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micrasoroagramming systzn dorse idzntified,
Thesz :ra!

1. Tha2* +*n2 systzr be flexionlz in its abhil-
ity t2 =2llow the dezign of th:z microarcritac-

ture =nd *ne micrzpregrsmming  lancuagz, and
that  tnzse  two part: 2asily combine into a
ccmpolzte simulated syster.

2o Thzt t-2 =2ystem be flexipmlas in =allowing
1h: srofez=or o wowresent to the studen*ts 2
complietz2ly decsi-ned architecture 2nd instruc-
tion sat interprztery, just architecturs
sc2cificatiors 2rd = instruction sg*, or sny-
*tning in bztw=zen,

3. Thzt one user interface <5 the exacuting
sinmulctor 52 frov 2 cebuzgar tnst is powarful
@nouzh to *trac: snd afteztr execution but not
overvhalming in its commanid rzpetoire

Kerniohan feegls that rany largs program-
ming orojzcts za hezt e anoroached as
l=ngurgz devslocmant tasxee 113 Amonz the
prozram devalaerment tools availzble under thne
UN1IX cozrating system 1s YACC [C103. YACC is
2 parser gesn2ratcr that zccept:z =n LALSC1)
grammar ard oroduces a osrogram *that is  capa-
ble cf razcoanizing *re cont:xt of words =nd
actinz accordincly. Since AMISS r2guired 2
=a32d d2al of language develzspmert, YACC was
uza2¢d as tha tool wuponr yhich 1t is thanced.
Eurthsry, since Y4l 1is its21lf a C larguage
prscram an: raguir:zs C croLramns to work,
AMT3S is writte:n in C.

A crimary 2021 in develoning AMISS  was
tc identify thoze dztazils <common to tne
description of microarchitactures and to com-
plne thoe: cdztails invto 2 Hardwore Tezcrio-
ticn Languare (ADLD. rather trazn developing

2 new oroorammirg lancuagazy AMISS s b2L is
pased on the £ nrog=~amring lazngu2g2 and an
H4LL precar:zm is *ransi=t2d 1rto & T crogram,

tn 4MISS HODL craocram  is  dividad into tuwo

prrtse. In *re *irst pert the spezcificztions
of *hz elements of *ne archzte:ture and of
tnz cantrol mesory forr>i.ar:z: identifiad, Tn

the sz2cond narty the zcourse 2% events within
thz procassor qovaerned by the con*tants of a
control memary word sre described.

ftnother roal of AMISES was *to praovide the



mzans wreraby 2 designer could build a
mizroaszzimblar %o work in  tznaem with the
microcrogrammablz simulntor. Jhile YACC is
:Xtrzmaly usaful for writinc saembl°rs, it
rezuirss zome effort to la:zrn. AMISS a2ssist
the |°31:ﬁ9P in writing =z microassemblzsr by

n interf:zce to a Y&l based 2Ta2n-
2ral micrcass=mhler. That intarfzce is named
MPL 1s gaiven =n AJL srocram anrd 2
lictinﬂ of the ztatemarts 3f the micro-

ancdeas: znd 4th: zctions to bz taken wnen the
ttatemants  are recognized, 1t praduces =
microzszssemhlar wross cUu*put can e used by

thke hardusre simulator.

51nze AMTSS is intandzd to e used @
2cducation=l tool, microarchitectures
es.

dessribed in texthooks s2rve as tes* cas

[
3

Tre remaindzr of tris document contains
lztziled <discusziosn of AWISS. Chraznotzr 2
ies the elaments of +*hz2 syztem and vhat
eszzn eleamesnt ocerforms. Chapter 3
g formel d2scription of tha syntax
2 #0L with axamplzss of HOL s*tatements.
r 4 <ontains = form3l desscripticn of
the zyntsx of ths Y:i( interfzce MPL and
examplas - MPL statementse. Chaptar 5
two comnlete tezt cases derivad from
texthook ax2mprlz and an eaxamnle fror the
terzturo. Cne  of +*hese usa2s 2 vartical
ntrol word forma 3 and *he othsr = kor-
ontal Format ( . appencix 1 contains 3

* of HOL and #PL rzsarved wordse. Apnendix
contains the syntex deszcrintior baszed on
fackus=Naur Sform (ENF). Bonendix 3 con-
a comcletey stz2n by 3*a2p ex~nple oFf 23
dzsinned =snd simylile*ted usina  AMISS,
system is base:d on one dsscribed sy Tan-
nenbeaum C&le Lppendix 4 contzninz & d2scrip-
tion of thz rcommonds availzabls in  the
debugzer intarfazc, ispendix 3 cont-ins
cugrestions for wu3ing the various narts of
AMIZSS a2ffectivaly. Apoendix 5 conteins A
guide for running AMISS. ippendix 7 cortsins
an ex3laration of AMISS error ranorting
statemants.
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LaidT=R 23 SYSTAmM DESCRIPTION

The &4M7SS eyztam corzizsvz of *wo brecad
s2ctisrs  tha* may bz 2arzidzresd as diztinct
from cne znotrer. Trez3z arz  the HARLWARE
zzction  and 4re MITRTASSEARLEZ zaction. The
HARONAKE s2ecticr orovides 4he yser Lith  tha
cegsbility of defiming £ microarchitscture
and preducing from tas definition 2 procram
which eirulates tre ricrcarchitecture. The
MICTOAS5S=MALER s2ction rrcvimas tne user with
thz cenability of dafiri & microprograzmming
lanzuzg2 #nd producing from ths d=finition 2

microsssamblzsr  that  is able te =assemble a
procrar written in tne micrcoprosramming lan-
suge into A simulsated control memeory.
ltﬁough it iz wozsible to wuse azch section
seporately, *ha 430 section: ar: desiznzcd to
York 4ith 2acn otnzr and tagstasr to pravida
an 2ffective sys+tam for micropraoarammsble
processar simulation. Fiaure Z2e1d is a3 a
diagre= of thz amMIsS syster.

Lu

HARIWLR MICACPRT LS
SEZTION SECTICN

| !

| J

% y
HAKDWLzZ MICRIASSEMaLER
IIMULATEDA
FIGURT 26l Zarersl dizcorzm of
AMIST systam,.
Ths c¢dz3igr of aMIIl ~:zlies Sa2gvily on “*he
UNIX  utility program  YeTL [123. YALO 1z =
ssrser genarator thnat ~zceptz ofn LALRPCL)D
gremmzr  end produces 2 ecraocrzv that is cros-
ble of recognizin~ tre contex* of words and
actirz =2ccordingly. AMI52  1s  d=zzi-rad to
accert user input =nd ts oroducsz  from the
inzut on-~ axecutanles nrozram that ¢c&#n simu-

zte hordears ard 2nd ancth2r thot can £s5s2m-

Bble micrccods=. Te <do *tnis, EMISS huilds
files coniasinina - language 2rosorams and rom-
ziias 1tTh2 pProoramse. L1l the procr=ms that
mekz Jp ANMISS =sre  writte:n 1in C. In this
chzntery, the FARDWAZz  and MITROPPIGAAMMING
sections will be corsicered szparztesly. Tne
Fardwsre simulztor 2rzducsd by thn HAROWARZ

secticn hos optiors svailable to it for exe-
cution. One of these ostions is a2 deobugeing
cation. The finzl part of *rnis =znapter



discusces the danusczr.
z. TAZ HARPDWLRE SICTION
Figure 2.% iz & dizcram 5f the narduware
zection, SRUN  1s a2 progran that is abls to
acca2pt & rarduzre descripticn of 2 micropro-
grammanle nrocessor. ARUM is orocduced by the
compilstior 53f a nunber of system filesse

Amon: these 15 a YACZ basad file that is tnz
parsar for trz2 rardwars: cdescription file.
The herduzar: descrirtion file contains a
program *thzat is supplizd o5y tne usar  and
writter 1in & hardwars descristion language.
The progaram is divided in+c +twuyo sections.
The first section is the 3Sn2cifications =zec-
tion in whichr thz elements of tne nroceszor,

ne control word formzt(s), tha meamoryy any
initisaliz=tionsy and any varihlss znd user
defined f:lz2s ore definzde The z=2ceond se2c-
ticn is *he fegister Transfers Saction. This
section cont2ins a progrem written in HIL, a
lszngauge that is = zsubset of <na2 C Trocram-
ming lorguagze Tris oragram is a description
of the recister transfzrs that occcur in the
proczzsor czpe2naent yzon tha contents nf tne
fielces of a weord in sinuiated control memorve.
The iyntex 2f the harduaare description lan-
gaunge 1s contsined in Appsendix 2.
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Figure 2e2. Haordusre Szction
discrar showina sy,tnm filzs,
executznl:z orszram=s (), and
uzzr 1ntarfscz=.,

4 kry tc thz functioniny of the simula-
tor 1s tha use of flow of control statemznts
witnh tn2 AMISS keywored SURIZYCL:Z. Thre PESIS-
Tez  T<ANSFERS orogrem must bra2ac ud o single
hardware cycle into onz cr morsz subcycles. It
al=zo  1nust 2reovide tne code to parform ragis-
ter trarsfars depznding 2n tne velue of the

firelds of 2 control mewory word pnointed +to
by the value of = microprogram counter that
is desigrated by the oMISS keyword MMPC. It
muszt asseminle the registzr transfars that are
valid in & ozrticular suhcyclz into =3 croup
snd 2nsure that thezy 2re exzcutad cnly whan
trhay ar: supocsad to be. Thiz can b2 =ccom-

<

clisned by enclosingy the prszaister  transfers
for ones subcycle inc<ide an IF C SUBCYCLE EQ
x) stotament. Alzoy the REGZIST:ZR  TRANSFERS
program mu3t provicde for obtaining snother
control word by zranging the wvalusz of +the

MEC Finally, if morz tnan one control! word
fermat is uzedy thre RZGISTZ<  TRANSFZCS zgc-
+ion muzt raefer tc 2ach format by the Xeyword
Q°CODE ~nd mreup the recister transfers under
a stotement trhz*t will 2allow them to occur
only if t-e coptrecl wor:d in wuzstisn is of
+hg znzorists format.
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CPU -n  r~un the simulator, oroviding =
h2adina  contzinina %*n2 contznts of zach
cenirol wordy, =nd a count of the numbzr
of control instrus*ions axecuted, report
that processcr haltedd

FCPU -7 zntsr a debuztina  prosram that
arovidgesz runs thz LPU simula*tioan accord-

iny toc command
termirnal,

1}

izsuzd oy the usa2r at 2

Zec  THI MICRDPIQHBRAMMING SECTICN
iaurz 2.% it =2 diagram of the Microrro-
[ =g hd

| ]
] J<-= LanGUAGE
i | I SPECS
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Figure 2.3 Tisgrom of thse
microprecaranming section.
Ixecutzhle filaszs rorced =,

weferring to Ficure <e2,y, MPLAUN iz an execut-
abl: Tile. Cne c¢f the files from which
MPL2UN dis derived 15 & YAZC azed  procram
tha+ allows MPLRUN *tc cccept twe input filas,.
dne af tno files iz an H2L hardware descrin-
tion Ffile (HLEZDWARE 3PECS  in Fi-~ure 2.3).
Tne other 1s & file con*aining

of +hz cgrammsr riies ard th2 nctions to be
cerrised out whan on2 of the zrzmmar rul=ss 1is
recognired (LAaNZUA4G: SPECS  in Ficure 2.3).
MPLRUN usas the twuo input files to »raducsz a
numb=zr »of syster fi1les. Onz of thesz files

a descrintion

AM



is & YAl pased ssszmbl
th2 wuser langqu=zge snz2ci
ersiizsd resemblzr. dhe

pilesd wi*tn the rest of tne cystem fi
micr:essewbl*r is sroducad (MICRZASY in  Fig-

1]

y—
®
(0]

-
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ura2 e The syster filss arz2 placed in 2
dire CfO'Y named Mvair. It is up to %tnh2 user
to rz=vove trem. Th2 micrcassembler is 2able

to parse 2 micropro-ram. If the microprogran
obeys th zyntax ruiesz of th2 langugs &s
specified by *he LANGUAG: SP:CS and tne the
rulzs of *h: censrzlized =2sszmblery threae
filas are sroducecd. The firs+t 1is cmzmoryy a
file contzinin:s & simulatad control memory
that nhas heegn asszmblzd 2ccordins to the
actiorz ap=cified in LANGUEG5T  S§22CS.  The
seconcd is instrfilz, a fil:= that cortains a
form of *the micronrozran that can he used by
the do2bugozr portior of CPJ f2r recorting
instructicns. Tneg tharce file is of creatast
interzst to *tre wuszir. This 15 th2 file
asmlizt. I+ is a micrcassambler listinz file
coantainine *+he ~2omoilsd control memory yord
assemblad for 2acn instruztion 1in the
microprogram along with thz mnamonic form of
the ricronrogranm,.

If lenqausngz spacifications residese 1in  a
file c=1l2d LANGUAGE zsnd HARODWARE a1s an ADL
barcdeare soecifization, MPLRUN is axecuted

Dy s

MSLRUN 2ssumes trat tne orogram HARDWARE is
syn+tsctically corr?:t (ie. nas alrzady been
sccexted by RaUND. If LANSGLUASE i3 syntacti-
czlly corrzcty MvLRUN will :ut matically woro-
duce #n axocutabls program called MICRTASHM
which 1is *ne microasszmolar. If LaNGUAGS

contzing 2 =zyntzx arror, MPLRJN will rerort
tha lire nrumber on which the 2rror occurred
and *h: *cxen whicn caused tnhe =2rror. Tf
MCO2Z iz = microorogram, 1t is sssemnbled oy3

swICRTASH wCODce

If @ClInE mests the rulzs of th2 n~icro-
lanzusgz,y Tilzs ssmlist cnemory and ins<rfile
ar: producazde.
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THAPTER 33 TAF SYNMTSX 27 HEOL
The user proaresm trnt ig subrittzd to
<FUn is writtan  in ¢ hardwarz aescription
linguesge callsd AOL. v RuN translates the ADL

proarzm int2 ¢ number of £ srograms that are
suomitted o *he T compiler to produce an

xecuteble keraware simulator namacd CPU. The
;ynt x rulas of a ADL procrasm arz in fppendix
2. In  *hisz ch:=ptery the rulzs will bz con-
sidzred ir de+t=2il.

an HOL
followed =5y
by end teokzns,

<

roarzm consists of pecin *okens
Fardunrz: 2cecifizotion follcocuwed

m

lis- 1=
l1lizt D 2IGIN &
tefire_Cfunct dzfin2_torrats
de*ine_parts defin?_memory
defirnz_1init define_rts
s 1

An HDOL precgram may be divided into tuo parts
tne SPECIFICATIONS part  znd  the <rGIST.R
TRdNS‘ER nart. In the ruls "list" -oovey tne
SPECIFICATIANS D“Ft is madsz up of
definz=_Cfunct, afi csrmatsy define_parts,
definz_memory, snd deflne _inits. The GEGIZ-
Tsg TRINSFE? part iz *7J? LuD of the
define_rts. Since HOL 12 7 subset >f Cy tne

syntax f +thz2 constructs af tha F=GISTzZR
THrANSFESS part 13z idesnticeal to Cy 2xczpt that
CL sccents only upnsesrcase laztters. Ir the
¢ddiszussion of tna syn+*taex of HDLy the tuc
pzrts will b2 considasred zzparctaly.

SPLCIFIZATIING

)
.
oy

3011 CEUNCTICNS SRELIFICATIONS

The CEUNCTIONS sp2cificetions is
optional and z#ny ¢f the f-ur statemarts that
ncke i+t up Are ooatiansl. The statements tnat
ara ysed must be listed 11 the ordszr
MACEFILES JFFINES INCLUDES VAZS. Each of +tha
four statemtznts Degin with "KM followed by
ons o thne keywords MAKEFILES DEFINES
INCLUNES and VAR, Each statement is *ar-
minazad by ">". Nog syntax checking is  mads
after +ne  kazyword nd befors thz final "Dw,



Thz: corrzct way to uz2 ezch section i=:
MiXIFILES iiz=t 2any user “iles =rat ar2
to bz dircludzd din thz makefi1lz trat builds
tre bhardurrz siwulator =s
fil@-o 411913 . e o

the complet? ligt must fit on anz line) these
files can contsinm vslid © funztions thet may
hbe called from within the HIL orosrans to
refarercs any  certnamesz 9fF the HOL orogramy
ircluds the AMISS =systen file vardefinss.n 3
#includge Wysp_definag.h?

DIFINZS lis* =ny uszr dafinzd names
s

#define romal name 2

#cdafine nomsz3 NAM28 eae

INCLLDES list amnv filz n=m=s 1o be
included in ony files namacd in tnes makefiles
section &«
sinclude nyfilelah
tinclude myfileiash
Vik s lis3% z2ny wuser d2fined vari-
ables zccording to tne rules for declarirg C
variables

T2 syntax rules of tre define_Clfunct =sctian
P} k]
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'

definz_r+un:

maka*tiles

de*in:

dzfiress macefiles
includ»es

includes makefiles

inciudes agz2fin-

[V

o ———— — i —— — 2 —— {}

inciud=3s aefinzs mazkefiles

vars

vars makefiles

{vars detings

jvars dafinegs: maketil:s

jvars includes

fvars includes rekefile:s

fvurs 1ncludes dafinas

{vars ircludege dzfinzs mskafilaes
vars 13= < ViP5 any=*hing >
incliugdes 1= < INCLUDJES anytning >
getingz 1= { JoRINZS anything >
makzfiles 1= < ML IRILES any*hinn >
anythino” i3 @ lexical z2nti*y consistirc of
any ascii zrzsracter or zeries :f chearacters
An zxarple wusino &l 2t  *he CRUNTTIONS
pricrs 158

& CEUNCTIINS

< VARS
in<t tamnls
snort ta:mgc2; >
< InmfLuD:zs
*include ryfilesh® >
< JEFINZTS
tedefinz alul =2luportl >
< WMAKZFAFTLLS
inosut.o sutrut.c >
3.11 SCAMAT SPELIFICLTIONS
In =th= format s=2ctiony tha farmnt

definini<ions Aare  listede ~DL koyword £32-
MATS is followed by one of F2RMATL, =JaMiTZ,
23+MAaT3y or  TOoKMAT4,. Zacn 13 followed by



Mite Waxt, trz sidtn cf g2ch fisld i
formnt 15 listed withir *h2 *owans
"M followsd 5y "= f51lci2d by the
tha tizld, rielaz usitrin 2 sincle for
Teparatea ny "," snd a fecrmat  specif
is terminatzd by "3, The first field
format must bz specified =s hevine w
et mams QPLCODE. T~z zyntax rulesz
format section zre:

definz_formatsit= FIIMLTS format_ds:=
format_descrit= formatnum : < NUM
aePcCos 4 f
foermatnumii= FORMETY | FORMATZ | Ah
format_sprecsit=z < NUw > = exsr
| format_soecs < FUM >
An ex2unole of @ format zsecificstionce
G FIRMATS
FCRMATL: 2> = LPCTDE,
<4> = ACKTRLS
FORMATZ: <i> = JPLODE,
<&> = 4DORF;

Consult tre rzzerved word list in Anpe
cr section 2.21 tor words not to be
fermat fi=2ld nam

In this =sz2ction all +tre szlzmerts
microcarchitecturs zre listesd =2€f4a2r 2 <
cztion 2f the wid*h oFf the parts,. oar
ing thne 33mz widt~ nay bz listed =s
seccratad by "M, 4 3incle qraup 1
minzsted by a i, Lnz of th=2 p:srts
wL3t bhe named MPL. Tha zompilzr <o
entfarca this, but not doirg 30 will re
a wirning. In the following syn*teox ru
trhz oarts snacification, +~2 ron-t

Waxpr" is reduced 1n a sunps=guant ruled

define_scarts 1= PARTY rcartz_liste
| scarts_list < NJ > = nama_

exnr
_list ’ axXnr

name_11st
| n:

'_)

An eaxamrle narts specification 13
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a  PARTS 16> = X2, 21, PCs
<B> = MPL;

Lonsult the reserverd wora list in Anpandix 1
or section 3,21 for
Gordes not to be used

ty

o

rart nameas.

Tolh  MEWTRY

(V]

PECIFICZATIONS

In *his .2ction the twc <eywords MEM and CMEM
Aare used *o snecify the nunbar of words and

the widtr oFf memory a-d contrsl memory.

+in the syniszx pelowy NUM i35 any decimal integer.
zacn NUM is surrounded by ™<W HYH . “a5p gach of
4ZM smd CM2Y, the first nunber is the number

of word: =nd th2 seconda is tne widtn. “itAazr
MEM or THEM may se liztzd first.

Tre syntax rules ar=:

dz2fins_mermory 1= MEMORY Tam_snecs gl
mem_specs 4= < N > < Nuw > = mempame
H memnezma = < NUM
< NU ™ >
mempnama 13= 4z M
{ CM:oM

7]
A
’_l_
[o]
3
=
0

An example memory specific:

ad MiMUvY
<1IB><148> = CMEM
174D e> = ME#

we we

Far AM th2 width of the

IS 10 work —roperliy,
CMIwm sperifi-ation must matcn *the sum of the
fisld w1d+ns of thez uwicdasz contrel format

+
listed in the format specificztion.

3.15 INITIALIZATIONS
Ir this s=c*ion =ny par* namszd¢d ir tha nart
section may he initizlized tc ¢ conm=tiant.
Tre constan* is intz:raretszd as a haxidescimal
integer. The syntax rule:z ars=:
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VARS INCLUDES MAKTFILES
DEFINES UPCIlE -

GLTO SEMANTICC 5
TEST LEWIFT N
INY Band R
nE CONT CONTFORMAT

JedZ CTMMENTS

Cormerts =r2 arbitray =trinss rclzced
bztween the delimiters /% and %=/, Comments
are valid anywnsres  within sn IL program
after thz ©ECIN ZZ. An examcole commsnt is

~ J’\.\u D S TR T R B T T u N D
EERARES AR AR ISR RS I SRR D 1 15 A4

~s .

3 hera is Bl zommznt %
v whe I \»\'-x» et e w e e v b

322 S e s e sk 3% RE e S HOE R kSR N 3R AL

3e23 LRITAMETIC CPERATORS
TAe pPinary zritrmstic coHerstors
+ - % LIV LRD DX

cecrraepand to *he mztnematicel oserations of
acddition, suiptrrctiony multiplicationy divi-
ziony bhitwise 2ndy, and nitwise or. Tha unary
opzrator NOT corrzspongds to nz3gation. Tne
aszignmsnt npsrators aresd

SR sL

ztznds For JHIFTRIZAT, SL for SHIFTLFFT,
SE is thsz [ opcsrator >>=, 5L 13 <<=. They
are 3z combinzaticn of Dbinary ooarztors =nd
assigrmant statemanis,. For example, TEMP2 SR
1 enifts tn2 contents of TEMP right 1 bit and
assigrs the vaiues to variable TEMZ,  The
rulss of precadence and asscciativity for the



ar r2tic ard the assizcnmant operzstors =r2
found in <=zection 3.:24.
3ec4 FREILATICONAL CPERATIRS
Thz *ollowing table cont:zins +h:z opera-
tors that are us:d to zffzct flow of control:!
. | £ lencguage
K tionmaly 27u3ali*y, and logi=l cczrators] ecuivalent
___________________________________________ ] - — - - — -
relational operators: 1333 +n2n LT <
oreatar than T >
l3ss tr=an or i
eaual to LE | <=
gra2ater than or i
agual tc¢ 58 ) >=
|
equality oparators: equzl EQ I ==
not equal to NE 1=
]
lozical opsrztors: negztion MGTH -
lozical =znd BANGY N
logical or FIR] 11
|
“perators have the folliouwing rulas o f
prczdance ancd sssocistivity?
CPZIRATIR ASSIOLCIATIVITY
Jnary - rignt to left
# DIV leff to right
+ - lzft *to rizht
TLE ST Si left to right
=0 NE left *c richnt
AND AANT left o ght
OR HCR ieft 12 richt
= 5% SL rizht to lef=
ali tnz raelational, agquality and logical
cperztors other than unary = are hinzry.
They osercte or expressions and yield =ither
th= value of D or 1. Fzlsz: is representzd by
0 and true 1is represented Dby any nonzero
veluz.
3425 MICONGINE SYNTLX
A register *ransfer descriction begins  witn
the keywored MICRIENGINC fcllomcd by tna hegin
token "{" followed by a listing »f *he razis-
tar transfers follousazd by the =nd tckan "3W.
defina_rts 1= MICRITENGIME { rts_11s%t }



The rts_list is compo=2d of gne or vore of
ztatemante, Zzcn statament moy bhe ereceded

by & label composzd of a valid ica tollowec by
a nen

rtz_1lis*t !:= st

| i2hal st

{ rtz_lis? 51

| rts_list labal
label :1:= id :

The verisus farms of 2 ztatament (=t) rake up
the core of o registzr tronzfer description.
txplanations for the caltarastives for thea
staterent wiil b2 considarad one 2t a time in
the reraindesr of tris sectior. Th: syntax
rulesz fcr 2 statemant -re:
st si= H

| { ¥

i axor H

i compouUnNC_<xt

] i C avur b} st tlse_s*

i SWITCH C expr Y { coasze_list

] sezlect ( szlectlist J H

A statement may he smpty of thz form

-e

or

Alterrativzly, = ztatemant w3y b2 composed of
an  expression 4n  axprsEssion  miy be empty.
Alternativelys 2an exgrzssion may consist  of
AN primarys - @Xpry or <n exnrescion ftol-
lowsd by =zny aritnraticy rzla+tion=l, assign-
ment, sr  zauglity operator fallowed by 2n
axpression.

I B

o

| primory

| axrr binop evur

| 2Xpr 3SiLnon exo2r
] unop zxoan

wy
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o
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compaund statement
surrounc=zc by
“hs compound strteme
in*2s zn exescutabls u
tzctically corrzct t
iz ccrrnct to place

1Ty a NUMs 2 naraznthsized
ary fcllowed by 1 left
by an =xgr followed by »
ar an z2xcr followed by 2
¢ by =n 2vs3r followed by
e syntex rul=z for z pri-
T_&Xxpr
sro)
ary { =zxnr 1
sry ( exar D
(el hbinon, Unops and
G LT ) LE
oFR O] ETR O
+ { - | DIV |
3AND | 20K
mhery 2ithwar dacimzl or
’ ACNT 2L = 103
i3 ¢ csries 2T ttata-
DraCcCes. Thz mein usz of
nt 1z %0 3roup statements
nit. wharzver it is syn-
0o riace & statemont, it
a compound staterent.



The syntax rules fop T compodnd statenent
are!

compound_st 1= { st_lis+t 3}
5t_list 3= =t
j 3t ztlis*
An exzmrle of 5 stctament iz
{
SCNTRL = 10
{
BCNT2L = 133
CNTRL = 203
}
3

Grouping of statsrents is usezd to achisved
thaz desirzd flow of <controel :in :zuch con-
strdcts as *ne 1% STAT:=MSHNT.

The =zyntsx ruless tecr the IF  STATEMENT

[
—
“
~+
ae
1
—
=
~
6}
X
ha}
3
~/
(4]
+
Ww
| o
(e
0]
1]
-+

In 2 cons*ruction of thz form

IF ( 2xpresszior )
ztatementl
next statement

If expression is ronzers (trus), then =t2ta-
mantl is executued: othzrwis:z statzsmentl is
skipnzd and control paszes to thz next state-

ment., in axamples of @ zimole IF stataemenrnt
is?
IF ¢ ACKNT=L B9 2D
BUS = k23



|
[a%]
~
|

if expression 1s ronzero then :sts*zmantl is
exacu*tad and statement! 1is skinpsd; if
exyrzssisre is TIPrCy thern ztatemartl is
skioped and  strtementz i3  2xecuted. in
21t72r casey ccntrel n:xt czsses to naxt
zt:itevent, {n zxample of the2 if_=2ls=z con-
sSTruct i

C = 4DORF;3

an ILSE attschas to the na2azr2et IF. Tnara-
fore i1n tre abovs zxamoals the SLST is the
2lternative to the HIS (¢ N TQ D D% and not
the M"IT (2 25 1), If the =2xampls were

writtsn:

tna ELSF would attach itszelf to the "IF (L =Q
1> ". Tre SwITCH st=timent is = mul*i-way
21 sta*zement zenzralizin the
3 s fcr the

| SWTTCH ( exor ) { casa_list }
casa_list ti=  CaIg NUM ¢ a2xor 32F2<;
i JEFAULT ¢ expr ARELK
| csse_list CAST NUM ! expr BREAK:S
| csse_list DIFAULTY ! =xnor BREAK;

The intezral exore:ssion following tke SWITLH
is evaluztad,. Contro) th2n sumrs *o the
appropriatz case ladel ~nd the exora2ssiocon a2t

tret lebel is executed. Tne LEFAULT ca=e may
] includezdy, cenzrally o5 the l2s cs3e
listad,. If i+ is aincluzzdy 2nd 3f no cthep
cazes are appronriate, control will poss  to
ite An example of & case statamant 1i:z1
SAITCH C AaguT2L ) |
CASE G 4BUS = Ry fRTAL
CAST 11 4rUS = R1§ 22Fax;
C45% 20 ARUS = R25 EIIAKS
JEFAULTS: aABUS ABUS S, RB=EAK;
}

The szl=ct staterant o2rovideszs a shortened
formr for uritinc 2 zuitcn statamsnt. I is



not

2 zart of Cy ut 1s esenecialliy =-ulted to
writinn rw~icroprogrommazble simulators. It is
rEmrlttz 3y RRUY into a2 ssitch  statesmant.
Th2 syntzx ruylss fzr 23 zelact statemart arsz:

} s2iect (¢ selectlist ) H
selz2ct = TELEINTH

SFLICT:
SELECT:
SELECT:
selectlist t:- primary ’ nrim=ary ’
idlist ::= fidia : primary
1dlis+ ’ primary
in the rule ialist, KUPM is 3 c¢onztant such
that oy < NUM (= 25, UM must match the
nunber of orimaries listed 3in tha2 rule
icdlista. in th=2 rule select, STLECT1 =nd
SELELTZ assis*t in writirg verticolly encoded
samulators, SELElTE ondg SELECTG =#3s5ist in
writing herizontally =2ncodad sirtulztorse The
fsllowirs »2re examsles of each 2f +h: SELECT
statewents:
SZLECT1IC A8US,y ACNT2L, 4@
Ry "1y <24 PC 3 3
Sewritten into.
SWITCH ¢ aCNT=L ) |
Case Qs 20 = AzZUSs BREFAKS
“iS7 1 R1 = A2USS I7EAK,
Cai= 2: RZ2 = a4tWlsSy FREAK,
CASE 2s PC = AzUSS 3IREIKS
)
SELECT2C 1BUSy SCNTRLs <2
X0y E ’D‘)Z’ 2L 3
kewrit+zn into:
SWITCH C ACNTRL 3
SASE 0f ASUS = Ty EREAKS
CASE 1! AERUS = Bl B27AKS
C4ss 2: ARUS = RI; dRELKS
casSs 33 2ysS 2L HREAXKS

icdli

\ 3

r+



Rzuritten inta:

SHITCOA C aguTRL D> «
CASE 17 A%LS = @05 <R2aK;
CAZE 21 13U% = 21; BR:ZLK;
CLY3E 41 a7us %23 BREAK:
CASZ @3 2BUS = I3 BREAKS
CASE 123 a2US = »2C; BREAK
CASE 323 ABUS = MBR; 2RFAK

}
SELELT« ( A3US, ACNTRL, &

.
L]
"0y Rl 22y IPy FC,y #ME2)

Rewrittan into:

SWITCH C AINT2L ) A
CAST 11 KD = ABUS; 2R-=aK;
CASE z: R1 ABUS) 2RETLK;
CASE 43 RZ = BEUST EBRZaK3
CASE 23 IR = ABUST SREAKS
CASE 16t PC = REUSS SEEAK
CASE 32 MsY = AAUSY BRREIA

X we
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C-4°TER 41  T9E 3yNTax 0% MPL

nis chapter de=zc s iyntax rul
cf tne micropreogromming laingusgs inaut to t
hd A

Ticrozssavhler cenzrator nsmac Mo, Tt 3
assumeg thet an HIL hardwars procgrar 2xists
thzt has been zccented by tne hardware sinu-

lation «censratcr R2UN ard that MPL is heing
usad to write 3 microsmssamoler for a wmicro-

lancuzge that di=  te bz usad in copiunction
with *tne zimulster. It thza lancuaze discrip-
tion iz ir file LANILELT z2nd ths HOL Rarduars

descriction is 1in file HaiDWaRsZ, MPL 13 exe-
cuted by:

FMPL LANIULGE kIR A

T
L)
Ril

Jne of the comsonzntz of 2L is a Y4lC
-

has: carser trat acce2ts 3 program contain-
ing a user defirition 2f *he eyn12x rulzs and
associntad actions of A microcrocramming
lansuzage. MPFL uses that proarsm ard 5
rardwers <snecification awritten in  A423L 2nd

Tte
produczs & micrsazsamblzr tnzt 15 =2bla  to
the

parse A program writtze in the microprogram-

mine lenzuage. If thn2 nDrogram  is accepted,

MPL creates threze filzs nzmed cmzmory,

asmlizty, and instrfiiec. F1ls cmemory can-
e

]

tains cdacimal integers tr reprzs=nt = con-
trol mamory assemdled cccoarding +o the
actions carr1e2ed ou*t upon re2cozniticor  of

z*ztemzantes 2f the micrcprogramming lancua
Fils cmaerory 1z intendad to provide the con-
trgl mznory file 4n=t 1z rueqguirz:d by CPU, tne

kerdwsrs  simula*tar produced by ERUN, “ile
asmlist i = listing file czontzinins tne
mamoryy 5 listins of trne user microorogramy
ake » tzple containing tha oddrzss:@s  of
shols a2 f the microprcgram, F1le ins+r<ile
;s 2 system fils tn3t contairns & condznsad
form of tre microprogram th=at 15 used by tns
devdz=er part cf *th: rerduare simulateor.

O

£ g

An MPL ~rocram may bz lecicallv dividas into
tuc scections. n +*nha first szsction, the
gramnar and actians that defina the TELT por-
tion > f +h microprooramming ilanguage are

-

w

described. In *he sacond sectiony *h> gram-
mar =nd  astisns thnat define *th= REGISTER
TRANSFER s+atemar=<s 5f tne larcuaze are

described.
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Th

@ syntax rulszs for ap #SL srocram are!
progran !i= lis+
iist 1=
i list define_t2st -t
e will corsider T23T and R3ILISTER  TRANIFER
sectisns csaparstaly.
4e¢1 The T=ST DEFTNITION
In the T=ST sectizcn tns input tos  MPL
aust da2fine th: rules  and actionz for the
TeoT portisn of thsz ricroprogremming
i1ancuage. The synrax ruls for this section
is:
defins_tastii= DFFINF T=2ST { %% MMTZST @
XY
Tne reserved wards JZFIN: TEST 2nd tha2  taokzn
“{" xraz2 followz2d vy th:z definition. MPL cdozz
no syrtax checkinc of tre TrF3T :spzcification
after the M5 MMTEST ¢ " and urtil tn:z final
%% e bnytninge 1s =ccaptainlse to MPL, howevaer.
th: Te°T definitisn rust b2 comrasible with
the rulss of writin: & YA&C( nzrser and  the
rulsz »~t 5L or the microassemnler will not
work. Trese rules sral
1. &ny MPL keyyord us=d din  thz rules
1zt define tne TUST is 2 tarminal token
in *r2 crammar, iz. 3t iz not reducad
furtrer,
2 Ay prrt pamacd an tnhge carts ssction
»f the hardwars descriprtion is & *ermi-
nal *ok:zn.
3. Any user definzd non-tarminal  wust
begin with » letter and may be followed
by ocre or mors lat*tzrs or disits.
G, Any user definsd non-terminsl mwust
he comnlately r=duced *to tzrminal *tokens
within tre TciT definition.
5e p user defin=d non-tzrminal racuc-
+ien rule 1is written oy writirg tne
non~-tarminal nam= foluiowszd by & colon
won, If +*ners arz =alternatives to
rzducine th2 rulz, they are s22arated by
= Mn, 4 roaducticn is terminzted by a



emigcolor Maw

S a Tre non 2lpra =harzcters availanbls

tor usz 3z ter~inzl Tokans zr:t

» 31 00) =
0 1 2 2 4 8 & 7 5 ¢

T “ry non-ainhe cnaracar must b2z sur-

rounded by ausctatiocon marks,.

3. 4 reference toc =z lapsl in a

micrzoroaram  is by thz kszyword LABSLOC-

SZRAND in 2 gremnzr rule.

3. fctions ss=zociantsd with = rule are

rleced after the ruie witrin the markers

II{H an(i II}II‘

170, A regferzncz to tnhne sddrezz of &

labe in tre actions of a orammar rule

is by *hz kayworsd MWMAZORESS,

11. Tne keyuord QPCODE 7ust be set

vitnir the actions o2f = crammar rule.
The desiin of M“T:5T reguirss that . combi-
naticr of th2 tokans ( ige. tre MPL rezerved
worc s 'and the architecture varts) and sinale
charzctzrs form gramm=ar rula »nd that actions
be 23socictzzd with the ~rammar ruless. If the
micrasassemhlar is to te uzed in coniunction
witn = hardvyare zimule*tor producad by RRUN,
tn2 acticns must b2 ccroatible with the con-

trol fislds dezcribed in  tne

LErTs of the HD SroSram,

examplesz ¢of TEST spacifizcations:
IXAaMELD 13
JEFINE TEST
{
%%
MMTEST: TIF SIT n{¥ opna "™ tuz WOV
{CPLIDE =
AODAFIELD
}
i GOTO LAZELCPERARD
{ IRPLLDE =
AODRFIEL
>

"

G

T

scgcifizc=tions
The following

are

CTJ LAZZLAOPRPER

MMEDCRESSS

»
’

MMADDRESS



org. i
| <N
u :C
H

tio0l nin o ong
! Wqn o ngy
l nin wmz
'

2%

{ STEIFIZLI = 23 )

{ STeRFIZLDO = 13 )

{ STREEIELT = 2% )
"O{BIT_NUMAER = 103
WOLEIT_MUM3EZ = 113}
NO{RIT_NULMEED = 1583}

L dissection cof axawpls 1 with ra2caro *o to
the rules for dzfinining the TZST grammsr may
be halpful.
2alz 1. MPL keywecrds used in thz agraom-
Tar o oEre t:rminals. Thay 2ra2:
tRoo8lT 3aTo Lageln-
PSRANC,
Suls 2. Fzrts ramad 1In the par+ts  s3c-
tion of *ne rardusrs dsscriction (asszume
rnere tnat the 3 parts IR, Riy and PC
were listed) zrz terminalz. They =rel
IFy Ply PLe
Ruls 2. User dzfirced non-*erminals =aras
cNzys twWoe.
Rule 4. Nogrn=termin:zl: "sne" and  MWHys®
sre complziely recuczd tz tarminals.
Zula S. MNote uszs 2% Winm  to saoarate
rlternatives =znd "IN 1o end 2 rule.
Zule 5. Nop=-°lmha ~naracters used =rzl (
s ) 0 1 5o
*ules 7. Motz n~muotztion marks zround
every non-alcha chnaractare.
Rulzzs 8.

p

10.

11. Hets u~tz ot LABELOPSRAND
aftar 1tz Kayuword GOTC.
Tt BRI AN were a label
in a wicrocpracram, ths
strtament wIlT FETCHY
wauls e acceptad. MNote in
the nzt*tynne th=t LID=FTELD
is g2t to MMADJCRESS, In
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*he ricronrs
ctortrl fiel
Wwould he gz
siddress of
He*s tha* JpPL
onRca for 2
~zductinn,
SEAMELT 2
TeST {
IF N GTTL LABELCPERAND  { CPC
AL
GOTD LAgRLIOPSRAND { 2°¢C
aar
byl The REGISTER TRANSEERS
Ir the REZISTER TRANTTE2S
language descrintisn specif:
all the valia stztsments of th
exslicitly dezcribed zlono wit
2ted 2ztinns,. Tne =ayntax rul
rines wheatnrer an attavot 2
mznt of *the micrecrrogramming
valic definition 1s contzir
grammar rule namzd Mttt

tna
SDORFICELD
the
FETCH,
is szt
complate

Jm

1
.
B

Ly X
T OL
Uy Ty T

R

m

nrrt of  tne
stiorn  to MPL,
lancuage 2are
their associ-
deter-

aJ]

i=
the

a

ed 1n MaL
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The rule 1::
| promz M = W prsme samantics
| rname M = W phom: oarn oAum cemantics
I sname " = " snzpz op M - P oAyy semantics
| prame " = M przvs o5p 2namz2 semartiss
i <0 zerantics
| WS semzn+ti-:z
| LSHIFT samantics
I YS3RIFT zazmantics
| 2rame ™ = M LSHIFT W (N ppama W) W
semantics
| pnome " = W [SHIFT " ( M paam2 op pname "M )
" zemanti-cs
I yramy 1] = n '}S}-AI:T n ( " rpaMe n ) [1]
32mantics
| pname " = W g35mI= " O " ppnsm: op pname " )
" terantics
| orpame M = M BAND M L M paape Mo, W
cnime "M ) Y samantics
i sname Moo= W OBLE o0 ¢ on pramte W 4, W
oname " 3 " zamantics
‘ SPAaMa n - 1] Ih' n ( n ke n ) n
cemantics
I zramsz M = " [NV W (" 5pame M ) " o5 pname semantics
| DZFINT SEMANTILS { const
SELECT ( prame 9 pneme 9 num
clist
>
~* rt
while rule rt is guits lonoy, it iz not r~om-

plicztad,. It sirply 13 2 listing
numier of 1th2 pcssinle
functior statements tnéet may cccur
conztrain*s of the kavwords o»f MpPL
uzer “0L nordwarz descriztion (*hs
tr: nardiarsz description bezcoms
rulz defines how tn2
thz MPL keyweords may
to tne
refars

ba
defing

In rty pname

in the 40L hzrware

non—-tzrmirzl semzntics (reduced
actions that @re2 to he carriad

tatemant is re2co7nlzs Lookinz

st =lternativse

to
firad

2l
e

€

5
.o

] pname " = " pnzma s2mantic

the

Y 3
=or

any p=rt of
follows1
accentad.

A statament setting

ture *o5 any cther paAr=
cations of actions 1is
n=n DE e 0: }

| I% Map {

[0}

0}

parts
keyworas).
hardwear=
grranced
microprosramming
ANy

description.
lzt2r) refers
out when a

of a lerge
registzr transfer

and

witnin the
and

2f the
of

part
in

parts

The

at

tha

rchitac-
zpecifi~
xamplzy
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form:
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ALY

LWould bzcomz

S

| &Ly

were part of
were listod
tion.

MPL
50
Da).
rexd
LSHIT
wizh =
nool=2
by =

Cartain
used in
haves tc
memory
writes.
atzd

witn

raducszd

num

=
[
H]
0
—

2 X

3w
Lo3
[aX

ny t
smantics

Irn this ccse
fizld na~e.
ir rule rt 2
that i3
of cdeszcribin
to be addad
"spame = ona

2

carty of the aricraszsemblar  and

" IR = ME2 " 1o b2acome part of
NoURSe . Nontermin:zl Mont is
4+ " I LY ' IND ' - l TR ' 2AND

d alternative of rt, statements

= PC + 1 {0

-

CO3E

e
1]
o
e
e

= ALYl aMI ALyl {oPCoC® =

part ¢f thz: lanquaca 1if

Nt S0 nen g

{JPICLE

1
[
.o
)

W= ALYl AND LUz {0OPCLD

in
1]

D33

the

a2

ALY aLy2
de=zcrin-

irput te MPL =na £C
parts in KDL nardwuare

reserved word: ars intendsd to ba
acific ways (althouzh tney den’t

°D is *o associated with 3

statement and wR with = mamory
FT and RSHIFT arz teo b2 23soci-
nifting, INV with irvesrtinc, *AND
n ande. fbon=tarminal num is
he rule?

be

NUM
Ny M
num™ "um

sf 001 2
is

antity that is
3. Non=terminal
rules:

sny
zemantics

ical

e

7
he

JPCULE = num ;3 d=a2scr 3}
= Admoe

L num J =
¢~ descr

e
o

numn.

—
|78
[aX

] des

refsr to 1n control
to last ~lternative
2ccent = statemant
shert cut way
and =actions
of the form

wh=re the

y 1d would

Thz zecont
lliows MPL to
sirnad to provide 2
3 » numbar of rules
ts the microzssemnhler
ma { actionsz } "

3 2R
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would vecome rnar+

sf tre micrclanzuace.
Non=terminal id 1s redycac by thra rulsz:

It 15 2 lexic2l a2ntity that matches any MPL
resarved word or microcirchitecture part noama.
The complets zpecification for the crammar of
MPL 15 inm Anpsndix 2

]



~AFTIR S TIST CAasES,
TE3T CasSE 1.

“arkar pressntz a8 ricreprosrsmring simu-
lation prckagze thet 1 us=z¢ in tzaching com-
Puter arcritecture 25t the Univarsity of Cal-
gary LEJ. Ths hynothetic=sl srocz2ssor is 2 16
b1t mzchinz with z horizontally aeancors
trol mamory and two cortrol memory fo
Thne ZAT: format controlz 33 gates an
rzading anrd writirg of msin m@mory. The TEST
format =llows thes te2s=ting o»f onz bit of
of 3 rezcisters for 2 1 o 2 0. Ficure2 1 i3z &
diazrzm 2% tha grascezscr and the control worx
formats.

i

-

(o]
(o]
o}

[

In +tnis simuia*ion, th following
changes were mad:s t3 ths con*rol worda format!

CoE takecs tn
i n hota formats
the length of the contro

a
=

—
A
i
j g
+ Z

1]
irncreasin 1

word by 1

-e I}

2Y) an ALY functior <control tield GSLUF
wasz sceac *o FIORMATY o con*rel 4 func-
+ionsz, incre=zsing thz lenyth of *ne con-
trol word vy 23

-
T
'y
8]
~+
o3
w
-
o]
3
3
18}
(1]
(13}
~+
o
¥
o3
I1{}
o
D]
o
[g]
ul
1]
i
o
-3
2]
3
ar
..

1) tre ragistar callad "SW is called
Ups in thkis simuletion;

2 & sincle cycls is divided into ¢ sub-
H

4

2y 4y stotus bit: ANIIT  aad  Z2IT  arae

sadacd;
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The GATE fnetructions
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Soe Fige D

'
Each bit of a GATE inetruction raprevente one of the control pointe
Hot,

A "1’ bit ollowe dato to move ocrogse a control point. o ‘0’ bit dono
Bit O of each microtinstruction 1e thi opcode a GATE 1metruction hae

an opcoda of “1’. Bite 3B ond 39 control reading ond writing of moin

memory, raspectivaly.

The TEST Insetructione

'<_glcrocodn E;Ench Tast élt [h )
Unusad Addraes 154 f13f12]11 10FJ4L[ L ‘J 0 r &

T Tast Reglster

@
L= |

I O Ject blt

The TEST microimnetruction allows any bit of certoin ragieters to be tasted.

In any named fiald above. only one blb'may be non-zero or an error occure. 4
The action of the TEST 1netruction is ¢o examine the i1ndicated teet register,
to see if the epecified bit (The TEST field above. 0-15) ie equol to the

the value of the Ob ject Bit field (1 or 0. If so. a branch ie made to the
microinetruction epecified by the Microcode Bronch Addrese field. If not.
then the next itnetruction in the normual eaquencae le executed. Opcode for

the TEST instruction te "0’.

Figure 2 — The Microimstructiorn Formats
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N
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gz “E

v CFUNCTIONS
<VARS

FORMATS
FORMATL:

)

FIRMaTZ:

PARTS

£

<1ls>

<123:><%7=
<1924><1
SINITIALLZATICNS
#C N
ChLit =
Clcwey
CMINUS
SP

PPRAY

A

o

Br thnTngas wira2 vwad: to  *the processor
3 tontroi formet., Tnz lisztinz of the
re descrintiecn t: deszzrise ths procas-
1int tempytamzls D

<2> = QPCLO:=,

12> = aCMT=L,

<7> = ZCNTARL,

<1> = 2C1%3,

<1> = PCrMaa,

<1> - :5MaRr,

<1> - IRMEZ,

<1> = MREIg,

<4> = KEi531,

<1> = XTNTEL,

<2> = CHMPL,

<2> SHIFTINT2L,

1> = XFEID,

<1> = aFrE=z",

<1> = SFFE-T,

1> = pCFE=T,

<1> = JBYs==zzn,

<1> CFREZD,

(2) = ﬂLU;g

<2> = 39,

<25 SPCT L%,

<B> = RNams,

Cle> = FITNUM,

C1> = Tt Jdy

<~> = LODRF;:

A,“f):,:,X;ClS,CZER:yﬁU\Q:QC'/'INUS”NE,
55,12970475,

CMPLL1.TMPLZ,

ALUlsalUzyal iy

SHIFT=R,

E"JUS,;.‘BUS”:"“J;,

ARy 22 40P

N3ITeyIolTs

> =
H>

—
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(SN
-

t

2 MICROQENGTIHNE
€
IF (OPCIDE &5 0) ¢

IF CSUSCYCLZ B9 1) |

SMNEYCMINUIINZZCZERDWRSY

SILICT3C RAUS,ECNTRL, T
X S L} C Z f 20 » C N‘I N'U 3 :‘\‘; [ C':‘F:E [ D 9 U S [ C [ 9 ) ;

IF (PCME- 2Q 1) MAR -~ oC3

IF (PCI= =25 1) IR = 2C3

IF (32PMaR 23 1) M4aR = 5P

I2 (L3A4A% 25 1) #arm = 173

I8 (MERIT 2 1) I3 = wiog
SWITCH (R=GS1) |
CeSE 0 3REAKS
SE5% 1 A = TRUST SRTAKS
CAZE 2t A = DBUS: B82:zaK;
C4aSz 2% 4 = DEUS: B - DBUST =3%awg
Cast &1 C = T2US;y &RELv:
CAsE 50 C = D34Sy A4 = JEYS; 2eFavg
CASE =2 C = D3UST % = J324S: &3Fkg
CASE 7! £ = 21USs 3 = D:US3 & < DARUS! BREAK;
CA4SE 31 [0 = DRUSS RTRELK,
CAST 33 2 = DBUST A = TAUST FIREAK:
CASZ 1¢: & = DBUS: & DSy FRzaKy
cASE 11: D = D3US: ®© D2Usy & = D3USs 2REALS
CA4sSE 12: 0 = D3Yys; € = DEUSS BITaid;
Caxz 13: 0 = DZUSY T = DFEUsS & = D3UST S~T4K}
CASE 14 = Z3Usy C = DzUSY 2 = D3US; ZRFAKS
CAasFE 15: ¢ = D2USy € = DEUSS

B o= TRUS: A = DEUSY ARD4K;

}

IF (XCHTRL =3 1) X = C1%5

()

SWITCA (CMPL)
CASE
CAZE
Cass

Casx

.
=
AY
—
[
]

-CMPL1S BRELK;
-CMPL2; BREAK:
CMPLL = -CxPLL:

-TMPL2Y HRIAKS

W Fos = &
s s ss se
(@] L
< == X
v
r—
1
t

(4]
AY
-
3

t
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ALl = Curitg
ALUZ = CMPL2:

)

17 (3uaCyCLs =3

~
~
o~

SWITCOY CoLUfry |
CASE [f 4ly = aLul; 2hEAK:
CasSE 13 2Ly = aLUl + aLy2;
CAZZ 2: ALy = aLUl  aLU2; =
CASE 2: ALU = =-2LUL322%228K:

}

IF C ALY LT O D> NBIT = 13 I5IT = 03

IF C 2LU FQ 0 ) NEIT = 03 21T = 13

IF C ALY 3T 0 ) NZIT = 03 18IT = 0

SHISTFR = ALy

SWITCH C SHISTCNTRL )
CASE 1t SHIFTER SL 13 H4REAK
CASF 20 SHIFTER SF 13 3F2ax
DEFMULT S “RELN;

)

)
IZ (SUBCYCLE 23 %) {

It ( YFEED £49 1) X = SHIFT:R:

IZ ( AFFED S50 1) 4 = S5HIFT:23

IF ( IPFEED &4 1) 3P = SHITER:

IF ( PCFREFD &0 1) PL = SHISTER;

IF ( DHUSFEED 29 1) DBRUS = SHIFTER:

IF ( DFZED EG 1) 0 = SHIFTER;

MER = DBUSS

¥
IF (3ULCYCLE =u 42

SWITCH C Rd 3

cace §opBR o= MEMIMARIS SREA
CAZE 20 M:zMEMAR] = MpF; SREA
TEFLLULTS BREQKS

MEC = mEC 4+ 13

N
]
-
o,
x
=
.

-~

1
IF ( 2NAME Eg 122 23 |

(suscyiLs Q1) (

m X1
&~ m
X
- X

-e

X: k7

.o ae
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SWITIR (PMSM=) {

CALE L 1 TEMP = pismmax:

Cali 2 2 TEWP = 8322E84K3

CESE 4 3 TEMP = C3EEAK;

CA3E v ¢ TEMP = 2383Fak;

CATE 15 ¢ TiEv2 = vvgypoacaks
CASE 22 5 TIMP = K3@fuaKs

CISE 54 1 TEMP = IR;EZE;¢;
CL3E 123 ¢ TEMP = CIEZT3BREAK:

(-

—t
]
~
(%]
c
(e
.<
€
—
iRl
[
£
nNe
NS
cha

i

IF (3UsCYIL: Ew 3 ) 1
}
I (5UBCYCLE 22 &)

+

TEME = Towuwo ATTHUM:
12 (CC23J 3 1) (T®d 3T 0))
F
G382y =2 23 (TEM2 23 0)))
= A00w~g

23
ENG

Trnis s=ction dascribzs *tne implementa-
tion of + ko AMISS virsizcn of the micropro-
gramminc languane descrinzd ny Parker, The



iarguage  p23 durlicatad s«rctly excaa% for
the foilzuing:
) Tha  tsst s<rstement zynt=x 433
cranne-l tronw -z “aprm ny=
ZITONUMZE? G RECTSTER) THEN GOTT LABILM <o
MIF RIT(RESISTIRGMUMEE?) 13T LAZEL;

p) L stTterernt 2f +r2 £
Was Cnanced ta Me=g-1M

9]

3

x
1]

41"

) @ My ritazr tnan oa MM iz ysz2a in
thz micrcpragrs T zzpéerzta visraoin-
Tirdctions 1f more  thin  cne ricrein-
struction 12 us2¢d 1¢ g2n2rat: o cosntrol
vords
4 a2 "M ramner than o a M"i3" ds used  to
ca@gparats crrmroL uwords?
2 TNV (RIGISTET) dirztead of COVWALEMIMT
(R2GISTERD,

Tne following iz *ns d2=zc-iction of
the micreprogramTing lrn-uzce tnnt 1=
sunmittzd to MELD



DEFINE T:ST

{

2%

MMTEST: Iz 277 nga

s two MHM GITIT LABELIPER
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Parker presznts o yisrcaracesm ts exo-
cute 2 3vall :+zck oriertsd ‘nstruction cet.
Tor tris zimulaeticny & a4LT insteuctio w=z
addede  Trhra ins*ruction zzt i-:

SPLTLF INCTRPUITIIN

oue PU3A tnz low 13 pits of thsz

instruction

nal PP thiz t9p ¥ tn s*ask value into

tne & reaoistoer

c1h HALT

150 50T the ton tws  stack  veluss

rz=ult on top

101 SUBtrazyr the sacord frow *na *on
alue from the teog valuzy r2sult or ton

110 3ST3re the (Taz-=1) wzlue in=n  the
mamory locstion ziven »y <*he ton

111 5T the zortznts cf  the meldress
Jgivar by thg  ten 2f trz sztsoky rmzsult
033 0N TOw.

T=e follouing is a wicroprozram written in
the ricroprocramring  language 2dzptzd from
the oan dezeribed pHy Porksr. Aside from the
crange 1n the syntax 2f th? microprocramming
lancusce and the saction for decodinc the
HALT ins<ructiosn, 2t is the somz microprogram
presented v Parkesr.
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IR = 50,00 = BC 4+ 13

IF 817 (IR,18) G272 i5-e

I7 AIT (I8,14) %377 uT:=S

IF 31T (IR,13) 2CT2 o003
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The =rcaitectu~: 135 wviariic=lly controll:zd
using @2 74 Hit contral uword, and two control
word fermats: = HA4TE formet 3nd o TEET  for-
mat. AMISS was uze2d to writ: a simulistor for
~his architscture exactly as das-ribzd by 3ic
gxcant for the fclilowir-:
1> The AMISS Q0RI00% field was =zdd=d to
2acnh format
2) 4 sinola nwrnacazzor ecyzle was dividad
into four subcyclzs.
2) The input/outpu” intzrfzce was sinu-
lated oy =2»2lling <*twe CZ functicns from
“he FRarcdwar dezcription: input() and
cartnut(). Tnezz . functions e2xist in
thne files inputec ang 2u*nuis.Ce. Provi-
sion  far including tresez files is mads
by naming trem in tre CFUNLCTIONS saction
oFf th2 ATL.
4) 4an intza=~ wvariable n=amed temg is
usede
The fellcwing i= = hardwsre dezcriction of
ths Ccrocessars
REGIN
CFUNCTIQNS
<VukS int teTD; >
KMAKZIFILES otruteo inpiutec >
ORMATS
FoAMATLS 2> = 0OPTC2E,
(4> = MzMOP,
4> = S=IFTOP,
<C4> = UUT,
<4> = IN2y
(4> = N1,
<4> = QOPL13
FORMAT2: 2> = JPCTOE,
<1z> = 4DOR™,
2> = Iy
<2?> = JR2LI3
PARKTS s
<24 = Moy IRy X,y Muhy )
AUY, CZERD, C3INEZ, CMINUSSONE,
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SHIATERS
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The I/2 interface iz simulzted by ths tuwo
filzey inzcutec and ocutoute:?
File input.ct
21ncluda "wrrs_definzsoh"
input()
{
ardintf (Mo InPUTSE nt )
scanf{"ix",&inrz);
}
Zils outrutl.c:
sincluce Wyarishblaosen®
C‘.;t;:)'.l't() !

printf (Mo JUTOLTE Zxnyoutres)) >



A microorogrzvming

Flaurs 2 cont:ins *h
mizroosrogrommin- lonn

aA"Tunas 13 nrrezsented,

1
2 instruction gt of tnz

u

' THE INSTRUCTION SET OF THE
MICROPROGRAMMING LANGUAGE

Executable Instructions

code instruction description

0 ADD ADD inl to in2, store result in out

1 SUB Subtract inl from in2, store result in out

2 AND AND inl with in2, store result in out

3 OR OR inl with in2, store result in out

4 EOR Excl. OR inl with in2, store result in out

5 BR M Branch to location M

6 BMDR i M Branch to location M if bit 1 of MDR 15 zero

7 BRIR i,M Branch to location M if bit i of IR is zero

8 HALT Terminate execution
R ity e ”

igJire 7 212z 1nztruction 10t

Thiz larguaosz wat trarslated o statom=nte
acecs=prable %2 *the AMISS wizrcorogremning
lencuzne asneratar NMPL resultinc in & lan~urge
having 2xfctly the samne zz22bilitics hut yith
p rr¥fferzanr zynTtax.

T=2 roy syn*asx 18 t2und 17 Figur2s I3

cods  instructien

2 SARTL W= oacT2 N 24073

1 ARTT M=t 2272 MM 52274

2 CapTl v=¥W 0ART2  PARTS

3 JELTT =0 2eRTZ 0RO FART3

& PARTL D=w SART . EQK PARTS3

5 GOTOT LagzlLlpPes

£ T2 BXT NN O MOT MR g MW S0TH LAsTLORPER
7 Pme BIT MW T M oy MM SOTE LLRFLTPER
2 ~Ai 7
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¥
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iNzZ o= 13
201 = 13
CUT = 33
}
3ic pres.nts 2 micraoproTrem  *3  interioret 2
s3tacw iteagd incstructiors se-v. [hic inztruc-
tion st 1z 1n Finure 4.
Figure 4, 2831273 instruction zat. Ceoentiruad
2r trna followins puasa.
1
One-Operand Instructions
code instruction stack description
length
00 LOAD M +1 Load stack from memory location M
01 LDI C +1 Load stack with constant ¢
02 STORE M -1 Store tos to memory location M
03 BR M 0 Branch to location M
04 BPL M 0 Branch to M if tos is > or = zero
1 05 BMI M 0 Branch to M if tos 1s < zero
06 BZE M 0 Branch to M if tos is = zero
07 BRSUB M +1 Branch to M and save return address on stack
08 BXPL M 0 Branch to M if X 1s > or = zero
09 BXMI M 0 Branch to M if X is < zero
0A BXZE M 0 Branch to M if X 1s = zero
0B LDX M 0 Load X from memory location M
oC LDXI c 0 LLoad X with constant ¢
oD INPUT M 0 Input value from file DATA to location M
OE OUTPUT M 0 Output value from location M to file RES




Zero-Operand Instructions

code instruction stack description
length
20 ADD -1 Add 2 top-most values of stack
21 SUB -1 Subtract tos from value next below tos
22 AND -1 AND 2 top-most values of stack
23 OR -1 OR 2 top-most values of stack
24 EOR -1 Excl. OR 2 top-most values of stack
25 COMP 0 Complement tos (one’s complement)
26 SHL 0 Shift left tos by one
27 SHR 0 Shift right tos by one
28 TXS +1 Transfer X to tos
29 TSX -1 Transfer tos to X
2A INX 0 Increment X by one
2B DEX Decrement X by one
2C RET -1 Return from subroutine
2D POP -1 Discard tos
2E HALT 0 Terminate execution
Zigure . Aic s irstructior s=2t.
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Fladre Se Microprogram prezantad by 3ic t
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47 20 715031 INDIR BRIR 21,IX0OONE

OBJECT SOURCE-PROGRAM 48 2E 0ADS01 ADD OPR,0,MAR;R
48 2F D30A00 ADD MOR,0,0PR
INTERPRETER FOR THE STANODARO MICOS 50 30 500020 BR INOIR
51 31 71003F IXOONE BRIR 18,11
OCOBO4 FETCH ADO PC,0,MAR;R . 52 32 70F034 BRIR 15,112
030400 ADD MOR,0, IR 53 33 5000C0 BR NEW1B
0cicoo ADD pPC,1,pPC 54 34 70E03A I42 BRIR 14,1121
030A00 ADD MOR,0,0PR 55 35 700038 BRIR  13,I1212
166600 sus AUX, AUX, AUX 56 35 70COCB BRIR  12,NEW1S
711028 BRIR 17 ,0NEOPR 57 37 sp00CC BR NEW17
710014 BRIR 15,12 58 38 70C0OCB 11212 BRIR  12,NEWi4
70F008 BRIR 15,122 58 38 5000CA BR NEW15
500007 BR NEW3B §0 3A 700030 I421 BRIR 13,I1211
70EQ00F 122 BRIR 14,1221 §1 38 70CO0C7 BRIR  12,NEW12
700000 BRIR  13,I2212 §2 3C 5000CB BR NEW13
70C00S BRIR  12,NEW36 63 30 70COC7 11211 BRIR  12,NEW12
500008 BR NEW37 54 3E 5000CS BR NEW11
70C003 12212 BRIR  12,NEW34 ' 85 3F 70F04B I1 BRIR 15,111
500004 BR NEW3S 66 40 70E046 BRIR 14,1112
700012 1221 BRIR  13,12211 67 41 700044 BRIR 13,I1122
70C001 BRIR  12,NEW32 58 42 70C0B7 BRIR  12,0UTPUT
500002 BR NEW33 68 43 5000C4 BR NEWOF
70COCF 12211 BRIR  12,NEW30 70 44 70C0B2 11122 BRIR  12,LDXI
500000 BR NEW31 71 45 500084 BR INPUT
70F020 I2 BRIR 15,121 | 72 4 700048 I112 BRIR 13,I1121
70E018 BRIR 14,1212 -~ 73 47 70C07C BRIR  12,BXZE
700018 BRIR 13,I2122 74 48 SO0007F BR LOX
70C0C3 BRIR  12,HALT 75 48 70C076 11121 BRIR 12,BXPL
5000CE BR NEW2F 76  4A 500078 BR BXMI
70C0B0 12122 BRIR  12,RET 77 4B 70E051 I11 BRIR 14,1111
5000C1 BR POP 78  4AC 70004F BRIR  13,I1112
70001E 1212 BRIR 13,I2121 78 40 70CO0BA BRIR  12,BZE
70C088 BRIR  12,INX BO 4 500071 BR BRSUB
500088 BR DEX B1 4F 70C084 11112 BRIR 12,BPL
70c0B1 I2121 BRIR  12,TXS B2 50 500067 BR BMI
500085 BR TSX — 83517 OSBRI R——=t3E + 1 F 4
70E0268 121 BRIR 14,1211 B4 52 70COSE BRIR  12,STORE
700024 BRIR  13,I2112 B5S 53 500062 BR BR
70COAB BRIR  12,SHL 8 54 70C056 11111 BRIR  12,L0AD
S000AE BR SHR B7 55 50005A BR LoI
70C0A2 12112 BRIR 12,EOR BB 56 O0ADBO1 LOAD  AOD OPR,0,MAR;R
S000AB BR COMP BB 57 181800 suB STK,1,5TK
700028 1214 BRIR 13,1211 B0 5B 0BOBO2 ADD STK,D ,MAR;W
70C096 BRIR  12,AND B1 58 500000 BR FETCH
50008C BR OR B2 S5A 0A0300 LOI ADO OPR,0,MOR
70C0BA 12111 BRIR  12,A00 B3 58 1B18BOD sus STK,1,5TK
500090 BR suB B4 5C 0BOBO2 ADO STK,D ,MAR; W
714020 ONEOPR BRIR  20,INOIR B5 50 500000 BR FETCH
DASADD ADO OPR, X, 0PR Bs SE 08B0BOT STORE AOO STK,D,MAR;R
' B7 SF DADBD2 ADO OPR,0,MAR;W
- - B8 60 0B1B00 ADO STK,1,STK
B8 61 500000 BR FETCH
| 100 82 DAOCOD BR ADD OPR,0,PC
101 63 500000 BR FETCH
102 64 0BOBOY BPL ADO STK,0,MAR;R
103 65 6170S2 BMOR  23,BR
104 66 500000 BR FETCH
105 67 0BOBOY BMI ADD STK,0,MAR;R
106 68 517000 BMOR  23,FETCH
107 6B 500082 BR BR
108 6A 0BOBOY BZE ADD STK,D,MAR;R
108 6B 617080 BMOR 23 ,GRZERD

110 6C 500000 BR FETCH



~-3Adre >, cont
111 60 432300 GRZERC EOR  MOR,-1,MOR
112 6E 031300 AOO  MDR,1,MOR
113 6F 617062 BMOR  23,BR
114 70 500000 BR FETCH
115 71 0CO300 BRSUB ADD  PC,0,MOR
116 72 1B18B0OD suB STK,1,STK
117 73 0B0OBO2 ADO STK,0,MAR;W
116 74 (0AOCOO AOO OPR,0,PC
118 75 500000 BR FETCH
120 76 050300 BXPL AOOC  X,0,MOR
121 77 617062 BMDR 23,BR
122 78 500000 BR FETCH
123 79 050300 BxMI ADOD X,0,MOR
124 7A 617000 BMCOR 23,FETCH
125 78 500062 BR BR
126 7C 050300 BXZE ADD X,0,MOR
127 70 617060 BMOR 23,GRZERD
128 7€ 500000 BR FETCH
128 7F 0CADSC1 LDX ACC OPR,0,MAR;R
130 BO 030500 ADD MDR,0,X
131 B1 500000 BR FETCH
132 B2 0A0S500 LOXI ADO OPR,0,X
133 B3 500000 BR FETCH
134 B4 070300 INPUT ADO IN,0,MOR
135 BS 0A0SC2 ACO OPR,0 ,MAR ;W
136 66 500000 BR FETCH
137 B7 0ACSC1 OUTPUT AOOD OPR,0 ,MAR;R
138 BB 030600 AOO MOR,0,0UT
138 69 500000 BR FETCH
140 BA 060801 AQD AOO STK,0,HAR;R
141 BB 030600 ACO MOR,0,AUX
142 BC 081800 ADO STK,1,STK
143 B0 08B0BO1 ACO STK,0,MAR;R
144 6E 036302 ADO MOR, AUX, MOR ;W
145 6F S00000 BR FETCH
146 90 0B0OS01 SuB ADO STK,O0,MAR;R
147 91 030600 ADO MOR, 0, AUX
148 92 0B1B0C ACO STK,1,STK
148 93 0BOSOD1 ADD STK,O0 ,MAR;R
150 94 136302 suB MOR,AUX,MOR ;W
151 95 500000 BR FETCH
152 96 0B0S01 AND AOD STK,0,MAR;R
153 97 030600 ADC MDR, 0, AUX
154 98 081800 AOC STK,1,STK
155 99 0B0S01 ADO STK,0,MAR;R
156 9A 236302 AND MOR, AUX,MOR ;W
157 98 500000 6R FETCH
158 9C 080301 OR ADO STK,0,MAR;R
158 90 030600 AOD MOR,0,AUX
160 9E 081800 AOD STK,1,STK
161 9F 0B0OS01 ADO STK,0 ,MAR;R
162 AD 336302 OR MOR,AUX,MOR ;W
163 A1 500000 BR FETCH
164 A2 0BOS01 ECR ACO STK,0,MAR;R
165 A3 030600 ADC MOR,0,AUX
166 A4 081800 ADO STK,1,8TK
167 A5 080901 ADO STK,0,MAR;R
168 A6 436302 ECR MOR,AUX,MOR ;W
168 A7 500000 BR FETCH
170 AB 0B0S01 COMP ADO STK,0,MAR;R
171 A9 432302 EO0R MOR,~1,MDR ;W
172 AA 500000 6R FETCH
173 AB 0B0OS01 SHL ADO STK,0,MAR;R
174 AC 030312 ADO

MOR,0,MOR; SHL

nuad
175 A0 500000 BR FETCH
176 AE 0B0OS0C1 SHR ACO STK,0,MAR;R
177 AF 030322 ACO MOR,0,MOR; SHR;V
178 BO 500000 BR FETCH
178 B1 1B1800 TXS suB STK,1,MAR
180 B2 050302 ACO X,0,MOR ;W
181 B3 181800 suB STK,1,STK
182 B4 500000 BR FETCH
1B3 B5S 0B0O901 TSX AQO STK,0 ,MAR;R
184 B6 030500 ACO MOR,0,X
185 B7 0B1800 ACO STK,1,8TK
186 B6 500000 BR FETCH
187 BS 051500 INX ACO xX,1,X
188 BA 500000 BR FETCH
188 BB 151500 OEX suB X,1,X
180 BC 500000 BR FETCH
191 BO 0B0OS01 RET AOO STK,0,MAR;R
192 BE 0B1B00 AOO | STK,1,STK
183 E- 030Co0 ACO { MOR,0 ,PC
194 C0O sooooo BR FETCH
195 C1 0B1BO0 POP ADO STK,1,STK
196 C2 sooooo BR FETCH
1897 C3 BOO0OOO HALT HALT
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X
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|
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ssfully ex2cutas oroaroms  writ-
€@ =stasx baszd instriction s:2t.
semegls Trogran the finds +the
ntegers,

SOURCE-PROGRAM

* PROGRAM TO FIND THE MAXIMUM OF 5 INTEGERS

NIw33gs sCTT E
NEwN31t 5070 =
NIwZZ: GOTR &
MEA3R Shrs -
WEW3 4 SnT0
NEal3v: noo79 €
Niw3er SO0TD
NEW3Te GnaTo oz
Vo W3e GO0T™ &
=ND
The con<4rol m-
>t this ~izro
lotor t- aJrrcs
ten usirg th
Figure % i3 »
roxirum of 3 4
LN Lo0C OBJECT
1
2 000 00C004
3 001 10D012
4 002 028000
S 003 008001
1 6 004 006004
! 7 005 100012
8 006 002017
9 007 028000
10 008 009010
11 009 000017
' 12 o00a 100012
' 13 00B 021000
14 00C 004007
15 00D 100012
. 16 00E 002017
17 00F 003007
18 010 O00EOL7
19 011 02E000
20 012 000000
21 017 000000

LDXI 4
NEXTIN INPUT A,X
DEX
BXPL NEXTIN
LDXI 4
LOAD A,X
STORE MAX
NEXTNQ DEX
BXMI OUTPUT
LOAD MAX
LOAD A,X
SUB
BPL NEXTNO
LOAD A,X
STORE MAX
BR NEXTNO
OUTPUT OUTPUT MAX
HALT
A BLOCK 5
MAX BLOCK 1

k%% ASSEMBLY COMPLETED ***
0 ERRORS DETECTED

Aa CZamole

grogrom run

ngsamoly longus
by tnAe u

**PRESET X TO 5 ITERAT.
**READ 5 NUMBERS
*INTO ARRAY A

**PRESET X T0 5 ITERAT,
**MAKE LAST EL. OF A TO
*CURRENT MAX
**IF ALL ELEMENTS
*PROCESSED-OUTPUT MAX
**COMPARE MAX TO
*CURR., EL. OF A
*
*IF MAX GREATER-CONT.
*ELSE OVERWRITE MAX
*YITH CURR.EL. OF A
**REPEATE FOR NEXT EL.

**ARRAY A
**CURRENT MAXIMUM

0 0
;
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makefiles
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ircludzs
includasm 2
srecludss dafinzs
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format_spzcs
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i [ Aaum 1 = num 3
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APXENDIY 3% 4N ZXaMPLE PrmCS=Islz.
. Tni- sectisn centsins zn exampiz
microarchita-tyure that is szoecifiad and

designed usin~ 24733,

1o SPECIFICATIONS IF SaM¥L3 aRCHITENTURSE.

n
>
3
+
J
1
3

;2 af r~xznrle, we will
=

dzzizn zor with rinimum of
elamznts and a verticszlly -=ncsded <control
word. This nrocesscr will e 2 smaller ver-
sion 9f trz one describad Yy Tarnonbzum L[4,
It will be a3 12 bit machin2 nzvinz ¢ regis-

tars dezignaoted AC, K1, R2, PC, AMASK, CINE,

Ivy TIR. =<acr of thesz will e 2ble to feed
two internzl busses that we will call the
A4TJS and the B3US. TAa: tuo busses will faad
two latcres that will captur2 tn2 data  from
T2 huszes, the ALATCH 2nd th2 2LATCH. W2
will call tha =r metic wurit the ALY and

l+

z2319n  two 1ngut ports to ity ALYPDKTI and

ALURDRT2. Wnilz the ELATCH  feeds ALUPTRT2

directly, tne CH «1ill Ffo=zd =z multiclszxor
[

+hat we will -zli z AMUX. Thzre will »e
two retis*ers thet func=iorn in mair memory
accessesy the Mix and 1tnha MR, Thz other

input to tne 4MUX will 52 the m=23, The AMUX
will s2lect whether thz ALUSDRT1 is fed <from
Th: A2U% or from tnz MTh, Wz will allow tne
Mi3x *0 he fud dirsctly from thz 35U In the
microenginre desscrinticn, furctiorz will bhe
ss=signaca Yo th: 4LU For nows let us fust
assums +hzt th: ALU nas the anility to act on
53 nout and t2 cerive an Jutputa Lat us
=5ign tra 2hbiizty to kezor track 2f tne
tztus 2F +ne2 result of an ALY function  in
some st=xtus bitsz trzt  w=x will call K2IT,
Z;IT, CEIT, =g VIIT,. e will assign &
ts5 cur architecturs tohnt iz ferd by
| aLU., The SHIFTZZ will fzed o CRUS
uhisn is connectezd t2 zach 2% thes original
registers. We will zis> 21louw the SKHIFTZR +o
fead the MHP, Finallys AMISS requirss that
th: designa2r 2x2licitly ném2 the microorogram
ceunter oz cart of nis architezcture and that
it be namzcd MPC. S» our l2st »nart 1z the

MPL .

0r

o
+

(i1

+
¥
i
+
T
v}

Thne 4MISS soescification for tne 2l2ments
of o rmicroarchitscture rejuires that widths
ha assigne:! +0 all .ﬂ'l::"r..an Se For @XF"’"QIQ, +o
s—e2cify 3 registers het =2re 1: bite wids
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12> = 8, 24 L3
,
*

2> = Ly Y, 1

Nete carefully th: =syntsx =f ths parts
spacification.,

The AMISS =zpecificztion for sur o9rgces-
scr o isa

<14> = LCy Rl 22y PLy AMAIK, C0ONE, IR,
ALUPCRT1,y, ALUPDRTZ, 4LU,
MARy ™o™, 2MUYX,
THIFTZOD,
4315, FRUS, C-U%s
{A> = Mzl
<1> = NzIT, 25ITy COITe VRIT
IMFIRTANT: Az could list 23s rmany

garts as we want Cup to 392 and name
them a2nytring wz went 20T osne ¢f them
must bh> tre MPL.

It wi1ll be relptul for latzr deonugeoirn  2ur-
poszs to drae = black box dizgram contziring
*he 2lamants of our nrceccassar,. Thi=s ditcram

is in rFfigurs 1l,1l.
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Now tn2t we have described th> oroces-
sory lzt us consider = formzt fer tha control
memory that will control tha cpening 3nd
closing of the gatez in the zrscezcsor. This
requires tnst ye first cdztzrmine now we wish
our rz2oistsr transfzrs t53 occur. while we do
not hzve to writz our hirdwuare descriptsr a+
this DO0iNTy we must consider heow we would
like to con*rol tne dats paths in our procas-
sor.

Ae will c21ll the wodsl wuron wrich to
bese our zontrol word i1*ts farmat, znd since
our prcgca<sor ic to be & verticslly con-
trcllsd ono, w2 will attemct to define our
control werd usina just one control wor:d for-
mat. Thiz proczzs involves dividina asur *or-
m2t into however many fields it takes to con-
trol our recister transfars. In tha aMISS
system, this is done by a@ssignirg names and
wicg*tns to the fields. The AMISS system
reguires that th: firs+ fizld an any format
be ramed the TrPCCDE. Since 211 field names
must e unicduey tre nare 2JPLOCDE cannot be
uced zrain within ong  format descristien.
Let us now zonsult th=2 disgram of our proces-

SOre. (FIC. 1.1) Note thzat we hzvz 2% rzcis-
tarsy =mry of whicn may fezd =2ithz2r ths A88US
or the 3BUS, In that 3 bits can 2ncods 8
different tnincs, ue will acssizn one fia2ld in
the conitrol werd to controcl the fezding of
the AZUS 2nd orne field to the 2:3U5s ez2ch 3
bits widee L=t us name the fields ACNTRL =2nd
BCNTRLe. Th2 next ceocn*rol point 1o considar
is ths 4MUX. Since *the AMUX nhas 2 inputs, uwe
can control it uszinz 1 Dbit. We will e23ll

thiz field the AMUXCNTRL., Likeswi=e, only 1
bit is required to cocntrol the f22ding of the
MLR from the 2AUS, the MARCHNTRL. Let us say
that cur 2LU h2s tne ability to perform  four
functicnse. Cae  will dzfine them latzr.)
Trasz can b2 =ncsded in & bits by a field
that we will =211 A~2LUF. Lur rext ~2ontrol
point is the SHIFTER. We will allow 2z hit in
the control ward to contol 4 possible shifter
functions and call th= fieslcd SHCNTRL. Naxt
we  will assicn  tn:  obility to contral the
feedinc of the 8 rermictars of our nprocessor
from ths C:US to s 3 bit field called CONT2L.
ilsos we will include =n 2nable field that
24111 control whetrsr thz g3tes batween tha
CBUS snd %tn=s razicsters wili bz allouwed to be
ovened- This reguires 1 bit and will be
eﬁcoded in the field celled =NC, Since our

2
EY
4



- 7 ;':J -
processor will wzrt to h: able *to zccess main
memoryy we# will decsiznz*s two 1 nit Fialds in
>sur  control word fcr thiz purmnoces, th:z =240
field and the WRITE fielde (This 2lso could
ba dene with ore fiald +yo Hits uwide.) Next
we «will =sssigm = 1 bit Ffield ca2llad the
ME2CNT=<L that will control *the fa2ecdinc of the
I from tn2 ou*tnut of the SHIFTZR. Thz last
fielus %2 censider :fre tnosz thet szrve in
tha process of deciding kow thz: addr2zs  of
< 2

trne naxt zaoantrol uword to B fetcazd from con-
trol memory will ha cetermined. We will noed
fizld in tne csntrol wora that contzirs ths
‘dress 12 be Jumned to in *he case that some
nditicn is mesx. w2 w1ll s5lze need # fi=zld
ancodzx tnz ¢ blz cornditions=. W owill
1l tre forme L0J0RF 2nd tnz lztter the
NT tield, The widtn of %N
zrmined ny thz moaxiroem 3i
Crye L2t uz nouw dzcicve
words. Tnus our AU{
wi<=z to hold 25%¢&
1ly, we will zllouw 1ths
le condition=z =5 COnD ui
ne AMISS arzmmir  to dzzcribe our zontrol
werd format rzouires that we <ive tha format
2 name *nhat consis*ts of the kayword FORMAT
follouwed by nurhar sand a colon, thuas HEIR-
MAT1 0. C I+ There were a1 second format it
Jodl:d ne MEIIMLT2:Y, 2rd so on un 1o a max-
irun =¥ rrotse) 4130y we must =353
wicdthr of tne fizlds and associate  them
the fiszld nanm 2%y for zxamoley "< 3 D> =
b

AU

0,

n

i

l

PN
1 O O

1on,

2 LLCIRF 111 hHe
= 3f ocur control
=t thest size is

i
3

i)
0
1]}
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le)
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SIZLDNANZN, Fieldnartes 2rz separ>tad by com-
METy and thne =nd of 2 zincle formet dascrin-
+ior is sisnalszd by & semicolon. 50 our

field description 153

=tevaT1e <2> = TPLCoZ,
CE> = LIJRF,
<3> = ACNTRL,

<3> ZCNTRL,
<> = CCONTRL,
<1> = 2ND,
1> = WRITE,
1> = RE1D,
<2> = ALUF,

<1> = AMUXCNTRL;
<1> = MLRCNTRL,
1> = M2RINTRL,
<2> = SHINTRL,
<2> = CONI3



Next w2 will 23zicrn dimarzioms +o0 main
memory and control m:vory. w2 have zlrzady
dztzrminzd thzt our control m:zvory is to bhe
2% words lonc  &nd that gach word nesds 31
bits (the sum of the field widthrs). Lzt us
sEy that our msin memory ic 1024 words =2long
ana 1é& bits wides Uzing thz AMISS kavwords
CHMZM 2nd M2 +the memory specificstion is:

{2845<31> = [MEM;
C1D245<14> = My

L4ISS initislly sets 211 z2lemznts cf tne
microarchitacturs tz nold values of z2ro. It
iz no=sible 4o initislize 2iemznts to  wrat-
ever valu2z w2 wizne Tniz uwould be ¢d2sirable
1f tnzrz w2rz2 elements thnest wzre to held con-
stant valuss for testing purncsas  or for
incremertings. Sinc2 the interfzze to AMISS
is in nexidecim=l nctation, zny initisliza-
tionz muzt ne in hex, A rn2¥x zonstant in £ is
writtzn  Jxhhhn.,. s wners h is = hex cdicite.
“or exzmple, *o 3¢t part & 1o decimal 15  we
weuld 3= A o= Oxfait. I1f we had 2 regizt*ter
n=m=2c¢ CMINUS2NT *hzt sas to hold =3 =1, we
would s2t "CMINUSONZ = Oxffffiv, ¢t 14 bit,
2%z complement hexiaecimal reorese ien of
-1. Mo+= trzt the rzx digit ” s louyer
CTS2. ~2X numbers are input 23 CIS2y
whareas 11 other dinput to &MIS ept use
UNCTTIINS utility must b2 r
emnlzy, will szoecitfy
al ve will set  the

. (ve will i
zpecifiz*ion for %hnis i=

4
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]
n
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registar *c
later.) Tne AMI
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e
STy
ff
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Iritializations =zre ontionzl.

The lsct thing trzt we will include in
our specificz+ior i3 tnz declarstion ot a fauw
varizhbles. The rzascn for doinc this 1is that
it iz of+*an nec23sary 1in describing <the

ecister tronzfers (ihe actual rardusre simu-
leior) +0 saove the results cf an assicnment
statemznt tzwoor:srily €9 taat it ~2n he leter
tested. 4e misht not wan® 10 declara 1
specific nart to szva2 th= results o 220 te
avolid Mcluttesring wun" th- Fardware. While
this wight da2cresze thz authanticizty of the



imulztor, i+ can makz i*t 2z3i2r to uce and
to cdebun,. For tnis curnosz. we will include
Two 1nteser variaples n tamo z2nd tamn2 .
Thzza zre declered as C variblses with tha

following syntax:

< Vazs in+t tempytamp2s D
Dzclaring varizhles 15 cotienal. fate  tThat
the AMISS cgrammzr elaments "< VAESM™ ang #OW

surrcund tha L programnlnq languags =zpecifi-
cztion for dzclzrini twc integer varishlass:
int temn,y, temp2i. C(arother op*ion here
would bz <o declszr: *he nama2cs of 2ny other
frleszs tnat wz mignt wish to to include in the
final sirulator. iunposey fer sxzmpley we
wisned T2 nave an input int=srfacs tno aur
simulater. We coulc write a  file2 called
inpute.c that contairned X routine that
crompted for inpute. Wz would list tne name
cf trne files a3 a C oniject filey, filarame.oy

in 3 saction after ths Vaks ssction 35 such?
{VaRrsS 1int temnlytenpss >
< MAKEFILES 1ngut.o >
In any MAKEFILES file, the first statement
must  oed sinclude M"vers_dz2fines.n” 14 any
refterancs ta & partnzame 1s moda2 in tns:  file,
Thz inoutec micht b=:
finciude Yyars_definegsen™
input(
{

£

printf{MUSEST INPUT PEQUIRED HERIZINM)]

scanf(MLoMyLro)

partnam: sp=zcifizd in th2 parts srcY¥icn of
tha HIL dezecrintion iz a velid C varisbls of
type intece 2 ¢clasz =xtarne. Thus
HpQn in +thne printf stotement above is the
sart namezd <0 tecture. J

Now we will put 211 thes zarts to-ether
into a <92ecificztion tha+*t is =accepntables to
AMISS. AMISS rooguiras thzt c rtain  keywords
ance  teckens @ppear within the specification
and tha* t~z2 parts of “the specification He

Jisted in s specifiz corder. A formal
descripticn of the syntax rccaptable to AMISS
is found in  zependix <. 1t shoulca suffice

here to simnly study tnz zzsembled
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CFUNCT

ecificartion tnat we <av:ilop:zd z2bove to sez

*ha parts fit tocethar. 4 fap noints %o

2.
le = sprcification starts 2FFf sith =z 73
ZZGING

Ze 2ach section ztarts of+¥ with = 2
followe by = LAMISS kzywords 2s In Ma
FoPpMaTSMN,
i the way in which +tne sections ore
srdersd iz 53 rzauirzd by L4ISSy tnus
the M3 PARTEM szction must  immecdiately
ollcw "3 FJIRMATS" gzotion?

4 commants zre zlloued onrly AFTER  tha
"Ia  AeGIN" statemant: the grammar for a3
comment is trar of the C  prosr=mming
larsuaget /32 comment hera /%
5e LMISS  dogs rot care about white
R o - I
e The specificaticn is =2l1ll UPPER CASE
excaernt  for szttine constants in hex in
tre wa INITIALIZATIONS? sectiony and
daclzraticnzs oczcurring within the "3
CFUNCTICONS" szctisn.
T IMPIRTANTS we includezd = part named
R C .

Ve +mis 1s the cdescription of

3 sirwnlz srocessar hasad
on one deszcribed by Tannanbaum

/e +hiz iz z2n cnticnal saction

IGNS

CVAKS int tzmpytempl; >

2 pere s & farm2t descriptisn =2/

1
~
-]

T1: <2> = CPLIOE,
<C32> = LTTRT
<3> AINT L
<3> = SONTIL,
<3> = CCHTRL,
1> = ENTH
<1> = WRITE,
1> = RzZAD,
<z> = ALUF,
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4o something

The zecond rezson t1z% tne uz: of the kevword
SUL2CYCLE iz impcrtant is bacausze thas AMISS
system itself utilizes it in  o2eneratinc  the
simulator snd Tne proyrzy tnat orovides 102
dzbugoar ussr inter*acs. 529 2t this point,
let wus decide +that our nprocasscr will he
bzsed on 7 clecck that is dividad into 3 SU=3-
CycLzsS.

FICUEZ 261 containes the daizgram of  our
rrocessor ond 5 pict 2f our con*rol word
FSrm Referrings ¢ LPE 2.1y uwe uwill now

or will work.

JCOND I SHONIMBRCIMERC] AAUXIALUFIREASIWRITEIING JCONTIRCNTIACNTIADRRIOPC]

R B et kel it B R ettt A DTl TR Ry I |

Il 21z ¢+ 121 + ) 20 1 vt o320 o341 31 812 |

Figurz Zelde Contral worce format, numbers indicnte
fiezld widtnz.



|====Di8C--mmmm - —- d>l------ >l
|====>%1-mmm - Sheo=m—-- >R
|-===DR 2 D> e - - >2
I B Pllmmm——— >
| ====DAMAI¥ o mmmmm o >5------ >3
=== D0 0NE-mm == >Sl------ >
j====>If----mmmmmm - >l-=---- >
|====>TI®-moommm oo - >)=mmm—- >1
Q ] !
2 v v
? Al ATk 2LATCH
2 | 1
! | |
M~R<--(| e il (i) ______ !
| v !
Migem=(])ommmmmm e > AV UX |
| | ]
| Y Y
| ALUPORTI__ALUPJIRT2 NBIT
| | | 1817
| | __ ALU__ 1 CsIT
| | VBIT
| v
——————————————————————————— SHIFTER MPLC

Let us rscide that daring the first TURCYCLE
dats will bz zllou=2d to pzss from =ny of tha
3 registers: witnin e regizter filse, be
1atched by 1tnhns tes latch2sy and s2nt to the
the Ma’ ond the zluports via tne 424yS  and
BzUS. nota +he word zllcocwed. Wha*t 2ctually
occurs depands upor thz valusz cf thz fields
in tne con*rol word. Tn= fields to consider

in controlling tne feading cof the bustes are
the GCNTFL and BCNTRL. Thusy 1F ACNTIL con-
tairs a2 s that izy a binzry 310, register R2
will b= cated onto the ABEUS., If ZCHTRL con-
tzips 3 %y 3 101, rzgister CamvE 51l bhe nated
ding <codld b2
(=4

onto the B33US. This zNZ2
descrined by 2z saries 2% IF ztcztaments of tne
form:

IF ( BCNT-L EQ 0 D azUS = ACS

I ¢ ACNTRL B2 1) LLUsS = R13%

IF ¢ ACNTZL 2@ 7 ) 234YS = TI%:



{p3)
(BY]
t

A second zlternstive would !

A PR to us -z thea
AMISS switch =tntemaent
SHITCH ( 2aCcNT2L)Y <«
Chad® 33 ARJS = AC) RBTAKS
CAST 1! 33US = 2313 22%aK;
CASE T PSS = TI=; 2Pk

2 third choicz is to usze tnsa AMISS 3TLICT1
statement:

(¥
e

SELECTIC A2US, AUNTRL,
Aly K1y RZy 2T, AMASK, CONZ, IR, TI®);

fctuznlly, *the SELECT statzment 1is converted
10 a switch statemsnt by AMISS. Whkile the
rzason for usinzs  SELECTS mioht not he
arocar:z=nt nere, it aorechanly woudula be if our
processcr had many mors 2lements or if it
weres horizontolly ancaded. In these cases,
switch statemz2rts could be auite 1lonz  and
tedicus to writszs. Th: dzt> on the bussss 1is

next latchad by thz 4LATCH and 2LATCH. This
can bz deccribad simply by

LL&T" = 83US3

BLLTCH = 52US3

Next, we will tes*t the 1 bHi+ MAICNTRL field
to ¢da2tzrmine if tha MAXx is to he fed from the
BRJS. 4Slsoy, we will tes? trhpe 1 bit  AMUXCNTRL
to de*erminz 1if the ouinut of the thz SMUX
will b2 its M%2 input zr its ALATCH input:

MAECNTRL EQ 1 ) MAR = 23USH
AMUXCNTRL -5 1 ) 4aMuX = MBPJ ZLSEZ AMUX = ALATCH;

4 b
n
NN

m

Next we 4111 =2t the the =luisorts to da+vs on
thzir 1nputs:?

HLUPLCRTY = 4MUX;S

ALUPCET2 = BLLTCHS
A+ tnis pointy in thz form of : proTram, all

+ha register tronsfars that we had dezcided to

allow guring tha first subecycl= nave bheen
tod for. Now ws will enclesz the prozram

i

e:

;;g“ent within =2 finzl :nanliag statement
tast ensures +hzt +*this crcortion of our
hardwsrz is exacuterd only when 1t 1is supposed
to  Dbee doe will wza the keyuosrd SUZCYCLE to



BCYCLE 2u 1 ) {
SELECTIC 58YS,
By 1,

telefT1( B8US,
8Cy, R1,

i
i

N

BLATCH
tLATCH

1]

43
A%

R

H
O
e wa

-

n
1y

MEIICNTRL

I:
I AMUXCNTRL

(
(

hn

ALU=JRTI
ALURTETZ

2MUX
2Las
7

and ¢

Now we will
second subc
the aLU to
status hi1ts M
sccorcins to tne
ALU outosut  to

SHISTAR snifzt
tiors thne

bitsz

the
allouw

to

-

to
SN
sor exsgr
contrecl field
tain the rezult.

t=s an AL

field aLJ® will
oo
01
1in
11
We w1ll use & SW
tne 4LJ function
SWITCH ( ALUF D
CASE 23
cLIz o1t
CASE It
CASE 33

contiy

ALUF,

“ONTZL, &t

“Zy Pl AMASK, IINT, I, TIR
3CNTRL, =t

"2y PCy 3MO3I«, ZONE, IP, TIF
41 ) MAR = BRUSS
£Q 1> AMUY = MBR) ELSE aMUX =
v‘l,_,':

subcyeclesl register trancfers

carsider tha activities of
yclaa In SL3CYCLE ve will:

22t an 1¥s 1npute, sgt  the
BTT, inlTy CBIT, VBIT

resylt of ne ALy,

th= SHRIFTEZ  and
. =irst we must o
Al Sincz we have
rol fie2ld ALUF, o=z
will =2i1low thz ALY +teo =2dd,
send the ALUPIFTL throughy
SLUPTRTZ, Wha2n the proces-
S function s~ccording to the
thne z2lemeznt ALU wil1l) con-
The enczding of thz control

D3

<

-+

®” 2

alU = ALUPCRTI + ALUPTRT2

LU = SLUPIRT1 ANT ALUPRRTZ
ALY = 4LJUPURTL

by = - ALUFIFTI

I70AH itaterent +to describs
{

eLL = ALUPIRTL + &LUPZRTZ2: GRF
slo = SLUPIPTY ANT LZLUPLCRTZ: 2
SLU =-pLUPLPTL =EEAKS

SLU - = a4LJYRCET1; BREALK:

L
2

K
E

I>

O

;
A

-e



New wz will conzider ncw +2 32t tre four
statusz  hits, NZIT, ZRIT, C&IT, and V2IT.
First, somz definiticrs of row ths strtus
b1ts will work in 2ut hardears will bHe heln-

ful. Remember tnat our ALY ic 15 bitz wide.
@ will numnbeor 1i+*s 5its fron 0 to 15, Ths

NeElIT 1s to hH2 set to 1 if *tha rpracsyit cof an
3ilu function iz nzgative. The IBIT is ze* if
the rasults iz 22ro0o. Thz CRIT will b2 set if
the ro2sult vyields an sverflow out of =it 15
cf ths ALU. Th2 VZIT 1is s2% 1if = coarry

occurs from oit 14 inzo bHit 15 of the ALU.
This will occur anly wtz2n the data in ASLU-
PORT1 anel ALUPCORT2Z have tne same sizn and an
2cadition results in  data <*that cannot he
reprzszntesed  in 16 hHits, cemambhary since all
AMISS mrchines use 2°s complement representa-
tiony, & corry from oit 1+ into bit 19 in = 13
bit =z1u renresants a sictn change. In s2tting
mne stztuz pbitsy, we will meke use of the two

oy

L variables that uwe a2clared in our specifi-
cztionsy T=4P, and TEMHZ. The first thino to
do is ts res»t &1l staztus bitz to thier

default vzlueyzzra,.
NBIT = 03 I9I7 = 0% VBIT = 05 CBIT =

Next, «2 will set wveriznle T:4¥P to &LU,
(NZTz: althouch we declared the verizbles 1in
tha OSFUNCTIONS specifications in  louwsr case
lettars, wnen Wi use them in thz2 »ardware
dzscripticn w=z must copvart them +to upcoer-
Casee)

TEMD = BLYS
To tzzt whztrer the st=tus Dbits =hould be
sety 42 will usz the T lancuacge hitwise and
operator: L. (Wz csula hav snecifisd  AND

instead 5% Ly thzy are tnz samee.) TJo te2st if
thz H2IT iz %o bz s2t, we will & the variablos
T=MP with tre hex constan? O0x¢000. This will

ask =11 but the =ign bit. If +he result 1is
net zern, thap trnz sign bit is cat ir tne 4LV
and 2z will se*t tre N3IT.

TEMPz = TEMP & 0x20003
[F ¢ TEMP2 NE G ) NEIT = 13

T test if +he C3IT is t> b2 saty  we will
mask out tn: lower 12 b1ts O° the ALU. ¥
thre r2sult 1is not z2roy cTrry must
nave occurrasd osut of hit 153



Te4P2 = TemMe SXEEEF2000
2 C TEM22 NE 90 CAIT = 13
Te test 1f the I27T we wil: mosk wi*= Oxf 4+,
TEM?22 = TEMP £ Gxfff¥:
IF C TeMP EQ 03 91T = 13

Wwe <an 1t2st thes for t-me V3
tha values thra*t uvoere

T only by using
o] ir
LU If *rey uwuers of tr

ally incut to the
i g1i7n and the

ALU 13 of a different : Ny 2n cverflow has
occurrad, de will Usa the < hoolean =nd
oparator Lu. (Wa couls nave used “4nD.)

I= (CaLuPirTl €T C) && CaLUPDBRTZ AT 0D
I7 C MEIT NE D ) VAIT = 13

I CCALUPTZRTL LT 0) af CaLL=IeTz LT 02D
I= C Z5I7 v 1 ) VBIT = 13

-

Trnare are ca:rtainly o*hRer wzys T3 writs the
codsz to detrterming nou to sa2t the z=tatus bits,
including a2dding more part:z to ths »ardware
ratnap thon Jdsing temnorary varizhblzs,. Nouw
we will fe2d *+he SHIFTZR  from *he ALL  and
slZow The SHIFTER Y2 zhifts Thisz will and
SUBCYCLE 2.

SAIFTER = ALU3S
SWITCH ( SAINTRL O (

CaSZ 13 SHIFTZ< SL 13 ZPEK:

Cci82 27 LHTIFETZE 32 13 BFREAKS

DEEAJLT; EREAXS

>

Note that k2 usad only *hree of the pits set
azide for fiesla SHCONTRL. One casey tha
CE4ULTy reoresent: no snift. PSS is a3 kay-
werd renressrting SHIFTI AT (thre C
aguivalznt 1s D>>=3,y, and M"SLM  dis  SHIFTLEFT
(<<=). SHIFTER SR 1 zhif*s thz dsta in <+the

JHIET:+ onz2 bit to tre rich*. (Thers 1s no
42y to directly cranp that sniftad out bit in
AMI3S, zitnoush we could writsz sove code 1o

s SCa) WA w1ll encloze 92ur re-istar
transfers for subcycl2 & insida ar IF state-

ment and *ns =Tubcycls will hal
C SUBRCYCLE @ 2) {

SWIToH ¢ &tUF > {

Cate 91 ALU = 4LUPT®TL + LLUSIRT2; 23ELK;
CL5E 11 ALY - SLUADET1 anD ALUPIRT2: &RILKS
CASE 2: ALU = ALUPDRTL; BRIALS
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TEMP2 = TIup j DxBNOD;
IF C TSMPZ NZ O ) W3T = 1:

2
Lav]
D
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TEMPZ = T&u2 1 Oxffff;
IF C TEMP EQ 0) 2517 = i

IF CCALUPORTL 5T 0) &NI (ALUISTZ 3T 9))
7 CNIIT NE 0O ) VEIT = 13

I CCALUPIZRTL LT ) AND (3LUPC2TZ LT 0))
I C I8IT NE 1 3 VFIT = 13

SWITCA ( ZHONTRL )
CusZ 13 SHIFTER SL 1+ BRZAKS
Casz 21 SHIFTER 52 1% BFREAK:
DIFAULTSY 2RELe;

Durin2 =he =*hird subcycls wz wil

the felleocuwing: sending the outout of the
SAIFTE® cnto *he L4aUSs feedins any nf the 3
rezistzrs in thz registar filz fro~- the CzUS
according to the valua of the LZCNTRL fizldg if
th2 e2nable field INC is sets feoadinrg the MER
from the CrUS if the MBRCMTZL 1is seti reading

o the 3ITAD

and writing msin memory aczording t
and WRIT:E i2ldesr ond sotting  the micropro-
gramcounter *o its naw valuz dzoending uson
whethzr = zondi*ion encoded ir the COND field

15 wet,

The first tnres of r=ogis
shoWw notnina neuw exc:zpt "
SELELT2s  The SELECTZ works like t
use2d previously aexcest thIt Ytne °

LA 4

aftzr the 717 are f>d trom the fi



Ou

Rl

c2

The m=
+ne A
trazgte
cimal
thet

S

fimzll
& desc
counte
+hat ¢
be ¢cn=
plete
4mMISS
trol
pointe
If *the
hardya
made
worcd
the
antd
field
mat is

13!
o

- L

1T

in
CT2 used

the Thus,

Translate

n

<y

| =T

(]

(/r
it
Ty
s T
o
[Va )
-s ws
Y
R4
m
A
- we

(4]
RANE]]
)
L

G

A3

(“v
I> e
[N ]
Tt
.s

o
L
[Fa]
-e

ko
mn
1

(¥

ey

de them will ;

w

I

=

= SHIFT:
INC 2R 1)
SLECT2C 2
21, %2

1T ey e

8%

UNZ

IRy

4
o

<

(%)
-s

-

i BT )
—~+

TUSt uUs2
maxzory 1is
n  hexide-
it recuirss
el=2ment.

s*a
and
inte
tc

an

3

writes
ME M

s f

mory
MISS

d =5

@
3

-

)

e

2

it

SN e
It

30 0
3
b

o0

=
-

MBx = o

MEMIMAR ]

M

X

(=530
(WwPIT=)

A) ws
-

I-

must bes dore in
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and that th= MPC
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for this 1s that
interprets 1 to t2st & <on-
word field to 2nply to *he control word
d +tn by tns currzrt veluz of the MPI.
“Df is cranzed -rier to tns 2nd of *he
re dezcriptiony and then an attsmet 1is
1z t2st control field, th2 corrz2ct
i1l likely not bHe tested. We will set
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SWITCH (22403 «
CLSE % MPL = MDPZ 4+ T OTRILKS
CASE 1% I® ( N2TT =g 13 wPC = AND
SLSZ MPC = MPC + 15 7
C4SE 2t IF ( ZFIT EQ 1) WeL = AdC
ELSE MPC = M50 + 11 B
CASE Lr MPL o= ADDXRY AREACS
}
Nc1e here thzt din LASE 1 =zned CZASS 2 an slter-
native to the IF has bzen provided by "=LSE
MPC = wPL 4 HA Failure toc provides for this
is gn 2azy thinz  tc zvsrloosk and can vz oa
debuzging nizntmare, If tris i3 not donzy, the
MEC  wor®t be chanaed =2nd tnz zzme control
memory word will be testzd ajzain in %n: simu-

5
La2tor.

w2 nmou can enclos? *re reaistzr transfzrs for
SUECYCZLE 2 inszidz2 an IF statarent, »ncd 2ssem-
sle trz thrzsz SULEBCYTLZIZ 1nto one presram. Te
thaz start of tris progran we przface the
AMISS keywords  MICIJIENGIWNE =3na  a begin
tokzn "{"i: to trme =2rd we apnend an znd tokzan
W}y apg thsz kewords “ia ENDY, Noew we c¢an
apnend the the entirs hardwars d=scripiion
onto our orisirmal snecification and we have
descrinecd the Iracessor so that LMISS can
simulats it. Tha2 assewblad »2rogram is  as
follouws:



33 SZGIwN
2 CFUNCTIONS
<VARS int temoytamnl; >
@ FORMATS
FOIRMATL: <2> = 3PCngE,
<2> = AQL e,
<2> = LCNTRL,
<3> = e fCNT2L,
3> = CINT<L,
<1> = =N,
<1> = WRIT:,
<1> = ZE89,
<2> = LlLudF,
1> = AMULXINTRL,
1> = MRLRCKTRL,
1> = MBRCNTHL,
K> = 3HONTEL,
<2> = 0N
I PARTS
<le> = 4%, 31. RZy PCy AMAZX, CINE, IR, TIR,
ALATCH, ELATCH,
AL PI7T1, ALUPCPTZ2,y 4Ly, MER, MAR, AMUX,
“IFTER, ABUI, BIUS, CBUS;
<z = r”'er
1> = NIIT9Z3IT4VEIT,C2IT;
i MEMORY
<1235<321> = CMzwmy
C102a><1s> = Mzu;
d INITIALIZSTICNGS
CONT = 1,
AMASK = Oxfffs
z MICROENSING
{
IF ( SUBCYCLE 2 1)
SELZCTICR205980NTLyae LCaR1,yr 29PCyAMASK,TONEZIRZTIR)S
SELZCTICA3US,SCHTRLyZ: ACsR1,22,PC,4MASK,CONELIP,TIR)
LLATCA = AZUSS
BLATCH = B3US,
IF ( MARCNT=L &% 1) MaR = SLATCHS
IF ¢ AMUXCNT=ZL #C & Y oaMUX = m3Ry ELSE LMUX = ALATCH:
SLUPDRT1 = 5MUX3
ALUPIJRT2 = RLATCHS
}
IF ¢ 3uU=CyCLE EQ I0 o
SWITCA CaLUfFY |
CASE 0! ALJ = “LUPI®T1 + ALUP2RTZ: FZEAK:



IF

case 2

CASE 2
}
NBIT = o3 reIT
TEM® = 3L U3
TEMPZ = TEMP &
I C TEMP2 NE
TEMPZ = TiMP g
I ( TzMPZ NE
TEMP2 = TEHP 1§
I ( TEMPZ =3

IF CCALUPORTL

iz N

IF (CALUPIRTL

ALY

= ALUPERTL;
= - aLyPLeT:

Ox80003
D 5 NEBIT = 1;

Oxf£ff30003
D > CeIT = 1:

CALUPIRTZ GT 0
0 3 V3IT = 13

LT C) &% (ALUPIRT2 LT 0
IF C MBIT N 1 ) V3IT = 13

Ly«

¢ OSHIFTER SL 15 3RENd

POSHIFTER SP 13 BREAK:

T: BLIEAK:

Lc2US = SHIFTER
IF (ENC EL 1D
SELelTz(C2U

IF (HMEZRCNTRL &

K

oM

I= (RERADDY ME
IF (WAITEY M

SWITCH C COND
CAHSE O
CASE 1
CASE 2
Casz 3

W

sCONTHRLy A2

I
fe
=
(T
2
it
Loy
[
o
-

= MEMIMARD:
CMAR] = MBR}

) {

P MPC = MPBL o+ 13 ZIREAK;

$ IF ( NuIT 22 1) mPL = 400
ELSE MPC = MPC + 13 BRTAK

: IF C I8IT EG 1) MPC = &A0D
ELSE MPC = MPL + 1] BREAK

: MOPC = ADORF; ZREAKS

e XY wes X

1

n

ACyR1IYRZy P AMASKYCONESIRGTIRD
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4 fa2u commerts racardirg desic vray he2
nelnful,. w2 dizcuss:zd the aroczdure for
specifying *ne cantrol sord format ir the
czsz  that w2 had rere than on: formzt. Lzt
us sy th®t ye hzvz a processor that uszs two
fermats: on2 for ongning gatr=, #nd one usszd
for branching. Tnis would hbe =2ncoded in  the
CPCL.g f1zld, In our rezgistar trzn-fer code,
we would want to first dz = tes+ of the
JPCLD=z bhefore parforming any rzqaister
trarnsfzrs. Jur code might look like:

2 MITF2INGING
{
I7 (Cove {
IF ZQ 1) {
sae
b
I (SU2CYCLE 273 2) (£
e
¥
b
I CipPCICE =5 123 A
I7 (SUZCZYCZLE EQ 1) A
e
}
I= (SUECYCLZE B4 2)
ees
}
}

b
In such a cassy 2t is suggested that hoth
crogram szaments test the samz numbar sf SUB-
CYCLES, evan if noctiring occurs durirg 3 SUB-
CYCLE. e could write an 2mp*y SU2CYCLE by?

I8 (3UsCcYCL: g2 10 (

}
ar

IF (sUBCYCLE € 1D

?

iltnoush A4ISS won”%t balk 1f this 1s not
dones it will causz the deouzgar in*erfrce to
be inconctis<+ant- AMISS does ragulr2 that the
1zst SUSCYLE he exglicitly testzd for dn e=ch
program segment.

FUNMMING THE PEIGHAM



The AMIZ nErszs the 45ar
proaram 1is c= f the zrogrsm that
¥ wrote 2bove exists 1n = fii: namedi SNAM-
PLEy w® czn submit it to B2y

(l_!
—
’_-J
B

o,
Xy
AL
[
=

.

[ )

If cXAMPLE nas no syntax APPrC S, F2UN will
garsz ity accept it, writs = numher of filss,
and pzrform a "“make" on thzce filszs resulting
in an  exezutzble zimulatosr nomed £AU. This
is 211 =2utoratic. Tha filzs other thanmn LCPU
ancd  7.nu (a3 cowy of EXAMPLZ) are movad to

directory nzmed RARair. It iz ue to the usar
to remecve tner. Lrll nzazds two files 1o worke.
The ¥irst is *+he file cmemory- Thizs iz o
file cf intza2r,s writter in decimal
correzpnonding 1o Tha simulated cantrol
memory. Tn2  szconc fil: iz call=sd memorve.

1

Thiz is anotnzr filz of intzz2rs writtan in
hzxidecimel. Csy Jses one mora files, if it
is prcviced. This file dis namad irstrfile
and iz 2 systam file containin? the =mnemonic
form of a mizrocrezrzm. To execute CPU  one
types

sCPUJ T-optinnsl

ZPU witn no opticns will run CPU, In +*nis
ca3ey the only cutnut tna~ appears 1% an
indication »f hoy many wicroinstruc*ions wers:
exscuted hefore *he procsssor wes haltad by &

pslt stoatement. The tuo options &@ral
2CPY =-r =nd $CPU =d

Sopr  encn  microlinstructions tha =H option

ves outout consistins of b nnemonizc form

§ the microinstructiony = der with the
field:z of *hz zon*rol format =nd +he valus of
ezcr fieldy, and 2 count of thes number 2f the
microinstruction that have Dbezn axacuted.
The —-¢d option provides 2 daedugsar interfozea
to t+he exa2cutirg samulatore. Tz manual
+ne debuizer is in 4dpoandix 4.

-5
(0]
o JEKT R

Al
17}

describlng

If EX4MPLZ containad a syntax =rror,
R:UN  would report tnz lin- number of EXAMPLE
in which the error occurrede In this casz2y
EXAMPLE wouled have to be modified 2nd rasub-
mittzd to RRUN.
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This section discusses the usz of ML, the
part of the AMISS mzckage *hat assists the
desicrar in writiny 3 mizroasszmblar. We
will use tre nrocessor described shove and

write & microassembler in a high level rzgis-
ter transfar languege saszd 9n that dascribad
by Tannenbaum [(43. w2 will =alsc writz 2
microoroaran to interpra2t = faw instructions
bzsed on Tannzrbzum’s instruction sat for 3
stack oriented machine and submit it to our
microgssezmhler.

Firsty le2t us discuss a fouw details con-

cerning hoy MPL  works. MPL 2rovidas an
intzrfaze to =2 UNIX wutility prograzm callad
yaCC ©izl. YALC 13 =2 very useful prooram

taat car be used to write lan-uaze r2cogriz-
ers arcdg 10 execute £ languagce statements whan
zlerents of *h: ianauagse &r>2 racognizsd.,. In
ordar to write the lznouace ra2cognizar, YALCL
requirzzs thot thz user orovide, among other
detrilsy the grammer of Piz lanauaze and its
zctions ( the { statemsnis)e MPL zttempts to
assist =re dzsigner in providing thes=, zand
t¢c save thz him the trcunle of naving to pro-
vide most of the other da2tails that YACC
requirzs. Ffecause MPL interfaces with YACC,
+he rulss for wusins MFL reflect thos= of
YACC. YACC reguirez thzt the 1langucs Dbs
dezcribed oy first adeclarirg keywords called
tokznse. Naoxts = lizt 2% rules that cdefine
trs order in uwnizh th2 tokenz may be combined

1]

0

into sentences ¢f the lzncuage =ars providzd.,.
#inally, =ctions to be c¢srried cut upon r=co-
ginizing a santerce ars epacifisd =5 c

longuans: stateaments. MPL orovides A buil+t in
1izs+ 5% tckans and appsnds s them ths n=mes

of tra microorchitecturz elements listad
under the Pa4rTS sectisr of the nerdwsre
dascription. The tokans availabkle for
devz=lo0ins *he loncuage arsi

¥

o IC0R R3I%

<l
=
a7
aa
1
sl
>
Z
(&)

i}
)

In acdcditiony MPL rrovizzs o
le charecter tokens tnat
N grammIr rulese. Tresz ar

2leactian oF sin-
hs inclucled in

=]
® 1y
e

C > + = =
001 2 3 4
5 = 7 5 3



Wrerever- zn=2 of trece sirgle chrrsctar tokins

ara2  us2d  in o crammase pruls, i+t Tyust s sur-

roundsd by uctatisnz mirks, For zxamnple:

-f: "w=n p,‘; [ 1A ] "y n
or
IF n(ll I“ &Q lllil ll)ll

Thz input to MPL that must bz srsvide sy the

desigrer 1is 2 lizt of trz rules that dascribe

the acceptanle sentences of th- higkh level

registar transfa2r lznguaces and 2 soecifica-

tion of how thz fizlds of 2 control wered are

e he :%t when 2 z2ntanc:z i3 racognized.

=irst l2t us d=t:il eur macro instruc-

T1ion setle We will werk with threz instruc-

ticnz among those dzscrihad by Tannanbaumy

STID, AT, LZCZy and add =n additizcnzl one,

AALT. (FIGURE 3.1)

dimary I“a2r:nic) Instruction | Maznina
JOOIxxxxxxxxxxxx | 5720 | store diroct | memixl = 22
0010xxxxxxxxxxxx | ACDI i cdd direcct | scizac+momIx]
0111 xxxxxxxxxxxx | LICT | Zozd constant] 3¢ = X
11115050028000000 | =aLT Jhelt procacsser|

Tnstructions adsoted

from Tannenbaun

Tha first four oits ar: *re apccode,

XXeeosXX in tha Zinary czolumn

corresponcs to x in tn2 Meaning column,
Althouch this inz*ructiasn s/t 1t sm21ly 14
will serva for *tn:z vpurpsse of 2xamplse  Also,
ore o0f the =zdvantagas 2f M2L 1is that nzw
instructicns can he ada=ad ersily.

fvery uszful micronroiram mus* have =2

¢2¢itity for bdranching *o diff2rent addrezsas
in ceocntrol mamory. MEL reauires that the
first par+t of its 1ncput bz & descrictior of
+ha orammzr that th2 desion=r wisk=s to use
for branchirn, Tris descrintion nust ne
listed =ftar tne MPL keyuword MMT 25T, In our
lanzucsges we will arrzngs tnz followin:z key-
words amorz thoss available in MPL 2



DSFIN

%%

m

MMTEST®

2%

-e

T

[ad]

Iry Wy 24 GST0
Three cther keywords must be used 1n thne
hranch descriptiony LABELIPZIAND, MMALGDRESS,
and CPLCIDE, LABZLIPERAND can be thoughkt of
2z & psaudonymr for ony label in a micronro-
gram, Thus, 1f = =tztement in = 2recrasm wers
"GOTO FoTCHNY, MEFL  would =2ccept "FETLHY +to
mean LAXELOPERAND, MMADIRESS is ussad in
zctisns. it 1 wusz2d hy MPL %o stand far an
acddrzss ir control memecry. You will remembear

that * uzad a fizld ram2d ADJZF in our con-
trol word formzt to nrold the addrass of =
word ir cortrol memory. Thus in ocur =cticns,
ye micht st MADIIF = MYADIRESS:YM, Finally,
remarher that every zortrol word form=at must
nave s its first field or2 thnat is two bhits

yicie named SoC20Z,. I+ fallows from %this tnat
avery Ticroimstruction must nsvz the TPLODE
fisld set In ordsr to9 ansures tThis, tha

action sectlon % & grammwzr rule: must start
off by <ztting CPCTOIZ. ML =3lso raquires
trzt the definiti~n for describing tne
branchina grammsr foi:leow = particular syntax.
Thz formal dafinition of this syntax 1is in
Lppendix 2. fy illustration, ths syntax isi

ST ¢

dafine test

r~||'

RESSS

%

instruction orzmmar RULE 1 eo." { JPLOLE = "a numbe
Neome fiald™ = MMADD
"so+ some other fieldds"™il}

"
.

instructior oremmar RULE 2 eees {

define test

defire test

SPCCLE = “a number
zome field" = MMADDR
=zt some other fields"

i we

S

inztruction grammar AUL® 7 oo™ { QOPCIDE = "a number";

"egyme field” = MMADDRES

"eegt zoma2 other fields™

Note im tre illustraticn that dindividu3al
RULZS are sacopratzd by tne morksr "M and
that the entire dafinitior is ended by = W
(Trnesz are YACC syn*=X recuiremants.) Think
of *he entire cmzcificstion 3= being a2 lis*t-
ing of three zlterna%tives to defining & zen-
tence named MMTEZIST.

- (N

-8 1)



we will u== ® (a <zyword) *5 rorrzsosnd

te  th: csams oart we zzllz2d NA3IT in cur oro-
cesscry and I to carrsssond to ZRIT. The
brancrn poertion  of our Mi~h lavz2l microcro-
cremming lancuace will he!
DEFINE TEST {(
2%
MMTEST: IF N COTD LABELCPIRAND {aPCCDE = N3
LDDRF = MMADZRESSS
conZ = 13
}
| IF 2 CO0TJ LABELCP=RAND {3PZCNE = 03
ACDRF = MMAOJDRESS:
CONZ = 23
¥
| SDTO LASILOPERAND {ZPCOOE = Q%
AJ0RF = ¥MADOTKRESS:
ConNg = 25
>
2%
}
Notz in the actiors part zodove that the =2t-
ting of t=2 contrcl field Z3NT coarresconds to
Trne wWay trat we dzcided tec tezt fer tns next
MPC zodress in our nardozre dezcrintion.

The raxt gten 1n cefining ocur rkigh leval
lancuage 13 to sovu=cify all tn2 other =tatz-
ments fror whicr it will b2 msde and *o asszeo-
ciatz aczions witn gach of them. Cne type of
stavtszment tha* will likely 92 commor to 3ll
languates 1s anz 1n which on= elzmert of the
arcritacture, sroibably racister, is
assigned tha value of =another. Cur procecssor
haz 2 recistzrs in its rezcister fila,. Ton-
sicdzr tha2 statament nwic = IRN, Lot s

ribez one set sf sctions thkat will =cconm-

ay

desc
nlisr this 3

arut IR on the 22US

LCHATRL = & k

LLU-~ = 2 send ALUPOFT1 thru alU

ENT =1 enable CPRUS

CoNTZL ¥ loac &L from 22US

=11 o5ther control fislds arz set to 3
In crcer %o reco-nizs tre sozssiible
aszsignmenrt statements with 2 ra2sis-
ters would r2auire o4 amants ¢ *he form:




m

booac w=m IR {apcone = 03
ACNT=L = &3
ALUF = 23
ENC = 13
CNTRL = 0
}

Nete trhst setting 3C to the other 7 recisters
would reauire ruilss that differed only in oane
vilue in tneir actions, tne ancoding of the
ACNTRL.  To avoic having to de tnis, “PL will
accept a3 "DIZFINF SEMANTICS®" =tatemant +that
takes 2 short deszszription a~d turns i%t into a
aunbezr of rules, Tnis statamart  accepts a3
listin: of f121d names and cons*ants +5 which
the field arg to ne s5et in =2ach rule. N=2xt,
it interprzts n spacificatisn of now to set
thz zingle value that differs zmong =11  the
zctions. Trusy to specify s2ttincg AL to *the
veiue ¢f zny of the o*ther 7 rezistesrs ir ocur
procassor we would writsz:

3

(9]

FINS ZMANTICS (
CONSTANTS: 72070z = $y GLUF = 2, ENC - 1y, CONTRL = 03
SELZCTC ACy GCONTRL, ¢
4C4R1, ?Z PlyiMaSKyZlnTyIR,TIRD
Trnis is rewrittsn by MPL =2: 3 rules differing
cnly in  tne wvalusz *o which ACHT2L is to He
szt when *ne rulsz is rzcconizeds Tne "3R in
+rhs  SELECT part csusess 7 statemenrts to De
adcded to tre lanzuags and se2ts the ACNTRL 1o
5 fcr the first osn:zy to L for *ne s2cond one
+0 2 for the trird cnas 2nd 50  Ona. I+ is
essentizsl ftha+t tr: nunber m2tch thsz number of
pzr+s listzd and tnat =he psr*ts are listed in
th: crder tpat will m:z*ch tne way w2 wish *o
evaluzmtz ACHTRL (from ACNTRL = 0 to ACNTRL =
DD The A s*atements arzd AC = ac,_ac = R1,
AC = <24 AD = ECy wl = AMATK,, AC = CJ&E: Q; =
Try and 40 = TIw. Thus, *tne ¥olleuwiny will
rezult from the above DEEIMNT SEMAMTICS stota-
mznts
1 Lo M=t sl { 1=Ln0E = D3
ALUF = 23
EnC = 13
CONTIL = 03
ACNTRL = 29
}
| AC w=H D1 { SPCLTE = 1}
ALUF = 23



DI - 13
CONT=L = 03
1CNTRL = 13
}
| a4 m=m Tr1R { OPCIO= = 03
GCNTIL = 73
}
Jur hich level lsnguage specification will
nave 3 DEFINE SEMANTIZS statements
corrasuonding ts tne 3 recisters in  the
register filz.

Now we must exnlicitly define 711 of the
rest 2t *he stztement: that ar2 part 2f the
learzcusgz as well &5 their zssociated actions.
The words fron whizr s2ntencez of our
lancuaze may bz made irclude tha names of any
cf the »22rts thet were spzcified as elemeznts
2f *he microzrcritecturz 2and the2 keywerds
provicded By MPL. Tne MPL xszywecr:ds are:l

IF THASN N 2 G073 Z9 TFST 227
LSHIFT RIHIFT BaND TNV RI W<
8F AND (0~ £O0R EOR

Hecouse® our processor is  baszed on one
dezcribed »ny Tarrmanbzum [&3y in the rem2inder
of this example ws will develop 27rt of the
language that ne gsrovidz=. Tne following

1;tements will he =addecd to our lanauzge:
Ly = TI?y Ma2 - PCy, P2 = PC + 1,
IRg = MEE Tiw = LS\"IIT(IR + XD
TI2 = LSHIFTL{TIR)y TI: = RSHIFT(TIR),
TIZ = BANDCIRGAMASK),
Maz = TRy MR = AC, AC = MEQ + AC,
?‘09 W

Zicmure 3.2 it o tadle that indicstes how
+he control fields should be 2t for ezch of

tne instructicns.



ChslmiMialalatwrzgciciatalol
SlAIwialmILtal2INlciciciale|
NITIIRI®IUIUTETTIIZINININIDIC]
SIFICICIX AT ITITITIR O]
-------------------- Al ekl R R R R T il
MAR=FC R E SR R R RN Y R
ALU=TIR (T T T T T - L O A R I 2 O
PC=7Cl+1 T O A O e I I S 0 -0 - B I
IR=MPR N A T N I A T NS 6 A A N IO O I
TIR=LSHI-T(TIxD Y O S T T A N N e 28 T I A O
TIR=ASHIFT(TIR) S =i N I N 1 N I I I T I A D B
TIR=LSHIFTCIF+IRY | al § 1 1S | 1217slat 1|
I2=BANDCIR,AMASKOL L 0 3 0 1)V 12f71stet |
MAR=IR L T R IO T I O O -2 O I
MBR=AC T T 1 O A A A O 42 I I
AC=MBR+AC T T T T O 2 A T O v I O O
RD (1N T T T A I O A O I I
WR 1N N Y Y O T 5 Y A N A R B
FIGUT: 342 Setting 2f contrel fields for
the examsle procasssr. 411 fields
without numbz2rs are ot by MFL
to O
A few points concerning =icure 2 are

notewzsrthys. The statement “TIR = LSHIST(IR +
IEIM" cruses an =addition of I2 to it=elf whbich
ic = la2ftshif* of the IF. Tnis addition will

52t thz status bits in our processor. pAfter
the aadditiony snothar 1la2ftshift occurs.
Lesty tnz IR leftzhifted twice 1s storad in
+he TIk. 311 +his oceurs withnir one cycle.

Thz s+atzment "TIZ = BANDCIR,AMASKIM™ causes a
Zcolesn AND C(tnpuz ZAND) of IR and AMASK stor-
irg the result in TIR. 4 statemz2nt <such as

WT12 = TI2" muzt go trrough the LLU in our
Procz=sscre T+ is us~ful in se*tinz the
statds Pitse Tra remainder of th2 microin-

structions snould rzaguire no explaration.

now wa will list +he 2ntire MPL da2zcrin-

tionra

DEFINE T=3T {

%
MMTEST:

-
AL

= N GOTO LASELIPERAND {APCLDE = 23
ADSIF = MMADIRZSS)
CoND = 13

)

IF 7 60T3 LABILUPFRAND {OPCCDE = I
pODRF = MMLDDRISSS
COND = 2%
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JESING SEMANTICS (
CINSTAWT3: TOPCI0E = [y ALLF
ENC = 1, CINTRL =
ScLZCTCal, AINTRL, 513
GCy RY, %2, FT, AMASK

$OSCanI = oy

THC = 1, CONTX

SZLICT(R2y ACNTEL, 32
ACy 91, 22, PC, AM¥ASK

— -
"

DEFEINE SEMANTICSE {
COWSTANTS: OPCCOE = 0, ALUF
W = 1, CONTHL =
SELTCT(PL, ACNTIL, &2
4Cy R1y %2y PCy aMASK

}

DIFINE SEMANTICE £
CONSTANTS: CPCCLE
’

= O, 4lLU-"

ENC = 1 CoNT=<L =
SELECTCAMASK, ACNTHL, B3

iCy %ly w2y Fly AMASK

DEFINE SEM
CONSTANT

SILECT(LCONE, ACNTRLs 8
AC, R1, 22y PL, BMIIK

y
DEFINE SEMINTICS o
CONSTANTS: 0PCODE = Oy ALUF
ENC = 1, CCHTHL =

1S

o

s |

Z U
ES

s T

O
£ ee

e

Vi
(o]

(Wa'

TR,

I2,

TIR)

TI®D



y PCTy 4MASK, CINT, IRy TIZ)

MAas W= pC CPCIOFE = 03
BCNTZL = 33
MARCHNTRL = 13
),

Mag W= TIL {CPCOCz = 05
SCNTRL = 73
MASCNTRL = 13

3}

;;C =% .':;: RIS "1" {EPC:DE = ':J',
LCHTRL = 33
RCMTRL = 53
ALUF = 03
NI o= 13
CoMT2L = 23

}

Ie Wzt om3w {CPCCZE = 33
AMUXCHTRL = 13
ALJF = 23
ERD = 13
TINTAL = 53

3}

MAaR "=v 1% {(TPCoZz = 03
ROMTZL = 53
MARONT2L = 13

}

MBr W=¥ LD {2PZLBE = 03
ACHTIL = 03
sLUF =23
M2ECNT2L = 13

}

AL m=w o ME32 Wt A0 {(apcanz = 03
FomTRL = O3
AMUXCMTERL = 13
BLUF = (s
ENC = 13
CONTRL = O

}
TIR "=# LSAIFTH("TI

1
O
-4
| T
[
-—
-e



TI

Ry
[}

R

ENC =
CONTR L
}
_‘2 n=n RSWIFT"(“TTF‘H)"
{DPCZ2E = 03
ATUNTIL =
ALUF = 23
SRINTAL =
ENC = 1
CINTZX
3
; it=h _SHIFTM(HIR"*."IR")II
{C2pl2
ﬁCNT<L
ECNT=L =
SLUF = 03
SHONTAL =
tHC o= 13
COMNTRL = 73

73

in
[WLNNE S v}
.o wb we

[y
-

5'3“'3"("7'”,QM’.!
{SPLG0E = 03
AONTRL 53
ACONTRL 43
ILUF =
ENC =
CINT2L

LNy

m w

H oee 2 4
e

r-\
3
w
(@]
i
32
m
1l
- O3
.o

Rat w= ravz a zozsificatiorn of our
aogy W car submit 1t to the MFL proaoram
N whizch actually writzss the microaszem-
lor, MPLRUN requirss one other fil=, the
rordwara descrintione. In our exam-
nanmed it EX&MPLE. If our grammar
re in =& filez named LANGULGE, *o build
rozssempler we would tyne!
FMPLRUN LEeNGUAGE EXAMELS
MPLRJN would rerse the LANGUASGZ file and, if
it was acca2oteds woulsd write 2 numbar ot sys-
tem fileze These files =re 3utomatically
macds2 int*tc =n aexecutable microassembler named
MICxca5%. The files =re then moverd inmto 3
direcztory naved M4dir =nd it is up *o the



usar to ramove fthewm, MNTZ
YACC bHased parser 4t-z* 3c
writte2n in our lzanguzae,.

flLASH itself is 3
c2hte a micranrogram

Lat de now urite2 a microproaram to
intzroret our =mall instructicns sst. (FIGURE
3¢1 1is duplicated belouw.)

2ilnary ’M"\C—\T‘OF‘}.C’ Instruc*ion | Msanino
000 1Ixxxxxxxxxxxx | STCZ | sterz direct | ramlx3 1= ac
Q010X XXXXXXXXXXX | 4750 | zdd direct | =21 +memlx]
J111xxxxxxxxxxxx | LOCI { lozd cons wnt] 3c 1= X
1111500000000002 | AaALT jhalt processor|
FIJURE 3.1 Instr c+ions adapted from Tannenbaum 2123,
The first four its =zre =*rz oocode.
XXeeseXX 1in *tho inary cclumn corresponds *o
x in the Feaning column.

Jur stpotzay will e to>  fetoh o3 macro

irstrusticon, decaocz  the nncode by shiftinn
and tes<irz th: N3IT in our proc2ssor: branch
to = routine to cerform tha recistar

£

trznsfers to ex:cute thz i1irstruc*ion,s and
+hen faztch tne nzxt macrd instructior. MWe
will A=it ths o2roc=zssor uU~on decodinz the
aLT 1ns*ruct10ﬁ. 411 microprograms must
mest cartd syntax reauiremzants?:
1e 111 statements ctnar  than  comments
prs uUpper cates

2. A microprocram aust pesin with  the
ward "STARPTIW  and  end with th2 word
nENoit, and ooth must b2 on lires with

notrine else.

3, & label must start witn = l2tter and

znd witn = H

3 line sith 2 leb2l on it must have
1abel as thz first non-bhlank thing
th2 line.

O ~+

he
n

A line witnh & label on it must also
ve 2 microinstruction on 1t

J
(17}



START

FETCrH

EDpoe:

ALLT:
END:

TIR
M&rR
AC

B 2irzl:  micrsinztruc*isn must  be
ablz *9 be writtzn zn ona line ~nd is
encded ny a3 wiu,
7. If more than ore s<a*temznt msk:s un
3 2inclz microinstruction, th: ircdivi-
dusl s*aterznts arz saparated by Wy,
de Commants 2re  enclosed betuzap "IN
and cowments  cinnot zxtend zyond on=2
line.
» 2lonk lines 2nd lines +having »asnly
comments 4%Z accentzd.,
nere is 2 micrccrcorar ts interprat the
# anstructions?
= PCy =03 7 fzton an instructicn S
PC + 13
M3Rs IF & 5270 =aLTs @ if ~ than 1111 3
= LSHIFTCIR + I%5, IF N GIZTT LCCZS 2 a 0111 3
= TIRy T= M GCTT 20303 & £ 0210 2
= AZLNDCIRy8MASKD)S 3 a 2001 is a ST703
1 meask 2ut opcocde 3
= TIRS 2 set mar ts addr 2
ALy W@y i value in mbr & wr3
FETCH;
= BANT(CIR,aMASK): g oa 05010 1= 2 00DY
= TIR, RO i mask 2ut orcode £ ord?
MR 4+ AC,y GITT ~ZTCHS
v o= RaNDCIRyAMLSKDIS 4 mask off opcodz %
= TIfR, TATD FETCHY D store in AC &
T ENDS
If this pregram  existzd 1n & file nazmad
MCCDE, we would submit it to th: wicrorssam-
bler by
sMITRIASM MCLOE
If no =yrtax errcrs wzr2 detected, three
fil=s would result asmlist, cmemorys,
irstrfila. asmlis* 13 trz2 listing file



coentainine  the contral rewmoary word thnat was
nssembled from ezch Tizroinstruction, the
mlcroinstruction its21¢, and a symbecl table
ot addresses Tne dtnsr tuo files are usad

L d
by tre simulator 25,
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Tre lis*ing *il: tar osur microproorer is
(commen-+s have bean delst2d ners Szcause of
spacz limitationszl

STaeT:

019 31 ¢0 9 3002 2724 MAR = ©°C,
O VA I O ] °C = PC o+ 1
01 2091 ¢ 00 f 0 ino= M:R, IF N GOT
0 ¢C o ¢ T 6 4 ¢ 0 TIR = LSHIFT(IR +
2002021707 50 TIz = TIR, IF N G3TO ADCDO;
0C01 3017 & s 3 0 IR = BANDCIR,AMLSKD S
J 0 v 00327 4500 MaRr o= TI2
1 3020 10C0 <L 0 C MB2 = 4C,e WR;
20030 < 30w 00C¢ 570 FETCH;
o o010 217 5 0 0 040 TIR = ZAND{IR,AMASK);
21 Cc 31090 37T 00 ¢ 4% = TIR, RD:
010 201005003 a0 = M8% o+ AC, 537
S ) 21 0T 1 7 « & 3 0 Lgcoe TI® = BANT(IR,AMASK)
» o2 31 300 o4 30 = TIR, ~OT3 FETCHS
040 0 2280000 f & ARLT: SOTE SN
ssaviee SYMBOL TAHLE sk derons
googe
VAVEARVEA
cQo00%
0az1:
2014
2041¢

Sf we wsnted *c sda to our macrsinstruction
R 211 +hzt yould be recauired would be *o
syismi+ the modified microoroaram to MIUSDASHM.
If it were nacassary to add stataments *o the
microrssaThblary, 42 wculd Pave to modify the
input +*o MPLXUN (+re file w2 named LANGLAGE)

and resubTit 1t



ACPENDIX 42 oy >
This sectior contiins
available ir the debuogze o
NAME audity a
SYNTAX  audit on Tu
JESCRIPTICN

Audit contrcl
bugger sessi
set on or off

[part
Lpart
rem [

crem

~ s

DESCRIPTION
Zisplay 1is
shows t=e con
" yher: numnbyz
y hbe listed

[ T

G)!D?Jm.-d

an
of memo

o

m
T
t
r:
+

T ) ©

(1

bz
of

dr to
or rLe
Lintegerl]
an error 1is

an error i3

.
r
@
ris
sses
ra

r

':if‘.'tl.

velzid in

To displ=zy
wrera

wnezrz

writing cof tnsz

t0 the fi
Fny tira.

on
at

3y

i

[P T

nam
name
inte

s Lpartn

zr)

n+

(U}
[

1

(-

r

D
s

ger

gerd T3

ot 31
ten+z of parin
r is in hexide
on on= linsz
& mamory
intzger 1is
zddressess
intzoer=-int
disrlaysd. 7O
acddraessesy US
fintagerd. If
raported. if
eported,.

3

=

ry

2.

TAUGTER COmMaNDS

i cynopsis of the commands
sticn s¥ CPy,

dir off

: transcrint o f tha dz-
le RE%.zudit. Audit can be
axamplss?
disnmlezy mpe
212 eas disnlay mnce pc
display men fhé
dicsolay mem D&20N
rer] disnlzy men fal0-fhé
disnlay mem D&QON-D4200
display cmam 64
display cmem 2100
ntagarl disrlry cmzm a-f
diz-lsy cmem D10-D15
ates 1 and 2. Display
ama2 23 % partname = number
cimzla. As many pearits Az
re diszsolfyed onre line at a
accdress  use Y"mam [in-
an cddress. Tc display a
gse d Lirtegerl - Lin-
zger iz the¢ ranse of ad-
disnlay & cmamory address
z cmem Linteoa2rls and cmenm
gartname foes not  axist
addr=3ses are out of ranne



b
[
a3

NAMe mniet, m
axomsles

SYNTAX  mzzt Tintemspl = Tirtoczprl rezt fhé4 = &4
mse* foH4 = 9100
mze* NL4200 = 54
meet T4200 = 01090

o
)

et Lirtec2rl - rinta fan - fha

ne2t L4000 - 54020

(8}
M)
3
d
=3
'

i}
+

DZ5CRIPTI A

Msat alleous <r: settins :f m35in mensry addreosces, In
ne command "mset Iintez2r] = intaca 2", +hz first
integzr is thne sddrzzs snd tns zz229nd is it:= naw
vilua. Intzoer s hexidecimzl by dzfeaul+, If in-
tezer is grefacecd by tre lsttap Be 1t 15 decimzl. In
the Zomman "mgat Cintezarl = [in*2-z2pi", th: in-
tegers mark t"z szginniny anc eng o5f = ranz2 cf con-
secutive mzmory zddresze: to be sot. Ir *this casay 2
crompt csntsinitg th: adrir=ss i3 prezertaed, after
wrich the newy valus for tnat address is 4o ns= input.,.
I+ any =addresz i3 cut of rancey 2n arrsr iz repcr*ard,
NAMZ JULty g
SYnTaxX quit
D=SCRIPTIIN

iz valid in botn states 1 =nd 2. I stste 1,

t -
* leaves 1tThe exzzcution of Coi'. In ztatz 2, 3Juit
ses the prareszor zimulation tc 3to 2

1~
2 cd=zbugcer to stzte l.

=
¢
3
(]
)
m
-

Xxeset i3 valiag in ootrh stztes 1 nd  Z. qpzat cets
all th =z :l2ments -f t-~3 p~cczeszcr to *thzir orizinal
vaiussy 1%e the velues a1t 1nz =ztart of “nes  simula-
tIon - Yemory and zremory are not rrset.



The re<urn key iz a velid c

Keyh

:ncd in

2mm
sisulation is running in & tracs deh

turn kay contrals the
after the MEnNTEz23n

MEMTERLIY  promot,

WENT=zR1II™ rrorot to
return kzy kzs no =

NAME run, r

SYNTAX run

centinuation ¢
Drom-te. In
the r=zturn Loy

bz i1:3ued. UJther

ffact in ztzt2 1.

run Lintegerl

Kun 1s v=alid only in
bugger to initizte a

=+tatsz 1. Run
simuletion =f +

with no argument rups tn> proccszar

sor iz halted by cecodins an 1nstru
thz preocessor to halt or unstil! 16309
exccuted. Fun integzr will run *ne
indicated by intecar

struction thnat =alt
number cycl2 rave »

i

Al

. Integer iz da2
trz ocrocesteor i
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NAME 52ty =
exameles

SYNTAX

set [nartd = 1nte-=ar z@t Mpc = 3

set mpec = D10

set [partl = dintz2z23ry Tpsrtl = 1rtss2r ... set Tpc = 2y pc = D10
DESCRIPTION
Thz set comvznd 1s valid in both es4z+23 1 =nd 2. A
valiy part of tne arcritactur: 1s set to zo+m: values
number. Numbar is in nexidecima nota*tion. Tt
numbar is no+ renrasentopbla in ths nuvber of bits
that partnane ccntainsy numbzr i3 truncated to  fit.
If partnamz2 1s no* 3 per+t of tha *rcnitezturzy n er-
ror is reportade. Tf 2 list of czrtramas is ziven and
onz or more ¢f tn2 pzr+tn:zmez is not a vart of the ar-
chitacture, =2ll 3f thes velid narte liszsted before the
first invalia partnane arz =ev. Az many narts as may

De listzo on one lins separstszd by M0

are

= o
szt
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NAME Viy v
SYNTAX Vi meam
vi cmam
vi hy
JESCRIPTION
vi is valid in be*tn sotz2z 1 and . vi c¢cruses <+he
UhNIX visual editor to ocpen the fils memory, cmemory,
or @ copy o°f the uszsar rRardware inrut file.
TUGS! 2ny chenges made to mzmory or cmemscry By vi
ar2 effected in “tns sirulation 54UT charces mad: by
the executirg sirulator do NIT affz2ct the +iles
mzmory or Imemory. chances macde to tha tarducsre

file hava n

¢ a2affa2¢ct on tne crigoinal

LNIX

file.

anline m>n wvi.
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EMISS.

Som:s suzig2sted stap
microacrchitecur=s.

(51}

in desizninc a

le. Ora2y 2 box <ype disgrem conrtaining tne
nzme  of the oarts of the: microsrchitacturs

h2 bus connzctions betw2zn thz partse.
Save the discram for fuiurs refsrence.

J]

Ze ise partncmes and cortrol field namss
that ara nmore trat onz lett2r lonje. Use
names thst 2re as smelil g 20:s5ihle while
st1ill rztzinin- som: nmemenic mezaning.

3. Include cnly =235 rzny parts znd conrac-
t 5 are wuseful in th:z zinulation, 12,
ar rz2asonsbly deszcribz tne f2ct that

2
i u <
th2 outzut of oart & goes t2 part £ hy " 3 =
4 " ¢don"t put @ bus petween them named AE3US
that reguires ™ 853%US = 43 3 = 488US5; ",  DOn
tre cthner nandy don’t throu sut 2verythinc,
e Vartaically encodsd control feormats  are
essier and cleaner to dazszribe than horizon-
tz]l ones. Zyzn if 2 cer+trol format 1is <com-
gletsly horizontsly it 1s probable that con-
trol points =3n b2 arrangzd 1ir groups and

dezcribed usinc = field with one nam2 instead
cf mapy ecne bit fizlids.

5., Make wuse of tha CFJMCTIONS variables

ortion.
&, Use temporary varichless 2sp2cizlly when
tasting for detsrmining if = microprogram

e 3
sranch shoculd bz takzsne

T. (eec 2 listing of the A2L nardyare
dascriotion handy wnhen debugginc. To look =t
the ¢ version of tnhis, gz2@ jtne file
nagnardware.c". To 1look &t ltAwh}le in the
depugoery uss the commspd "Yl ﬁm". (ut
remenbary editing this fils will NDT cffect
tne currsnt simulaticns If ar error 1s found
in ths harduars file, you must guit the simu-
lation, fix the zrrors and resubmit <+the HOL
program to REUN with or pithout tne2 RRUM -h

ontion.)

. Don-: forcet to ensure tnat ths MFC is

affected somerow 5t the end of every complete
cycle. Ctnerwiss tne 3imulator will  keep

LIPS

using thes same control word ad infinitunm.
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'ivide tne r:icister transfers in4c subcy-

ir C3UBCYZLZ 57 numbar) (

Otrerwise tne da2bugzaer interfzce won”t work.

(Vg )

ucazstion

ul

fer uzing MpPL2
L. e vary caretul whan descrininc new  tha
fizlas ¢f 2 control word snaould b2 set (ie.
tha2 2ctions).

2e Use tre M"LEFIME S2
every sart in tns re
add the statemants ¢
"rezistzr fila coan be s
the micro-lancguzge.

RS

. son”t fornszt to =2t JPLUNDE a2z the first
ring done 1In trhe : i

. Zemembar that sny singls che
grammar rule including digits
by guotztion marwxs.

zr in 2
rroaunced

Suggesztions *or writins 2 micreprocrIm:

1. The microprosram mus< ,tnrt with keyword
STLERT nna =na with kaywerd FN3.

Y. Ensure *hat trne ls=zt thing thst 1is done
after = s2rizs of microinstructiosns have
decscdzd and executed a macroinstruc*ion is to
r=turn contrel *o th=2 fetch osortio~ 2f the

microproIrate.

rncludz som2 kira of HALT instructiosn in
mzzcre irs*rucztion se&t and when it is
adsa By tha microprogremy ciuse th2r nra-
sor to nalt w:zing = "GUTD END™ statement.
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~+

cl

L2

he
2c
ces
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APPENDIX & AMISS USES SUIDE

This sectior cont=zins a ~uide to wueing
AMISS,

1. Te submi+t »r DL procram to 22UN:

Z2UUN <filenzms:>
e To resubmit zn HPL nrogram %5 RRUN  thet
differs from +tne last submitted ona2 only in
the register traonsfzr section C(ie. NOT  the
specifications cszction):

JRWUN =h (filenzmed
3. If tne filacs cmemory, mamorys =nd 2pticnally

instrfile 2re in th? semz dirsztorys to run
*ha simul=ztioni

»CPu sives rotize whan 2rocaser nalts
ZTPL -h sives nender outaut for ezch
microinstructicn
ECPL -d zntz2rs the simulation dzbugger
e To supm2t 2 languace dascriction to the
micrceorcaramming cenaratecr MPLS

YMPLRUN <filel> <fila2d

yrere fil2i is the lanzuagze descriotior =2nd
files2 iz *n HQL ha rducre mrogram that has
tlrzady passed = synteax check oy RRUN,

t 2 microcaroyram to MICROASM, the
ar czneratedd by MPLFUNS

AMICEDaTHM (filel>

ghere filel is a rvicroprozran,. The l1isting
sutout iz in  tre file namad "asmlist", the
con ory 1is in the fila nzmead
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found in an <DL
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stat:
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Jdoes not xist?
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not
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toager>?

displzy or mset com-
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con%rol Temory
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The YAZLL orocram that ic producsd ky WMBLARUN
1s Nama2a TiCOorasmeys Thiz progran is submit-
tza to YACC, ard Y4Cl praszrts & lic*irg of
the attsmpt to coempile iz, Thz normal course
for th12 lizting izt

nr

yecc micraoasm.y

corflicts: <intzgerd> shift/reduce

CC =C Yet3abaeC

FT yYetabecC

"V y.tzbh.c micransm.o
Abrarmalities nay occur if tne filz

microasme.y do2s rot maet YACC s axpectations.
4as far= 23 aAMZ3S iz concerncdy, the most likely
abnorralities zrzl

1) An abrormal course listing may o= of
thse fornl

non tarminal <name> not definad

lina numbzr <nurhar>
: < Er RS coda2 L

Tmi=z will occur 1if in the languace
dez=rintiocn file submittad to MPL=UMN, 2
arTrame that dozz not axizt (iz. wes
net named in *re 2 FASTS section of the
micrsarchitsctura) is uszd to definz =
eamTar rulz. For RXEZMP LTy no ~art
Baved 4CC i3 licted in tnmn2 HCOL prozream
su+ @ oSramrar rulss
coowano oL {22C028 = O3
BoNTZL = 13
>
is izted,
T+ will zlzc occur if a wora that is not
5 wvolid MPL wayword is used. Fer e2xam-
cley & miztyne a2f "BITS" instezd of BIT
ins

I IF ;.ITS il(ll onz= ll,!l two Il)ll

1

2) I1f a centrol f
tne acticns, f
insteacd oF CPITDES
form:

zld is mistypod in
r example, OPSCCOE
s listint of the



ZCc -C Yyatabes AR
{in<erard>! opscoda
4211 result.
3D If ore rulsz 15 de
oncay tnz followinec wil
1 rule nevar raduc
conflicts:
{intecer>
{intzzer>
It is oronable that 1t
identiczl,y th2 microzss
work. I+ i3 hezt *o rm

ruls.

12rcasme. sy lins
undofinad
fined more *han
1 »2 reported?
20
snift/raduce
rocduca/raduce
tna rules arse
zambleor will s+1il1l
ove The ambiguous
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