may be comp os ed through 

and the distinct ions 
s e ct io ns are read. 

The assembler is cap a b l e Or generating either relocatable or absolute code 
for output. Ab solute code is abl e to be loaded for execution only at the 
address fo r wh ich it was assembled, but reloca t able code is a b le to be 
processed Fo r  loading at any addre s s by th e Linker. In order to allow 
this,. th e as�embler must, in relo catable code, distinguish betwe en 
absolute binary va lue s which are not associated with pr og ram addresse s and 
hence are invariant, and values wh ic h repre sent program l oca t ions and 
which must be adJusted to reflect th e actual address at wh i ch the program 
is loaded. A pure num eri c value is referre d to as a nonrelo catab l e 
quantity, and a p rog ram address is referred to as a r elocatable quantity. 
In a typica l p r o� ram, numbers and labels set equa l to numbers wo uld be 
nonrelocatable, while all 9 ro gram la bels would be relocatable. To fUrther 
complicate th ings, the as sembler can also generate absolute code : when in 
this mode p r o gram labels are also absolute. 

Because the complete value of a relocatable q uant ity is not known at 
assembly time, restrictions are im po sed on the operations in which a 
relocatable quantity may participate. I t  is legal to: 

1. Add a con�tant to a relocatable quantity. 



:\ 

iJ 
!J 

'J 
'J 

" 

Marinchip 9900 A s s em bler U �er G�ide 

::'? 
3. 

:3 u b t rae t a con s tan t Fro m a r  e I 0 cat a b I e qua n tit Y . -� 
Subtract two relocatable q uanti t ies ',fielding an absolute 

4. 
�Ut3Tl·t 1 tl_l-
Compare two relocatable quantities with any of the relational 
oper03tors. 

All other operations will c ause an 
performed with relocatable quantities. 

"R" flag <Relocation error) if 

3. 1. 4. 2.  Numeric op era tors 

The numeric o p e rators are as follows: 

+ - ---
1:·11· 

++ -­

I:· I 
+ -
-. �> .( 

Expression brackets 
Unar y Plus, Minus, NOT 
Shi'pt left, Shift 'right 
Logical AND 
Logical OR, XOR 
l'1ultiplu, Divide 
Add, Suotract 
Equal, Greater, Le';!.'> 

-r�� op2�ator£ are executed in the order given above. 
ex pT-ession: 

/;+B·ttC 

For e xample, in th e 

[j ::;r.d C will be multiplied, and the product added to A. This occurs 
because the U*U operator has a higher priority than the "+" operator 
(according to the above table>. and hence is executed first. Operators 
listed in the same l i ne above will be evaluated left to right. Since the 
parentheses are first in the table, subexpressions within p aren theses will 
always be evaluated f irs t . For example: 

(A+O) �C 
wlll cause A and B to be added, and the sum multiplied by C. 
The n ormal arithmetic operators (+, -, *, and I) oper ate on 16 bit siQned 
numbers. The division operator (/) discards the remainder from - the 
division. The unary minus operator takes the two's complement negative of 
its o p erand (e. g., -AL 

The logical op era tors (++, --, and **) per form bit-by-bit l ogic a l 
operations on their 1 6 bit op eran ds . The functions performed are OR, XOR, 
and AND respectively. If the " __ " operat or is used as a una r y operator 
(e. 0. , --F), the one's complement nega tive (inversion of all bItS) of the 
ope�and will be the result. 

The s hift operato rs (<:<:, » >  logically shift their left operand left 
16

0r
. 

i� 
right,_ respectively, t he number of bits in the ri g ht operand, modulo 
FaT' e :<amp le: 

1 <.<2 is '1 
16>:>:) is 2 

The relatIonal �perators (=, >, and <> return 1 if the relation between 
the two operands IS true and zero otherwise. Note that the relationa l  
operators can be used with the logical opera tor s to form complex logiC al 
e Apr � �> 5 i (HI S . 

:3 1. 4. 3. Address operators 

The address operators are used to build an address value from one or more 
operands. 'rhe form of the address operators are as follows: 

''''{reg> 
*::�r�g>+ 
<val)<<:reg» 
(�<va 1:::-

Indirect through <reg> 
Indirect through ·::reg:>. increment 
Index <val> by <reg> 
Direct address <val> 

6 
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The firs t con s truc t i on , *<reg>, c a us e s th e expression <reg>, which must b e  
n o nrel o cat able and hav e a va lue between 0 and 1 5, to b e  treated a s  a 
register which contains the address of an operand . 

The seco.rid c onstructi o n, *<req>+, i s  identical t o  t h e first, e xcep t that 
followinQ the reference to the regis t er f o r  the a d d r e s s  of the o perand it 
will be incremented by the length o f  t h e op e ra n d (1 if u s ed i n  a b y t e  
instruction, 2 if usea in a word instruction). 

The third c on s tr uc t i o n ,  <va l)-« r eg)-), i s  u s e d  t o  ad d r e ss an operand whose 
address is the location <val> with the contents of re gis ter <reg> ad d ed to 
it. <:val> may b e  any va lue , r e l o c a t a b l e or not, but <reg:> mu s t  b e  
nonrelo c atable and between 0 and 15. 
The f o urth cons t ruc t i o n, @<val)-, s imply ind icates that <val> is t o  b e  us ed 
as the a d d re s s o f  the operand . This is seld om necess ary b ec a u s e the 
assembler automatically gen�rate� a d irec t add res s f o r  any rel oc atable 
operand or absolute operan d greater than 1 5. It is always permi s s i b l e, 
though, and re�uired to di rectly a d d ress an a bsol ute ad dress betwe en 0 and 
Jt:; 
r�� aJdrnss operators may be u s� d  i n  any instruction where a "g�neral 

ad ci l' e s S " 0 per and i s r e qUi red, an d i d en t i f Y the add res sin 9 mo d e to be use d 
WIth the opf:'rand. II" none of! t h ese operators ·ap:>ear, the m o de gener a t e d  
will be the contents of the reqister If the o peran d is absolute a n d  
between 0 and 15, an d d irect otfierwise. The a ddre s s operat o r s  ma y al s o be 
used with the EQU direc t ive to e qua te a simple name to a complex ad d ress 
expression. This can be used t o  simplif� coding and t o  make p r o gram s 
easier to m odify. 

3. 1. 4. 4. Predefined sym b o l s  

f'lt the s tar t of an a sse mbl y , the names f o r 
automatically d ef i ned by the assembler. 
equated tn 0 throug h 15. 

t h e works pace regi s ters a re 
The la b e l s RO through R15 are 

Programmer-d efined s ym b o l s  

Normall�, the appearance o f  a label in c olumn 1 of 
label to be eq ua t ed to the current location 
mech a nis m by whic h labels are given to prog ram and 
EGU (equate) d irec ti ve allows the programmer to 
any numeric or a d dre s s express ion. The directive: 

<label> <expression> 

a l i n e  will caus e the 
c ounter . T h i s  is the 
d ata ad dresses. T h e 

de�ine a la b e l e qua l to 

will set <label> equal t o the <expression>. Hen cefor t h in th e assembly, 
the a ppearan c e  of the <label> will be equivalent to the value of the 
<exp re s s ion> at the time the EGU s t a tement was e va'luat e d. E x amp l e s of the 
EGU d irective a re: 

TPORT EGlJ 020 
ALTENT EGU ENTRY+4 
STKTOP EGU STACK(R1) 

3. 1. �J. Comments 

Comments may be placed following th e last f i e ld e valu a t e d  b y  a n  
instructi o n  or direc tive. The la !it field i s  term i na t ed by a space 
followinq the last item,. and aft e r  tha t space any s e qu e nc e  of c h a r a c ter s 
may be ih c luded as a c omment. The a s s e m b l e r will always trea t the 
sequence "perio d space" (". " ) a s  th e end of line, e xcept when it appears 
inside a quoted s t ring. This coryvention p e rmi t s comments t o be i nc l u d ed 
on lInes where a I)arameter is oml t t fld (f o r  exa mp l e ,  END o r  RORG), and al s o  
allows lines which are all comment. Lines whi c h are to b e  all c o m m e n t  
must have a pe ri od spa ce as th e i r  firs t two nonblank characters. T h e 
Jeriod sp a ce may beain in c olumn 1. or s o m e  l a t e r column, Examples of 
comments �rq as Follows: 

7 
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��V RO.HEADER 
Th i s  l i n e is all c o m men t 
RORG 

MORE COMl"tENT 

ObJ�ct c od e linking 

THIS IS A COMMENT 

RELOCATABLE CODE 

The assembler produces relotatable object code which is turned into an 
ex�cutable pr�gram b� the Link er. T h e relocatable c ode allows programs to 
def � ne labels accessable to. ot h er pro grams • . and to re f e r en c � c od e  �nd data 
derined 1n oth e r  assemblies, then com b ined by th e l i n k e r into an 
executable program. 

;1-1 3. 2. 1 E,lernal symbol definition 

'I] 

:J 

T0 He�ine a sumbol as an external reference. an a�terisk C*) must follow 
t h E '3 P :J €I a r c3 n ': e aF t h e s y m b () l in the I ab e I fie I d . For €I x amp Ie, t 0 
externally d��ine the entry point to a subroutine. one might code: 

ZONKI� Rl1.SAVEIT Save return point 

The label ZONK will be externally de P ined , and ma y b e  r�.pe r en c e d  by other "\ 
pr ograms when the Linker is used t o  pr o d u c e an e x e c u ta b l e  program. The J 
lah�l ZONK may be rePerenced w i thin the assembly Jus t like a n y  o ther 
non-externally defined label. The format o f  rel ocatable c od e  restricts 
the significance of external sy mbols to 6 characters. As a re s u l t. even 
thoug h wit h i n t h e ass e m b ly la be l s may b e  up to 80 ch aract e r s  long and ar e 
siqnificant to t h eir full length . externally d efined labels must be u niq u e 
in t h e i r  Fir s t 6 characters. 

� " " _. c.. c.. External s y mb o l  re�erence 

An e,ternal symbol i s  referenced simply by using it in the assemblu. For 
@x�mple. another program might cal l the s u br o u t ine ZON� defined abo�e with 
the statement: . 

DL ZONI� Zonk the da ta 

An external symbol ·may a pp e ar wh e r �ve r a 16 bit relocatable quant i ty ma y 
b e  used. .How ever. an expre s s i on such a s : 

ZOM<'+2 

is not p�rmitted. An external s y mb o l mu s t  be s i mply used as its d e f i ned 
va l ue (this is a res triction of the rel oca table c o d e f o rma t ). No te that 
since �xte rnal symb o l s ar e un i qu e  only to the first 6 characters. th �J) 
follOWIng symbols: 

BOGGLE BOGGLEKLUNK DOGGLEBARGLE 

will all refer e nce the sam e e xt ernal symbol, "BOGGLE". Any 
references an external symbol w i l l  b e  fla gg ed with a "U" i n  
column o f  the as�embly 11sting. T h is is not an error. only an 
thdt this line references an ext erna l sy mbo l . 

J. 3. Conditional as�embly 

line which 
th e fir s t  
ind i c a t i on 

The assembler allows selection of the code to be assembled bas e d  u p o n  the 
value of assembly-time e�pression5. T h is i s  a c c ompl i s h ed thr o u Qh use of 
the IF, ELSE. and ENDF dil'ec t i v es (descr·ibed i n  more detail· in th e 
"AssembllJ directives" c h apt e r  below). The IF directive takes an 
e xpress i o n as a n  op e ra n d .  Tha t expression is evalua ted. a nd if n o nz e ro 
the c o d e  following t.h e IF is assem b l ed .  If zero. th e code b e tween the IF 
and the matching ENDF will b e  s k ippod by the assembler. While skip�in� 
code. the aS5eml:iler will scan for IF and ENDF lines. 50 that onlu t.he ENDF" 
that matches the IF that turned o ff the assembly will reitore the 
g eneration of c.ode. T h is allows IF - ENDF pa i rs to be n e s ted to any 

8 
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d e s i r e d d e p t h . T h e ELSE d i r e c t i v e t u r n s  c o d e  o f f  i f  e n c o u n t e r e d  w h i l e  
a s s e m b l i n g c o d e . a n d  t u r n s  c o d e  b a c k o n  i f  enc o un t e r e d w h i l e  s k i p p i n g  c o d e  
a t  t h e o u t e r m o s t  I F  l e v e l .  N o t e  t h a t  s i n c e t h e I F  d i r e c t i v e  t u r n s c o d e  o n  
i f  i t s o p e r a n d i s  n o n z e r o  a n d  o f f  o th e r w i s e ,  a n d  t h e r e l a t i o n a l a n d 
l o g i c a l  o p e r a t o l' s  f o l l o w t h e  c o n v e n t i o n t h a t 1 m e a n s T R UE a n d  0 m e a n s "" 1 FAlSE . I F  d i � e c t i v e s ma y b e  c o d e d u s i n g r e l a t i o n a l a n d I 0 9 i c a l  o p e r a t o r s 
w i t h  t h e i r n o r ma l  ma t h e m a t i c a l  m p. a n i n g . E x a m p l e s o f  c o n d i t l o n a l a s s e m b l y  
f o l l o w :  

" I  
:� \ 
I I  
fir-
U 
:�l 
u 

t1A :< ME M  EGU 
S I GNON EGU 

I F  
JSYS 
ENDF 

I F  
P R S I G N B YTE 

DATA 

S I G N M  T E I. T  
I F  
T E X T  
ELSE 
TE XT 
ENDF 
B YTE 

S I GNL EQU 
EVEN 
ENDF 

4. A s s e m b l y 

04000 
1 

S I GNON 
P R S I GN 

S I GNON 

WR I T E $ , O 
O .  S I GNM . S I GN L . 0 
" AP L \ 9900 " 

M�\ X MEM>02000 
" ( La r g e  v e r s i o n ) " 

" ( Sm a  1 1  v e r s i o n ) " 

00 
$-S I GNM 

d i r e c t i v e s 

Ma x i m u m  m e m o r y  s i z e 
P r i n t  S i gn-on i f  n o n z e � o  

P r i n t  s i g n - o n  m e s s a g e 

P a c k e t t o  p r i n t  s i g n o n 

C a r r i a g e  r e t u r n  
L e n g t h  o f  m e ssa g e 

A s s e m b l y  d i r e c t i v p. s  a r e  s t a t e m e n t s  i n  t h e  a s s e m b l y  l a n g u a g e t h a t d o  n o t  
c o r r e s p o n d  t o  ma c � i ne i n s t r u c t i o n s .  S o m e  o f  t h e s e  s t a t e m e n t s  g e n e r a t e  
d a t a ,  o t h e r s  s i m p l y  s p e c i f y i n f o r ma t i o n u s e d  b y  t h e a s s e m b l e r .  A < l a b e l >  
may b e  s p e c i f i e d o n  a n y  a s s e m b l y  d i r e c t i v e .  N o r ma l l y ,  t h e ( l a b e l >  w i l l  
sim p l y  b e  s e t  e � u a l t o  t h e ¥ a l u e o f  t h e l o c a t i o n c o u n t e r  p r i o r t o  
p r o c e s s i n g  t h e d i r e c t i v e . I n  c a s e s w h e r e  s o m e o t h e r  a c t i o n i s  ta k e n 
r e g a r d i n g  t h e  < l a b e l >  t h i s  w i l l  b e  n o t e d i n  t h e d esc r i p t ion o f  t h e 
d i r e c t i v e .  · f h e  d i re c t i v e s a r e d i s c u s s e d  i n  a l p h a b e t i c a l or d e r .  

,:,', I ) 4 .  1 .  AORG - A b s o l u t e  o r i g i n  

< l a b e l > ALJR G  < e x p r e s s i o n> 
T h e l o c a t i o n c o u n t e r  i s  s e t  t o  t h e  v a l u e o f  < e x p r e s s i o n >  a n d  t h e a s s e m b l e r 
b e g i n s  g e n e r a t i n g  a b s o l u t e  c o d e . A b s o l u t e  c o d e  i s  n o t r e l o c a t e d  b y  t h e 
L i n k e r .  s o  d a t a  g e n e r a t e d  f o l l o w i n g  t h e AOR G  d i r ec t i v e w i l l  b e  p l a c e d  
s t a r t i n g a t  t h e a d d re s s s p e c i f i e d b y  ( e x p r e s s i o n > ,  r e g a r d l e s s o f  wh e r e t h e  
p r o g r a m  i s  l o a d e d .  I f  a < l a b e l >  i s s p e c i f i e d ,  i t  w i l l  b e  s e t  e � u a l t o  t h e  
n e w  l o c a t i o n c o u n t e r F o l l o w i n g  t h e  p r o c e s s i n g  o f  t h e  AOR G d i r e c t i v e .  

4 . 2 .  B E S  - D l o c k  e n d i n g  w i th sy m b o l  

<: I a b e l  :> D f� S ( e x p r e s s i o n >  
T h e n u m b e � o f  b y t e s  i n d i c a � e d  b u  ( e x p r e ss i o n )  w i l l  b e  r e s e r v e d  b y  a d d i n Q  
t h e < e x p re � si o n >  t o  t h e l o c a t i o n  c o u n t e r .  T h e  < l a b e l >  w i l l  b e  s e t e q u a l 
t o  t h e  f i r s t  a d d r e s s  f o l l o w i n g  t h e  r e s e r v e d  a r e a . T h i s  d i r e c t i ve i s  u s e d  
f or r a s e r v i n g  t a b l e s w h i c h  � r e a d d r e � se d i n  o r d e r  o f  d e s c e n d i n 9  a d d r e s s . ' r  F o r  e x a m p l e , i f  t h e  l o c a t i o n  c o u n t e r w e r e at 0200 a n d  th e d i re ct l v e :  

U . .  STAC:'-<' DES 040 
we r e  p r o c e s s e d . t h e  .. l a b e l  ST ACK Ill o u i d  b e  s e t  e q u a l  t o  0240 . 
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4 . 3 .  B S S  - D l o c k  s t a r t i n g  w i t h  s y m b o l  

<: I a b e  D· D SS 
A b l o c k 

<: e x p r e s s i o n> 
o f  � t o � a q e w i t h  t h e l e n 9 t h  i n  b y t e s  s p e c i f i e d b y  

r e s e r v e d b �  a d d l n q  < e x p r e s s i o n >  t o  t h e l o c a t i o n c o u n t e r .  
s p � c i F i � d .  I t  i s  5 � t  t o  t h e a d d r e s s  o f  t h e  f i r s t  b y t e 
r e s e r v e d . T h i s  i s  t h e  n o r ma l  m e a n s b y  w h i c h  b l o c k s  

< e x p r e s s i o n >  i s  
I f  a < l .>i b e l :>  i s  

o f  t h e b l o c k 
o -F  m e m o r y a r e  

r e s e r v e d .  

4 . 4 .  B Y T E  - B y t e  g e n e r a t i o n  

< l a b e l )· B Y T E  � e x p r e s s i o n > ,  < e x p r e s s i o n :>  • .  

E a c h  < e x r r e � s i o n >  s p e c i f i e d i s  o u t p u t  i n  a s i n g l e b y t e o f d a t a .  
� e x p r e 5 s 1 o n �  l S  r e ! c c � t a b l e  D r  h a s  a v a l u e g r e a t e r  t h a n 2 55 a 
e r r o r w i l l  b e  f l a g g e d .  Any n u m b e r  o f  b y t e s ma y b e  g e n e r a t e d  b y  
m u l t i p l e  e A p r E � � l o n s . 

* 5 .  C OP Y  - C o p u 

::� l .:l b e l > COpy 

s o u � c c f i h.' 

< s t r i n g > . <: e x p r e s s i o n >  

I f t h e 
t r u n c a t i o n 
s p e c i 'P y i n g  

T h � � 5 t r i n � >  s p � c i f i e s t h e n a m e  o f  a 
i n  t h e  a s s e m b l y .  T e x t  f r o m  t h e f i l e  
f i l e  b e � n �  a s s e m b l e d ,  e x c e p t  t h a t  i t  
1 S  S p � c l t l e d a n d  h a s  a n o n z er o v a l u e .  
t o  i n c l u d e  c o mm o n  d e f i n i t i o n s  o r  
m u l t i p l e  a ss e mb l i e s w i t h o u t t h e  n e e d  
I'? a c h  a s s em b l \� .  

f i l e .  T h a t  f i l e i s  r e a d  a n d  i n c l u d e d 
i s  p r o c e s s e d a s  i f  i t  c a m e  f r o m . t h e 
i s  n o t  l i s t e d  u n l e s s  t h e  < e x p r e s s i o n :>  

T h e C O P Y d i r e c t i v e  i s  n o r m a l l y  u s e d  
f r e q u e n t l y  u s e d  p i e c e s  o f  c o d e  in 

f o r p h y s i c a l l y  i n c l u d i n g  t h e c o d e  i n  

4 .  o .  DA1 A - D e f i n e  1 6  b i t  d a t a 

< l a b e l >  DAT A ( e x p r e s s i o n > ,  ( e x p r e s s i o n > , . 

T h e DATA 
s p e c i f i e d .  

d i r e c t i v e g e n e r a t e s  o n e  1 6  b i t w o r d  f o r e a c h  < e x p r e s s i o n >  
T h e < e x p r e s s i o n s > ma y b e  e i t h e r r e l o c a t a b l e  o r  n o n r e l o c a t a b l e . 

4 . 7 . DOR G - D u mm lj o r i g i n 

< l a b e l > DORG ( e x p r e s s i o n >  

"). ' . 

T h e D O R G  d i r e c t i v e s e t s  th e l o c a t i o n c O L1 n t e r  t o  t h e a b s o l u t e  \l a l u e � 
s p e c i f i e d b y  < e x p r e s s i o n > ,  p l a c e s  t h e a s s e m b l e r i n  a b s o l u t e m o d e . a n d  
t u r n s o f f  t h e a c t u a l  g e n e r a t i o n o f  c o d e . DOR G i s  m o s t  o f t e n  u s e d  w h e n  
d e f i n i n g d .� t: a  s t r u c t u r e s .  A " DOR G 0 "  d i r e c t i v e  c a n  be u s e d  t o  t U 'r n o n  
d u mm y  a S 6 � m b l y  a n d  se t t h e  l o c a t i o n c o u n t e r t o  z e r o .  T h e c o m p o n e n t s  o f  a 
d ata s t r u c t u r e c a n t h e n b e  r e s e r v e d b y  B S S  d i r e c t i v e s ,  a n d  t h e n n o r m a l 
a s s e m b l y  c a n  b e  r � s u � e d  w i t h  an AOR G or R OR G  d i r e c t i v e .  T h i s  a l l o w s  u s e  
o f  t h e ' a s s e m b l e r . t o  a l l o c a t e  s t o r a g e w i t h i n  a d a t a  s t r u c t u r e  w i t h o ut 
I� x P 1. i c i t  d e  f: i n t t i o n b y t h e  p l' 0 9 r a mm e r . 1 f a -( 1 a b e 1 :> i s s � e c i f i e  d , i t w i  1 1 
c e  s e t  e q u a l  t o  th e n e w l o c a t i o n c o u n ·t e r v a l u e ,  i n  o t h e r w o r d s ,  t o  
<: � x p r e s s � o Tl > .  

4 . 8 .  ELSE - C O :1 d i. t i o n a l a s s em b l ll a l t e r n a t i v e 

< l a b e l > ELSE 
W h en t h e  ELSE d i r e c t i v e i s  e n c o u n t e r e d , a n d  t h e  IF n e . t i n Q l e v e l i s  o n e 
( i n d i c a t i n Q t h a t  t h e o u t e r m o s t I F  i s  i n  e f f e c t ) , i f c o d e  wa s t u r n o d  o f F b y  
t h e  I F  i t  i s  t u r n e d b � c k o n .  I F  t h e  c o d e  �a& t u r n e d  o n  b y  t h e  I F ,  t h i  
E L S E  t u r n s  i t  o f P .  T h i s  a l l o w s  a l t e r n a t e  c o d e t o  b e  � e n e r a t e d  by t h e  
'j e q u e n c  e :  I F  -- ELSE - ENDF . 

1 0  
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4 .  9 .  END - End o f  p r o g r am 

<: I a b e 1 :> END [ (e x p r e s s i o n )- ] 

T h e E N D  d i r e c t i v e i d e n t i f i e s t h e e n d  o f  a n  a s s e m b l y  a n d  m u s t  b e t h e  f i n a l 
l i n e  i n  a n y  f i l e t o  b e  a s s em b l e d .  I f  n o  ( e x p r e s s i o n > i s  s p e c i f i ed a s  an 
o � e r a n d . _ t h e p r o g r a m  w � 1 1  b e  9 � � � r a t e d  w i t h � o  s t a r t i n g a � d r e s s  s p e c i f i ed . 
I �  a n  � e x p r e s S l o n >  1 5  s p e c l f 1 e d .  a s t a r t l n g a d d r e s s  w l i l  b e  g e n e r a t ed ,  
ma k i n g  t h i s  a m� i n  p r o g r a m .  l he <e x p r e s s i on> w i l l  n o r ma l l y s i m p l y  b e  the 
l a b e l  o n  t h e  l i ne c on t ain i n �  the f i r st i n st r u ct i o n  t o  b e  e x e cuted i n  t h e 
p r o g r a m .  

4 .  1 0 . ENDF 

< l a b e l > ENDF 

En d c o n di ti o n a l as s e m b l y  

I f  e n c o u n t � r e d  w h i l e  s k i p p i n g  c e d e b e ca u 5 e  o f  an I F  o r  E L SE d i r e c t i ve .  t h e  
I F  n e !: t i n q  i s  d e c r e m �· r. t e d  I f  ! E' ro. i n d i c a t i n g  t h a t  t h e ENDF ma t ch es t h e 
I F  or ELSE ' t h a t  t � r n e d  o f f  t h � p r o c e s s i n g  o f  c o a e .  t h e a s s e m b l y  r e s um e s 
w l t h  t h e n e x t  l i n e .  I f  n o n z e r o ,  t h i s  E NDF ma t c h e s  an I F  w i t h i n  a r e g i o n 
o �  c o d e t u r n e d  o F �  b y  an o u t e r I F .  � n d t h e n e s t i n q  l e� e l  i s  s i m p l y 
d e c r e m e n t e d . I f  t h e  t::NDF i s  e n c o u n t e r 2 d  d u r i n g  n o r m a l a s s e m b l y ,  i t  i s  
s l m p l y i 9 n o r e d . s i n c e t h e b l o c k o f  c o d e i t  t e r m i n a t e s  w a s t u rne d o n . 

'l . 1 1 . EGU - D e F i ne a s s e m b l y - t i m e va r i a b l e  

( l a b e l > EQU <:e x p r es s i o n > 

T h e < l a b e l > i s  s e t  e q u al t o  t h e v a l ue o f  t h e  <e x p re ss i on> and m a y  b e  u s ed 
h e n ce f o r t h  i n  th e a s s e mb ly t o  r e p r e s en t the va l u e o f  t h e  < e x p r e s s i o n > .  
T h e <e x press i o n > ma y b e  e i t h er a n u m e r i c o r  a d d r e s s  e x p r e s s i o n , and ma y b e  
e i t h e r  re l o ca t a b l e o r  n o nr e l o c a ta b l e  ( s u b s e q u e n t  u s e o f  the l ab e l ,  o f  
c o ti r s e .  m a y � c c u r on l y  i n  a con t e x t  wh er e t h e  < e x p r e s s i o n >  i ts e l f  w o u l d  b e  
� e r m i s � i b l e ) .  A < l a b e l > m a y  b e  r e d e ¥ i n e d a t a n y t i m e b y  a n  EGU s t ate m ent . 

4 .  1 2 . EV EN - F or c e  wor d a l i g n m e n t 

: -J <: I a b e  I :>  EV EI'I 1_ 

iJ 

;J 
;J .�. 
1 
... ) '"" 

. ]  

I �  t h e  l o c a t i o n c o u n ter i s  o d d , o ne b y t e w i l l ' b e re s e r v e d to f o r ce i t  t o  
b e  e v � n . Th i s d i r e c t i v e i s  n o rma l l y  u sed f o l lo w i n g  a b l o c k o f  B Y TE o r 
T E X T  d a t a ,  o r  b y t e-a l i g n ed b l o c k s  rese r v ed b y  BSS o r  D ES ,  t o  i n s u r e  t h at 
t h e l o c a t i o n c oun t e r  i s  a t  a w o r d b oun d a r y b e f o r e  g en era t i n g i n s t r u c t i o n s  
� r  d a t a  w h i c h  r e q u i r e w o r d  a l i gn m ent . 

. 

4 .  l 3 . I D T - I d e n t i P y  p r o g ra m  

( l a b e l :>  l OT < s t r i n g )-

l h e  p r o g r a m  i d e n t i f i c � t i o n i s s e t e qua l to t h e < s t r i n g >  s p e c i f i ed .  T h e 
p r o g r a m J d en t i f' i c ,::; l; i o n ma y b e  u p  t o  8 l- h a r a c t e r s  i n  l e n g f.: h ,  a n d  i s  p r i n t e d  
b �  t h p.  L i n k r:> T' ILl h en a m e moru ma p, i s  r e q u e s t e d .  I f  n o  I D T s t a t e m en t i s  
s U fl p l i e d i n  t h A' p r o g r a m ,  t h e  va l u e ' ''10 l O T ! "  w i l l  b e  u s e d .  

4 .  1 4 .  I F  - C o n d i t i o n a l a s s e m b l y 

: : l a b e l >  I F  ( e x p r e s s i o n >  

T h e  (e x p r e s s i o n > ,  w h i c h  m u s t  b e  a n onre l o c a t a b l e  q u an t i t y , i s  e v a l u a t e d . 
I f  n o n z e r o ,  t h e I F  d i r e c t i v e i s  i g n o red a n d  th e a s s e m b l u  c o n t i n u e s  
n o r ma l l u .  I f  l � r o .  t h e a s s e m b l e r s k i p s  a l l sub s e q u e n t l i n e �  u n t i l a 
m a t c h i n g  E U':; E  o r  ENOF d l r � c t i 'l e  i s  f o u n d .  W h i l e  s l: i p p i n g  cod e , the 
a s � e m b l e r w i l l  -:; C <3 n f: o r  I F  .:m d  E j\ IDF d i r e c t i v e s  s o  t h a t n e s te d  .i F  - ENDF 

. e q u e n c e 9  w i l l  b e  c o rr e c t l y  p r o c e s s � d . L i n e s  s k i p p e d b y  a n  I F  d i r e c t i v e 

1 1  
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w i l l  � e  l i s t e d  i n  t h e  o u t p u t  l i s t i n g  ( i f o n e i �  b e i n g � e n e r a t e d ) , 
c o d e  w i l l  b e a s s e m b l e d f o r t h e m .  

b u t no . 
4 .  1 5 . L I ST - En a b l e  a s s e m b l y  l i s t i n g 

I f  t h e  a s s e m b l y  l i s t i n g h a s  b e e n  s u p p r e s s e d  b y  a p r e c e d i n g U N L  d i� e c t i v e ,  
i t  w � l l h e  r e s u m e d .  

4 .  1 6 .  P AGE - E j e c t  p a g e  i n  a s s e m b l y  l i s t i n g  

< 1 a b e  1 ). : P I�,GE 
I r ,: , n a ::. 5 � m b i u 1 i . .; t i n  !J i s b e i n g g e n  e r a  t; e d ,  a p a g e e . 1  e C t til i l l  0 c c U 'r 
F O l l o w i n Q  t h � l i n e  c o n t a i n i n g  t h e  P A G E  d i r e c t i v e .  T h i s  m a y b e  u s e d  t o  
c � u s e  s e � a r a t e  p i e c e s o f  a p r o g r a m t o  b e  l i s t e d  o n  s e p a r at e  p a g e s .  

R O R G  - R e l o c a t a b l e  o r i g i n 

:.: 1 .3 b e l :> R DR G  < p. x p r e s s i o n >  

T h E  R OR G  d i r e c t i v e s e t s  t h e a s s e m b l e r p r o d u c i n q  r e l o c a t a b l e  c o d e , a n d s e t s  
t h e r e l o c a t a b l e  l o c a t i o n c o u n t e r t o  t h e  � a l u e  o f  < e x p r e s s i o n > .  I f  
< e x p r e s s i o n >  i s  o m i t t e d , t h e l o c a t i o n c o u n t e r  w i l l  b e  s e t  t o  t h e  l e n g t h  o f 
a l l  r p l o c a t a b l e  c o d e  p r � v i o u s l �  g e n e r a t e d  i n  t h e  p r o g r a m .  T h i s  i s  u s e f u l 
t o  r e t u r n  t o  r e l o c a t a b l e  c o d e  ' Q e n e r a t i o n F o l l o w i n g  a n  a b s o l u t e  b l o c k  
( AO R G ) o r  d u m m y  b l oc k  ( DORG ) � W h e n  a n  a s s e m b l y  s t a r t s ,  t h e  a s s e m b l e r 
a s s lJ m e s a :  

Ii fJI-W  0 

d i � e c t i y e i s  i n  e f f � c t .  
t o  t h e  v a l u e o f  t h e 
d i r .:1 c  r i v e .  

I f  a < l a b e l > i s  s p e c i F i e d ,  i t  w i l l  b e  s e t  e q u a l  
l o c a t i o n c o u n t e r f o l l o w i n g  p r o c e s s i n g of t h e R O R G  

4 .  1 8 . T E X T  G e n e r a t e  c h a r a c t e r  d a t a 

( L3 b e l > T E X T  [ - J < s t r i n g >  

) 

T h e TE X T  d i r e c t i v e  g e n e r a t e s  b u t e s  c o n t a i n i n g  t h e  � S C I I  c h a r a c t e r c o d e s  
f o r  e a � h c h a r a c t e r i n  a ( s t r i fi g > .  I f  t h e ( s t r i n g >  i s  p r e c e d e d  b �  a m i n u s  
s i o p ,  t h e  t w o ' s  c omp l e m e n t o f  t h e f i n a l  c h a r a c t e r w i l l  b e  g e n e r a t e d  ( t o 
s e r v e  a s  a n  e n d  o f!  s t r i n g i n d i c a t i o n > .  N o t e  t h a t T E X T  g e n e r a t e s  o n l y  a s '''''''' 
m a n y  b 1I t e s a 5 t h e r  e a r e  c h a r a c t  e r 5 i n t h e s t r i n 9 , a n  d t h a t a 5 � r es u I t _ a !1  � 
o d d n u m b e r  O f  b u t e s  m a y b e  g e n e r a t e d . I f  t h e d a t a  f o l l o w l n g  t h e TE X r 
d i r e c t i v e  m u s t  b @  � l i g n e d  o n  w o r a b o u n d a r i e s ,  a n  E V E N  d i r e c t i v e s h o ul d  
f o l l O I1J t h e  'l l:: X T  l i n e .  

T I TL - T i t l e  F o r a s s e m b l y  

< l d b e l :: l I ·r l . .  { s t r i n g >  

T h � T I l L  d I r e c t i v e s p e c i f i e s a t i t l e  t o  b e  p r i n t e d 
.3 � s P ln b l u  l i s t ul ll .  T h e · . s t. r l r ' l1 :  w i l l  b e  p r i n t e d  a t  t h e 
o f  t h e  a s s e m b l ij l i s t i n g  u n t I l t h e  e n d  o f  t h e  a s s e m b l y  
b y  a n o t h e r T I TL d i r e c t i v e .  

'f . 20 . UNL Tur n o f .  a s s e m b l y  l i s t i n g 

o n  e a c h p a g e  o P  t h e 
h e a d  o f  e a c h p a g e 
or u n t i l s u p e r c e d e d  

:.J ( 1 a b e  1 :> UNL . 
T h e a s s e m b l y l i s t i n � wi l l  b e  s u p p r e s s e d .  T h e l i s t i n g  ma y b e  l a t e r  

') 
:J 
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r e s u me d , · .  i f  d e s i r e d , b y  a L I ST d i r e c t i v e .  

5 .  In s t r u c t i o n d e s c r i p t i o n s  

,�! T h e f o l l o w i n 9  s e c t i o n s  d e s c r i b e  t h e m a c h i n e i n s t r u c t i o n s  0 '  t h e M9900 CP U,  
q i v i n Q  t h e  s u m b o l i c  a s s e m b l e r s y n t a � u s e d  t o  g e n e r a t e  e a c h  i n s t r u c t i o n . 
T h e i n s t r u c t i o n s  a r e  g r o u p e d  b y  Q e n e r a l t y p e :  e a c h i n s t r u c t i o n w i t h i n  a 
t y p e  s h a r e s  a c o m m o n s y n t a x w i t h a l l o t h e r s o �  t h e s a m e  t y p e .  

IJ 

J 
fJ 
J 

I l  
iJ 

W i t h i n  t h e  in s t r u c t i o n d e s c r i p t i o n s ,  t h e  f o l l o w i n g nom e n c l a tur e w i l l  
u s e d  f o r  i t e m s  s u p p l i e d  b y  t h e p r o g r a m m e r wh e n  c o d i n g  a n  i n s t r u c t i o n :  

( g  a s.:> 
< q a d ::;' 
<w a >  
( i o p >  
< d e s t i n a t i o n >  
( c o u n t; ) 
( i n d l? x :> 

G e n e r a l a d d r e s s  o f  s o u r c e 
G e n e r a l ad d r e s s o f  d e s t i n a t i o n  
W o r k s p a c e r e g i s t e r a d d r e s s  
I m m e d i a t e  o p � r a n d 
P r o g r a m  a d d r e s s  
B i t  c o u n t � r o m  0 t o  16 
X OP i n d e x  P r o m  0 t o  1 5  

b e  

I �  c o d l n q t � e s e  f i � l d s ! a n y  a d d r e s s  e x p r � s � i o � m a y  b e  u s e d  f o r a g e n e r a l 
a o d r e � s  ( � � a s > o r  � g a d � ) .  A w o r k s p a c e r e g i s t e r a d d r e s s m u s t  b e  a 
n o n r e l o c d t a b l e  e � p r e s s i o n b e t w e e n  0 a n d 1 5 . A n  i m m e d i a t e o p e r a n d  ma y b e  a 
r e l o c a t a b l e  o r  n o n r e l o c a t a b l e  v a l u e ,  b u t ma y n o t  b e  a n  a d d r e s s e x p r e s s i o n .  
A ( d e s t i n a t i o n )  a d d r e s s  i s  a v a l u e w h o s e  r e l o c a t i o n m u s t  b e t h e s a m e  a s  
t h e c o d e  c u r re n t ly b e i n g  g e n e r a t e d .  A < c o u n t > m u s t  b e  n o n r e l o c a t a b l e  a n d  
b e t w e e n  0 a n d  1 6 , a n d  a n  < i n d e x >  m u s t  b e  n o n r e l o c a t a b l e  a n d  b e t w e e n  0 a n d  
1 � .  

5 .  1 .  T w o  g e n e r a l a d d r e s s  i n s t r u c t i o n s  

T h e  t w o  Q e n e r a l a d d r e s s i n s t r u c t i o n s  t a k e  t w o  g e n e r a l a d d r e s s  o p e r a nd s .  
T h e f i r s t  i s  r e f e r r e d  t o  a s  t h e  " ' s o u r c e " ,  a n d  t h e  s e c o n d  i s  r e f e r r e d  t o  a s  
t h e " d p. s t i n a t i o n " .  T h e i n s t r u c t i o n n o r ma l l y  o p e ra t e s u p o n  t h e t w o 
o p e r a n d s  a n d s t o r e s  i t s l' e s u l t , i f  a n y , i n t o  t h e d e s t i n a t i o n .  

5 .  1 .  1 .  i� d d  w o r d s  

A 
T h e  s o u r c e  o p e r a n d w o r d  i s  a d d e d  t o  t h e d e s t i n a t i o n o p e T a n d  a n d t h e  r e s u l t  
i �  s t o r e d i n t o  t h e d e s t i n a t i o n o p e r a n d .  T h e r e s u l t  i s  c o m p a r e d  a g a i n s t 
z e r o  a n d t h e  c o n d i t i o n b i t s a r e  s e t  a c c or d i n g l y . I F  t h e r e  i s  a �a r r �  o u t  
o r  t h e a d d ,  t h e c a r r y b i t i s  s e t ,  a n d  i f  t h e r e s u l t  c a n n o t  b e  r e p r e s e n t e d  
a s  a 1 6  b i t  i n t e g e r , t h e o v e r f l o w F l a g i s  s e t .  

. 

S t a t u s  b i t s  a F f e c t e d : 
e q u a l ,  c a r 1' y ,  o v e r f l o w .  

L o g i c a l g r e a t e r t h a n , - . r i t h m e t i c g r e a t e r t h a n ,  

O p  c o d e :  
F o r ma t :  

5 .  1 .  2 .  A n  

AOOO 
1 1 0 1 0 t t d d d d t t s s s s  

- ... \ d d b y t e s  

I�J) 

D e s t i n a t i o n 
S o u r c e  

T h e s o u r c e  b y t e  o p e r a n d  i s  a d d e d t o  t h e d e s t i n a t i o n b y t .  o p e r a n d  a n d t h e 
r e s u l t  i s  s t o r e d  i n t o  t h e d e s t i n a t i o n b y t e o p e r a n d . W h e n  t h e  s o u r c e  o r  
d e s t i n a t l o n op e r a n d i s  a wo r k s p a c e  r e g i s t e r .  t h e b y t e a d d r e s s e d  w i l l  b e  
t h e u p p e r b q t e i n  t h e  r e Q i s t e r  ( b i t s 1 S  - 8 > ' T h e o t h e r b y t e i n  t h e 
d e s t i n a t i o n a d d r e s s  w i l l  b e  u � c h a n g e d . T h e r e s u l t o f  t h e a d d i t i o n i s  
c o m p a r e d  t o  z e r o  a nd the s t a t u s  b i t s a r e s e t  a c c o r d i n g l y .  I F  t h e r e  i s  a 
c a r ,.. y o u t 0 f' t h e  b y t e 5 a d d e  d , t h e c a T' r y b i t w i l l  b e s e t  , a n  d i f t h e  r e s  u 1 t 
c f  t h e a d d i t i o n i s " n o t  r e p r p, s e n t a b l e  a s  a n  8 b i t  t w o ' s  c o m p l e m e n t  i n t e g e r ,  

1 3  
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t h e o v e r f l o w  b i t w i l l  b e  s e t .  T h e  p a r i t y s t a t u s  b i t  i s  s e t  w h e n t h e  
num b e r  o -P  b i t s  i n  t h e r e s u l t  i s o d d .  and i s  c l e a r e d  o t h e r w i s e .  

S t a t u s  b i t s 
e'q u a L c a r r y ,  

a f f e c te d : 
o v e r f l o w .  

L o g i c a l  
p a r i t y .  

g r e a t e r 

O p  c o d e :  

F o r m il t :  

D O OO 

1 0 1 1 t t d d d d t t s s s s  

5. 1 .  3. s 

s 

D e s t i n a t i o n 
S o u r c e 

- S u b t r a c t w o r d s 

t h a n .  a r i t h m e t i c g r e a t e r t h a n ,  

T h e s o u r c e  o p e r a n d  i s  s u b t r a c t e d  F r o m  t h e d e s t i n a t i o n o p e r a n d  a n d t h e 
r � s u l t i s  s t o r e d  i n  t h e d e s t i n il t i o n o p e r a n d . T h e r e s u l t  i s  c o m p a r e d  w i t h  
z e r o  a n d t h e s t a t u s  b i t s a r e  s e t  r e s u l t i n g  f r om t h e o p e r a t i o n .  W h e n  t h � r e  
i i  a c a r r �  o u t  o �  t h e m o s t  s i g n i f i c a n t  b i t .  t h e c a r r y  b i t  i s  s e t .  a n d  w h e n  
t h � d i f f e r e n c e c an n o t  b e  r e p r e s e n t e d  a s  a 1 6  b i t  i n t e g e r .  t h e  o v e r f l o w  b i t  
i s  !:. t d; . 

"\ . . 

S t a t u s  b i t s a f f e c t e d ; 
e q u a l ,  c: a r r y ,  o 'l � r f l o w .  

L o g i c a l  g r e a t e r t h a n .  a r i t h m e t i c:  g r e a t e r t h a n , ) 
O p . c o rl e :  
F o r m a t :  

5. 1 .  4 .  

6000 

0 1 1 0 t t d d d d t t s s s s  
D e s t i n a t i o n 
S o u r c e  

SD S u b t r a c t b y t e s  

SB < y a s > ,  ( g a d :>  

T h e  s o u r c e  b � te o p e r a n d  i s  s ub t r a c t e d  f r om t h e  d e s t i n a t i o n b y t e  o p e r a n d . 
T h e r e s u l t ' i s  s t o r e d  i n  t h e  d e s t i n a t i on b y t e  o p e r a n d .  T h e r e s u l t  i s  
c o m p a r e d  w i t h z e r o  a n d  t h e s t a t u s  b i t s a r e s e t  acc o r d i n g l y .  I f  t h e r e i s  a 
c a r r y o u t  o f  t h e m o s t  s i g n i ficant b i t o f  t h e b y t e ,  t h e  c a r r y  b i t  w i l l  b e  
s e t , a n d i f  t h e d i f f e r e n c e c a n n o t b e  r e p r e s en t e d  a s  an 8 b i t  l n t e g e r ,  t h e  
o v e r f l o w b i t wi l l  b e  s e t .  I f  t h e r e  a r e  an o d d  n u m b e r  o f  o n e  b i t s  i n  t h e  
r � s u l t  b � t e ,  t h e  p a r i t � s t a t u s  b i t w i l l  b e  s e t .  o t h e r w i s e  t h e  o dd p a r i t y

. s t a tu s & i t  w i l l  b e  c l e a r e d .  I f  � i t h e r t h e  s o u r c e  o r  d e s t i n a t i o n o p e r a n d  
i s  a w o r k s p a c e  r e g i s t e r , t h e  h i g h  b y t e  ( b i t s 15 - 8 ) w i l l b e  u s e d  a s  t h e  
o p e r a n d . ' r h e  o t h e r  b y t e i n  t h e w o r d  c o n t a i n i n g t h e d e s t i n a t i o n o p e r a n d 
w i ll n o t  b e  c h a n g e d  b y  t h i s i n s tructi o n . ,ID 
S t a t u s  b i t s  a f f e c t e d : L o g i c a l  g r e a t e r  t h a n ,  a r i t h m e t i c  g r e a t e r  t h an , 
e ct u a L c a 'r r y ,  o v e r 'P l o w .  p a r i t y .  

O p  c o  cJ e :  

F o r ma t :  

5 .  1 .  5 .  c 

c 

"7 000 
0 1 1 1 t t d d d d t t S 5 5 S  

D e s t i n il t i o n 
S O lrr c e 

- C o m p a r e w o r d s  

T h e  s o u r c e  o p er an d  i s  c o m p a r ed t o  t h e d e s t i n a t i o n o p e r an d  il n d t h e  s t a t u s  
b i t s a r e  s e t  a s  a r e s u l t  o f  t h e  c o m p a r i s o n .  T h e a r i t h m e t i c  g r e a t e r b i t  i s  
s e t  i -P  t h e s o u r c e o p e r a n d  i s  g r e a t e r  t h a n  t h e  d e s t i n a t i o n w h e n  b o t h  a r e  
c o n s i d e r e d as 1 6  b i t  t w o ' s  c o m p l e m e n t  i n t e g e r s .  T h e l o g i c a l g r e a t e r b i t 
i s  s e t  i t  t h e s o u r c e o p � r a n d i s  9 r e a t e r  t h a n t h e  d e s t i n a t i o n o p e r a n d  w h e n  
b o t h  a r e  c o n s i d e r e d  a s  1 6  b i t  u n s l g n e d  n u m b e r s .  T h e e q u a l b i t i s  s e t  i F  
t h e  t w o  o p e r a n d s  a r e  b i t - f o r - b i t  e q u a l .  

. 
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S t a t u s  
e q u a l .  

b i t s  a f f e c t e d : L 09 i c a l  g r e a t e r t h a n ,  a r i t h m e t i c  g r e a t e r  t h a n ,  

O p  c o d e :  
F o r mat : 

5 .  1 .  6 .  

8000 
1 0 0 0 t t d d d d t t s s s s  

D e s t i n a t i o n 
S o u r c e  

C D  - C o m p a r e  b y t e s  

C D  < g a s ) , ( g a d )  
T h e s o u r c e b y t e  o p e r a n d i s  c o m p a r e d  t o  t h e d e s t i n a t i o n b y t e o p e r a n d .  T h e 
a r i t h m e t i c  g r e a t e r t h a n ,  l o g i c a l  g r e a t e r t h a n ,  a n d  eq u a l b i t s  a r e  s e t a s  
d e s c r i b e d a b o v e  f o r t h e  C i n s t r u c t i o n ,  e x c e p t  t h a t  t h e o p e r a n d s a r e  
c o n s i d e r e d  a 5  8 b i t s i g n e d  a n d  u n s i g n e d  q u a n t i t i e s ,  r e s p e c t i v e l y .  I n  
a d d i t l o n .  t h e  p a r i t y b i t  i s  s e t  i f  t h e s o u r c e o p e ran d  c o n t a i n s  a n  o d d  
n lJ m b � r  o f  o n e b i t s .  
S t a t u s  b i t s a f f e c t e d : 
e q u a l. .  p ." r i t y .  

L o g i c a l  g r e a t e r  

O p  c o d e : 
F-' o r m a t :  

5 .  1 .  7 .  

9( 100 
1 00 1 t t d d d d t t s s s s 

I'IOV - M o v e  w o r d  

i'10V < g a s ) ,  < g a d :>  

D e s t i n a t i o n 
S o u r c e  

t h a n ,  a r i t h m e t i c  g r e a t e r  t h a n ,  

T h e s o u r c e o p e r a n d i s  m o v e d  t o  t h e  d e s t i n a t i o n .  T h e r e s u l t  i s  c o m p a r e d  
w i t h  z e r o  a n d  t h e  s t a t u s  b i t s a r e s e t  a s  a r e s u l t  o f  t h e c o m p a r i s o n .  

S t a t u s  b i t s a f f e c t e d :  
e q u a l .  

L o g i ca l  g r e a t� t  t h a n ,  ar i t h m e t i c  g r e a t e r t h a n ,  

O p  c o d e :  . C OOO 

F o r ma t :  1 1 0 0 t t d d d d t t s s s s  

5 .  1 . 8 .  - I'i o v e  b y t e  

1'10V13 < g as) ,  ( g a d :>  

D e s t i na t i o n 
S o u r c e 

T h e s o u r c e b u t e  o p e r a n d i s  m o v e d t o  t h e d e s t i n a t i o n  b y t e .  T h e o t h e r b y t e 
i n  t h e  d p. s t i n a t i o n i s  u n a f f e c t e d . I f  t h e  s o u r c e o r  d e s t i n a t i o n  i s  a 
w o r k s p a c e r e g i s t e r ,  t h e  u p p e r b y t e ( b i t s 1 5-8 ) w i l l  b e  a d d r e s s e d . T h e 
b � t e  m o v e d i s  c o m p a r e d  a Q a i n s t  z e r o  a n d t h e  c o n d i t i o n b i t s a r e  s e t  a s  a 
r � s u l t  o f  t h e  c o m p a r i s o n .  I F  t h e b y t e m o v e d  c o n t a i n s  a n  o d d n u m b e r  o f  o n e  
b i t s .  t h e p a r i t y b i t w i l l  b e  s e t , o t h e r w i s e  i t  w i l l  b e  c l e a r e d . 
S t a t u s  b i t s a f f e c t e d : 
e q u a l .  p c: r i t tJ .  

L o g i c a l  g r e a t e r  t h a n ,  a r i t h m e t i c  g r e a t e r t h a n ,  

Op c o d e :  

F o r ma t :  

0000 

1 1 0 1 t t d d d d t t s s s s  
D e s t i n a t i o n 
S o u r c e 
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5 .  1 .  9 .  soc - S e t o n e s c o r r e s p o n d i n g  

soc 
F o r  e a c h o n e  b i t i n  t h e s o u r c e 
d e s t i n a t i o n o p e r a n d  i s  s e t  
c o r r e � p o n d  t o  z e r o  b i t s i n  t h e 
c o m p a r e d  t o  z e r o  a n d  t h e  
i n s t r u c t i o n i s  e q u i v a l e n t  t o  
d e s t i n a t i o n .  

o p e r a n d ,  t h e  c o r r e s p o n d i n g  b i t i n  t h e  
t o  o n e .  B i t s  i n  t h e  d e s t i n a t i o n t h a t  
s o u r c e  w i l l  b e  u n c h a n g e d .  T h e r e s u l t  i s  
s t a t u s  b i t s a r e s e t  a c c o r d i n g l y .  -r h i s  

a l o g i c a l  OR o f  t h e s o u r c e w i t h  t h e  

S t a t u s  b i t s  a f f e c t e d : 
e q u a l .  

L o g i c a l g r e a t e r  t h a n ,  a r i t h m e t i c  g r e a t e r t h a n ,  

O p  c o d e :  
F o r m a t :  

5 .  1 .  1 0 . 

EOOO 
1 1 1 0 t t d d d d t t s s s s  

D e s t i n a t i o n 
S n u r c: e  

soe B - S � t  o n e s  c o r r e s p o n d i n g  b y t e  

SDC D -::= �! Ct s,> , <: g a d  :> 
F o r  e a c h o n e b i t i n  t h e b y t e s o u r c e o p e r a n d ,  t � e  c o r r e s p o n d i n Q  b i t  i n  t h e 
d e s t i n a t i on b y t e o p e r a n d i s  s e t t o  o n e .  B i t s i n  t h e d e s � i n a t i o n t h a t  
c o r r e s p o n d  t o  z e r o b i t s  i n  t h e s o u r c e w i l l  b e  u n c h a n g e d , a s  w i l l  t h e  o t h e r 
b y t e i n  t h e  d e s t i n a t i o n w o r d . I f  t h e  s o u r c e o r  d e s t i n a t i o n o p e r a n d a r e  
w o r k s p a c e r e q i s t e r s ,  t h e u p p e r b y t e ( b i t s  1 5-8 ) w i l l  b e  u s e d  a s  t h e  
op e r a n d .  T h e r e s u l t  b y t e  i s  c o m p a r e d  t o  z e r o  a n d  t h e s t a t u s  b i t s  a r e s e t  
a c c o r d i n g ly . I f  t h e  r e s u l t  b y t e h a s  a n  o d d  n u m b e r  o f  o n e  b i t s ,  t h e p a r i t y 
b i t  w i l l '  b e  s e t ,  a n d  c l e a r e d o t h e r w i s e .  T h i s  i n s t r u c t i o n i s  e q u i v a l e n t t o  
a l o g i c a l  OR o f  t h e  s o u r c e  a n d  d e s t i na t i o n b y t e s .  

S t a t u s  b i t s  a f f e c t e d : 
e q u a l .  p i n· i t y .  

L o g i c a l  g r e a t e r  t h a n ,  

O p  c o d e :  

F o r m a t :  

5 .  1 .  1 1 .  

FOOO 
l 1 1 1 t t d d d d t t s 5 s s  

D e s t i n a t i o n 
S o u r c e  

SZ C - S e t  z e r o e s c o r r e s p o n d i n g 

S Z C  < g a s ) , <: g a d >  

ar i t h m e t i c g r e a t e r t h a n , 

) 

F o r  e a c h  o n e  b i t i n  t h e  s o u r c e o p e r a n d ,  t h e  c o r r e s p o n d i n g  b i t  i n  t h e ';.:) 
d e s t i n a t i o n o p e r a n d  i s  c l e a r e d  t o  z e r o .  B i t s c o r r e s p o n d i n g t o  b i t s  i n  t h e 
s o u r c e o p e r a n d w i l l  b e  u n c h a n g e d .  T h e r e s u l t  o f  t h e  o p e r a t i o n w i l l  b e  
c o m p a r e d t o  z e r o  a n d  t h e s t a t u s  b i t s  w i l l  b e  s e t  a c c o r d i n g l y . T h i s  
i n s t r u c t i o n i s  e q u i v a l e n t  t o  a n  AND w i t h  t h e  o n e ' s  c o m p l e m e n t  o f  t h e  
S O U T' c e  o p e r a n d . 

S t a t u s  b i t s a f f e c t e d : 
e q u a l ,  

L o g i c a l  g r e a t e r  t h a n ,  

O p  c o d e :  
F o r ill a t :  

4 0 0 0 

0 1 0 0 t t d d d d t t s s s s  
D e s t i n a t i o n 
S o u r c � 

a r i t h m e t i c  g r e a t e r  t h a n ,  

5.  1 .  1 2 . S Z C B  S e t z e r o e s  c o r r e s p o n d i n g b y t e 

S Z C B  <: g a s ) ,  ( g a d >  

F o r  e a c h  o n e  b i t  i n  t h e s o u r c e  b y t e o p e r a n d , t h e  c o r r e s p o n d i n g  b i t i n  t h e  
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d e s t i n a t i o n b � t e o p e r a n d w i l l  b e  c l e a r e d  t o  z e r o .  B i t s i n  t h e  d e s t i n a t i o n 
t h a t  c o r r e s p o n d t o  z e r o  b i t s ' i n t h e  s o u rc e w i l l  b e  u n c h a n g e d .  a s  w i l l  b e  
t h e o t h e r b y t e i n  t h e d e s t i n a t i o n w or d .  T h e  r e s u l t  b y t e w i l l  b e c o m p a r e d  
t o  z e r o  a n d  t h e  s t a t u s  b i t s w i l l b e  s e t a c c o r d i n g  t o  t h e r e s u l t  o f  t h e 
c o m p a r i s o n .  I f  t h e  r e s u l t b y t e c o n t a i n s  a ri  o d d  n u m b e r  o f  one b i t s .  t h e  
p a r i t y b i t  w i l l  b e  s e t .  o t h e r w i s e i t  w i l l  b e  c l e a r e d . I P  t h e  s o u r c e o r  
d e . t i � a t i o n o p e r a n d s a r e w o r k s p a c e r e g i s t er s . t h e  b y t e a d d r e s s e d w i l l  b e  
t h e  u p p e r b y t e ( b i t s 1 5 -8 ) .  
S t a t u s  
e q u a l .  

b i t s a f P e c  t e d : 
p a r i t y .  

L o g i c a l  g r e a t e r  

O p  c o d e :  

F or ma t : 

5000 

0 1 0 1 t t d d d d t t s s s s  
D e s t i n a t i o n 
S o u r c e 

5 . 2 .  On e q e n e r a l a d d r e s s  i n s t r Ll c t i o n s  

a r i t h me t i c g r e a t e r t h a n .  

T h e  o n e  g e n e r a l a d d r e s s  i n s t r u c t i o n s c o n t a i n  a s i n Q l e g e n e r a l a d d r e s s  
s p e c l f i c � t l o n .  T h e s o u r c e  o p e r a n d  i s  o b t a i n e d  P r o m '  t h i s  a d d r e s s  a n d  t h e 
r € s u l t , i i' a n y , i s  s t o r e d  b a c k a t  t h e  s a m e  a d d r e s s .  

5 . 2 .  1 .  - B r a n c h  

n < g a> 
T h e p r o g r a m  c o u n t e r i s  s e t  e q u a l  t o  t h e  a d d r e s s  t o  w h i c h  t h e  g e n e r a l 
a d d r e s s  e v a l u a t e s .  E x e c u t i o n w i l l  c o n t i n u e a t  t h a t a d d r e s s .  

S t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

F O T' ma t :  
0 4 4 0  

OOOOO l OOO l t t d d d d  
D e s t i n a t i o n 

5. 2 . 2 .  D L. - B r a n c h  a n d  l i n k  

B L  < g a > 

W o r k s p a c e r e g i s t e r 1 1  ( R l 1 )  i s  s e t  e qu a l  t o  t h e a d d r e s s  f ol lo w i n g  t h e B L  
i n s t r u c t i o n . '  a n d  t h e p r o g r a m  c o u n t e r i s  s e t  e q u a l t o  t h  e a d d re s s t o  w h i c h  
t h e g � n er a l a d d r e s s  < g a >  e v a l u a t e s .  T h , i s i s  t h e n o r ma l s u b r o u t i n e  c a l l 
i n c.:; ·t r u c t i o n .  

S t a t u s  b i t s a P f e c � d :  n o n e .  

O p  c o d e :  

F o r ma t :  
0 (,80 

00000 1 1 0 1 0 t t d d d d  
D t'? s t i n a t i o n 

5 . 2 . 3 .  B L'-'JP B r a n c h  a n d  l o a d  w o r k s p a c e p o i n t e r 

B UJP 
T h e w o r k s p a c e p o i n t � r i s  s � t  e q u a l t o  t h e  w o r d a t  t h e a d d r e s s  d e s i g n a t e d  
b y  < g a > .  a n rl t h e p r o g r a m c o u n t e r i s  l oa d e d w i t h  t h e  c o n t e n t s  b f  t h e 
f o l l o w i n g  w o r d . W i t h i n  t h e n e w w o r k s p a c e .  r e g i s t e r R 1 3  i s  s e t e q u a l  t o  
t h e p r e � i o u 5  w o r k s p a c e p o i n t e r .  R 1 4  i s  s et e q u a l t o  t h e a d d r e s s  F o l l o w i n g  
t h e B L WP i n s t r u c t i o n .  a n d R 1 5  i s  s e t  e q u a l t o  t h e s t a t u s  r e g i s t e r .  T h i s 
i n s t r u c t i o n e n t e r s  a s u br o u t i n e w h i c h  o p e r a t e s  w i t h  a d i f f e r e n t  r e g i s t e r 
; e t .  T h e l o a d i n g  o f  t h e c a l l i n g  c o n t e x t  i n t o t he r e g i s t e r s  o f  t h e n e w  
� o r k s p a c e  � e r m i t s  t h e  s u b r o u t i n . t o  r e t u r n  s i m � l y b y  e x e c ut i n g a R TWP 
i n s t r u c t i on .  
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S t a t u s  b i t s a f f e c t e d : n o n e .  

0 "  c o d e :  

F o r ma t : 

5 . 2 . 4 .  

0 4 00 

0000 0 1 0000 t t d d d �  

C LH - C l e a r  

C L l� < g a >  

D es t i na t i o n 

T h e w o r d  a t  a d d r e s s  < g a > i s  c l ea r e d t o  z e r o .  

S t a t u s  b i t s  a F f e c t e d : n o n e .  
O p  C: O d C1 : 
F o r in ""  t :  

f� ,., I: 
'-' .  Co .  � .  

0 4 C O  

00000 1 00 1 1 t t d d d d  

Sr::T O  - S e t  t o  a l l 

:3E='TO < n c3 > 

D e s t i n a t i o n 

o n e s  

T h �  w o r d  a t  a d d r ess < ga> i s  s e t  t o  a l l o n e s  ( OFFFF ) .  

S t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

F o r ma t :  

0 7 00 

0000 0 1 1 1 00 t t d d d d  

- I n v r� r t 

I N\) < g a > 

D est i na t i on 

T h e w o r d a t  a d d r e s s  < g a >  i 5  o n e ' s  c o m p l e m e n t e d . That i s , a l l z e r o  b i t s 
a r e s e t t o  o ne a n d  all o n e  b i t s  a r e s e t  t o  z er o . T h e r e s u l t i s  c o m p a r e d 
t o  z e r o  a n d  t h e  s t a t u s  b i ts a r e  s e t  a c c o r d i n g l y .  

S t a t u s  b i ts a F f e c te d : 
e q u a 1 .  

O p  c o d � :  
F o r m a t :  0000 0 1 0 1 0 1 t t d d d d  

5 . 2 . 7 .  NEG 

Log i c al g r e a t e r  t han, ari t hme t i c g reater t ha n , 

De stin a t i o n 

T h e w o r d a t a d d r e s s  < 9 � > i s  n e g a t e d  < t w o ' s  c o m p l e ment n e � a t i v e ) Th i s  i s  
3 c c o m p l i s h e d b u  i n v e r t I n g  a l l b i ts o f  th e o p er a n d  a n d  t � e n a d d i n �  o n e .  
T h e r e s u l t  o t  t h e ne g a t i on i s  c o m p a r e d t o  z e r o  a n d  t h e s t a t us b i t s  a r e s e t  
a c c o r d i n g l y .  I n  t w o ' s  c om p l e m e n t r e p r e s e n t a t i o n t h e r e i s  o n e  m o re 
n e g a t i v e n u m b e r  t h an t h e r e  a r e  p o s i t i v e n u m b e r s .  T h e n u mb e r -32 7 6 8 ,  
h e x a d e c i ma l  08000 , h a s  no p os iti v e  c o u n t e r p a r t .  A n  a t t e m p t t o  n e g a t e  th i s  
n u m b e r  w i l l  s e t  t h e  o v e r f l o ul s t a t u s  b i t . 

-

S t a t u s  b i t s  a f f e c t e d : 
e q u a l .  c a r r y ,  o v e r f l o w .  
O p  c o d e :  
F: o r m a t :  

O �700 
OOOO O l 0 1 0 0 t t d d d d  

L ng i c a l  g re a t e r  t h an, ar it h m e t i c  g r e at e r  t h a n ,  

1 H  
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D e s t i n a t i o n 

5 . 2 . 8 .  A D S  - A b s o l u t e v a l u e 

AIlS 
T h e a b s o l u t e  v a l u e  o f  t h e o p e r a n d  a t  < g a )  i s  t a k e n a n d s t o r e d  b a c k  a t  
< g a > .  T h e a b s o l u t e  va l u e i s  t a k � n b y  e x a m i n i n g t h e  s i g n b i t  o f  t h e 
o p e r a n d .  I f  z e r o ,  t h e  o p e r a n d 1 5  l e f t  u n c h an g e Cl .  I f  on e .  t h e o p e r a n d i s  
t w o ' s  c o m p l e m e n t e d .  Th e o r i g i n a l o p e r a n d  i s  c o m � a r e d  a g a i n s t  z e r o  a n d  t h e 
s t a t u s b i t s  a r e s e t  a c c o r d i n g l y .  I '  t h e  o r i g i n a l o p e r a n d  i s  - 32768 ( 08000 
h e x a d e c i ma l ) ,  a n e g a t i v e n u m b e r  w h i c h  h a s  n o  p o s i t i v e c o u n t e r p a r t ,  t h e  
o v e r f l o w s t a t u s  b i t  w i l l  b e  s e t .  

. . 

S t a t u s  b i t s a f f e c t e d : 
e q u a  1 ,  c a r .(' 'J ' 0 v e r f l o w .  

L o g i c a l g r e a t e r  t h a n .  a r i t h m e t i c  g r e a t e r t h a n .  

Op c o n e :  
F o r m a t :  

5 . 2 . 9 .  

0740 
O O O OO l 1 1 0 1 t t d d d d  

- SllJa p b y t e s  

S�jP B 

D e s t i n a t i o n 

T h e m o s t  s i g n i f i c a n t  a n d l e a s t  s i g n i f i c a n t  b y t e s  o f  t h e  o p e r a n d  a t  < g a >  
a r e e x c h a n g e d .  T h e r e s u l t  i s  e q u i v a l e n t t o  s h i f t i n g t h e s o u r c e  o p e r a n d  
c i r c u l a r l y  8 b i t s .  
S t a t u s  b i t s a f f e c t e d : n o n e . 

O p  c o d e :  
F o r ma t :  

5 . 2 .  1 0 .  

O,':>C O 
0000 0 1 1 0 1 1 t t d d d d  

I NC - I n c r e m e n t  

I NC < g a > . 

D e s t i n a t i o n 

T h e v a l u e a t < g a ) i s  i n c r e m e n t e d  b y  o n e .  T h e r e s u l t  i s  c o m p a r e d  t o  z e r o  
a n d  t h e s t a t u s  b i t s ar e s e t  a c c o �d i n g l y .  I f  a c a r r y  o u t  o r  o v e r f l o w 
o c c u r s ,  t h e s t a t u s  b i t s  w i l l  b e  s e t  t o  r e f l e c t  i t . 

(? S t a t u s  b i t s  a f f e c t e d : L o g i c a l  g r e a t e r  t h a n .  
�' e q u a l l  c a -r r y , o v e r f l o w .  

a r i t h m e t i c  g r e a t e r t h a n .  

(J p c o d e :  0580 

F o r m a t :  00000 l O l 1 0 t t d d d d  
D � s t i n a t i o n 

5 .  2 .  1 1 . I NCT - I n c r e m e n t  b y  t w o  

I N<: T <. y a >  

T h e v a l ue a t  Z g d �  i s  i n c r e m e n t e d  b y  t w o .  T h e r e s u l t  i s  c o m p a r e d  t o  z e r �  
a n d t h e  s t a t u s  b i t s a � i  s e t  a c c o r d i n g l y .  I f  a c �rry o u t  o r  o v e r f l o � 
o c c u r s ,  t h e  s t a t u s  b i t  s w i  I 1 b Ii s e t  t o r  e F i e c t i t . 

S t a t u s  b i t s  a f f ec t e d : L o g i c a l  g r e a t e r t h a n ,  
e q u a l .  c a r r y ,  o v e r f l o w .  
J p  c o d  e :  
F o r m cJ t :  

O �j C O  
0 0000 1 0 1 1 1 t t d d d d  

1 9  

a r i t h m e t i c  g r e a t e r t h a n .  



; I 

'- I 

I J 

I] 

u 
u 

M a r i n c h i p  9900 A s s e m b l e r U s e r  G u i d e 

D e s t i n a t i o n 

5 . 2 .  1 2 . DEC D e c r e men t 

IX:: C 

T h e v a l u e a t  < g a > i s  d ecrem e n t e d  b y  o n e .  T h e r e s u l t  i s  c o m p a r e d  t o  z e r o  
a n d  t h e  s t a t u s  b i t s  a r e s e t  a c c or d i n g l y .  I f  a c a r r y  o u t  o r  o v e r f l o w 
o c c u r s  t h e  s t a t u s  b i t s w i l l  b e  s e t t o  r e f l e c t  i t . 

S t a t u s  b i t s  a f f e c t e d : Lo g i c a l 
e q u a l ,  c a r r y .  ove·r f l o w .  

O p  c o d e :  

F o r m a t :  
0 .':> 0 0  

0 0 0 0 0 l 1 000 t t d d d d  

g r e a t e r  t h a n ,  

D e s t i n a t i o n 

:.='. 2 .  1 3 . D':: C T  - D a c r e m e n t b y  t w o  

DEer < g a )  

a r i t h m e t i c  g r e a t e r  t h a n .  

T h e v a l u e a t  ( Q a >  i s  d e c r e m e n t e d  b y  t w o .  T h e r e s u l t  i s  c o m p a r e d t o  z e r o  
a n q  t h e s t a t u s  b i t s a r e s e t  a c c o r d i n g l y . I f  a c a r r y  o u t  o r  o v e r f l o w 
o c c u r s  t h e  s t a t u s  b i t s  w i l l  b e  s e t  t o  r e f l e c t  i t . 

S t a t u s  b i t s  af f e c t e d : L o g i c a l  g r e a t e r  t h a n ,  
e q u a l .  c a r r y .  o v e r f l o w .  

(J p c o d e :  

F () r rn.3 t : 

1 4 . . ,  J, 

x 

0 6 4 0  

0 0000 1 1 00 1 t t d d d d  
D e s t i n a t i o n 

E x C! c u t e  r e m o t e  

< g a >  

a r i t h m e t i c  g r e a t e r t h a nj 

T h e w o r d  a t  < g a >  w i l l  b e  u s e d  a s  t h e o p e r a t i o n c o d e  o f t h e  c u r r e n t  
i n s t r u c t i o n . I n  o t h e r  w o r d s .  t h e  X i n s t r u c t i o n c a u s e s  t h e  i n s t r u c t i o n  a t  
t h e  s p e c i f i e d  a d d r e s s  t o  b e  e x e c u t e d .  T h e p r o g r a m  c o u n t e r i s  n o t  c h a n g e d .  
h o w e v e r ,  s o e x e c u t i o n w i l l  c o n t i n u e  i n  l i n e  f o l l o w i n g  t h e X i n s t r u c t i o n 
( a s s u m i n g  t h a t t h e  i n s t r u c t i o n e x e c u t e d  d o e s  n o t  i t s e l f  c h a n g e t h e p r o g r a m  
c o u n t e r ) :  There a r e  s e ver al wr i nk l e s a s s o c i a t e d  w i t h  t h i s  i n s t r u c t l o n . 

') 

F i r s t ,  i f  t h e  i n s t r u c t i o n e x e c u t e d r e q u i r e s  d a t a w o r d s f o l l o w i n g i t  f o r · 
i mm e d i a t e d a t a  o r  d i r e c t a d d r e s s e s .  t h e s e  w o r d s  w i l l  b e  l o a d e d  f o l l o w i n g ;� 
t h e  X i n s t r u c t i o n .  n o t  f o l l o w i n g t h e a d d r es s e x e c u t e d .  S e c o n d ,  i f  t h e  
i n s t r u c t i o n e x e c u t e d i s  a r e l a t l v e J u m p  i n s t r u c t i on , t h e  d i s p l a c e m e n t w i l l  
b e  a d d e d t o  t h e a d d r e s s  o f  t h e X i n s t r u c t i o n .  n o t  th e a d d r e s s  o f  t h e 
i n s t r u c t i o n i  t h i s  i s  s e l d o m w h a t  t h e p r o g r a mm e r  h a d  i n  m i n d .  T h i r d . t h e  
h a r d w a r e in s t r u c t ion Pet c h s i g n a l is n o t t u r n e d  o n  w h e n  t h e  o p e r a n d  o f  t h e  
X i n 5 t r u c t i o n i s  f e t c h e d .  T o i s  m a y c o n f u s e s o m e  us e r  i m p l e m e n t e d  s p e c i a l  
p u r p o s e  h a r d w a r e  t h a t  c o u n t s  o n  t h i s  sig na l .  F o u r t h ,  w h i l e  t h e  X 
i n s t r u c t i o n i t s e l f  c h a n g e s  n o  s t a t u s  b i t s .  t h e i n s t r u c t i o n e x e c u t e d  w i l l  
G e t  t h e  s t a t u s  b i t s a s  i t  n o r m a l l y  w o u l d . 
S t a t u s  b i t s  a f f e c t e d : 
b i t  s n o r  rn a 1 1 y .  

n o n e .  h o w e v e r  i n s t r u c t i o n e x e c u t e d  w i l l s e t  s t a t u s  

O p  c o d e :  

F o r ma t :  
01�80 

0000 0 l 00 1 0 t t d d d d  
D e s t i n a t i o n 
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5 . 3 .  R e g i s t e r I g e n e r a l a d d r e s s  i n s t r u c t i o n s 

T h e s e i n s t r u c t i o n s  t a k e  t h e i r  s o u r c e o p e r a n d  � r o m  t h e  g e n e r a l a d d r e s s  
s p e c i f i e d i n  t h e i n s t r u c t i o n ,  a n d u s e  a w o r ks p a c e r e g i s t e r s p e c i f i e d i n  
t h e i n s t r u c t i o n a s  t h e  d e s t i n a t i o n o p e r a n d . 

5 . 3 .  1 .  C OC C o mp a r e o n e s  c o r r e s p o n d i n g  

CDC < g a s :> ,  <wa> 
T h e c o n t e n t s  o f  t h e  w o r k s p a c e r e g i s t e r  <wa > a r e  t e s t e d  a g a i n s t  t h e 
c o n t e n t s  o �  t h e  g e n e r a l  a d d r e s s  < g a s> .  I .  e v e r y  b i t  w h i c h  I S  a o n e  i n  
< g a s ) i s  a l s o  a o n e  i n  <wa > ,  t h e e q u a l  s t a t u s  b i t i s  s e t . O t h e r w i s e  ( i .  
o n e  o r  m o r e b i t s  i n  < g a s ) w h i c h  a r e o n e s  c o r r e s p o n d  t o  z er o  b i t s  i n  < w a »  
t h e e q u al s t a t u s  b i t  i s  c l e a r e d .  T h i s  i n s t r u c t i o n i s  m o s t  o f t e n u s e d  
w h e r e  t h e  w o r k s p a c e  r e g i s t e r c o n t a i n s  a s e t o f  b i t s i n d i c a t i n Q l o g i c a l  
v a l u e s .  a n d  t h e g e n e r a l  a d d r e s s  o p e r a n d  i s  a w o r d c o n t a i n i n g  a s i � g l e  b i t  
d e n o t i n g  o n �  o f  t h o s e  va l u e s .  T h e C DC i n s t r u c t i o n p e r m i t s a s i m p l e  t e s t  
f o r  w h e t h e r t h a t b i t  is s e t  i n  t h e w o r k s � a c e r e g i s t e r .  C DC c a n ,  o f  
c o u r s e .  a l � o b e  u s e d  t o  t e s t  m u l t i p l e  b i t s  f o r b e i n g  s e t .  

S t a t u s  b i t s a f f e c t e d : E q u a  1 .  
Ci p  c o d e :  
F o r m a t :  

5 . 3 . 2 .  

2000 

00 1 000wwww t t s s s s  

C Z C  

c zc 

W o r k s p a c e  r e g i s t e r 
S o u r c e 

C o m p a r e z e r o e s c o r r e s p o n d i n g  

< g a s ) ,  (wa) 
T h e c o n t e n t s  o '  t h e  w o r k s p a c e r e g i s t e r (wa) a r e t e s t e d  a g a i n s t  t h e 
c o n t e n t �  o '  t h e g e n e r a l  a d d r e s s  < g a s >  . .  I f  f o r . e v e r y  . p o s i t i o n i n  < g a s > 
W h l C h  I S  a o n e  b I t ;  t h e c or r e s p o n d I n g  b I t I n  < w a .:>  I S  a z e r o ,  t h e e q u a l 
s t a t u s  b i t  i s  s e t .  O t h e r w i s e  ( o n e  o r  m o r e b i t s w h i c h  a r e o n e s i n  < g a s >  
c o r r e s p o n d  t o  z e r o  b i t s  i n <wa » , t h e e q u a l s t a t u s  b i t  i s  c l e a r e d .  T h i s  
i n s t r u c t i o n c a n  b e  u s e d  s i m i l a r l y t o  C OC t o  t e s t  w h e t h e r a s i n g l e  b i t  i s  
o f f ,  a n d  i s  p a r t i c u l a r l y  u s e f u l  t o  t e s t  w h e t h e r a f i e l d  o f b i t s  a r e  a l l 
z e r a .  . 

S t a t u s  b i t s  a f f e c t e d : Equa l .  

O p  c o d e :  

F o r ma t :  

5 . 3 . 3 .  

2400 

00 1 0 0 1 wwww t t s s s s  

X OR - E x c l u s i v e or 

x on 

W o r k s p a c e  r e g i s t e r - ' 
S o u r c e  

T h e c o n t e n t s  o �  t h e g e n e r a l a d d r e s s  o p e r a n d  < g a s ) a n d  t h e w o r k s p a c e  
r e g i s t e r  <wa> a r e  b l t - b u - b i t  e x c l u s i v e o r e d , a n d  t h e r e s u l t  i s  s t o r e d  i n  
t h e w o r k s p a c e  r e g i s t e r  < wi > .  T h e r e s u l t  i s  c o m p a r e d  a g a i n s t  z e r o  a n d  t h e 
s t a t u s b i t s a r e  s e t a c c o r d i n g l y .  

S t a t u s  b i t s a f f e c t e d : Lo g i c a l  g r e a t e r � h a n ,  a r i t h m e t i c  g r e a t e r t h a n ,  
e q u a l .  

O p  c o d e :  2800 
F o r ma t : 00 1 0 1 0www w t t � s s s  

W o r k s p a c e r e g i s t e r d e s t i n a t i o n 
S o u r c e . .  
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5 . 3 . 4 .  MP Y M u l t i p l y 

MPY < g a s > . <wa> 

T h e c o n t e n t s o �  t h e g e n e r a l a d d r e s s  o p e r a n d < g a s >  a n d  t h e  w o r k s p a c e 
r e g i s t e r  <wa> a r e  m u l t i p l i e d a s  t w o  u n s i g n e d  1 6  b i t  q u a n t i � i e s .  T h e 32 
b i t  p r o d u c t  i s  s t o r e d  w i t h  t h e h i g h - o r d e � 1 6  b i t s  i n  t h e  w o r k s p a c e  
� e g j s � e r < w a >  a n d  t h e  l o w o r d e ! 1 6  b i t s i n  t h e n e x t  h i g h e r r e g i s t e r ( i f  
�wa > 1 S  R 1 5 . t h e l o w o r d e r w o r d w 1 1 1  b e  s t o r e d i n  t h e  n e x t  w o r d 1 n  m e m o r y 
f o l l o w i n g  t h e c u r r e n t w o r k s p a c e  r e g i s t e r s e t ) .  N o t e  t h a t t h i s  i n s t r u c t i o n 
p e r f o r m s UNS I GNED m u l t i p l i c a t i o n .  a n d  h e n c e  i f  u s e d w i t h  t w o ' s  c o m p l e m e n t  
n u m b e r s  w i l l  p r o d u c e i n c o r r e c t r e s u l t s .  I f  u s e d  w i t h  s i g n e d  q u a n t i t i e s . 
u s e r c o d e  m u s t  h a n d l e  t h e s i g n . T h i s i n s t r u c t i o n c h a n g e s  n o s t a t u s  b i t s .  

S t a t u s  b i t s a f f e c t e d : n o n e . 
O p  c o el e :  
F o r m a t :  

5 . 3 . 5 .  

3800 

00 1 1 1 0WlUWw t t s s s s  

D ! V  - D i v i d e  

D I V  

W o r k s p a c e  r e g i s t e r d e s t i n a t i o n 
S o u r c e  

T h e 3 2  b i t q u a n t i t y  w i t h  t h e  h i g h  o r d e r  1 6  b i t s i n  w o r k s p a c e r e g i s t e r < w a >  
a n d t h e  l o w o r d e r 1 6  b i t s i n  t h e n e x t  c o n s e c u t i v e m e m o r y l o c a t i o n i s  
d i v i d e d b y  t h e 1 6  b i t  c o n t e n t s o f  t h e g e n e r a l  a d d r e s s  o p e r a n d  < g a s > .  T h e 
d i v i s i o n 1 S  d o n e  t r e a t i n g b o t h  o p e r a n d s  a s  u n s i g n e d  n um b e r s .  T h e q u o t i en t  
f r o m t h e d i v i s i o n i s  s t o r e d  i n  w o r k s p a c e  r e g i s t e r <wa > .  a n d t h e r e ma i n d e r 
i s  s t o r e d  i n  t h e  n e x t  c o n s e c u t i v e m e m o r y  l o c a t i o n < w h i c h w i l l  b e  t h e  n e x t  
h i g h e r  r e g i s t e r u n l e s s  <w a >  i s  R 1 5 ) . I f  t h e q u o t i e n t f r o m t h e  d i v i s i o n  
w o u l d  e x c e e d  6 5 5 3 5  ( OF F F F  h e x a d e c i m a l ) .  t h e o p e r a t i o n w i l l  b e  a b o r t e d a n d  
t h e o v e r f l o w s t a t u s  b i t  w i l l  b e  s e t .  

S t a t u s  b i t s a f f e c t e d : Ov e r  f l o w .  

O p  c o d e :  

F o r m a t :  

3C OO 
00 1 1 1 1 wwww t t s s s s  

W o r k s p a c e r e g i s t e r d e s t i n a t i o n 
S o u r c e 

5 . 4 .  S h i f t i n s t r u c t i o n s  

T h e s h i f t i n s t,r u c t i o n s  s h i f t t h e  c o n t e n t s o f  a w o r k s p a c e r e g i s t e r  i n .,ii) 
v a r i o u s  ma n n e r s . T h e n u m b e r  o f  b i t s  t o  s h i f t i s  d e t e r m i n e d  i n  t h e  
f o l l o w i n g ma n n e r : e a c h s h i f t  i n s t r u c t i o n c o n t a i n s  a f o u r b i t  " s h i f t  
c o u n t " f l e l d .  I f  t h a t f i e l d  i s  n o n z e r o .  t h e  s h i f t i n s t r u c t i o n s h i f t s  t h a t  
n u m b e r  o f b i t s . I f  t h e  s h i f t c o u n t f i e l d  i s  z e r o .  t h e l o w - o r d e r  4 b i t s o r 
w o r k s p a c e r e g i s t e r 0 ( R O )  a r e u s e d  f o r  s h i f t  c o u n t . I f  t h e  l o w- o r d e r 4 
b i t � o r  R O  a r �  z e r o .  t h e s h i f t w i l l  b e  1 6  b i t s ,  o t h e r w i s e  t h e  s h i f t w i l l  
b e  t h e n u m b e r r e p r e s e n t e d b y  t h e  l o w 4 b i t s o f  R O .  

5 .  4 .  1. SLA - S h i ft l e f t  a r i t h m e t i c  

< w a :> . < c o u n t >  

T h e c o n t e n t s  o f  t h e  w o r k s p a c e  r e g i s t e r <wa > a r e s h i f t e d  l e f t  b y  t h e 
s p e c i f i e d  n um b e r  o f  b i t s .  a n d  t h e r e s u l t  i s  s t o r e d  b a c k i n  <wa > .  Va c a t e d 
b i t  p o s i t i o n s  o n  t h e r i g h t  a r e f i l l e d w i t h z e r o e s .  I f  t h e s i g n  b i t  o f  t h e  
o p e r a n d  c h a n g e s  d u r i n g t h e  o p e r a t i o n . t h e o v e r f l o w  s t a t u s  b i t w i l l  b e s e t .  
T h e v a l u e o f  t h e  l a s t  b i t  s h i f t e d o u t  w i l l  b e  p l a c e d i n  t h e  c a r r y  s t a t u s 
b i t  T h e r e s u l t i s  c o m p a r e d  t n  z e r o  a n d  t h e s t a t u s  b i t s a r �  s e t 
a c c o r d i n g l y . 

S t a t u s  b i t s a f f e c t e d : L o g i c a l  g r e a t e r t h a n .  a r i t h m e t i c  g r e a t e r  t h a n .  

22 
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e q u a l ,  c a 'r',r y , o v e r f l o w .  

O p  c o el e :  

F o r ma t :  

5 . 4 . 2 .  

OAOO 

0000 1 0 1 0 c c c c wwww 
S h i f t c o u n t 
W o r k u p a c e  r & g i s t e r 

SR A - S h i f t r i g h t  a r i t h m e t i c  

SR A < w a :�" < c  0 u n  t :>  

T h e c o n t e n t s  o f  t h e w o r k s p a c e r e g i s t e r  <wa / a r e  s h i f t e d  r i g h t t h e 
s p e c i f i e d n u m b e r  o f  b i t s .  a n d t h e  r e s u l t  i s  s t o r e d  b a c k i n  <w a > .  V a c a t e d  
b i t s o n  t h e l e f t  a r e  f i l l e d w i t h  t h e  o r i g i n a l  s i g n b i t  o f  t h e  o p e r a n d .  
T h e v a l u e o f  t h e l a s t  b i t  s h i f t e d  o u t  l S  p l a c e d  i n  t h e c a r r y  s t a t u s  b i t . 
T h e r e s u l t  i s  c o m p a r e d  t o  z e r o  a n d  t h e  s t a t u s  b i t s  a r e s e t  a c c o r d i n g l y .  

S ta t u s  b i t s  a f f e c t e d : L o g i c a l  g r e a t e r  t h a n .  a r i t h m e t i c  g r e a t e r t h a n ,  
e q, u a l .  c a r r y .  

Op c o l l e :  
1)11:; F O T' m a t :  I��' 

0 8 0 0  

O O O O l OO O c c c c wwww 
S h i f t c o u n t  
W o r k s p a c e r e g i s t e r 
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n 
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5 . 4 :  3 .  SR C - S h i f t r i g h t  c i r c u l a r  

SRC ( w a )' ,  < c o u n t )· 

T h e c o n t e n t s  o f  t h e  w o r k s p a c e  r e g i s t e r  <wa > a r e  s h i f t e d  r i g h t  c i r c u l a r l y  
t h e s p e c i f i e d n u m b e r  o f  b i t s a n d  t � e r e s u l t  i s  s t o r e d  b a c k i n  <wa > .  I n  a 
c i r c u l a r · s h i f t . b i t s s h i f t e d o u t  o f  t h e  l e a s t  s i g n i f i c a n t  b i t  s h i f t b a c k 
i n t o  t h e  m o s t  s i g n i f i c a n t  b i t .  Th e v a l u e  o f  t h e l a s t  b i t  s h i f t e d  f r o m  t h e 
l e a s t  s i g n i f i c a n t  p o s i t i o n t o  t h e m o s t  s i g n i f i c a n t  p o s i t i o n w i l l  b e  p l a c e d  
i n  t h e  c a r r y  s t a t u s  b i t . T h e r e s u l t  i s  c o m p a r e d  w i t h z e r o  a n d  t h e s t a t u s 
b i t s a r e s e t  a c c o r d i n g l y . N o t e  t h a t  a l t h o u g h t h e r e  i s  n o l e f t  c i r c u l a r 
s h i f t ,  a r i g h t  c i r c u l a r s h l f t o f  1 6- X  b i t s  i s  e q u i va l e n t  t o  a l e f t  
c i r c u l a r S h l f t o f  X b i t s .  

S t a t u s  b i t s a f f e c t e d : 
e q u a l ,  c a r r y .  

L o g i c a l  g r e a t e r  t h a n .  a r i t h m e t i c  g r e a t e r  t h a n .  

O p  c o d e :  

F o r m a t :  

5 . 4 , 4 .  

O D O O  

0 0 00 1 0 1 1 c c c c wwww 

SRl. 

S R L  

S h i f t c o u n t 
W o r k s p a c e  r e g i s t e r ' " 

- S h i f t r i g h t l o g i c a l  

< wa :> ,  ( c o u n t :�· 
T h e c o n t e n t s  o f  t h e  w o r k s p a c e  r e g i s t e r < w a >  a r e  s h i f t e d  r i g h t  t h e 
s p e c i f i e d n u m b e r  o f  b i t s a n d t h e  r e s u l t  i s  s t o r e d  b a c k i n  < w a / .  V a c a t e d  
b i t s o n  t h e  l e f t  a r e  f i l l e d w i t h z e r o e s .  T h e v a l u e  o f  t h e l a s t  b i t 
s h i f t e d  o u t  i s  p l a c e d  i n  t h e  c a r r y  s t a t u s  b i t . T h e r e s u l t  i �  c o m p a r e d  
w i t h  z e r o  a n d  t h e s t a t u s  b i t s  a r e s e t  a c c o r d i n g l y .  

S t a t u s  b i t s  a P f e c t e d : 
e q u a L c a r r y .  

L o g i c a l  

O p  c o d e :  

F o r ma t :  
0 9 0 0  

0 0 0 0 1 00 1 c c c c wwww 

g r e a t e r t h a n ,  a r i t h m e t i c  

S h i ¥ t c o u n t 
W o r k s p a � e r e g i s t e r 

23 

g r e a t e r t h a n ,  

\ l  __ _____ ��_�_� ____ , _ _  � ______ _____ , 



n 
n 
I] 

u 

,I] 
U 

lJ 
i] 

\J 

Ma r i n c h i p  9900 A s s e m b l e r U s e r  G u i d e  

5. 5 .  I mm e d i a t e  o p e r a n d  i n s t r u c t i o n s  

T h e i mm e d i a t e  i n s t r u c t i o n s  a r e  d i s t i n g u i s h e d b y  t h e  ' a c t t h a t  t h e �  t a k e  a n  
o p e r a n d  t h a t  f o l l o w s  t h e  i n s t r U t t l o n i n  m e m o r y .  T h e I m m e d i a t e  
i n s t r u c t i o n s  a r e  p r i ma r i l y  u s e d  w h e n  o n e  0 '  t h e o p e r a n d s  i s  a c o n s t a n t  
k n o w n a t  a s s e m b l y  t i m e .  T h e i mm e d i a t e  i n s t r u c t i o n s  a r e  ' u r t h e r d i v i d e d 
i n t o  t h e " W o r k s p a c e r e g i s t e r i mm e d i a t e  i n s t r u c t i o n s " ,  w h e r e t h e  s e c on d  
o p e r a n d  i s  a w o r k s p a c e r e g i s t e r ,  a n d  t h e  " I n t e r n a l r e g i s t e r  i mm e d i a t e  
i n s t r u c t i o n s " ,  w h e r e  t h e s e c o n d  o p e r a n d i s  a n  i n t e r n a l C P U  r e g i s t e r .  

5 .  5 .  1 .  W o r k s p a c e r e g i s t e r  i m m e d i a t e  i n s t r u c t i o n s  

5 .  J .  1 .  1 .  A I  - A d d i mm e d i a t e  

A I  ( wa :> , <: i o p >  

T h e I m m e d i a t e  o p e r a n d w o r d  f o l l o w i n g  th e i n s t r u c t i o n i s  a d d e d t o  t h e 
c o n t e n t s  o f  t h e  s p e c i f i e d w o r k s p a c e r e g i s t e r .  T h e s t a t u s  b i t s a r e s e t  a s  
f o r  t h e  a d d  ( A )  i n s t r u c t i o n d e s c r i b e d a 6 0 v e .  

S t a t u s  b i t s  a f f e c t e d : L o g i c a l  g r e a t e r t h a n ,  
e q u a L c a l'r y , o v e r f l o '&I .  

a r i t h m e t i c  g r e a t e r t h a n ,  

O p  c o d e :  

F o r m a t :  

5 .  5. 1 .  2 .  

0240 

000000 1 000 1 01.111.111.111.11 
i i i i i i i i i i i i i i i i  

wwww = w o r k s p a c e r e g i s t e r 
I mm e d i a t e  o p e r a n d  

AND I - An d i mm e d i a t e  

AND I ( wa :> ,  < i  o p :> 

T h e i mm e d i a t e  o p e r a n d  w o r d  i s  l o g i c a l l y  A ND e d  w i t h t h e  c o n t e n t s  o f  t h e  
s p e c i f i e d w o r k s p a c e  r e g i s t e r ,  a n d t h e  r e s u l t  i s  s t o r e d  i n  t h e  w o r k s p a c e  
r e g i s t e r .  T h e r e s u l t  i s  c o m p a r e d  w i t h  z e r o  a n d  t h e  s t a t u s  b i t s a r e s e t  
a c c o r d i n g l y .  

S t a t u s  b i t s  a f f e c t e d : . L o g i c a l  g r e a t e r t h a n ,  a r i t h m e t i c  g r e a t e r t h a n ,  
e q u a l .  
O p  c o d e :  
F o r ma t :  

5 .  5 .  1 .  3 .  

0240 

000000 1 00 1 00wwww 
i i i i iiii i iiiiii i 

w www = w o r k s p a c e r e g i s t e r 
I mm e d i a t e  o p e r a n d 

C I  - C o m p a r e  i mm e d i a t e  

C I  ·( w a :�· , '( i o p )' 
T h e o p e l' a n d i n  t h e  w o r k s p a c e r � g i s t e r i s  c o m p a r e d  w i t h  t h e  i mm e d i a t e  
o p e r a n d  r o l l o w i n g  t h e  i n s t r u c t i o n a n d  t h e  s t a t u s  b i t s  a r e  s e t  t o  r e f l e c t  
t h e  c o m p a r i s o n . T h e a r i t h m e t i c  g r e a t e r  t h a n b i t  i s  s e t  i f  t h e  r e g i s t e r 
o p e r a n d  i s  q r e a t e r t h a n t h e i mm e d i a t e  o p e r a n d  w h e n  b o t h  a r e  c o n s i d e r e d  a s  
1 6  b i t tw 6 ' s  c o m p l e m e n t s i g n e d  n u m b e r s .  T h e l o g i c a l  g r e a t e r t h a n  b i t  i s  
s e t  i f  t h e  r e g i s t e r o p e r a n d 1 S  g r e a t e r t h a n t h e i mm e d 1 a t e  o p e r a n d w h e n  
b o t h  a r e c o n s i � e r e d  a s 1 6  b i t u n s i g n e d  n u m b e r s .  T h e e q u a l b i t i s  s e t  i f  
t h e  t w o  o p e r a n d s  ar e e q u a l .  

S t a t u s  b i t s a f f e c t e d : L o g i c a l  g r e a t e r t h a n ,  a r i t h m e t i c  g r e a t e r  t h a n .  
e q u a  1 .  
O p  c o d e :  

F O l' fIl a t : 

o�mo 
000000 1 0 1 000wwww 
i i i  i i i i i i i i i i i i  i 

wwww = w o � k s p a c e r e g i s t e r  
I mffi e d i a t e  o p e r a n d 
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5 .  5 .  1 .  4 .  L I  - L o a d  i mm e d i a t e  

L I  (wa > . ( i o p >  '1IC, - � T h e i mm e d i a t e  o p e r a n d  i s  l o a d e d  i n t o  t h e  d e s i g n a t e d  w o r k s p a c e r e g i s t e r . 
T h e va l u e l o a d e d  i s  c o m p a r e d  a g a i n s t  z e r o  a n d  t h e s t a t u s  b i t s  a r e s e t 
a c c o r d i n y l y .  

,1l 

l1 

U 
[1 

'� 
U 

s t a t u s  b i t s  a f f e c t e d : 
e q u a  1 .  

. 

O p  c o d  e :  0200 

L o g i c a l  

F o r m a t : 000000 1 OOOOOwwww 
i i i i i i i i i i i i i i i i  

g r e a t e r t h a n .  a r i t h m e t i c  

wwww = w o r k s p a c e  r e g i s t e r 
I mm e d i a t e  o p e r a n d 

5 .  5 .  1 .  5 .  DR ! - Or i mm e d i a t e  

OR I (w a :> , <: i o p > 

g r e a t e r t h a n ,  

T h e c o n t e n t s  o f t h e  w o r k s p a c e r e g i s t e r a r e l o g i c a l l y  OR e d  w i t h  t h e 
i m m e d i a t e o p e r a n d a n d  t h e  r e s u l t i s  s t o r e d  b a c k i n  t h e w o r k s p a c e  r e g i s t e r .  
T h e r e s u l t  i s  c o m p a r e d  a g a i n s t  z e r o  a n d  t h e s t a t u s  b i t s a r e s e t  
a c c o r d i n g l y . 
S t a t u s  b i t s a f f e c t e d : 
e q u a l .  

L o g i c a l g r e a t e r  t h a n ,  a r i t h m e t i c  g r e a t e r t h a n ,  

o p c o d  e : 0260 

F o r ma t :  000000 1 00 1 1 0wwww 
i i i i i i i i i i i i i i i i  

wwww = w o r k s p a c e r e g i s t e r  
I mm e d i a t e  o p e r a n d 

5 . 5 . 2 .  I n t e r n a l r e g i s t e r i mm e d i a t e  i n s t r u c t i o n s  

5 .  5 .  2 .  1 .  L I M I  - L o a d  i n t e r r u p t ma s k  i mm e d i a t e  

L I M I  ( i o p >  

T h e l e a s t s i g n i f i c a n t 4 b i t s o f  t h e  i m m e d i a t e  o p e r a n d  a r e p l a c e d  i n  t h e 
i n t e r r u p t m a s k  p o r t i o n o f  t h e s t a t u s  r e g i s t e r .  T h i s  c a u s e s  t h e  C P U  t o  
i m m e d i a t e l y  s t a r t  t o  ma s k  i n t e r r u p t s  a c c o r d l n g  t o  t h e  n e w ma s k  va l u e .  
Th i s  i n s t r u c t i o n i s  m o s t  o f t e n u s e d  a s  t h e f i r s t  i n s t r u c t i o n o f  a s y s t e m 
s u b r o u t i n e c a l l e d  w i t h  B LWP a n d  w h i c h  i s  c a l l e d f r o m  v a r i o u s  i n t e r r u p t 
l e v e l s . I f  t h e f i r s t  i n s t r u c t i o n o f  t h e r o u t i n e .  p e r f o r m s  a L I M l  t o  l o c k 
o u t  t h e  l e v e l o f  t h e h i g h e s t i n t e r r u p t w h i c h  ma y c a l l t h e r o u t i n e .  t h e  
s u b r o u t i n e  i s  g u a r a n t e e d  t h a t  i t  c a n r u n  t o  c o m p l e t i o n w i t h o u t  b e i n g  
i n t e r r u p t e d  ( t h i s b e c a u s e  t h e B L WP i n s t r u c t i o n d e l a y s i n t e r r u p t  s e r v i c e  
f o r  o n e  i n s t r u c t i o n t i m e t o  Q i v e  t h e  L I M I  a c h a n c e t o  b e  e x e c u t e d > '  W h e n  
t h e s u b r o u t i n e r e t u r n s  v i a  a R T W P  i n s t r u c t i o n . t h e  RTWP w i l l  r e l o a d  t h e  
s t a t u s  r e g i s t e r w i t h  t h e i n t e r r u p t ma s k  a t  t h e t i m e t h e s u b r o u t i n e  w a s 
c a l l e d a n d  t h e e n v i r o n m e n t  w i l l  b e  r e s t o r e d .  

s t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

F o r m a t :  
0300 

0 0 0 0 0 0 1 1 00 000000 
OOOO OOOOOOOO i i i i ' i i i i  = n e w i n t e r r u p t ma s k  

5 .  5 . 2 . 2 .  LWP I - L o a d  w o r k s p a c e  p o i n t e r i mm e d i a t e  

LWP I ( i  o p :>  
T h e i mm e d i a t e  o p e r a n d i s  l o a d e d  i n t o  t h e  w o r k s p a c e  p o i n t e r r e g i s t e r i n  t h e  
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cpu.  R e f e r e n c e s  t o  w o r k s p a c e r e g i s t e r s m a d e  a f t e r t h e e x e c u t i o n o f  t h e . J  
L W P I i n s t r u c t i o n w i l l  r e f e r  t o  t h e 1 6  w o r d  ( 32 b y t e ) a r e a  O r  m e m o r y 
s t a r t i n g  a t  t h e a d d r e s s s p e c i f i e d b y  t h e  i mm e d i a t e  o p e r a n d .  

s t a t u s b i t s  a f f e c t e d : n o n e .  

O p  c o d e :  

F o 'r m a  t :  
02E O 
0 0 0 0 00 1 0 1 1 1 00000 
i i i i i i i 1 i i i i i i 1 i  

5 . 6 .  J u m p  i n s t r u c t i o n s  

N e w  w o r k s p a c e a d d r e s s  

T h e J u m p  i n s t r u c t i o n s  a r e c o n d i t i o n a l a n d u n c o n d i t i o n a l i n s t r u c t i o n s  t h a t  
a l l o w t r a n s f e r w i t h i n  t h e r a n g e  F r o m  -128 t o  +1 27 w o r d s F r o m t h e 
i n s t r u c t i o n f o l l o w i n g  t h e  J u m p  I n s t r u c t i o n i t s e l f .  Ea c h  J u m p  i n s t r u c t i o n 
c o n t a i n s  a n  8 b i t  d i s p l a c e m e n t F i e l d .  I f  t h e J u m p  i s  t a k e n ,  t h e 
d i s p l a c e m e n t  f i e l d i s  e x t r a c t e d .  s i g n e x t e n d e d  t o  1 6  b i t s .  s h i f t e d  l e f t  
o n e b i t .  a n d a d d e d t o  t h �  c o n t e n t s  o f  t h e  p r o g r a m  c o u n t e r  w h i c h  w i l l  p o i n t  
t o  t h e w o r d f o l l o � i n g  t h e  J u m p  i n s t r u c t i o n .  t h e r e s u l t  o f  t h i s  i s  t h a t  i f  
t h e d i s p l a c e m e n t  f i e l d  i s  O .  n o  t r a n s f e r  o c c u r s ,  i f  - 1 , t h e  J u m p  
i n s t r u c t i o n i t s e l f  i s  t h e  d e s t i n a t i o n .  a n d  o t h e r w i s e  t h e d i s p l a c e m e n t i s  
t h e s i g n e d  n u m b e r  o f  w o r d s  t o  J u m p . 

T h e a s s e m b l e r a u t o m a t i'c a l l y  c o m p u t e s  t h e d i s p l a c e m e n t  f i e l d f o r  J u m p :" } 
i n s t r u c t i o n s ,  s o  t h e p r o g r a mm e r  n e e d  n o t  b e  c o n c e r n e d  w i t h t h e d e t a i l s  
e x p l a i n e d  a b o v e .  W h e n  a J u m p  i n s t r u c t i o n i s  c o d e d ,  i t s o p e r a n d  i s  a n  
e �p r e s s i o n ( n o r m a l l y  J u s t  a p r o g r a m  l a b e l ) f o r  t h e  d e s t i n a t i o n o f  t h e 
J u m p . T h e a s s e m b l e r w i l l  i n s e r t  t h e  c o r r e c t d i s p l a c e m e n t  i n  t h e J u m p  
I n s t r u c t i o n ,  a n d g i v e  a t r u n c a t i o n e r r o r  f l a g  i f  t h e d i s p l a c e m e n t i s  t o o  
l a r g e t o  f i t  i n  t h e "  i n s t l' u c t i o n .  F o r e x a m p l e , i n  t h e s e q u e n c e o f  c o d e :  

TAG 1 

JMP 
NOV 
BL 

TAG I 
R O . R 5  
SUB R 

T h e a s s e m b l e r w o u l d  i n s e r t  a d i s p l a c e m e n t  o f  1 i n  t h e  JMP i n s t r u c t i o n� 

5 , 6 ,  1 .  JMP - J u m p  u n c o n d i t i o n a l 

Ji"IP ( d e s t i n a t i o n :>  

T h e d e s t i n a t i o n a d d r e s s .  i n d i c a t e d  b y  t h e d ' i s p l a c e m e n t  i n  t h e i n s t r u c t i o n ,  
w i l l  b e  t h e n e x t  i n s t r u c t i o n e x e c u t e d .  

S t a t u s  b i t s a f f e c t e d : n o n e ,  

O p  c o d e :  

F o r m a t :  

5 . 6 . 2 .  

1 000 

000 1 0000 d d d d d d d d  

JEG - J u m p  e q u a l 

D i s p l a c e m e n t  

JE G < d e s t i n a t i o n >  

T h e d e s t i n a t i o n a d d r e s s  i s  J u m p e d  t o  i f  t h e  e q u a l s t a t u s  b i t  i s  

s t a t u s  b i t s a f f e c t e d : n o n e ,  

Op c o d e :  

F o r m a t :  

1 8u0 
0 00 1 00 1 1 d d d d d d d d  

D i s p l a c e m e n t  
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5 . 6 . 3 .  JNE J u m p  n o t  e q u a l 

JNE <: d e s t i n a t i o n :> 

T h e d e s t i n a t i o n  a d d r e s s  i s  J u m p e d  t o  i �  t h e  e q u a l s t a t u s  b i t  i s  c l e a r .  

S t a t u s  b i t s a f P e c t e d : n o n e .  

O p  c o d e :  

F o r ma t :  

5 . 6 . 4 . 

1 600 

000 1 0 1 1 0 d d d d d d d d  
D i s p l a c e m e n t  

JGT - J u m p  g r e a t e r t h a n 

JGT < d e s t i n a t i o n >  

f h e d e s t i n a t i o n i s  J u m p e d  t o  i f  t h e a r i t h m e t i c  g r e a t e r  t h a n b i t  i s  s e t .  

S t a t u s  b i t s  a F F e c t e d : n o n e .  

O p  c o d e :  

F o r m a t :  
1 50 0  

000 1 0 1 0 1 d d d d d d d d  
D i s p l a c e m e n t  

111- ,,'1 I 5 . 6 . 5 . 
JLT - J u m p  l e s s  t h a n  

i] 

) ]  
n 

[ \ 

u 
� 
'I] 

JLT < d e s t i n a t i o n :>  

T h e d e s t i n a t i o n i s  J u m p e d  t o  i f  b o t h  t h e  a r i t h m e t i c  g r e a t e r  t h a n 
t h e e q u a l b i t s a r e c l e a r  i n  t h e s t a t u s  r e g i s t e r .  

s t a t u s b i t s  a f f- e c t e d : n o n e .  

O p  c o d e :  

F o r ma t :  

5 . 6 . 6 .  JH 

1 1 0 0 

000 1 000 1 d d d d d d d d  

- J u m p  h i g h  

D i s p l a c e m e n t  

JH < d e s t i n a t i o n :>  

T h e d e s t i n a t i o n a d d r e s s  i s  J u m p e d  t o  i f  t h e  l o g i c a l  g r e a t e r 
s e t a n d  e q u a l b i t i s  c l e a r .  

S t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

F o r m a t :  

5 . 6 .  7 .  

I B OO 

000 1 1 0 1 1 d d d d d d d d  
D i s p l a c e m e n t  

- J u m p  h i g h  o r  e q u a l 

�JHE < d e s t i n a t i o n >  

t h a n 

b i t  a n d  

b i t i s  

T h e d e s t i n a t i o n a d d r e s s  i s  J u m p e d  t o  i f  e i t h e r t h e l o g i c a l  g r e a t e r t h a n  o r  
t h e e q u a l s t a t u s  b i t a r e s e t  i n  t h e s t a t u s  r e g i s t e r .  

S t a t u s  b i t s  a f f e c t e d : n o n e .  

O p  c o d e :  
F o r m a t :  

1 4 00 

000 1 0 1 0 0 d d d d d d d d  
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D i s p l a c e m e n t  

5 , 6 , 8 .  JL - J u mp l o w 

JL < d e s t i n a t i o n :>  

T h e d e s t i n a t i o n a d d r e s s  i s  J u m p e d  t o  i f  b o t h  t h e l o g i c a l  g r e a t e '" t h a n  
t h e e q u a l s t a t u s  b i t s  a r e  c l e a r .  

S t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

F o r m a  t :  

5 . 6 . 9 .  

l AOO 
000 1 1 0 l 0 d d d d d d d d  

D i s p l a c e m e n t  

J L E  - J u m p  l o w o r  e q u a l 

�JL E  < d e s t i n a t i o n >  

T h e d e '3 t i n a t i o n a d d r e s s  i s  J u m p ,e d t o  i f  e. i t h e r t h e  l o g i c a l g r e a t e r  
b i t  i s  c l e a r ,  or t h e e q u a l b i t  i s  s e t ·  i n  t h e s t a t u s  r e g i s t e r .  

S t a t u s  b i t s a f f e c t e d : n o n e .  
O p . c o d e :  
F o r m a t : 

5 . 6 .  1 0 . 

1 200 

O O O l OO l O d d d d d d d d  
D i s p l a c e m e n t  

JUC - J u m p  on c a r r y  

JOC < d e s t i n a t i on:> 

a n d  

t h a n 

T h e d e s t i n a t i o n a d d r e s s  i s  J u m p e d  t o  i f  t h e  c a r r y  b i t i s  s e t  i n  t h e s t a t u s  
r e g i s t e r .  

S t a t u s  b i t s a f f e c t e d : n o n e .  :] O p  c o d e :  1 80 0  

0 00 l 1 00 0 d d d d d d d d  

i ]  

'IJ 
IJ 

[1 
IJ 
J 
;'iJ . 

. , ' J  

F o r ma t :  
D i s p l a c e m e n t  

5 .  6 ,  1 1 .  JNC - J u m p n o  c a r r y 

JNC < d e s t i n a t i o n >  

T h e d e s t i n a t i o n a d d r e s s  i s  J u m p e d  t o  i f  t h e 
s t a t u s  r e g i s t e r .  

S t a t u e;  b i t s a f f- e c t e d : n o n e . 

O p  c o d e :  1 7 00 

F o r m a t :  0 00 1 0 1 1 1 d d d d d d d d 
- - - _ . _ - - - D i s p l a c e m e n t  

5 . 6 .  1 2 . JNO - J u m p  n o  o v e r F l o w 

JNU < d e s t i n a t i o n )  

T h e d e s t i n a t i o n a d d r e s s  i s  J u m p e d t o  i f  t h e  
s t a t u s  r e g i s t e r .  

28 
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(' 5 t a t u s b i t s a il f e e  t e d : n o n e . �l J p  c o d e :  1 900 

F o r ma t :  000 1 1 00 1 d d d d d d d d  

�_l 5 .  O .  1 3 . 

D i s p l a c e m e n t 

JOP - J u m p  o d d  p a r i t y 

;j JOP < d e s t i n a t i o n :> 

T h e d e s t i n a t i o n i s  J u m p e d  t o  i f  t h e  p a r i t y b i t  i n  t h .  s t a t u s r e g i s t e r  i s  1�1 -.J s e t . < T h e  p a r i t y b i t  i s  s e t  b y  t h e b y t e i n s t r u c t i o n s  i f t h e  n u m b e r  o f  
b i t s i n  t h e r e s u l t b y t e i s  o d d .  ) 

S t a t u s  b i t s  a f f e c t e d : n o n e .  ,:l O p  c a d  e :  
F o r m a t :  

1 <': 00 
0 0 0 l l 1 0 0 d d d d d d d d  

D i s p l a c e m e n t 

r " l tt 5 . 7 .  I n t e r n a l r e g i s t e r  s t o r e i n s t r u c t i o n s  

r-] T h e i n t e r n a l r e g i s t e r s t o r e  i n s t r u c t i o n s  s t o r e  t h e c o n t e n t s  o f  i n t e r n a l . C P U  r e g i s t e r s  i n t o r e g i s t e r s  i n  t h e w o r k s p a c e .  N o n e  o f  t h e s e  i n s t r u c t i o n s 
L. a f f e c t a n y  s t a t u s b i t s .  

!J 5 .. 7 .  1 .  STST S t o r e s t a t u s 

STST <wa > 
li-- I T h e c o n t e n t s o f  t h e  C P U  s t a t u s r e g i s t e r a r e  s t o r e d  i n t o  t h e d e s i g n a t e d  � w o r k s p a c e r e g i s t e r .  

S t a t u s  b i t s a il f e c t e d : n o n e . u O p  c o d e :  
F o r m a t :  

)-] 5 . 7 . 2 . 

)] 

0 2 C O 

000000 1 0 1 1 00wwww 
W o r k s p a c e r e g i s t e r 

sn·Jp - S t o r e  w o r k s p a c e p o i n t e r 

sn·)p -:�w a )' 
T h e c o n t e n t s  o f  t h e C P U  w o r k s p a c e  p o i n t e r a r e  s t o r e d i n t o  t h e d e s i g n a t e d  
w o r k s p a c e r e g i s t e r .  T h i s  i n s t r u c t i o n s t o r e s t h e m e m o r y  a d d r e s s  a t  w h i c h  

1'.I.·.· .. j· t h e c u r r e n t w o r k s p a c e s t a r t s  i n t o o n e  o f  t h e w o r k s p a c e r e g i s t e r s .  T h i s  i s 
u s e f u l i n  c o d e  w h i c �  n e e d s t o  a c c e s s  i t s w o r k s p a c e a s  m e mo r y  b ut w h i c h  
d o e s  n o t e x p l i c i t l y  k n o w  i t s w o r k s p a c e l o c a t i o n o �  ma y b e  c a l l e d w i t h  
s e v e r a l d i f f e r e n t  w o r k s p a c e s .  

. 

[] s t a t u s  b i t s a f f e c t e d : n o n e . 
O p  c o d e :  O;�AO 

IJ F o r ma t :  000000 1 0 1 0 1 0w w w w  . 
W o r k s p a c e r e g i s t e r 

�- j 5 .  8 C o n t r o l i n s t r u c t i o n s  

T h es e  i n s t r u c t i o n s  p e r f o r m c o n t r o l  f u n c t i o n s  o n  
i n s t r u c t i o n s  a c t u a l l y h a v e  l i t t l e e f f e c t i n  t h e TMS9900 , 
b lJ a u x i l i a r y  h a r d Wa r e  i n  t h e M9900 C P U ,  s o  t h e  

29 

T h e s e  
e x e c u t e d  
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t h e C P U .  
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a c t i o n 



'�.' • I � _ _ \ 

:] 
!] 

j] 

M a r i n c h i p  9900 A s s e m b l e r U s e r  G u i d e  

i n s t r u c t i o n s  i n  o t h e r  TMS9900 s y s t e m s  c a n n o t  b e  g u a r a n t e e d . 

5. 8 .  1 .  I DLE - I d l e  p r o c e s s o r  

I DLE 
T h e e x e c u t i o n o f  i n s t r u c t i o n s  i s  s u s p en d e d  u n t i l  t h e o c c u r r e n c e o f  a n  
i n t e r r u p t .  o r  a n  e x t e r n a l R ESET o r  L O A D  s i g n a l .  N o t e  t h a t  t h e  p r o g r a m  
c o u n t e r i s  i n c r e m e n t e d  b e f o r e  e x e c u t i o n i s  s u s p e n d e d ,  s o  t h a t  t h e  p r o g r a m  
c o u n t e r c a p t u r e d  b y  a n  i n t e r r u p t t h a t  t e r m i n a t e s  t h e  I DL E  s t a t e  w i l l  p o i n t  
t o  t h e i n s t r u c t i o n f o l l o w i n g  t h e I DLE i n s t r u c t i o n . 

S t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

r- O T' m a t :  

0 3 4 0  

0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0  

5 . 8 . 2 .  LI� E X  - L o a d  an d r e s t a r t e x e c u t i o n 

Li< E X  
T h e p r o � e s s o r p e r f o r m s  a c o n t e x t  
a b s o l u t e  m e m o r u a d d r e s s  OF FFC , 
n o n -m a s k a b l e  i n t e r r u p t ( l e v e l 0 ) . 
t h i s  w i l l  r e t u r n  c o n t r o l  t o  t h e  
m e m o r tJ .  
S t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

F o r ma t :  

5 . 8 . 3 .  

0:3EO 
000000 1 1 1 1 1 00000 

R SE T  - R e s e t  

R SET 

s w i t c h  t h r o u g h a v e c t o r l o c a t e d a t  
a n d  p r e v e n t s  a l l  i n t e r r u p t s  e x c e p t  t h e ' 
I n  a n o r ma l l y  c o n f i g u r e d  M 9 900 s y s t e m 
d e b u g m o n i t o r  o r  d i s c b o o t  P R OM i n  h i g h  

T h e p r o c e s s o r  h a l t s .  s e n d s 'a s i g n a l w h i c h  r e s e t s  a l l  m e m o r y  a n d  l I D 
d e v i c e s .  l o c k s o u t  a l l i n t e r r u p t s  ( e x c e p t  l e v e l 0 ) ,  a n d  r e s u m e s e x e c u t i o n 
b y  p e r f o r m i n g  a c o n t e x t  s w i t c h t h r o u 9 h  a v e c t o r a t  m e m o r y a d d r e s s  000 0 .  
T h e a c t i o n o f  t h i s  i n s t r u c t i o n i s  I d e n t i c a l  t o  p r e s s i n g  t h e  R E SET s w i t c h  
o n t h e  c o m p u t e r  f r o n t p a n e l .  

S t a t u s  b i t s  a f f e c t e d : n o n e .  

O p  c o d e :  

F o r ma t :  

:5 8 . 4 .  

0360 

000000 1 1 0 1 1 00000 

- C l o c k  o n  

C l'(' ON 
T h i s  i n s t r u c t i o n g e n e r a t e s  a s i g n a l  o n  t h e M 9900 C P U  b o a r d 
a v a i l a b l e  F o r u s e r  a p p l i c a t i o n .  b u t c a u s e s  n o  o t h e r a c t i o n .  

S ta t u s  b i t s a F ' e c � e d : n o n e .  

w h i c h  i s  

\ J  O p  c o d e :  03AO 

00000 0 1 1 1 0 1 00000 F o r ma t :  

\] 
u 30 
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5 . 8 . 5 .  C ��OF - C l oc k off 

C K OF - l T h i s  i n s tr u c t i o n g e n e r a t e s  a s i g n a l  o n  t h e M9900 CPU b oar d w h i c h  i s  
a v a i l a b l e  r or u s e r a p p l i ca t i on .  b ut c a u s e s  n o  o t h e r  ac t i o n .  

S t a t u s  b i t s  a f f ec t e d : n o n e .  : /  O p  co d e :  

F o r ma t :  

0 3 C O  

0 0 0 0 00 1 1 1 1 000000 

1,' .( J 5 . 9 .  E x ten d e d  o p er a t i on i n s t r u c t i o n 

,"-., .-J T h e e x t e n d e d  o p e r a t i on i n s t r u c t i on s  a l l ow u s er e x t e n s i o n o f  t h e  h ar d wa r e  
i n s t r u c t i o n s e t  b �  p r o v i d i n g i n s t r u c t i on s  t h a t  i n vo k e s u b r o u t i n e s  v i a  a 
v e c t o r  i n  l o w m e m o r � .  Mar i n c h l p  s o f t w a r e u s e s  s o m e  o f  t h e  X OP c o d e s  f o r 
v a r i D u s  P u n c t i o n s  a n d p s e u d o i n s t r u c t i o n s  a r e d e fin e d  for t h o s e  s p ec i a l 
c o d e s .  R e F e r  t o  t h e s e c t i o n i n  t h i s  m a n u a l  on p s e u d o in s t r u c t io n s  for 
m o r e  I n fo r m a t i on o n  t h o s e  c o d e s .  

\ 
3 .  9 .  1 .  X 01-> - E x ten d e d  o p er a t i on 

!J X O P  ( g a s :''> .  < i n d e x >  

A c onte x t s w i t c h  wi l l  b e  p e rf o r m e d  w i t h  a v e c t o r w h o s e a d d r e s s  i s  c o m p u t e d  -1 b �  a d d i n g  0 4 0  h e x a d e c i m a l  t o  f o u r  t i m e s t h e  < i n d e x >  v a l u e c o d e d  o n  t h e 
I i n s t r u c t I o n .  T h e f i r s t wor d of t h a t v e c t o r  wi l l  b e  l o a d e d  a s  t h e L wor k s p a c e p o i n t e r . a n d t h e  s e c o n d  w

t
o r d  w i l l  � e  l o

w
a � e d

h
' i nt

h
o t h e p r

k
o g r a m  

c o u n t er ,  . p e r f o r min g a b r a n c h t o  h a t  l o c a t I o n .  I t  I n  t e n ew w or s p a c e 
ft e Q i s t e r s e t .  r e g i s t er R l 3  w i l l b e  s e t  t o  t h e  a d d r e s �  of t h e w or k s p a c e i n  
� P f e c t w h e n  t h e  X OP w a s e x ec u t e d ,  R 1 4 wi l l  b e  s e t  t o  t h e  a d d r e s s  of t h e  
n e � t  i n s t r u c t i on f o l l ow i n g  t h e  X OP .  a n d  R 1 5  w i l l b e  l o a d e d  w i t h  t h e  
c o n t en t s  o f  t h e  s t a t u s  r e g i s t er. T h e e f f ec tiv e a d d r e s s  o f  t � e o p e ra n d  
wi l l b e  e v a l u a te d  a n d  s t o r e d  I n  r e g i s t e r R l l o f  t h e  n e w w o r k s p a c e. N o t e  
t h a t  w h a t  i s  s t o r e d  i s  t h e  ADDR ESS o f  t h e o p e r a n d .  NOT t h e  o p e r a n d  v a l u e .  
T h e  p r o c e s s o r  wi l l  n o t  h o n o u r  i n t e r r u p t r e q u e s t s  un t i l  t h e  e x e c u t i o n o f  
t h e ne x t  i n s t r u c t ion f o l l ow i n g  t h e  X OP .  Th i s  p e r m i t s t h e XOP r o u t i n e  t o  
a l ter t h e in t e r r u p t  ma s k  t o  p ro t e c t  i t s  c o m m o n  d a t a .  T h e X OP i n s t ru c t i o n 

)] 
, J  
JJ 
!� J 

� 
U 
] 

s o  s e t s  t h e wor k s p ac e  s w i t c h e d t o  t h a t  t h e  i n s t r u c t i on i m p l e m e n t i n g 
ro u ti n e m a y  r e t u rn a f t e r  t h e  X OP i n s tr u c t i o n  s i mp l y b y  exe c u t i n g  a RTWP 
i n s t r u c t i on .  . 

S t a t u s  b i t s  a f f e c te d : E x t e n d e d  o p e r a t i o n .  

O p  co d e :  2 C O O  

F o r m a t :  OO l O l l i i i i t t s s s s  
I n d e x  
So u r c e  

- , .  

5 1 0 .  C o mm u n i c a t i on r e g i s ter unit ( C R U ) i n s t r u c t i o n s  

T h e C R U  i ns t r u c t i o n s  t r a n s f e r  d a t a t o  a n d  f r om t h e Comm u ni c a t i on R e g i s t e r 
U n i t , w h i c h  i s  t h e b i t -or i e n t e d  I / O f a c i l i t y of t h e  TMS99 0 0 .  T h e 
i n s t r u c t i o n s  a r e d iv i d e d i n t o . t w o  g r o u p s .  t h o s e  w h i c h  r e f e r e n c e  s i n g l e  
b i t s ,  a n d  t h o s e  w h i c h  a d d r e s s g r o u p s o f  f r o m  1 t o  1 6  b i t s .  

5 .  1 0 .  1 .  C R U  s i n g l e  b i t  i n s t r uc t i o n s 

T h e  C R U s i n g l e  b i t  i n s tr u c t i o n s  a d d r e s s  b i t s  i n  t h e  C R U  b y  a d d i n g  a s i g n e d  
d i s p l ac e m e n t i n  t h e  i n � t r uc t i o n t o  a C R U b a s e  a d d r e s s i n  w or k s p a c e 
reg i s t e r  R 1 2.  T h e C R U  a d d r e s s  s p a c e  p r ov i d e s  4096 i n d i v i d u a l l y  
a d d r e s s a b l e  b i t s .  s o on l y  t h e l o w .  o r d e r 1 2  b i t s o f  t h e s u m o f  t h e 
d i s p lac e m e n t  a n d  t h e c o n t e n t s  o f  R 1 2  w i l l  b e  u s e d a s  t h e CRU b i t a d d r e s s .  

3 1  
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T h e d i s p l a c e m e n t F i e l d  i n  t h e i n s t � u c t i o n w i l l  b e  s i g n - e x t e n d e d  b e f o � e  
a d d i n g  i t  t o  t h e c o n t e n t s o f  R 1 2 .  s o  t h e d i s p l a c e m e n t  s h o u l d  b e  
i n t e r p � e t e d a s  a t w o ' s c o m p l e m e n t i n t e g e r .  

5 .  1 0 . 1 .  1 .  S E D  - S e t b i t  t o  o n e 

S E D  ( d i s p l a c e m e n t :>  
T h e a d d r e s s e d  C R U  b i t  i s  s e t  t o  o n e . 

S t a t u s  b i t s a f F e c t e d : n o n e . 

O p  c o d e :  
F o r m a t :  

: L  1 0 . 1 . 2 .  

1 00 0  

000 1 1 1 0 1 d d d d d d d d  
D i s p l a c e m e n t  

sn I - S e t b i t  t o  z e ro 

SD Z ( d i s p l a c e m e n t >  

T h e a d d r e s s e d  C R U  b i t  i s  s e t  t o  z e r o .  

S t a t u s  b i t s a f f e c t e d : n o n e .  

O p  c o d e :  

F o r m a t : 

l EOO 
000 1 1 1 1 0 d d d d d d d d  

D i s p l a c e m e n t 

lJ 5 .  1 0 . 1 .  3 .  T E  - T e s t  b i t  

il-J" 
i] 
: \  

TI3 ( d i s p l a c e m e n t >  

T h e a d d r e s s e d  C R U  b i t  i s  r e a d  i n  a n d  t h e e q u a l s t a t u s  b i t  i s  s e t  t o  t h e 
v a l u e o f  t h e b i t .  I n  o t h e r w o r d s .  i f  t h e C .� U  b i t  w a s a o n e .  a JEG 
i n s t r u c t i o n w i l l  J u m p f o l l o w i n g t h e T I3 ; i f  t h e  b i t  w a s a z e r o .  a JNE 
i n s t r u c t i o n w i l l  J u m p . 

S t� t u s  b i t s a f f e c t e d : E q u a  1 .  
O p  c o d e :  
F o r m a t :  

5 .  1 0 . 2 . 

I FOO 

000 1 1 1 1 1 d d d d d d d d  
D i s p l a c e m e n t  

C R U  m u l t i p l e  b i t  i n s t r u c t i o n s  

T h e C R U  m u l t i p l e b i t i n s t r u c t i o n s . L D C R  a n d  S T C R . a l l o w g r o u p s o f  f r o m 1 
t o  16  b i t s t o  b e  t r a n s F e r r e d  t o  a n d F r o m t h e C R U .  T h e s e  i n s t r u c t i o n s  
c o n t a i n  a " c o u n t "  f i e l d  Id h i c h  s p e c i F i e s t h e  n u m b e r  o f  b i t s t o  b e  
t r a n s f e r r e d . I f  t h e c o u n t  f i e l d i s  a n u m b e r  F r o m  1 t o  1 5 .  t h a t  n u m b e r  o f  
b i t s w i l l  b e  t r a n s f e r r e d .  I f  t h e  c o u n t  F i e l d  i s  z e r o .  1 6  b i t s  w i l l  b e  
t r a n � f e r r e d . W o r k s p a c e r e g i s t e r  R 1 2  m u s t  b e  l o a d e d  w i t h  t h e  a d d r e s s  o f  
t h e s t a r t i n g  b i t  p r i o r t o  t h e  e x e c u t i o n o f  t h e s e  i n s t r u c t i o n s . O i t  
w d d r e s s e s  w i l l  b e g i n  w i t h  t h e  b i t  n u m b e r i n  R 1 2 . a n d  i n c r e m e n t w i t h e a c h 
b i t  s e n t .  T h e s l? i n s t r u c t i o n s  b e h a v e  a s  b y t e i n s t � u c t i o n s  i f  t h e c o u n t 
f i e l d  s p e c i F i e s 1 t o  8 b i t s . a n d a s  w o r d i n s t � u c t i o n s  i f  t h e  c o u n t  f i e l d 
s p e c i f i e s  9 t o 1 6  b i t s .  T h i s  m e a n s  t h a t  i f  t h e t r a n s f e r  s p e c i f i e s 1 t o  8 
b i t � .  t h e  g e n � r a l a d d r e s s  w i l l  b e  t a k e n  a s  a b y t e a d d r e s s . a n  
a u t o - i n c r e m e n t s p e c i f i c a t i o n w i l l  c a u s e t h e r e g i s t e r  t o  b e  i n c r e m e n t e d  b y  
o n e .  a n d t h e p a r i t y s t a t u s  b i t  w i l l  b e  s e t  i f ' t h e n u m b e � o f  o n e b i t s 
t r a n s f e r r e d  i s  o d d  a n d  c l e a r � d  o t h e r w i s e .  I f  t h e  tr a n s f e r s p e c i f i e s  9 t o  
1 6  b i t s .  t h e  g e n e r a l a d d � e s s  w i l l  b e  a w o � d  a d d r e s s . a n  a u t o - i n c r e m e n t 
s p e c i f i c a t i o n w i l l  i n c r e m e n t  t h e r e g i s t e r b y  t w o ,  an d t h e  p a r i t y b i t  w i l l 
n o t  b e a f il 'e c t e d  b y  t h e  i n s t r u c t i o n . I n  a d d i t i o n ,  o n  9 t o  1 6  b i t 
t r a n s f e r s .  i f  t h i g e n e r a l a d rt r e s s  i s  o d d .  t h e d a t a  w i l l  b e b y t e -� e v e � s e d  

) 
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b e f o r e  b e i n g  s e n t  t o  t h e  C R U  ( L D C R ) o r  s t o r e d  i n  m e m o r y ( STCR ) .  

5 .  1 0 . 2 .  1 .  LDC R - L o a d  c o mm u n i c a t i o n r e g i s t e r  

I I  L D C R  ( g a s )' ,  < c o u n t >  

T h e  n u m b e r  o f  b i t s s p e c l f i e d b y  < c o u n t > a r e � e r i a l l y t r a n s f e r r e d  t o  t h e ,il" , ,'1 C R U s t a r t i n g w i t h t h e b i t  n u m b e r i n  w o r k s p a c e r e g i s t e r R 1 2 .  <. g a s >  
s p e c i f i e s t h e a d d r e s s  F r o m  w h i c h  d a t a i s  t o  b e t a � e n ,  a n d  i s  a b y t e  
a d d r e s s  i f  < c o u n t > i s  1 t o  8 ,  a n d  a w o r d a d d r e s s  i f  c o u n t i s  9 t o  1 6 . T h e 
b i t s t r a n s F e r r e d  w i l l  b e  c o m p a r e d t o  z e r o  a n d t h e s t a t u s  w i l l  b e s e t  
a c c o r d i n 9 I Y I a n d  i F t h e  n u m b e r 0 f b i t s t r a n  s f e r r e d  i s 8 0 r I e, s s ,  t h e '11, l p � r i t y b l t w i l l  b e  s e t  i f  t h e  n u m b e r  o f  o n e  b i t s t r a n s f e r r e d  i s  o d d  a n d 

J c l e a r e d  o t h e r w i s � .  

S t a t u s  b i t s -I e q u a L . p a r i t u 

J 0 P c (J c1 e : :-3000 

a f f e c t e d : 
( i f c o u n t. 

L o g i c a l  g r e a t e r 
i s. P r o m  1 t o  8 ) .  

F 'J  r m a t :  0 0 1 1 00 c c c c t t s s s s  
C o u n t  
S o u r c e  

t h a n ,  

!] 
5 .  1 0 . 2 .  2 .  STC R - S t o r e  c o m m u n i c a t i o n r e g i s t e r 

STC R  < g a d > , ( c o u n t > 

a r i t h m e t i c  �r e a t e r t h a n ,  

-l T h e n u m b e r  o f  b i t s s p e c i f i e d b y < c o u n t >  w i l l b e  s e r i a l l y  r e a d  f r o m t h e C R U  'I!,_ s t a r t i n g  a t  t h e  b i t  n u m b e r  i n  w o r k s p a c �  r e g i s t e r R 1 2 . T h e b i t s r e a d  a r e  
, r i g h t  J u s t i f i e d  i n  a b y t e i f  t h e  c o u n t  i s  8 o r  l e s s , a n d a w o r d i f  9 o r  

m o � e ,  a n d u n ' i l l e d b i t s a r e s e t  t o  z e r o . T h e r e s u l t i n g  b y t e o r  w o r d i s 
s t o r e d  a t  t h e g e n e � a l a d d r e s s  < g a d > . T h e d a t a s t o r e d  w i l l  b e c b m p a r e d  t o  [rl : e r o  a n d  t h e s t a t u s  b i t s s e t  a c c o r d i n g l u .  I F  t h e  l e n g t h  o f  t r a n s f e r i s  8 
o r  F e w e r  b i t s ,  t h e p a r i t y b i t w i l l b e  s e t  i f  t h e n u m b e r  o f  1 b i t s  i n  t h e  
d a t a t r a n s f e r r e d  i s  o d d  a n d  c l e a r e d  o t h e r w i s e . 

S t a t u s  b i t s a f f e c t e d : L o g i c a l g r e a t e r  t h a n ,  
e q u a l ,  p a T' i t y ( i f t r a n s f e r i s  f r o m  1 t o  8 b i t s > .  

O p  c o d e :  

F o r m a t :  

3 4 0 0  

00 1 1 0 1 c c c c t t d d d d  

P s e u d o - i n s t r u c t i o n s  

C o u n t  
D e s t i n a t i o n 

a r i t h m e t i c  g r e a t e r t h a n ,  

T h e a s s e m b l e r p r o v i d e s p s e u d o i n s t r u c t i o n s  f o r s e v e r a l  c o mm o n l y  u s e d  'II,' _'J s p e c i a l  i n s t r u c t i o n s .  A p s e u d o i n s t r u c t i o n i s  s i m p l y a n  a l t e r n a t e  n a m e  
f o r  a n  i n s t r u c t i o n o r  g r o u p  o f  i n s t r u c t i o n s  t h a t  w o u l d  b e  m o r e  c u m b e r s o m� 
t o  w r i t e o u t  e x p l i c i t l y .  

: ] 6 ,  1 .  FLOP - F l o a t i n g o p e r a t i o n 

FLOP < q a ) 
T h i s  p s e u d o i n s t r u c t i o n g e n e r a t e s  t h e  s a m e  c o d e a s  t h e s e q u e n c e :  

X OP r -, ""l <'- 9 a / ,  Co 

T h e FLOP i n s t r u c t i o n i �  u s e d  t o  i n v o k e  
s o f t w a r e i n  t h e M a r i n c h i p  o p e r a t i n g  s y s t e m .  
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6 . 2 .  JSYS - J u m p  t o  s y s t e m 

JS '(S 
T h i s  p s e u d o i n s t r u c t i o n g e n e r a te s  t h e s a m e  c o d e a s : 

X OP < �J a > ,  1 

J S Y S  i s  u s e d  a s  t h e  s t a n d a r d  M a r i n c h i p  o p e r a t i n g  s � s t e m c a l l .  

6 . 3 .  N O P  - N o  o p e r a t i o n 

/'lOP 
T h e T M S 9 Y O O  d o e s  n o t  h a v e  a n  e x p l i c i t  n o  o p e r a t i o n i n s t r u c t i o n .  
� s e u d o i n s t r u c t i o n g e n e r a t e s  a :  

,J i' lP 

T h e NOP 

W h I C h  b q  J u m p i n g t o  t h e  n e , t  i n s t r u c t i o n i n  l i n e  a c h i e v e s t h e  s a m e e f f e c t .  

6 . 4 .  

FH 
T h e R l  p s e u d o i n s t r u c t i o n g e n e r a t e s  a n  i n d i r e c t b r a n c h t h r o u g h r e g i s t e r 
1 L e .  g .  , 

D 
T h i s  i s  t h e  m e t h o d  u s e d  m o s t  o f t e n f or r e t u r n i n g  f r o m  a s u b r o u t i n e  c a l l e d 
w i t h  t h e  D L  i n s t r u c t i o n ,  s i n c e t h e  B L  i n s t r u c t i o n l o a d s t h e  r e t u r n  a d d r e s s  
i n t o R l 1 .  

6 . 5 .  S t � c k p s e u d o i n � t r u c t i o n s  

T h e TMS9900 d o e s  n o t  h a v e  s p e c i a l  " s t a c k i n s t r u c t i o n s " ,  b u t  i t s p o w e r f u l  
a u t o - i n c r e m e n t a n d  i n d i r e c t  a d d r e s s i n g  m o d e s  p e r m i t t h e  p r o g r a m m e r  t o  
d e f i n e  a n d  m a n i p u l a t e  s t a c k s  u s i n g  t h e  n o r ma l i n s t r u c t i o n s .  T h e - M a r i n c h i p  
a s s e m b l e r � o n t a i n s  p s e u d o i n s t r u c t i o n s  w h i c h  a u t o m a t i c a l l y  g e n e r a t e  t h e  
i n s t r u c t I o n s  u s e d  i n  s t � c k ma n i p u l a t i o n .  

I n  o r d e r t o  e f f e c t i v e l y  u s e  a s t a c k ,  o n e  o f  t h e w o r k s p a c e r e g i s t e r s  m u s t  
b e  d e d i c a t e d  a s  a " s t a c k p o i n t e r "  a n d a n  a r e a  o f  m e m o r y m u s t  b e  r e s e r 'l e ( ... ) 
a s  a s t a c k a r e a .  T h e s t a c k p o i n t e r r e g i s t e r mu s t  b e  i n i t i a l l y s e t  e q u a � 
t o  t h e  s t a r t o f  t h e s t a c k a r e a .  T h e n , . a n y  r e g i s t e r m a y b e  s a v e d b ij  
p U 3 h i n g  i t  o n t o  t h e  s t a c k a n d  r e s t o r e d  b y  p o p p i n g i t  f r o m  t h e  s t a c k .  I t  
i s  i m p o r t a n t t o  r e m e m b e r  t h a t  a p o p r e s t o r e s  t h a t  l a s t  t h i n g  p u s h e d  o n  t h e 
s t a c k .  5 0  s a v e s a n d  r e s t o r e s  m u s t  b e  d o n e  i n  r e v e r- s e  o r d e r . T h e  s t a c k 
f a ' i l i t y i s  m o s t  o f t e n u s e d  t o  s a v e  r e t u r n  p o i n t s t o  s u b r o u t i n e s .  I f  e a c h 
s u b r o u t i n e  b e � i n s  b y  p u s h i n g t h e  r e t u r n  p o i n t  r e g i s t e r  ( R l l )  o n  t h e  s t a c k 
a n d r � t u r n s b �  l u m p � n 9  t o  t fi e  a d d r e s s  o n  t h e  s t a c � t o p , s u b r o u t i n e s  m a y b e  
n � 5 t e d  t o  a d e p t h l l m l t e d  o n 1 4  b y  t h e  s t o r a g e a s s l g n e ij  t o  t h e  s t a c k a r e a .  
, ' h e u s e r n e e d  n o t b e  c o n c e r n e d  W I t h s a v i n g  a n d  r e s t o r i n g  t h e  r e t u r n  p o i n t ,  

a n d c o d i n g  o f!  r e c u r s i v e . 5 u b l' o u t i n e s  b e c o m e s  a l m o s t  a u t o m a t i c .  

I n  t h e  f o l l o w i n q  d i s c u s s i o n s .  < s p )  w i l l  b e  a s s u m e d  t o  b e  o n e  o f  t h e  
w o r l: s p a c e r e Q i s t e r s .  I t  i s  c o mm o n  p r a c t i c e  t o  u s e  r e g i s t e r R 1 0 a s  t h e 
� t � c k p o i n t e r ; b u t  t h e u se r  n e e d  n o t  f o l l o w t h i s  c o n v e n t i o n .  

6 .  5 .  1 .  DSTK - D e f i n e  s t a c k p O i n t e r  

DSTK < s p >  
T h 9 DSTK d i r e c t i v e q e n � r a t e s  ri o  
p o i n t e r r � g l s t e r . A l l s t a c k 

c o d e ,  b u t d e f i n e s  < s p >  a s  t h e s t ac k 
p s e u d o i n s t r u c t i o n s  w h i c h ' o l l o w t h e D S T K  

34 
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d i r e c t i v � w i l l  u s e  t h a t  r � g i s t e r t o  r e f e r e n c e th e l o i n t e r r e g i s t e r  ma � b e  c h a n g e d f o r  a n oth e r b l o c k  o f  
� S TK d i r e c t i v e .  I t  i s  c r i t i c � l  t o  r e m e m b e r :  DSTK 
r e g i s t e r i s  b e i n g  u s e d f o r  t h e s t a c k p o i n t e r ;  a n  
i n l t i a l i s e t h e  r e � l s t e r  i t s e l f . 

6 . 5 . 2 .  I STK - I n i t i a l i s e s t a c k p o i n t e r 

I SH( , < e x p r e s s i o n >  

s t a c k .  T h e s t a c k 
c o d e  b y  a s u b s e q u e n t  
o n l y  d e f i n e s  w h i c h  
I S T K  mu s t b e  u s e d  t o  

T h e I STK d i r e c t i v e  g e n e r a t e s  a L o a d  I mm e d i a t e o f  th e s t a c k  p o i n t e r  
r e g i s t e r ( p r e v i o u s l y  d e f i n e d  b y  a D S T K  d i r e c t i v e )  w i t h  t h e va l u e o f  t h e 'I 'j � e l p r e s s i o n > .  w h i c h  w l l l  n o r m a l l y  b e  th e l a b e l a t  th e s ta r t  o f  t h e s t o r a g e 
b l o c k  w h i c h  i s  b e i n g  u s e d  a s  t h e s t a c k a r e a .  T h e I STK d i r e c t i v e 1 S  

' "  n o r m a l l y u s e d  a t  t h e  s t a r t o f  a p r o 9 r a m t o  g e n e r a t e  t h e l o a d t h a t  
i n l t i a l l y  5 � t S  u p  t h e s t a c k p o i n t e r  r e g l s t e r . 

P SHR .- P u :. h  v a  1 u e  a n  s t a c  k 

f.J' ,  - T h e o p e r a n d  i d e n t i f i e d b y  < g a >  i s  pu s h e d onto t h e  t o p  o f  t h e  s t a c k a n d t h e  
s t a c k p o i n t e r  i s  i n c r e m e n t e d .  

i l  6 . 5 . 4 . P O P R  - P o p  v a l u e  f r o m s t a c k 

U T h e v a l u e P �: R t h e t o; g :� t h e s t a c k i s  p o p p e d i n t o  t h e l o c a t i o n i n d i c a t e d  b y  
< g a >  a n d  t h e s t a c k p o i n t e r i s  d e c r emente d . 

1/ i J  6 .  5 .  5 .  r OP J  - J u m p  t o  s t a c k t o p  

l P O P J  
LJ T h e v a l u e a t  t h e t o p  o f  t h e  s t a c k i s  l o a d e d  i n t o  r e g i s te r R i l ,  t h e s t a c k 

p o i n t e r i s  d e c r e m e n t e d ,  a n d a b r a n c h t o  t he a d d r e s s i n  R l l  i s  p e r f o r m e d .  
T h l s  i n s t r u c t i o n i s  u s e d  t o  r e t u r n  f r om a s u b r o u t i n e  w h i c h  p u s h e d l t s 

U r e t u r n  p o i n t  u s i n g  a P SHR i n s t r u c t i o n .  

" i  l __ 

U 
! I L __ .-

iJ 
� 
U 
ij 

6 . 5 . 6 .  E x a m p l e  o f  s t a c k u s e  

T h e f o l l o w i n g  p r o g r a m f r a g m e n t s  c o n t a i n d e f i n i t i o n o f  a s t a c k a n d i t s u s e  
b �  a s a m p l e  s u b r o u t i n e  � h i c h  sa v e s i t s r e t u r n p o i n t  a n d  r e g i s t e r s R 6  a n d 
R 7  u s i n g  t h e s t a c k ,  t h e n  r e s t o r e s  t h e m f r o m  t h e  s t a c k and r e t u r n s t o  t h e  
s a v e d  c a l l  a d d r e s s .  

D E G I N  

X S U B  

S a m p l E?  p r o g r a m 
O:;, T P, R 1 0  
t 3 n� S T A C I.<, S  

D l . X SUB 

X SUD - A t y p i c a l  s u b rou t i n e 

P SHR 
P SHR 
P SHR 

R l l 
Rb 
R 7  

3 5  

I n i t i a l i s e s t a c k p o i n t e r  

C a l l  s u b r o u t i n e  

S a v e  r e t u r n p o i n t  
S a v e R 6  
S a v e  R 7  
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R 7  
R 6  

R e s t o r e  R 7  
R e s t o r e  R 6  
R e t u 'r n  t o  c a l l e 'r 

7 .  M a c h i n e  r e F e r e n c e i n f o r m a t i o n 

T h i s  s e c t i o n o f  t h e  m a n u a l c o n t a i n s g e n e r a l  r e F e r e n c e 
p e r t a l n i n g  t o  t h e  C P U  a T\ d  i t s  i n s t r u c t i o n s e t .  

7 .  1 .  I n s t � u c t i o n s u mma r y 

i-I n e m o n  i c 
- - - - _ ._ ._ -

! �, 
• .  \ ��1 , -
,- � .1 ."':1 
, . \  l 
, " , . 1 [' ! 

U 
n i_ 
G U,·JP 
C '  
C D  
C 1  
C K OF 
C 1,(, 0'" 
C L R 
C DC 
C Z C  
D E C  
D E. ,;: r 
D r ', )  
I DL E  
I NC 
I NC T  
! NV 
,-! i: G 
,J G T  
,)H 
JHE 
,) L 
J L E  
J L l  
J I' IP 
JNC 
JNE 
J I\I O  
JOC 
,)OP 
l_ D C R 
L. I 
L. I N I  
L R E. �'< 
L !AF' i 
I" I O V  
�1 D V 3  
I"I P Y 
NEG 
OR I 

U p  c o ri e  -------
,\ ( W ( )  
)J U O O  
,J i ;1 0 
�);2 ;} () 
() �, � 4 0  
O LI ,� O 
O tA·30 
O'HJO 
8000 
9000 
0 2 8 0  
0 3 C O  
03AO 
O I). C O  
2 000 
2 4 00 

0 6 00 
0640 
3C OO 
0 3 4 0  
0 580 
0 5C O  
0 540 
1 3 00 
1 500 
1 13 00 
1 4 00 
l A OO 
1 200 
1 1 00 
1 000 
1 7 00 
1 600 
1 90 0  
l UOO 
1 C O O  

3000 
0 ::20 0  
0300 
03EO 
02[,0 
C OOO 
DOOO 
::3800 
0 500 

0;260 

I n s t r u c t i o n 

,\ d d IJJ 0 r J ':; 
" ' Hl rI tJ u t � �. 
r', b �, 0 1 u t '" v i] 1 U f;I 
,.\ d d 1 m ill e d i c3 t (� 
f\ n d i /li m e d 1 a t e  
B r a n c h  
B r a n c h i:tn d  l i n l: 
B r a n c h  a n d  l o a d  w o r k s p a c e  p o i n t e r 

C o m p a r e w o r d !;  
C o m p a r e b y t e s  
C o m p a r e  i mm e d i a t e  
C l o c k  o f f  
C l o c k  o n  
C l e a r  
C o m p a r e  o n e s  c o r r e s p o n d i n g  
C o m p a r e z e r o e s  c o r r e s p o n d l n g  

D e c: r e m e n t 
D e c r e m e n t  b y  t w o  
D i v i d e  
I d l e  C P U  
I n c r e m e n t  
I n c r e m e n t  b �  t w o  
I n v e r t ( o n e  5 c o m p l e m e n t )  

e q u a l 
g r e a t e r t h a n 
h i g h  

J u m p  
J u m p  
J u m p  
J u m p  
J u m p  
J u m p  
J u m p  
J u m p  
J u m p 
J u m p  
J u m p  
J u m p  
J u m p  

h i g h  o r  e q u a l 
l o w 
l o w o r  e q u a l 
l e s s  t h a n 

n o  c a r r lJ  
n (l t  e q u a l  
n o  O V l' r  F l o w 
o n  c a r r l� 
o d d  p il r  i t Y 

L o a d  c o m m u n i c a t i o n r e g i 5 t � r  
L o a d  i m m e d i a t e  
L o a d  i n t e r r u p t m a s k  i m m e d i a t e  
L o a d  a n d r e s t a r t  e x e c u t i o n 
L o a d w � r k s p a c e p o i n t e r i mm e d i a t e  

l'1 o v e  w o r d s 
M o v e  b y t e s  
M u l t i p l y  
N e g a t e  
LTr i mm e d i a t e  
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