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PREFACE

This vscr™s guide is imtended 0 suppaere Jhe users of the KE-A CPML maodule by providing 1hen wiih
archirceture, programring, dagnnstic and ennfigurarion infarration. The architeerorg i3 desoribed in
Chaptar | amd is seoparted by the furerional theory descriptian in Chapter 4. The diagnastics and booring
procsdures woe deseribed in Chapter U, and Chapter 3 providas the techniows wszd for on-line dzbepging
MY, The confguratun reyuirernents for bBoth che module and sy-tem appocacions sre described in
Chapeer 2. Caapter 5 provides the informacon an the L3117 bus wsed 10 most system spplicstions.

The KOO 1-A cowdule wses the stendard imstruction =el described in Chapler 6 and the Tleatinp-point
inszruclion se? described in Chapier 70 Also described in Chepter & are the addressing modess which wre
supporled by the progreszzcing echniyues desceibed in Chapter 2. Toae detaled wming infvrmation &
previded o Appediz A and the Cillerences belween other LEI-11 and POP-1 ccicruprocessocs are sped
iz Appenslis B

LAY






CHAI'TER 1
ARCHITECTLRE

1.1 DESCRIPTION
The KDJUI-A 3 o dual-heigly processon muodule Too LS-1] ovpe Dus svstoms, 1is designed fog wse
high-spoed, veal-fime appiicacicns and for owllwses, multicasking cnvirgpments,

The KIMT1-A modiie executes rhe complete PIP-11 integer and FP-11 floating-paint instruction scrs.
Full 22-bir meawnry maragement is provided Fore beth insrructioe refgrenoss and data references in throe
pracection madgs — kerngl, supervisor, and wser, The KT 1-4 wndule is Tully downward eampacible wich
ildar PIIP-T1 moedels which have 13-bit memary managament ar Ao memoery MARAEsmanc.

The three protectwor modes provids the abilicy oo implement layered selteare procection. Memory
management separstely manages cuch mode, allowine cack mode 90 accss different sectiuns of main
metnory. Furthermore, each section can kave different seces procection mizhts, Bach mode uses o separale
system stack pointer that ulTers an additional degres of solaton, The protection modes ace oreanised =0
thut o kieher protection mode can alawve enter @ lower protection ooude, whnle o lower proteclion muede
cun never accidentally enter a hizher procection meode. Kernel mode kas Jull privilepes and consxecute all
Melrections. Superviser mode and user ooode, the bwo lower privilepsd medes, connol execule cerlain
Hizlruclics.

The mcdule s faces we the exiended LEI-UL bes and S addeess up o 3 megabyvies ol main memery.
Block mode DMA translees. wlich are allowed o the extended bus, are supported by the KDJ]-AL The
22-br exrcnded LSI-1L bus 35 [ullv downwacd compelible wods (b standaed LE-pue LSL-17 buys,

Fhe BRI -A maduls suppens consale ennlation {micee aetal dehigaing ol o CHYTY, This allows ysors
L3 iAreerogad: and weite main memery and CPL regiswers oz if o comsole switch pancl and disnlay lights
were Available.

The module contains an 2 Kbwte writc-throurh dirces map cache Qsee size one, dlock size oned. The cache
i transparent oo sl pregrams and scs as a hiph-spoed haffer berween che proczsser and maim aremory.
The duta stered nthe cxehe reproesents the st active partisn of the main memoery being weesd. The
Prociesar LoUtscs main memory only when dact is noe availabie in che cuche.

The wser-vieible mepisters are shown in Tiears -1 and are clasalfed oy reneral purpose, sestem sontrul,
memnory svelem, Jlodting point and mremuory Mansgement TepseeTs.

Sclldiagneetic LED: ace provnded on the DX 1-A modole wod indicabe e statas of e mundode and
sestern when the muodole e powered-wp, The LEDs ad 1o roableshooling moduls Gaileees.

The KDJT-A eodule oo roe: BT-10 WAL BSMLIM. BESX-11M LS. RETSAE, LMN1X, and nucne
power PASCAL operaling sesiemns.

1-1
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1.2 GENERAL PURPOSE REGISTRRS

There are 16 geners] purpose repislers (GPR), s listed i Tahle 1-1, hae anly 8 are visible o the user a
any given time. All these registers can be wied 28 accumulacors, deferred addresses. mdes releeences,
autaincremant, avtodecrement, and slock poiaeers

1.LT Regislers

T here wre Lwo sroups aof six registors desipnarcd RO-K3 and RO-RS. The proup curcently hoing used is
selected by Bil D1 in the processor slatus word (PSW5 When bit 11 s sel {1h the RO-KS group i
selected, and when B30 L] i cleaecd 40F, the RO-HS groop is selsciel.

Tuhle -1 Gererul-Purpose Regisier

Replsrer

“umhur Ihesignalion

n L i
| 141 BRI
ke 142 Y
1 145 LER
i LS LER
i L k"
r- %18 Ly

7 k' Lhp

,_
'
| ]



1.1.2 Stack Fointer

Register six (Ra)is designated as 1he svstem stack poioter. Thers are choes siack puintess wentlabie, one fas
cach carcespanding profestion moede, However, only one s visible e the wser al o given tre. The
processor status bits 14 gnd T3 select e active stack poinler wsed Ter all iosteosiiers sxcepl MITPL
YIFPDL, MTPL and MTPIY. When (Rese maleucuicns slocl B6 o tee deslionaticn cepelsler, bivs 12 and 13 of
the processor scatus word selact The aerive stack pounter, Ly Bl cages. the 2-ba! seleclion soade s sneuded
ut deseribed in Table 1-2 woseleer the active register,

Table 1-2  Siack Poinler (5% 15, 14 0 13212)

£ imle Selbeledd 136

[ Dol slas, enes SRl

] SUPCE a0 alacs P LSS

11 as slesh Poocen 1S

G Uiczal = Dscr atich pomic: seleetse

1.2.3  Program Counter
The progeam aouergr o M conains the 16-kil address of tae nesl foslouctzen stream woerd Lo be seceeed.

It is designated as BT and conoals (he sequencing ol isiructione., The T G dineet ]y adddresseble by simele
and doyble-operand instrucrions and 5 a gonceal puepose Ceeislen, allloo2d i sormaly ool used a: an
zecummlatar.

L3 SYSTEM CONTEOL REGISTERS
The proceswor statos word TPSW), program interewpt cegquest (PEREOD, CPL crror regigter, ling clock
rewister, and the maintenanee repieeer are designated as the svstom contenl regiarers. Thess registers are
used by the module ta conerol systeme-oricated funcrions,

1.31 Processor Status Waord (Address: 17 777 T76)

The prucessur slatus word [PSW) provides the current znd provicns operational maces, the acneral
purpuse repister proap beine used. the cerrent prioemy level, che conditom code steiws, and the traes <rap
bit weed Jur program debugreing, The PSW 15 inttialized wr power-cp and 15 coeared with o sonsole st
Tlhe PSW register 35 delned in Fipare -2 and e described in Table 1-35.

1= 14 13 - i 11 ] L o 5 'l ol L U " o
1 I 1 I [
1| e ’“’ﬁ% F3 2FIT™ T
1 e 1
1, f al, 'I T l e ————— I —¥. s
SLFEELT  SREWICLS : FAORIT> “RACEET  GUM L I
WODE WL | _EvIL TR
CEMEFALFLFOOSZ  EUEPEVDED
YZGISTEF GRULE 1k win ] U
N
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1.A.2 CPU Error Bepister {Address: 17 777 Ten)
The CPL ¢rroc reister wlentifies the suucce of any lrap oz abort combitton chat cewed o trap through
locarion d. S sepacale coeos condilions aee Wenlilied in Fipuee 1-2 and ace described i Table 1-2. The
replales i cleared vy any wiile colorenes, powee-up, or by console slarl. [5G not chanaed by the RESET

ingCriction.

15 [Mi] ok

X fh) H [} Je Ll Ll
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AR ZELE LR

HEf-E=IZTER™ KEMGI T
[N R T W L T B
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1.3 DProprum Inlerrupt Roguest Ropister (Addresa: 17 777 772)

Tke programe interrupt request reeister (FIRGD implemene: o software atecrupt Teoility, A meyuoest s
imtiated by seiiong v of che i <L 208, which corresponde to o proecam iaterrepd ceguest For prionty
levels 7L Bils 0705 and <0500 are sel by hardware 4 Lhe snoodsd value of the hiphesl peading
regusel sel When Ui iterrupt e acknewledued, e procesaor veclors Lo address 240 Tor 4 secvice rouling.
It 35 the respocsililioy of 1he secvice sl o clear the ioeeroupl cesquesl. The FIRD repister is delined in
Figure |-4 and i3 desoriBed un Table -3 Tlee PLIEAL) regisler e clearsd al power-up, by o ooonsele siar, or
by the BRESET insleucuie..

15 1< 1z 12 B 12 uy [HE] o J5 NG He Qz K HII HH]
T T
JI’-F:-'l “HE] iy |PIRA|RF ZIPIRZ|FIS '] 0 I: ]
1

- . - - . . _— - -

REZUEZ™ LZVELS —1/-

MCRITY RO ZSD WALUE O Bl s s .

TP
Figoure 1= Progiwn Ibenoapd Regues. Reestor LRGN
lable 1-5 174} Bil Dhescriplioos
H]| ETLT, Slalus Funclion
15 | v 7 Bosad s Fecucsts oo inarmapd preieiey al leee 7
1= leve n Rmad Soeri e Frcuests o irerrmps prariy ol leve’
I3 | ewel 5 R foeri e Feuesls ar irlerrupt prorie of lewe’ 3
1 Lewel 2 R e Fwrile Reneis ar irle-riope prarly of leve 4
I lowel 5 R S wrize BEeyues s on inleTres proely ol level 5
In Lowsl 2 P feeri ey s o nclemrop, pranly ol level 2
us Luel : P Swrie Mogauaie e moez gt 3nonls ! level |
e Encoded valus Fiad tuly Bitz <00z peprazent U ensaded <2lis of Fiphesr ariari-
[RENT I AT R TR T E R [0 D

[y} Fonccderd wa'ne Rozed anrly Ritz 2050 o reprszer] v aacoded valos ol e Fiphesr

reiccivy Tzeel szrin hire <1500z Bnme as bire 07505
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1LA4  Line Time Clechk Repistor (Address: 17 777 546}

The line time clock cegister (LTCY contzols the recopnitiun of the TST-10 bus BLYNTL signal. When bit
06 al Lhe regisler @ osel (L) the BEVMNTL stenal cen be recoenised and will penerate the hzchest possible
el & olereupt request ircugl addeees lovation 100, The BEVMNTL input 15 disabled when bl 06 of Lhe
register i leazed (01 The BEYINTL input cun be perioanenlly dizabled by inslalling the W jumnper. The
register is delined i Figure -5 and & described By Tuble 1-6. The regieler o cleared ul powsrapg, by o
consale a1, or v the RESET iasurvcricn.

EZVNTL Ef.AB_E

-
Figare 1% Lire Tirwe Ok Regizrer 1REY BT
Table d-6 Léne Tine Clock (LTCE Megiater Bil Lemeriplivns
il ot e eLER Fumsrion
1%n? RITIRELIH
.o ST [N AT Rend Swri-e Wk e B e wnl Jlaoabe TRETE REVRT Tosicna’ s

ke cecigrized [inless W0 i insda ledd

e LY il szl

L5 Mutolennner Begister (Address: 17 777 7540y

The mainlenance cepister provides o way for saftware to determine the power-up antzons selected by the
waer. I alse ndicales i a Rualing-poinl aceelerstor 1EPA T available, The cesster 15 definsd i Cicare 16
aad is deseribed by Table 1-7,
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Tuhle 1% Synchronans Inrerrmprs

Yestur
Lnderrupl Adilress
P icsirstizn saccfaon 244
TRAP Srap wativerion] 1
FWT (smlazor vap stz Y
IQT CLAC prapy ismenctian Kt
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EPT fbkreakazing wegp irstralizm |
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T bcewtinn el the LIALE irsiroetizn paelieme dillzramt apersrinne Goperding e jumpe W3 ged D0 pesecmion mads Do
WA dlowermires e ope-cliva al o 12ATT irstrectizn in e kemzl ewda, 100 s ndalled ) The prosssss aners Tha QDT pads,
aind. i i remreed, the pracessor sels apoan ene-eenor skeck ot bection £ e teapes w0 Inezzrion 20 The AL T instriet an in
e suere s or uscr e e ool irsiresiiss amd e pressse s ne lecs lien £ This candirion £l s hic 257 al ths
UL ermuar sopisnlir.

L MEMORY MANAGEMENT

KDILI-A memory management provides the hardware for eomplete memory managesmerce aned procee-
ten. It 15 desizmed 0 be o memory management facilcy for accessing all of physical memory ana? for
multivser, multipruzramming syatems where memory protechon and relocacion facilitiss ane necesssEry.

[o muluprogrameoing environments, ssveral user programs ars resident in memory @1any @ven tme. The
lisks ul the supervisory program nclude the Tullowing.

1o Comerol the xceution ef the various user prugrams
2. Mapage the allesation of memery angd peripheral device rescurces
3 Mafcgmard the integricy ot the svstem as & whole by coouol of cash use: program

In & moultiprogramming syatenl, Memory Managemaent nenvices the means far as2igniag mgmary rRges fn o
user program and prevencing that user fromy making any wnanthorized aoccss oo pgss autside his assigned
aren. Thus, 4 wier can elTecovely be prevented From aceidental or wiliful dessruction of any athar nser

prugram ur the syslem execulive program.
The Jollowing are lhe basiv charactersiics of KODJI1L-A oiemary manzzement.

L8 user oode maiory puges

|8 supervisor mode memory puapss

16 kernel mede memary pages

8 pages im gach mede For insirmeiions

A pages in gach mede For data

Pagc lengths from nd o §192 beics

Fach page pm'.-'idn:-:‘. with full pracestion and celagaricon
Tranaparent opcratian

3 modes of memney accesy contrel

Memory access 0 4 mepabytes.

151 Memory Mapping
The processor can perlorm To-bit, 18-bit or 22-hic address mapping. The 170 page, which iz the uppermaoss
4 K words of memory, abways wses the physical addresss Iocations 17 Th0O IO o 17 777 777,
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1.51.1  16-Fit Muppioy - There ix a direcl mapping relocaoon froae vircoal o phesicel addeesees. The
loweel 23 K virtus] addresses sre the same corcespondite phveical addresss., The TA0 pepe phvaical
acdlresses are located in the upper 4 K Bleck s zhown ia Tagure 1.7,

1.5.1.2 1B-Bit Mapping - Escl of the theer modes; keonel, supervieoc. and wser. cre allocaed 32 K
words il are stiapped owe 125 K words of phiyaical eddress space, The Jowssr 124 K words of phasics!
weernaey of the LAY page can be referended as sbown in Figure -3,

- NV rFssr

- ix
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i 17760 200
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ISOMI Y S LT O W T H
ALILE 5 SPACE (2 AITS
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Figusz 1= 10-Bit Marpics
y Ta0de0rs
~ K
/ 177K
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177727
124 %
VIR LA . NEH_ -
16 I TS e
RN ) COCLET0
XY M PHE Zil AC FESE
A=TFEFEE EPACE 122 2114
VTHeIF
Fopure i-5  (3-Biv Mappnp



1.5.1.3  ZZ-Hit Mapping - I'his mnds uses the full 22-bit addrosses s zecess A1 of the plssical mameny,
The opper 4 K Bleck b= stll the 10 paze gy shown in Faare 1-4.

1.5.2 Compulibility

The operutivn of 8-, L8 und 22-bit cappiog con be ueed o provide compatibibly arnonge other POP-1 ]
computers. [ils cieans il sollwure woitlen and develeped for any PDP-! L computer san be run on e
KDTIL-A without meadilicalion. Beler v Table 100

//’" TITIRESE
LK
/ "M
r"/ 17751777
e
-
f/j,a*’ 20
1713500
WIFTUAL MIEH
158 TE ™ e | >
033000 QOn3nan
INC R [NTE Y  TTHI
ABDRERE BRANE 155 RITI
WIFR 1104
Ieire T4 22 BEiC Y proine
Tabbe 1-10 RII-A Cwangradibidi |y
Manor:
Mlapping LSBT Sysren
(BN Al [0 ) o B A KR I T BT I L I P T
13k ™ PEAT #3510 A0 TEAS 1250, 115

il o | r (RIBTLEY e VR B O R N SR It Y LT

1-12



1.53 Yirtual Addressing

Wlhen memury warapement 15 opecaling, e normal Le-bal wddress 35 oo looger unierpeewsd as a dieco
phiysical addres: bul us o wrloal sddeeee conlotng idornmition e De used o construsting o asw 272-bit
physical address, Tl nJurmelion contaimed o the victuad eddress L combaned with reineztion infnseazion
coalained o e pops addecse regaslee Lo yield o 22-bal plivsical ad<dices ag shown in Figare 1-11: Llsing
nerocy Al memiery S by dviactically allssated in pages. cach composed ar from oo 12K
ingeei] blocks of 64 bwics,

The siaring physical addrzss {nr cach page i an incepral multiple af G4 owvtes and cach poee has o
maxituhm sias of #1432 bytes. Pages may he located anvohore within rhe physical address space. The
determination o which st aof 186 papes registers is wice = form 2 phasical addresy o made by the curcent
made of apgratinm (i, kernel, sopervizor, or wer tedel, and 15 che relerenoe 5 Gor mstrue bone or datz.

FHYE Cal

A A LES A

# "4 sEE
-~

VIRTUA L

IHETELLTI i Ik

5
.-_.-'
AL 2 FRRLF / ] RALRETIN
32K ] - T ]
Ay .
l-'-?"- .

I "L FRER Y e
Fa- L r'r-. i PAGE 7
3 FR & f=--..._
-
FL&f & -
Fa5 = et 1Al a I
FAR |
oy FaF 1 r
T P AT T ey 5 A TRESS RECDUSTERS PH % AL ACFERS
I FEITA 12 EITE]

=aF  *AGE ADDRER: 1Ll L s
Cipne =10 Vonwel adéress Moppioo g Flesios b add o

1.54  Interrupt Conditions Under Memory Management Conicsl

hemory manapercenl relovates all addeesese, When 035 enabded. all leape, abosls and dtearupl eeoioes
are mppped ustog e keene] mode data space mappang reaislecs, Theeslocs, when g vcetaesd Seanster
cirurs, Lhe oew progrin caunler (PO g proesser stalus wordd {5 ane eliamed Team rwa conscentive
wards plivsiceily located e e trap vector and ace mapped veitg sormel mads dara speee regisrers

The atagk wsed for the “push™ of the cyrrgnd PO and PSW s speeificd by Ditg Taoand © % of the new Py
The MEW mode bicg alsa deteroing che new pgpping register sg1, This allows che kernel made program w
have compleie enarrel over servicing, all 1raps, abares or incermpes. The kernel procram may wsspn Lhe
aervice of some of these condiriong maa swpervisor or nser made rrogrem by simpiv scetnge the mode bils of
the new PSY in the weetar oo retwrn eoncral o the appropriate mosde.
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1.55 Construction of 3 Physical Address

Al addresses with memory relocatiun enabled excher reference information in imstruction (T space oc data
(13} space. 1 space is used For all instroction fetches. index worls, absolule addresses. and immediale
operands: D space s vsed lor all other relerences. T ospace and D spuce sach bave elpln pape address
registers (PARS) in gach mode of CPU operalion (keroel, scpervisor. snd user). Memaey managsment
repister 3, can disuble F space and map all celerence (insiructions aed data) dweough L spacs, of can
enable O space aind map el relerenses through Both 1aod D oapace,

The bazic informaticn needed Tor the consteaction of a physical address comes Trom rhe virtual address,
wliel 3 lusteated  Figuee L-L1 and the appropriate PAR =1,

13 - ] i» fun]
T T . B T T T T T T T T
APF IIF
| ] | | | 1 1 1 1 1 | 1 1
' an J—
T T
ALTIVE PAGE LV SLRELME L L
Fir 1
HH 1194
Figuse =11 lawsprevanon of 4 Yimes] Addres

The wictoal address consss ol

I.  The active page ticld, This A-hit Ficld determines which of % pape sddress regslene Mmoo the
PALR sel (PARD-FART) will e used to form the physical address.

2 The displaccmenr ticld. This 13-hic ficld gontaing an address reletive wo the beggnning ul o page.
The lonaes! page lengih is # Khyes (277 = & Khetes). The [F is Mercher subdivided o vwa
fields a3 shown in Figuore 1-120
The displacemene Ficld consiscs of;

l. I'he block numnber. Ths 7-bit field 5 incerpreted as the bluck namber within the Surreon page.

2 The displacemnent :n block. This t-bit Neld sonteins the displacement witbin the bloce relerred
tey by the binck number.

b ]
I T T T H T T T
[1]{] Ik
1 1 | 1 1 1 | | 1 L {
- 'y -
ELCCE HLEE3 DISFLACEMEMT W ELCR
PR REE

Fizure 1-12 [Hspesesrent Big'd of p Virlun® Aoldress
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The reminder of the infarmarion necdad 1o cansteuct 1hy phigical address comes Trams the conens of te
FaR roforenced oy rhe page address held, This Ta-bin register spogities 1he stavcing address of (he oemory
pagz. The Pat i acturily a hlnck mamber in the phyzical me=nry, Far inzrance, PA¥ — 5 indicatess a
starting addrass of 9643« 320 words in phyaical memaory,

The constructiun of Lthe phesiesl address i Hostraced in FHaore 1-13.

The lopical sequence invalved in conslcwctine a physice]l addres- (P& 15wy folliows,

l.

Select o el ol mape wddress ceeislecs. Tats depends on ke space Bome referenced and the
prolecies meade being wsed.

The active page Leld ol e siclual address selscis one ol sighl pose address repelecs
[PARD-FPAERTY Drowm the appropriole scl.

The mage address Field of e sclectad poge addecss mopiEiee coitawms he st ng addrsss af she
currenily acrive page a3 a bleck nomber ia phwvscal mectosy,

The hlnex number from the virtial address is added tn the age address fizld rooyizld rhe
munbaer of the black in physical memory. This ig bits <2 106> of the physical address beng
construsted.

The displacement in block frum the displacement ficld of the virtwal addroess 5 joined o the
physical bleck number ta vicld a trus 22-hit physical address.

H HN]
I I T I I I 1 | | I I | I
W RET.Ja) AnDAsss
i 1 1 1 1 1 1 1 1 1 i 1 1
£ 12
T T
[ H L
1 1
12 o
T T T T T T T T T T T
QF=5ET IMIC
FET R LT
AlGE Al [T W NN R I S L l

H ] L4 [EH fL

i A =
T T T T T T T
v ; ;
1 ] | | | 1 1 ]

I I | I | | | | | i I I I I
PH=512/ 2 SRR
1 1 1 1 1 H 1 1 1 1 1 1 1

bl L)

HY 19EE"

Figare 1-15  Clonsbriecbize o0 Pheice] Adilres.



156 Memary hManagement Regisrers

Wemaory management implermenrs 3 sets of 370 T6-hir regivoers sy shown in Figwee 1-14. One set of repizters
s need in kernel marde, another in superdizor mowdg, andd the other in weer mode, The pretection mode in
uaz defermings which sct is ta be nsed. bach szt is subdivided into oaa zgroups of 16 repiswens. One erawp 15
uzed For refereness tn instroction (1) space, and ane to data (D0 spaee. Phe T ospace proop iz osed lor wll
instrpction fetches, index words, absnlure addrosses, and immediese aperands, The T spece croup iz weed
For all acher references, providing it hazs not been disabled by memory manapement register 3. Tach sroup
is further subdivided into two parts of cizht remsters. One part s the pome address regizler (PARY wlose
Function was deserabed previowsly, The other part s Lhe pape desoniptor ceesster (PDE). PAR: and PDEs
are alwuys seleveed i puirs by the wp thres B of e virtes] address, A PARSPDR pair containss all the
indormation needed W describe and Iecate o currently active memory pape.

The memory management mepislers are localed o e vppecmost & Kbyoes of phvsical addiess spase.
which iz desipnated as the 1D page. The addresses ellocaied 10 1he memary managsmgnr mgisicrs arg

listed i Takle -110.
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Lable 1-11  Ylewmury Hamagenienl Kepisler Addresses

Kepialer A g5 Remictor Address

SMamesy manazzrwenl repsier MR D EINE AT Sapervizor [ oeaoce acddsss vesicoer C5ISARDY [V T 0
Mamcy nznapsrenl repsrer VR |7 177 274
Kome ey mznarerwernd rgprsrgr AR 2 17177 490
Mainesy manaperienl ropesrsr VRIME T TIVLE

Sapereiznt [ aidd-mis regicer CRRAR T |7 772 56
Lo T oemince dsser et reggisner 0 1TEETIRDTT TTOAVE RO

Siperer Trospice adiéress mepivles Ss105AREDD 17 702 250

Hleer | oaplese wosenper reestor 115127 FE O R . .
Seprre sar D ospace aditrose scgieler (SDSLNTE 1T 02 B
Lleer 12 spuce doscopom regiate L LSLALD LAoTEral
. koornel | ospesss Jl.'bq.;:lph.ll rezener (R ISR EE A0

Llyi 03 #aaee dsenpocs repustar (LIDGOET: 13730 A

-l
ol
-1
ma
-
-

-F{L-*n::-l | speices descriptar regisrer (R IDER T
Ll | spees frdress regis-er (LHEAR D 17 737 A4

-
-1
sa
-
He
=

Bl onal Troemre abssrintar =spivter (R TSTIR )

Loanr 1 apiee aeldress regrstur (1HSAKT, 17 737 A6 .
beemzl 1 ospean descsiplor regiser CR2SIET Y 07 752 356
Loser T2 apmie cildress regiver CLHLISA RN 1T 727 B4

kercl 1 s adiress rogisles (ksS40 L AN

Lower [ mpas wddiess regeton (LILSAILT) IO Y .
Rueine, Lz adCrese mogisie (K ISAR D O 1 ¢
Seaprreisn Jospace descopion ezt (SIS0 I3 M
R, LY spuen addiess ooy (KOS AR [FI G0

IEI. [oreiEn: 1 ospace dgscripoor register CaIS0R Y] I .
Eoarnel Trspace addrees repisle- JRN5AK T [ R T

TR In

B pereinee Trapece deseriplar ~pisle~ (SMENR) R

Sepereser 1 space Jewniplor regisler (505104 00 Y2 200




LE561 Pape Address Beyisters — The puase addres repieler (PARY contaus the pags address tizld
[PAEY, & T6-bil Neld thal specafies Lhe zlarling address of the page as 2 Block awnber b phyaizal memary.

The page address cepisler (see Fiaure 1-15) coolains the puge addecss ficid thar may he alternatively
thought of us o reloculion repizler containing @ relocalion consiant, o 38 a Dase cegister containinge a base
addrese. These regislers are ool changed by either console $1aes or the résct inscmetion. They are
undelined at power-up.

A o
7 T T T T B e | T T T T T T
o
i 1 ] ] | | | - 1 1 ] | | 1 1
HE 1.2

Figu== 1-1% Payme Adfrees Repsrar tPAR]

1562 Page Descripier Register — The page desoriplor regisler conlaits wlenmation relarive th page
sxpansion. page fenceth, and weoess contrel. The remsler 35 shown i Fipure -16 and is described in Tuble

-12.

I5_ _Ic R LA SR N N % S AN o W &
| Fadl FREH SRR PF TR a | ora ACF I
| | | | | 1 |
EREFELS FaT ;f, ReE FLZE LHPANE DN
T szLn Tl LTy
AL
(R | LD Fal
R T

Fizuze 1-00 Pape Descnipen Kemses 1 POR)

1.7 Fault Recovery Repisters

Abarts generated by the memary manaaement hardware ang veotared throgh kernel virtwal lecation 251,
Memery management registers 0, 1, 3, and 3 arc uscd to deggrming why the sbors occurred wod to wfow
for program rostarting.

NOTE
An ubort o s loeution which is el an iovalid
address will cause another abirt. Thus, the kerndd
program maust cosure that kemel vietpsl sddress 250
is mupped into 2 valid addeess; otherwise, a1 loop will
vicur that will require eonsole inleryentiva,
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LAT.1 Memory Manapement Repister 0 (Address: 17 777 572 - Meownmy manzgement register 0
(MMRD provides MM contral and reenmds ML status, Dae register containz abort und statws Tlaps es
shown in Figrire 1-17 and deseribed in Table 1-13.
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1.57.2 Memoory Muanagenwenl Eepister 1 {Addeess: 17 777 5T = Bemory managemss episier |
(MMERE Y recocds qoly auloinsrement o aulodesrement of & penceel purpese eepizice, eluding cxplicin
references through the TC The increment o decrement anonl by wiich the register was moditicd s
stoced 1o 2% complemenn oaalion, The Jewer byte is used fier gl souree Qpesand instructions and the
destination aperand may be svared in cithee byse, depending on rhe mode andd instructing type. The regisoer
15 clearcd ar 1he heginning, of cach insiruction fotch. The regsne is defined in digore -1 4
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Figare 1-1%  Menzay Manazsnan Bamsles 1 oMpR

1.5.7.3  Ylemory Managemenr Regizter 2 {Address: 17 777 5760 — Mamory managomeant repiseer 2
(MWIRI) i Ioaded wich the program eonnwer ot cthe curvent inatrwerion and iz frozen when any abart
conditinn is posted in WL

1.5.7T4 Memory Munueement Register 3 {Address: 17 772 5160 — Momory uunacemaent resister 3
[(MME 3] cnables the duty space For the kernel, superasor. and wser operating modes, To alo selects eicher
18-brr vr 22-bit mapping and enables the request Tor the supervizor mescinstructon (CSM) The regisler
ix shown im Figure 1-1% and 15 delined in Table 1-14, MMED 5 cleared deringe power-up, by a censole
start, or by o RESET instruction.
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1.57.5 Iistruction Hack-1p/Hestart Hecovery — T'he procass of “hacking up™ wnd res-artme o partially

sompleted insrrmagtion invedwzy the fallawing.

. Performing the Appropridte MEmUTY MAnLEsment tasks o alleviale the cowee of e abar (e g,
loadimg a misuing page).

=

Festarine the peneral purpose ceeesters indicated in MME L w theic ocieioa] contestts o1 (ke staes
of the instruction by sebtructing the “modily wuloe”™ specilied o MMEL

3. Restormg the PC oo e "abort-tme™ T by loadinge BY wilh the canteots of MMEZ, which
cuntaing Lhe velue of the virwal IO ul the tine Qe "abae-gensrating™ instruction was fetehed.

Maore that this back-up/restart praceduce assumes that the genceal purpose regiszer wued in the program
segimentt il not be peed by the aborl resovery routing, This is awtamatically the cuse if the recovery
pregram wses a diffcecnn gencral pueposs register sci,

L57.6 Clearing Status Registers Following Abart — At the and of a fault serdce moutine, oits <1501 1o
of MMED must be glearcd {seo 1o 110 fo resumg grror checking. Oin *he next memary cederence [uluwing
the clearing of these hits, the warious regiscers will neswmg monitoringe the status ol the addreseing
operagionz. MME2 will be Inaded with the noxt instructinn address, MBET will stors cepiiter change
informatinn, and WK will Ing memney manzgement status informeacion.

L5777 Multiple Faults — Onee an abort has occurred, any subsesjoent errors Wbal ocour while 1he
memeory manigement registers aee frorzen will ot change MBBRG, MM or MME2 Tihe iformation
saved in MMED through 3R 2 will always reler o the Nrsl aboct that i1 delecied,

LE5E Trypical Usape Examples

The memery management umt provides o penecad purpess memoey management tecl. It can he used in a
manner as sinple o cormplex as desieed. [ con be anvlluog feom a simpls memary gxpansion devics o a
complete memory management Facilicy.



The varicey of possiblc aad mearng il wavs 10 use e Lwiliies 2fTered By e memory manapenenl unil
mcaas that beth single-user and muluprogramnuog sysems lave couplete reedomn e make whalever
memary managemear decisions besl su their ivdividual pecds. Albough 2 bewledae of whal moel rpes
of eamputer systems scok (o achieve may indicass hal cerrain e thads of ugilg the mecory mzukipenienl
unie will he more enmmen than athers, there i@ oo Jmil 10 (e wavs 10 use these Lacililies

In most tepical applicatinong, the contral over the aomal memary page assignments aod el prolecion
resides 0 a sepervisory rype propramn which nperarcs in keresl mode, Thie progeeat 5018 acoess keve uianch
A wey da to pronect itself From willfol ar accidenral destewerion by ather sonervizor of vser node prog=aims.
The Taciiities are alse provided such that the kerrel madz program can dynamicalls az2ign memoy rages
ol vaArving si28% 10 Tesponse B syster nocds,

1.5.81 Typical Memory Pape — When the memory manwgernent wnit o5 enahled, che karnel made
prograun, o superviser mode proprum, sned a user noode prosram each have sight setive poges described by
the appropeioee page address repistecs and paee descriptor remsters Tor dute and eiphe pages for insoroc-
tiong. Each scament is made wpoof Tovaz Lol 123 blucks und 3% poinled v by the pupe address Neld ol the
carrcs[ending, page cddress cegister as Ulusteated tn Fiaume 1-20
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The memary serment slostretsd in Fiewre 1-20 hes che Fallossone attribotes.

—

oL ok e Rd

These

M

i

=-d

Pese lenetle 40 blocks

Yictua] wddress coope: 140000- 144777

Phoesical addeees range: 312000 316777

Mothing s beex modifed (e, wrillen] oo Lhus page
Reud-omy prateciion

Upaward espansion

ateibmes were detleemined aceording 10 the Fallawing schectle,

Pape address repisres {PARAY and page doscripiar register (PR M) were seleceed by the active
page Field CAPF) of (he vietpal addeess [(Bis =0 %0 3 of the ¥4 — Gy

The initial addrcus ot the page was determinzd from the pege address field of PARA (312000 -
S0y blocks =40y (3200 words per black = 2 bytes per ward)

MOTE
The PAH that comtains the PAT counstitules what is
nften referred tiv s @ hase regster conlatoing 2 base
address or a relocafion ropister confaioing o releca-
Hoo constant.

The pupe leweth {47y - L — 300 blocksh weas delerrmined Trozs Lhe pags lenatly Feld (PLED
cuntained in paupe descriptor reaisler PDIA. Any atlempls 19 ceference bevond Lthese 400
blocks o This page eall caose o “page lenglh eccor,™ whoclh wdl eesudt Inoar alart, voeoonzd
throuah kernel victual eddress 239,

The phwsical addecsses weee consteusied aocording v Lhe seheme JHostraced in Figurz 1-135.

The weitten ¢33 bit indicates that e Jeealions b 1his page have heen madified (ic., written). 17
an anempt is made womadify any location jn this paricular page, an acoess conemol violation
alwarr @il ooewe. I rhis page were involved in g disk swapping or memary overlay schems. the
W-bit wimeid e used o determine whether it had heen mindified and, thos, regquirsd seving
Lictire nverlay.

This page s read-only protected; e, 1o locacions it thys pars mey be modified, The mesde of
protecticr was specilied by the acoess coatrol Teld of PIDRA.

The direclion of sxpansion 5 upwand LD — 0L I7 eore Blocks acs reguired o (is scement.
they will be added by assipning blucks with higher celative addoesecs

The attcibulee which describe this pape can be detzrudned woder saltwose contrai, The paramaeters
doscribine the pape vre loaded into Lhe appropriale pape address register {PAR) and page deseripror
rerisler wnlder progrin cunirol. Inoo normal application, e particular pags, whick irsci conraing 1hese
rerislers. would be assianed we the coentral of a kernel moede progranm,

L 24



1.5.M.2 ™onconsecutive Memory Pages — Higher virtual addresses de not necessenily map o hizher
phiical addrosses, 1t is possible wesct op the puge wddress Tields of the PARS su thad higler virioa] aldmess
blocks may be located in lower physice] address Blocks 25 illustmated in Fipare 1225

Althuugh o zingle memory paee muel consist of o block ol coatiguaus esalions, sansecurive viemeal
memory peres o nul have o be loveted o conseculive phvsical addeess locarions, The assignien of
memery pares 15 2oL loiled W consesutive noaoveriapping phoesical addecss locatians
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TEX3  Stack Memory Fages — When constructing progrems, 22 is ofen desirable to isclate all procram
varizhlas frnm pawe cade (e, propram instructionsl by pleing them onow reeser indeced stack. These
variahles can then be pushed or “pappod” from the stack ares oy needed. {See Chaprer £ Sinee zlecks
cxpand by adding lecations, with lower addresses, when o memory woee which contring stucked” varabies
needs mors roam, 11 muost Cexpand down,” e, add blocks with Lower relative addrsses ko che carrent
pape. Thiz: mode af expansion 1 specidfied ov settinge the expansion dicecten bt ol the cppropriale page
descriptor repister Lo | Faure 1222 illuscrates @ tepical stack memory pape. This papes will have e
Fool leaingr parsmneders.

FARSE: PAF = 3120

PORGE: PLE = 173y oo L2528 —3)

th = |

W=1duorl

ACE = nna 10 b delermined Iy rograstme: a5 neesEsany}

MTE
The W-hit will be ser by hardware.
In 1his casc the stack beeing |28 blocks ahowe the relative origin of this memory pege and sveends
drwnward far @ lgngzh of three blocks. & papee length error abort will be generated by che hardware when

an atfempt is made to referance any Iocatinn below the sssigned area, 1o, whea the block number [nem
the virtwal address 15 less than the mape length Ticld of the 2pproprste pegre descriptor Teei=ler.
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1L.EY  Transparency

11 a muitiprogramming application, &t is possible for memary nages to be allocated sueh that & program
appears e have a gcomplers 64 Kbvte memony canfiguratian. Lsing relecation, a kernal rmode supervisnry-
e program ¢an perform all memary ranagoment tagks anrirciy transmarent s swpervisor of mser mede
peogram. In effzet, @ s¥stem can usc its rosmurces to provids maxitem throwghpet and sesponse 1o a
amber of psers, 2ach of whom scems tn have 3 pewarfol seseern a1l o vimself”

Lé (ACHE MEMORY

The statstics Mmorn exesuling proeraces clearly indicate that ol ey given meneal, o poogrea spoads mos]
of its ume withan o relalively srmall seclion ol sode. The KDJ L] A cache mcioey eaploits whis plhcoans-
aon by wsing 1 small awwnt of gl speed oemory W store Lhe el recently aosessed memery Keatinrs,
Cached code will execute sl laster Unet noecached Sode becgusc oF (e lares Jiffeeernes hgrwesr rhe
eocees Umes ol e cacle mamery aod (L LS Bus sun nremarey.

The Tollowing ilheseraes haw the KEB-A cache is constroeted. Iois a direet map (sef size one; Dlock e
unc), & Kbl cache Each phyvsizal addegss 2 lagically suhdivided intooa U-tnt label, 7 2-hic mdex, and 1-bat
b seleet Figld as abesan in Figure 1-213.
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Figure 1-25 0 Cawche Phesicn Seldress:
T indes tield is vzed te acleor the cachs ontee, The indey ia 12 bits leng, seleesing ane ol 4000 seperets

cache cnerics, Fach cache cnory confaing a S-iit rag 1003 CTAGL te@ maviny 2iF 4P g walid bl (%1, teo
byrey o cache dara TR and B3 and twa correapending vie paney s (P anul PG e Fgume 12240
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A phesicul address & conzidersd cached when the teg figld of the cache eniry specifed by the index Feld
cauily che label Teld. the valid bit s set, and no parity erroms are seen. When a cache read hit ocours, e,
the uddress iz cached duringe a read operazion, U1 and B are weed 25 the sowrce of the date. When o cache
read misg socurs, 1.2, the address 1 noe cachel, muin memory e accessed o obtein the dala.

A ploesival address is stoced to the cache whenewer G cacle 15 allocated. To allocale the cache. the g
Meld of a cuche entey specilied by e indsx Neld is sel egueal 1o the Tabel Geld, gis V-bil 15 sel, BL and B
are loaded with (he fresl dita, and the purily bits ars correcily calvelated. This pugrantees il the oexl
access L Lhis address wiil ceporl o cachie hii. B sbeould be poted Lo allocaimg the sache crpically destioys
a previous]y aliocated valid cache coey, The caclie is allocawed whenever & eead M or word wrile 10853
e A0S,

Wrie cyeles ane separated inoo oword write and byee write opcrations. Main memary is always updaoed
during writes, & cache hig will gouse the proper hyte(s) re he wrirten in boch the cache and in main
memary. Thig ig called wefeing throwgd the cache. A cache mise during a word wrice @il alloesie the
cache; hawever, since twa byvoos are allocaced wopecher, A byoe write only updates main memaory. The cache
response matrix is summarized in Table 1-13.

The T4 puae (top 5 EbBY is never cached and thereFore alwaes reports misses. This s becaose the 1,0 mape
Contiing dynimic status registers which, when resd. must alwavs convey the latest lforme Lion.

When the syvstenn s puwered up, the cache must be cleared and correct parily weiclen into each entey, This
1% called flushing the cache.

Tahb: 1-185  Cache Response harrlx
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A [wtential stale data prablem cxn ocoar whea a DA dovice weices tnoa eached locacion, The evzrerirten
sl gpiry must be invalidated, Toavoid rhis peoblem, the eache syarer manitaes each XA crangsaction
in determine when the P4 transaceion invalidatas the cache. This also inclodes hinek made D8 A which
ie posible on che 22-bue LA1-11 hus.

For bath diagnastic and availabiiicy reasons, 105 mmporlant W be able o tworm of T che cache va sollware.
The cache s dizabled by secting either of the Turce cache miss bals. 02 and 03,1 the cache conlrc] ceetster.
When disubled, sl relerences are focced o e e cache, That s omein memory e always accessed,
cache pacily eccors are tprored. aml no cache allucelion 15 perlormed. The cucle b essenliicly remoeeed
Trumn ke sveleo: Thes is JifTecenl than Dvpassog he cache, Byposs velerenaes acoss (D maln oo msry.
check cache parity. aod ovalidale the cache enuey of previowsly allocated. Read releccnaes thal herpazs the
cache check for parily eooeds aid will wvalidats any address hits,

La.l Parity

The KIXT-A meduls has a main mgmary parity error deicction mackanism. The BIXAL T and =17
data Unes are samplod whea RIS 1L is negated and the microprocessnr iniciates & memory read. 1 he
BIIAL < i bit (s rhe parity creor gsignal and che BEAL ) 7w Gitis che patity abore ermor signal. When
hnth are asserted (), an alork ccowrs throgh the vactar ac virtwal address 1148 10 kernal 13 space.

The cuche memory alse has a parity error detecoon mechanesm. A pemicy errur in the cache 15 not
considered Tatal bocause che magin memory sestem hes o backup copy of Lthe date, Tae cache wees even
marity for the even data byoes stored 0 the cache memery and odd parity for Lhe odd dida bylse stored o
ithe cache mermnocy. T2 also oses even punly Tor the wae Deld slored im the cache memeory

1.8.1.1 Purily Errers = A parity eccor iodicates el o sumale Dil essor Ios occucesd Pacny ceeocs can
vocur in erther e main memery or Ui cache memery. A main menary pacily coror s alsass Faal sines
the data stored i Wi menory i weeng and i1 camior De restared, This oepe of parvity aroor aeifl always
cauge ailabort through visual addeess 114 in e keras Dspace Cache parity orrers arc nor ennsidered te
be fatal since che daca in 1he cache memary cak be updated with She eorreer data fram the main memary.
When they oceur, the KIJT-A madyle wilz gither abart, infzrrune, or contine wichont an abort ar
icrrupr. The actian is derce mineed [y the atate of its 07 and 90 in the cache concrol regster as defined in
Talle 1-Th.

Tuhle I-1f  Cache anty Krooms
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Lo.l.2 Multiple Cache Parity Errors — [Fa cache parity cirnr necurs whiie The se stalus From g
proviens cache purity error isonot clesred from the mamary syeeem arror regisies, 1hee 2o share of
interrupl avgurs, The main azemaory is accessed agaia o rerricve the corraet dars and iy gorrupred cache
emiry duta iz updaled with the correct data, This prevents a cache hardware faihug From aonerating an
infinile series of inlerrupt or aborl service oaps.

1.6.2  Memiory Sysiem Bepbslers

Tl meroory svaleo regislers consist of the cache contral regsisler, che memory sestem erronr Tegister, and
Lhe it mruss reasler. These resisiers are wssd by omodoles oo control the memnory syseemn wnd report any
eeruzs (hal oceur,

.61 Cache Canrrol Register [Aadilress: LT 777 T46) - The cache contee] repzler (OCTO controls e
operation of the cache memaeyr, The cacle D pass, abor?, aod foree miss [unclons <an b controlled by
saftware ¥ia rhis regiaree. The cache coacre register bs shows i Frgure i-2% and b deecribed i Table 1-17.
The regiscer s cleaned by cither pawor-up or g coeinsole starl, B enallected by e BESET Instcaciiol.
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Tahbe 1-17

Cache {uatrol lRegisier Lescriplion
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La.22  Hil,/Miss Regigter {Address: 17 77T 752 - The bolSuuss cegrster (FIMVIRY reconds Wi status of
Uee el recenl Siwhe aecesaes The HME & o stafl regaster i@t cedords a0 il as 2 | and & aiss a5 a0 0 Lo
Uuez cetost eecend menory eeads, A hit epeesenis daa oeated i the enche o nere and @ muss meansg U
dita i lecaed in 1he main memeny Bi 00 represents the mast regea ) mermosy aeecss and is shifoed wothe
Teft en augeessive memory acoss. The HME i 3 read-oniv registar and i3 showa in Figure [-26,

1.623 Memory System Krror Register (Address: 17 77T 7ad) = The memory syaficm armor registar
(WSEHR ) iz a read-nly rogister thac is clearcd by any write reference. The repiseer mnmitors paricy croor
ahors and reeords the type of parity arror, The regiseer is shown in Figarz 1-27 and iz deseribed in Teble
[-1%. The memany system repeseer is clearad by oany write relerence, dwring powsr-up, wnd Sy @ consale

siart. It is unaffected by the KESED instructiog.
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L7 FLOATING-POINT

Foe RO 1-A wees Che Moatine-poiot inslousiion sl e performy all Meatine-soinl arlioonsie apesalione sl
converls daty belween inleeer and (oaung-point foceeds, TU uses sl address wedses eod the zames
memory menaeensnt facilities of e processur. The Cloatiog paour siroactions o celerencs s oating-
poinl aocueoulalucs, e peoeced ceplslers, o ooy Kcalion b ws oy,

1.7.1  Floating-Poimt Mata Formars

Mathemarically, a floating-poing rumber may he defined as aving the fm (2 4% K+, whare b s an
itegsr and Fis g fraction For a sonvanishing, aamber, Koand Fare wnigoely determined o impnsing the
qonditinn 12 =2 £ = 1, The fractional pare (17 of the number s then said te be aceoadized. Vor the
numher 11, T must be assigned rhe value 0, and che value 0 Kois indeterminate.

The Moating-poine data formads gre derived from this mathematical reoresentation for Coadng-pont
aumhers. Twio types of lnating-point dety arc provided. [0 single-precision, or Ceatne mode, Lhe Cila 35
12 hits Innp. in doubic-precsion, or double meode, the dare s 63 bis lune. Sien maenitode otalion e weesd.

1.7.1.1  ™Nosvanishing Floating-Point Mumbers — The Mractonal part (035 wssarned noremalized, seo bt
iei mast =ignificant oit mese be L This | s the Aieefen b 1015 nol stored expiicity o e dat werd, bul
the provessor restores 11 belors careving oul aritbernetic operetions. The Mualiog aod deobls owodes reserve
23 and 55 bite, respectively, Tor {0 Tlheee bite, with e biddeo Bl eogsds cOeetive Jeactions of 24 hirz and
56 bils.

Eigfit hits arc roscrved Tor stooage of the exponcnn beoin evoess 128 (20040 notation {ic., as K - 20050,
giving i Digscd exponcnl. Thus, expanetrs Fram — 128w =127 could he repraserred by 1 ro 3775, or 1o
255 0. Far measons given below, a bizsed cxperem of O ¢he trae cupraent of —200g), s reservec lor
Meazag-paint 4 Therefore, ¢xpanerers are rearricted othe spnge =27 ta + 127 nchmive =1 775w 190
ar, 1 eNecss M0y notacion., 110 3775,

The remaining kit of the Floatirg-prire word is the sign bit, T number 3 negatiee 1F che sign Bl a1,

1.7.1.2  Finating-FPoint Zero — Bacause nf the hidden Bit, the Mractione. part ool avaizhle oo diztinguish
herween A1 and nanvanishing mumbers echose fractionad pant is exactle 1720 Taerelore, Lhe Dualing-soul
processor PP roserves 8 bigsed cxpanent af O for chas perpoes, and any Moating peint nombes wilh a
hiAzcd exponent of O cither craps or is treased s 00 00 were an esact O arilirme e o ralens, A ssaer o
“clean”™ 6 worepresentsd by a word whoes bits are al? Gel A dirle™ 0 g Doatizg-pooani mombe- wit™ a
biasoed exponent of 0 and a neneery Mracton:s] parl. Anarthooene aperatioz bee which e resalring rmie
exmonenl excesds 277y i regarded s producine o “loelog eecrlow ™ 3 the Leas oxponear is "eas rhan

7. Lhe opecation 35 cegarded ae prodoecing a "oaliog vodceflow ™ A biased cepanant o 0 can chis
arise {roro arithimelic cperations as a speciol s ol overllow (1o cxponcnt — —200g0 (FEocall that only
gightl bils ace reserved for Lhe Dlused cxponcndy The Teectional par of resultz nheined From such averlew
angd underTow ig cercet,

1.7.1.3 The Undefined ¥avlable - An undefined wariaiale is any Lit poctern with & sam bit ol ool a
bigsed crponen; of (h The wrm wadefDeed variohde is waed, Sor historcal reasones. o indicate thel Lhes: In
[rlerns are nor asaigned a corcesponding floating-poinc arithretic value, o @al e onde Coed voarkhle
is Treauently referrod o s =0 clscwhere in this chapoor.

A dosan abjective ol the FPF was oo ensure thal Lhe wnceninsd variable would ool De stozed s e essull
of ary Flaating-paint operation in A proerstn can witk che averclow and uederlow nleecup s disebled Thes
ig achicved by seoring an exacc Al on overllow amd onderloe. 5 e corres ponding jnterrum 35 disahled,
Thiz fenture, ocecher with an sbility e Celect relerenae Lo Ui vodeltoed vereble dmplemenied hy the
FILY bt discossed later) is ineended w0 provids e user with o Cebogaing, aid- il =0 oceurs, it did ont
result from o previows Moalinp-point ariteoeie msiroc Lo,



1L.71.4  Floatlag-Polm Doakn - Flaaing-poia data i3 staced i owosds eof mesory as Hosteawd n Figues
[-28 and 1-29,

The FPI* provides for conversion of tloating-paint ro infeger format and vice-vorsa, The proccisor

re00g ki Fes Single-procision inmeger (1 and doohle-procision intcger Inrg (01 pmbers, which are stored in
grandard 2w complernent foom. {Sce gnre T-300)

FFORVAT, FICATING PAINT R0 5 PREC2IS 0N

12 rr]
o FRECTICH - 10 1
] . ] 1 1
1~ 11 i L] o
WILBL LT 0 I Ex= LW T IR [ |
] ] ] ] j ] i 1 1
L )

b 1225 Swple-Pren, Boocad

JFCFWAT, 1 QAT NG PN WDl & SN

E L
-B FRACT DH <UE O
1 1 1 1 1 1 L 1 1 1 1 1 1
12 A
1< SRACT Of 2127 14k
L 1 i L Il 1 L 1 L | L
1] iiC
.2 F il oamd a2 esige
1 a =l b 1 1 1 1 1 1 1

3
gD

MEMOE 10 [ 5 Fi= FEaL Y bl
1 1 1 1 1 1 1 1 | 1

57 SIENE AR IO

EXF = LEFCWER | LECES 200 =50 ad O, 1V STHRTEN T TR 377 COTAL
FOF MON.WAMIZ<ING % UMBERS

ERAZTIOV = FLEITS IR 5 FORMAT, B BTS00 IMa) 1O Ml
AT NORMALIZATICN L THE ZIRAR™Y A6J1AFCIMT 1% T2 T1IL LU T

Fwere 229 Dvale Prezisizien Foarmal



| =3RMAT. IRTECER 51452 PRECD: ¥ICH

5 12 U
B HLUMEE 3 -7 50
1 1 1 B T 1 1 1 i 1 1 1
LRCASAT Dol s FHECIEICG S I TEZ2 4 JORG
15 d [HH
WERIDHY -0 5 SIHKISER =50 150
i 1 1 1 1 . i 1 1 1 1 1 1
1 o Ly
172 . WEER B0
1 i S I I | 1 1 1 1 1 1 1 L L
WL & = 515N NF S~ URAREFR
wAWEFER - 0l 1% VL DORRA] G TS I L FGEY AT,
MLk

Figore 1-5300 2 Coisplanens Tarr

1.7.2  Floatime=Foinl Eeglsters
The NMualing-point cegisters arg defined @5 siv accnmmlitors, the Ploaline- puinl sle s regiEloe, e flaating-
potnl erueplivn addeess vegistcr, and the Aaating-poin: exceplion code reemsler, us showr oy Fgare 1-7.

1721 Floating-Point Accumulator — Six nd-bit scoumuolators (ACD AT are wnplemented rar the
Lernpuoazary stotages and maripulacion nf 32-kit and 64-bil Moaling point dala 1y pes,

LY T

1.7.2.7  Floadng-Paint States Hegister (FPS) - This regisier arovides mode and hermnt ennrrol for the
Moating-paint unit and conditiens rsulting Mrom Lhe execulion of e provicns ingtroction.

Far the purposes of disciession, a sel bit — 1 und o resel kil = Q0 Theee bits of the FPS rogister control Lhe
pnkes of aperation as lollows,
»  Single Duukle: Ooating-poit puwbers can be githes gsingle- or doohie-precisin,
#  EhortToag: uileger puoikers can e 1o hics or 32 Dits.
= Clop/Eound: (he result of a fasting-point nperation can be etther chupped or pougded The
erm chep 1% wsed instead of feuseate o wvoid confesion with lcencaton a7 serics wmed in
approxipmations for function subrootines,

The FP regiatcr condaing an erroz Meg and Toor conditione codes (lve bils): cany, avertlaw, seee, and
negative, which are cyuivalent w the CPU condition cudee.

135



The Meating-poinl operalivn recoenizes six Ooatione-poinl exceplions.

Detection of L presence of e undelined voctable (oomeery
Floatizg weerllow

Floauieg andeellow

Failvee o Foating-1e-ins ger ongigion
Avtemp te divide by #oro
Hlegal Flearing ap aodc

For che Tirst four of these cxeeptians, bics in che FPS register are zvailablz to eneble or dizable intermept
individually, An aterrapt an the ocorrrence of sither of the l3at taa exceptiuns can be dizabled one by
setring a hit which disables imterrupes of 210 sis of the cxcopriony 48 1 group.

M the 13 FP3 bits deseribed above, the ermor e end condition codes wre sel by the TPP s purt of the
citpic af a floating-peine instruction, Any ol the moode end interrupt conrol Bl may be sel by e user;
the LIS inscruczion 15 available Tur this purpose. The FPS repister 15 shown o Pigure 1310 and Jesceibed
n Table [-14
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Tuble 1-1%  Fleating=Caint Scu e Hir Deseripinn (Canil
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aver [lew (I
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I'leaeling c=ep
ot th

Seir Ll

Fanring negtlive 150

Fosatie aes LFEY

Flostie ovo a1

Flootier cooe MU0
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1L.7.23  Floating-Peint Lxception Bepistiers {FEC, FEA) - One icterropl secter is assigoed o ke e
el all e ling-paoint esceplions Sucalion 2447, The siv pussible errors are codsd i e 4500 Toadeg
eaceplivn code TEEC] regisier us Jullows.

Floating ap eode Groor

Fleateng divide hy 2o groor

Flzating or douhie-ia-integer ennversion crene
Floating overilow crear

Flnating uadertlnw groor

Flnating andetined wariabla crror

RO SE S faba

I'he addresy of the mstroction prodoc:ne the cxception s stured 1o the Coatine sscsplion address (FTAG
register.

The T and FEA repssters wre updated when cne of e Tollowing acours.

Divide by sero
Megal wp cade
Any ol e acthee Cour cxdeplions wilh the aoepespoading imerenpt crablad

16 one of Lhe Toue exeepuiogs cosees sl Lhe corecsponding interenpt disalded, the FREC snd FEA arz not
updated. Inhibitive: of tlerruple be e FID bt does ot inhikit updating of the FREC and 1EA i an
exceplion oomtuss, The FEC and FEA are nal wpdaled if a0 exception oocurs. This means thac tae slore
slitlue (STET) instruction will reteen currery infermation anly 7 1he mgar recenr Floating-pamt imstraction
prodeced an cacepion, Linlike the FI%5 registee, na ingtrpations ane provided for storaee into the FT0C and
FEA rgislurs

1.T.3  Floating-Foinl [nstrucdion Addressing

Flouting- point inslouslivoe vee e s e of addressing as 1 coniral proccssns imscructions. A souree
or destination operund B specilied by desigoating ong of ¢ign addressing, mndes and ome of cigko central
processor peoeral registers 10 be wisd in 1he speciticd mode The medes of addressing ares the seme as e
of 1he cenlro] processar, oxecpd in made 0 I mode 0 the operand b5 lecatcd inche desgpnoed Tualing-
poinl processor accumuigtar rathere thaa in s contral proceasor gencral repister, The modes ol addressiog

arc as Fallonas,

{1 = FHFP accumulator

| = Deferred

2 = Appincremenl

2 — Amoincremen l-deferred
4 — Aupodecrement

5 — Autodecrement-deferred
& — Indexel

T = Imdesed-delecoed

Avtoimerement and avlodearement operale cn inecemaents and deerements of 45 for I format and 10y For
D Turazal.

I mode O, yscrs can make use of all aix FPP accumulators (ACU= &850 uy thesr suuwrce or Jeslination.
Specifying FPM accumulators ACH ar ACT will reseln inoan illegal op code trap. Tnoall uther modes whoch
invalve transfer of data oo or Fromy memary or the gencra! rogisters, wers are restricled Lo the (sl Towr
FPP accumulators {ACO-AC 7). When reading or writing a floabimp-point nuoiber (Tom or o menoey, Lhe
low memary werd containg che most signifieanc word of the Moating-point ownber. ood (e igh oemoesy

word Lhe least significant wsord.
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1.T4  Accuracy
Cieneral cumments on the accutacy of e Toatine-point #re presened hers. The Gescripdons of Lhe
individual wnstcuctions, including the asceraey w1 which they operale, are listed in Chepler 7. A0 foslcus-
tion or operatien 15 rezarded a5 Cexact™ 0 the resolt =oidentica]l weoan infnite precision calealalion
mvalving Lhe same operends. The prior accuracy of e operands iz Loy weaoced . Al acithzeie tosloos-
ions ireal an operand whese biased gxponent 35 0 as an eaacl O ponlese FTUY i@ enabled aod e operand is
0, in which vase an interrupl eocuest, Foc all aritheoetie eperatons, sscepl DIV, o O uperand woplics it
the insteocicn 15 eaacl, The same st lement hells Do DIV L O operand & e dividend, Bul 25000 e
divisor, division is wndefined amd an inlecrupt s,

For aoovanishing floating-peist eperands, e Lelional a1 s binanye ncemalized, [ ooosaing 24 his o in
Bils [or {octing mode and doubdc cads, respoatively, For ALRE, SUR SMUL, and D1, tae guard hics ar:
necessary and sufficient Tor the general ease 10 guarange return ol a chepped ar rosndad result identoeal te
s carrgaending infinite preciaion gperation chapped qr rovndad o the specitied word lengtn, "'hins, wizh
veed puad Bits, a chopped resulr has an groor boped af ane lease significant hir (158 8 rownded resuit has
an grege Bound nd 12 ESB. These errar Bounds are realized by the TEE for all instructian.

In the resc of this chapter, an arithmetic resele 5 called exact iT no nonvanishing bis o would be lest o
chnpping. The first bit st in chapping is teferred w5 the “rounding’ bit, The valee of a rouwded reeult 15
reluced b the chepoed result as Tollows,

1. IMthe rounding 5it s L, the rounded cesult i@ e chopped resull oeremented by an LS50

2. [ the reunding bit e O, the rounded wnd chopped resulls ooe dentived.

I fullaws Lhat:

[, IF the result s exace, reended value — cimped value — exacl vilue.
2 IF the resule is nar cxact, its magnibwds 28

a. always decreased by chapning.

b doeressed by roneding i rthe raunding bic 3410

. increased hy roonding o the rounding hic s 1.

Oecurrence ol Tleatinp-poiat overslow and wnderflowe b5 an error cundition: the resull of e calvulalion
cannnt be correctly stored beciwse the exponenc i won iarpe to M1 into the eight bils reserved Tor 1t
However. the internel hardware has produeced the correct answer. For the case of wnderllow, replacernent
o the correct answer by 0 i a reasonable resnlution of che oroblema fer many apphicatione. This is dooe By
the | PP il the urderllow interrupt s diseoled. The erroz ineurred by this acoion s an abeolute ratliee tha o
relative eccor; il is bounded {10 sbsolute value} by 2 ¥¥ [ 1221 There 15 no such simole resolution Tur Lhe
case of over[low, The action taken, i the vverlow interrupl 15 disabled, i deseribed woder F1V (bu Q27 of
the slutus repister.



The 11 and FIU bits (af tha Floacirg-poine sams word) peavide wsers wizh an anpartmite ro implemant
Thair ewn oorrectinm of an overflow nr wade Flow candizion. IF auch g enadition gocars and the gonrespand-
ing intarrape % enebled, che microcode swores the fractional pare and the low cighe birs of the bissed
cxpanent. The interropt will ke place and wsers can idendity the ceuse by aseminatine ot the floating
mvarflaw (1% bic of the flouting exception {1FBCT register. ¥ou ean readily verify that {for the soandsed
arithmenc operatons A DD, 503, WL, and Y)Y the based exponent returned by the instruction bears
the fallowing relaton we the correct exponent penetated by the tcrocods,

1. Chroverllow, 035 oo small by 300,

2 O anderilaow, 11 e biaeed exponent s 4, 10 15 cormecl. I the blosed eaponent = ool 4, 1015 Loy
large b 0.

Thus, with 1he interrupr erabled, enough odormation ix availeble o delermine the corceol snewer, Lot
nny. Jer exampie rescale leir variables (eig STEXT cnd LDEXFPY e contnwe o Salsulelion. Mol bl
the securacy ol the fracuonal part s walTected by e oocumrenase of anderllow o overllow,

1.8 SOFTWARFE SYSTEMS

The KLILL-A medale can cun the BT-i 10 RSX-11 V31 REX-11 PLLS, RETS/E, LNLX, and micmo-
ower PASCAL eporatieg syswems, Thess sysiems are described g the FOP-17 Softwers Haxdbook (EB
18a87-20780)
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CHAFPTER 2
INSTALLATION

1 INTRODUCTION

This chapter discusses the consideralions and requiresienls o confaure and neled o KDL A codule i
an Lal-1 ] systean. The moedule con be installed i sysems using Wie extended LS1-0 L bus backplane os well
vy exlsling svelenns that wse one of e slondard L3T 1] beckplows, The Geme that mest be cepsidered
pelore inslelliog e moduie are gy Jollowes,

L. Configuracien of the wser selectalle Deatuecs,
2 Sclectint. ol an 51T gompatible Bckplane and maunting hes,
1. Selectinn of PAI-T1 aocons compatilde with the KIJJT1-A.

4. knowledpe of syszam differences when replacing an 151-11 processzor with the KEXIT1-A
rmadule,

22 CONFIGLRATION

The KI2J11-A has nine jempers For Lke wier selectabie featares. The locations of thess jumpers are shovwn
in Figure 2-1 and therr Munctions are descnibed in Table 2-1.0 & jumper i inslalled by pushing on insule led
Jumper wire (P 12-08T8L-000 onte the oo wirewrap pins provided on e medule.

Tuhle 2-1  KIWM E-4 Jumper [dentifcutiom

Jimper Funerinm

W i = p ez il 15

W e d=p adoress e 1

Wl PBersrr-up oplicn selec e Lo 132
W s mep aderzse vil 13

W HALT mepouplion i, 02

Wy lanrstrep adercae i 12

W Powcr-wgr eatize seleo o b G0
' Wakany dizaale

' Bl S sovapn. iz




221 [Power-Lip Oprinies

Thers g Foee posmcr-upooptiong available far tha wser b solect. Chese upliers are selected by juampers W7
patd WL The bifs s st D) when the umpers ans remnovecd, & puwsr-up uplive = selecled by conlipnring,
W3 and W7, as deseribed in Table 2-20 & deseripoion ol sach uplion = provided Delos

lTable 2-%  [ropcr-TIp Chprlone

UHinn LR w? Fower.Up Wade

u listalaed Inezalled Poer % Pl DR

1 Installed Focmovsd oo DT PS5 -0

z FRETE | gtz lled [T BT W Y o I
X Bzl oo 3 P TR A TH R BT

1211 [Fower-Up Option 11 - The processor reads nhysical memoey ocatione 234 amd 26 and Lopd=s e
doda it the TS and P, pespectivcle. The processor cither services pending interrupls or Sals program
eactulivn, beginning @1 the momery location pointed at by the PC

TLLY  Power-Lp Option 1 — T he processor wnconditunally sotere miceo-CHFT winh the PY clezred.
Pending, sorvice canditions are ignored.

2213 Pawer-Lp Option 2 - The processor sels Lhe PO w0 172000 apd the Iy oo 340, The provesor
thea either services pending interrupls or slarls prosrao esecedon, beginning 3t the mermary localwn
pointed 21 by the PO Thes aplurn is wsed Tor the sleodoos] Baotsuap,

2,214 Power-Up Optivn 3 — The processor meads (re Towe loarstean address jumpers amld oads e
result ino PO w150 20, PO L 100> are se1 W gooe, ard the PS5 is 5ot oo 340 The processor Lhen eilier
services pending iNlerruple, ur slarls program cxreculion, heginning at the mentary hecation pointed al by

the P

1.2.1 HALT Uption

The HALT apuisn determings che acrion taken afier g HALD instroction S eseviled e loe heroel modc
At the eod of o [IALT Jnstrection, 1he procsssor chacks tha BEOK bt OO0 belere chechory e HALT
aplion it 03, 1T BPOK 8 5¢t, the progessor will recognize the HALT wption, which 25 conteelled Ty the W
juimpee. When the jwmper is remcved, hit 103 65 szt (1) and the proceseor will ap to Jezilon 4 in the
kerns] dala spaee and ser kit 07 of the CPU armor repseer. When Lhe jurnper s aestalled, bt O3 reads as 3
gori and 1he proscesns cargrs the micra-CH¥ 1 maode. 15 BPOR Bl (01 ool set when the processor cheoeks,
1he aptine s nnt recngnized and che processor loups wntl GPOEK 5 asserbzd and (he power-up scguenes is
injrizied.

1.3
1=t



2.2.3 DBuwol Address

The bunl address juimpers selece the slecling wddress Tor the wser’s boglstrap poosrao when ssoeees-up
option * iy selevied. The state of che higlet Gour b 01501020, 5 deterniined by jumpers WL, W2 Wd,
amd Wi, respeclivelr. A bil will be sel (17wl e cespective quomper loe Lhat Bl s isialied cnd the Do
will ke readd gz 4 zero when e jumper Goeereved, Do (e poeco-up soquence, o prosessor ceads e
aldress detcrmined By bils =20 5120 and Teses Wie remaining ity 10 read s eemns Theelong, (e wser's
baxataloap rogrcm can oside on gny 2048 word boundary

2.4 Wakeup IHsahle

The KIR1-A4 modnle has an onhrd wakowp orouit ro peaperly soquence the BRCOE signal. Yhen
iumper WE is remavcd, the wakewp cironir is epabled and rhe mndule will properly segrence the BIXIOK
signal. The wakcup circuit wilh be dizabled when WK 5 installoe and catermal Ingic mst be osised
propsrly =eqenee the BEOH sionzl

205 BEVNT Revopnition

The LST-11 buos zignal BEYNT provides an external evenl snlerrapl sequest o che processar. Thes Tee lure
iy disubled when the WY qumper s mstalled and dizables e line tme clock recties. When e jumper 15
remuved. Lhe BEYWT inpot s recoeniezed end s voder conorol of the e tene slock remsler, Specilicely,
the s1rpel 15 recornised by e module wehen bt Q6 ol e boe ume clock resaster @osel O awd 15 desabled
whern kil 06 35 gul set (00, The line tme cleck register address = 17 777 336 and is o ccod Swrlle nepisies,

256 [actory Conligarativn

Tiee Factory o shipped conliguration s deecrnbed i Takle 2-3 The vsee should revige thess Testinres and
cliange them pecordingly to maweh e equiremenig of 1he sesiom using the mah’e.

lable -3 Facloey Conlicnralion

Jyimapew Slarus Eumction

W Izt Bir xsi 00

Wl Toatiiled Biv 1< s i1

Wi Romigeerd Selects powssr-nn S aticy =

W4 Tozralfad Biv 13 52 113

Wa Bamisverd HALT sl s oo lecpten d
Mo Frarslod Riv 12 sl 410

T lisral o Melects powsr-nn i G

WE Femaverd Wakenn rivoiic is conhiled

W Renavet TEVYST repivte s i mahled

| o]



2.3 DIAGNOSTIC LEDS

The swaodule has four LEDR that tuoowilor the states of e module, The LEDs are designated as 131 throngh
[ and wee located on the edpe of the moduls, 25 shown ia Fyguee 2-1 The 131 LEDY 38 reengd an enly sehen
Uee coodule i opecating, u the ougre-00T mode, LEDS 12-Dd are waed with 1he dipgnostics and ren
Juring Lhe powee-vp soqueres, These LEDs ar¢ turned an at 1he heginning of the sequence and are turned
off upen the specssafn! pass of the diagnastic Bach LEIY maoniters 8 primary tunction nf the modole
cpheration, a5 deseribed in Table 2-40 When troublesheoting the syseem, the [ HEIR indicate the most

probable faalun, a5 deseribed in Tahfe 2-5.

Tahle: 24 LE Panciinme

= -_— —_ —— e — — e —

Tout CnmdiHne

M Meern 00T s -;er;-l - B

nz r'.-1-.'q'J:JI|: ol mz ol wrle zrd el triczion ke Lhe CPL e megiseer Indiceles the microcizds is nol
running

ni Plinclule rcempie o reod ogacion 17 777 3450 aml v sl Dicicaoes S0 S ol esasndog

rni Bt atbesrpeed o reind lozation O and Emee eab e e e o oread acition 175775 T000ard Jud ol bine

cul. Indicaies she memnory sysbem s nel responding

Lable 2-5  IMrobable Sesiein Fablare

LFI=

Il Tl x| I Prubahle Trailure

X Cin in {ir X6 rclule:

X Ly (A i 15017 ey

LY [in iHI {ir LI o ulee

LN onr LMl fr 1.5E-11 bus e incrry
LN in ik o [ I TP

LY oir i Ly 1L rmedule

X Cin i¥l o L' el ale

X

oar LET ony Cioneeale Lermirel
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2.4 MAINTENANCE REGISTER (ADDRESS 17 777 750

The contents ol {he maintenanee regisiee 15 peimacly dowerened By e vsee™s selecuer of juompers W
trough Wl In qdditina o thesg, the regisser Bl 0 manioes 1he scaius of (e Lal-1] Ds zianal BT
and ir 08 monitars rthe avadabiliy o a fleating-point aceslergtnr, The register is debined in Figoee 2-2 and
ils gontents are deseribed in Cable 2-60 Ttz A read-nrly regisiar

! 1+ 13 10 W] NE o HE] [ = | o al an
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FEA, o Tl 1 P
I S lLaB CE 2FTIOH ak
EIR R B FGYEF UP S0k
CFTIC
IR R
Pigare 2-2 Moeirlemimice Eegisler
Tuble 2-0  Matermanee Becider Bil Lheacridium

Bil R ENT S = ERNIE FangHon

K Pt =ddiess Bzd 2y Tz bits vead the ael’s pool adehess sedseied by
Paigsrs WMWY and Wal o a o adicales shr o
G sl and ooddizaes The eper i emcagd,

1y Mar s Bead amv Read as zorm

[IH] FPA svailimle Baad an A ondicalss the pressacs af £ T ngaazing s acalere e
and a Nindicates Thad an acee’ aramor s ned insks e

Ie=nd hodicle 107 Rend vmly The I cxnie ilearifis: r: rke mic-apricesoar ther rhis
fmoa R A roslule.

L AL Reid inl This I peatds Lhe st asoal iz W5 pungee=. & | irdicales
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[zl o -uip Leat nl Flcse s pead Wl wser™s powcr-ud el selecec lay
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ol PR e T | Mezgs g a | owoaon BPOH H s 2owsied oed the powsr
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2.5

FOWELER-LT SROULNCE

The pavesr-up soquenee Lor Uhe madule 15 st in [Meume 2-5.
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24 POWEE-DOWXN SEOUENCE
The power-diown sequense Jor the module 6 showo in Figurs 2-4,

27 EXIT MICRED-ODT SEQLENCE
The micra-LM¥T mvede is cxited by (he O cnmmand and e medule sequence is shewn n Figure 2-%,
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2% MODULE CONTACT FINCER [DENTITICATION

The L5111 tvpe modules, including Lhe EDIL-A, all we b same coztact tpind ideniloedon syslen.
Figure 2-& idveotilies (e contacts used oo g dual-beaphil module. The TS0 1] Dus sianes are carmed an rows
Aoand B, each with 18 cantocts oo the cotopoenent side and e solder e, The KO ]-A sienale are
identificd alang wish the LS1-1T 5o sigeals i Table 227 The pune ore wleatilisd es Dollowes,

AF2 Miodule Nida [dentificr Side (sa'der gide)
M Identfizr CPin 1D
Eamw Tdentilier [Raow A
The positiening nolcl beleeen the teo rows of pins zetes wath o proteasion cnche conneceor Bleck Tor the

caccest mindule oeitoning, A cozzplets deseription of the ouckplene and bus operadon = praviced in
Chepler 5.

.-'"-
A FEDE 2

BAantRAITE

2 3

R

Figare 2-F 0 BT T-2% Bliadids e



Tahle 2-7 KLATI-A Mliedule Signals

Cuanipaic il Side midder Side

Fim L5]-11 B KLW1I-A Ln L=E-1E Bux KIkI11-A
Al BIRD - L Bl = L AAz -3 =3

&HC Eip) & L BIRG) & L Al —lz Poousd
A BOAL 14 L BLOAL In L ALz ikl L1

A1 Blal 1L ELAL 17 L Ala -1z SEHICR
AEI TSFARE | TV TS | AEZ BLsIL| L BLEIL T L
AFI S5PARE SHLMN LY AFZ BEI'LY L BRI'LY L
AH: S3PARE 4 Ml g AH2 ELIM L ELHM L

Al LIk (3 I ] Bsymc L ESYAL L
Akl MASPART A ™ot wsed AR BeslH1 L BWTET L
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AR WRT T, Fes eer AR RO | Ik e
Adl A0 Bvi- el AR BOACIT T, T s 1
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A +3 B -5 I AN noar. 11 noat 1l
Al BN T0 RO T IR 13 1%

111 MOk 1 MOk 1] A [ Ml eend
([ SEEARE 4 BlAl I= 1. ([ TikTy ik
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13E-1 mEltAKER R - BlaAal. 20D, 1.2 naAl 20 nnal z L.
EFI mE AR T LINEY R lilz nRAlL &1L nAl &L
BHI S5l AR E # Wl usd iz AL 4 1L Al 4L
Ed1 kL ik L lil2 Al 51, 1Al = L
ER1 MEPARE & Mul usl BR2 BxAlL AL FHEY L
BLI WSPARE B i [ETERT Bz HExAL T L HIxAL Y L
B [ Lk [y BL:AL & L Birsl & L
Bb 1 Ezalk L HSACK L BML BLAL % L BLAL L
BP BB 7 L BIRL ¢+ L = 10 Bl 1oL BLDAL [0 L
BRI BEVNT L BEVEWT L BR.Z ELAL 11 L EDwal i1 L
A5 PPARE Pon Lised B2 Bl:al 12 L ROl 12 L
BTI ™ Gl BIZ BCrAl 15 L Rleal 13 L
RN PSPARE 2 bz psed Rl Elral 1= 1 Eleal 141
A% 143 g [[ALN Erral as 1 Treal 151
o The =15 | wwnal is prirmarily aced -eoirive o el cen lighs irdizsrae 10 = nsed Tar B 12% a0 ades svesremes 1= incdicales

The Aarscesine iv esezling insrracrione

1.9 HAEDWAERE OFTIKMNS
The KIXI1-A meodule can e confignred ineo an operatine sysiom using 3 variery ol bockplanes, power
supplics, caclosures, and LsM-11 rype mndinles,

281 LSI-11 Options
The LS0-11 opticns that are compacible with the K1 1-A madole are dsted 10 Table 2-% These cplions
meet the follewine requiremene: and may be wsed in any £ 1D1T1-A sestem comlrocalin,

. The backplanes, memory, and TA0 devices must suppors Z2-bil aldressine.

2. These Jevices muel vz backpisne puos BCI, BD1.BEL, BE ] and TCL. B0, DELL DEL, Tor he
BOAL bals <1322 wndy.



Table Z-5  LSE-11 Conpalible Opivus

MNunie Ciptian Idetifecacion

Backplames
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2.9.2  Buesicicied L5111 Optivns

The LEI-TL opticas that are ool cuinpatible or restricted for wee with the KT 1-A coodole are hsted in
Table 2-9. Back plenes, rsmories, or TAD devicee that are nol cepable o 22-bit sddressing rmay penerale ur
Jecode erroneous addresses 11 Lhey wre wesd in svelemes thul mplement 224kl addressiong. Memwory and
mcrmey-addressing dovieos wliel aplement voly 18- or 13-biv wddressing oy be oused oo 22:bil
Backplans, Tu Use 3020 of e avsi=m mwmcry sl be restricled W lhe addese cangs of ese devices 132
B Ty swstems wich o 1o-Dir device, and L2838 KW Lor erslerss with oo D5-Du dovise )

Any devies that waes backplans ping BCL B BE], BEL or DO L. RO DEL DFL far pupeses adee
than BDAL <1821 e cleerrizally woompatlde waly the 22-b00 Bos and may nel e wsed without
maditicetion tn the hardwesre.

MNEYEE
Eighteen-bit IDMA devices can pebencially wark in
O 21 systems by hudTering 1,7 in the 18-hit address
SpELL.
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Tabke -0 Restricled ar Momcompatilde L50-11 Opbine (O wnrd

“amp Clpiom Identilicwlizn

RN -LAE S BIEE R AR W
TTR-Lr L ceeddmzesin g il

MY ]-A WHT i ancbane rdiale
Ao adiressing aey eoemorg. e onomers car b
d saladl

LRI

A Y] Ce5a conecsLo

flese ol B0 Fn porposs: olhey Thay BOAL |3

Al MG AZCE e
tlse al BT far merprsss cdher thae BRAT. 15

157 1 Ryl 2 Mewviet= prerm nator
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Table 3 Kesudcted or Moeompatible LSI-11 OpLions Woenl)

Peamr Mprlen Ldeurificatson
Raic Cphlde Cands
b0 T Cahlz sarnecsnr

[1&-hir hos arly;

RS LEN L Cahie carnecnie wish 220010 wermirs lan
[1E-Br bus arly ]

Wiadnl Cirale cenmeenr
1E R b gyt
naic Rl ihdx

WX T-A2 Hawil HAFY5

293 Enclusures
The EDJII-A module oy e installed o a verety ol enclosures, mcluding, bul ool Letogd w0, the
lealwina,

BAlL-5 Mounting Box — Conaing e 19276 backplane and (e HTEQD power supply. It supparts 22-hic
uddressing For up Lo ook quads or Qual-leight modules, The 1I7E6L pewsr supply pravides 36 & at +3 ¥
and 5 A 112 W

EALI-N Movaring Bav — Containg the H9273 backplane and the H7RE pracr aupply, It supports 1-bit
addicesing Far up we aing Juad- or deal-leight modules The H7EG power supply peovides 22 4 ae 12 ¥
and 11 Aar =1x V.

HAIT-M Moonting Box — Containg HY270 backplanz and che HYSO poser supply. 1L supports 18-bu
addressing Far foore slnte, gach of which may ooncain one goad- ar tao duei-height modeles. The 11784
power supnly provides 18 A &t +3 ¥ oand 3.3 A gt 417 v,

Refer b the POP-T 2008 Mountivg Sox Techrical Warwal foo e complews dezemption of e BAL-5

mounting box and the Wieracampuier Tuterfacey Hardback Tor o complete deserpicn of (e BATL-MN
and BA | 1-3M mounting boxes.
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10 SYSTEM IMEIFERENCES
The K 1-A madule docs ot have a heorstrap *oador, sezial liae jaeefaee, BAO Bus map, real-rime clock,
o memary, A eomplate iisgng of the ditferences otween 1he modile and ofer ES1-11 1ype proccssar
mndules are listed in Appendixc B

Meveral koy systern differences botween the KIH-T1-4 and B2 T-A modeles are hiehligphtasd balow,

1

1

L

The KX 1-A cnntains an on-board line tune olock regiszer (T Mo L5117 s cvels
seareed when the 1LIC repister is accossed ab irs Dus address of 17 777 33406 The scoess s
completely cintainsd on board the KIL1T1-8 and does noc ose the 15110 bus. Dherslore, st
151-11 bus option repseer addrsssable a0 17 777 346 can never be aceessed.

An excmple of o problem s cavses with nplivos can be Gound in the BDY 1 uptauzs (RMEO120
The BDY¥11 contains an LTC renster which disables recurnition of che TSI-17 bus signal
BCVNT by cuntinually asserling BEVNT. Sioce only the nepualive sdpes of BEYNT tmapeer Lie
inlerrupl Lhreugh loceton 100, recopoition of BEY™MNT ie dizabled by s cotion. The LTC
rerisler on e BDY 1L powersup with BEYWT dicable and will ooy release De peip when u
prugraceoer weiles o e repeter. When lhe BDVIL 35 wsedd wih o KDD D L-AL e BDVI ]
cepy of e LT can pever be werilen and, therelore, unless e BV L 55 conlipeecd with
swilch B3 it che of T position, all BEYINT iwerrupls ace Jorever Dlogxed Swuch B3 disconncers
the BEYNT aignal froom the BOY L

In general, nnonpricn shonld ¢ontain 3 register at addrgss 77 777 3dd

Hit 11 i1 the processnr status (PR word sclects 1the alternate register sctin the KIWHT-4, This
it is nor Znplermented inoche KIETL-AC Intermpt veewors shogld non specity rhe alrernace
regizlcr sef.

e word addresses cawse addressing error trps Chrough oeaon 41 i the KILTT-4, The
KM 11-A does not penerate any crrar ennditison when wnrd relcrences are addrossed witk odd
addresses. Any existing code whech generatey odd word adidressss will not work on che KI23T-
A, The sxisting BDY 11 has code thet goneeates add word addresses.

The BDY 11 generates the error in the BOM diaamostics. The BDY 1 can bypess <he ercur cude
if Lhe dimernestics are eliminated (switches a1 and A2 ofT).

BDAL <21:153% are drven as “1100000 117 ducing IO relerences (BOST osseried), The
KDFL] A drives Liwese Dus differently: “0000000 | 1™ whez cemacy meanagenenl 2 turned 97
"A00Q LI when 13-bil ey maoaeenent oselected ) amd “LLI0LC LT wloen 22-bit
roary maaageceenl ioseiocled,
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211 EKDN1-a SYSTEM

A RDILE-A module can beoimstalled o oaporade an exasting Digital syslerm or o cuslom-butll sveloss usig
L51-11 compunents. The existing svstem roosl be either a KDT A or KDTL LB processor. There are
three consulerateie Ut muos: be addressed o upprade o spesten.

I Tle bool oecheunis
) T8 o 22-Di sddressing svslom
3 Siople or ancluples Dex sestem

e svatem peoccssor i nal & KDFLL-A ar KDL -A seeh as ke TTADG aad 1103 i shoudd nor b
cansidered Tor upgrade,

[a the following upgrade descripiions, rhe sysrems have heen labeled as being field servicaable ar nat. A
svaterh which iz figld sorviceable has a hoclzrea which meers Ficld Service requirements. Hieeves, thane
15 e guarantz: that che averall svstem will he ficld sereicealble

MU
It is recommended that the ac and de Inading For the
final confipuration be checked For conformance with
the C-bus fading rules. 1 s alse recenimended H
check for overluading on the +5 %Y amd +12 V' power
sUpHies.

Nur eawch syslens wperade, Table 2-340 lists the parenzeters fur outh the old svelern and the opeeraded
A¥sLEMm.

212 MODULLE INSTALLATION PROCEDURE
Certain pwidelines should Be Tullowed when elalling or replacing & KDI2 A madole.

l. Verlv du power belome teerting e modoee moa back plane.
2. Crizuee Q! e de power = applied v lbe Dackplots when comaving or mscrling tae medils
3. Yerily 1he conliguration el oplion Juzipsss.

4. Lasert the KW 1-A module il the sl sled o pasicien in 1he Backplane with rhe companent
side [asiag up:

A, Fraur: rhal cither he module nr tae seleored syarem compoments aravids the mvwer-oo
prassal.
1 [Jac a single switen tooannly all powar tn the sestem.
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Wt by 0
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.13 SCPECIFICATIONS
fdcirtificatinn

i

[Yemcnsinns

Prweer Coimsamptinm

AU Hus Laonds

12 Bus Loady
Lnvironmental

Slurupe

e raling

Lastruction Tinng

DA Larcney

AR 92

[ual

132 e = 2228 om (5.2 0n = 5.9 in)
1A% 09% ul 4.5 A (rmasirmum)

1A ol loads

L vgie loadg

=400 g BA (=00t 0 SOORY TR e W melative humidicy,
nGner dgnging,

For amhbient remperanires above 35990 snfficient air Flow must be
provided to Timir the module fzmperatnre oo gss than 0™ For
inlet temperazures helow 5300 aiv fow et be provided oo limic
temperatwre rise acenss the mndiole oo 10O

[derate maxinum temperature by 1 (187 Tur cech 305 m
CII00 Frpsibeae 2440 m (80K 7e).

See Appondis AL
DA letency s defined ws che wene belween receivinge o DMA

request (RDMEL) end crancing the cequesl (BDMOLY The
worsl case DAMA Buleney 15 2.2 muicrossoonds.
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CHAPTER 3
CONSOLE ON-LINE DERLGGING TECHNIQUE (ODT)

31 INTRODUCTION

A portivae of Lhe microvods oo the KIDIT-A module emulaces the capalilicy normally Fonnd on g
prograrnmer’s cousole, Since the KON 1-4 doss not heve @ programmer’s canaola {one with lights and
swilches) or o cuneole switck reester al bus address 1777750, the terminal acthe standard bus addeess of
17770560 1 wsed 1o perform voneole [unclicns, Commurication between the prcezsor and the wsar is ¥ia
a slegam of ASCI cliacecters inberpreted by the processor as comsale eommands, "I'he consnle tzrmingl
aadresses [ TTTTHE0 Qeeowgl 17777586 are generated o micrucude and canmnot be chanpesd.

This feature s called 1he micressde co-line deboseing wechnigue, or mmiero-O0T, The KIXT1-A micro-
CUIT aceepis 22-hir addeesscs, allowing W Lo access S0ER M byres of memory, plus the 8 Kbyie 170 pape.
Micro-CUYE pravides a more sephizieated ranae of debugming echniques, including access of memuory
leatinns by wirtual address,

The dilferenuis: in use of console QI inthe K] 1-A as compared with bt iz e KD -T (LST-11) 2nd
the KIHM1-HA (18118721 arc listed in Appendin E.

12 TERMIMNAL INITERFALE

The EDJ 1-A dues net provide 4 serial line interfacs on 1he mgdule, ThereTore, e cugeole must zerlove
with un LE]-11 seriul line interfuce madole coangeted infa the backplans, This slluws the conscle L
vomnunicale with the KIXN T-A via the [s1-17 b,

13 CONSQOLE ODT ENTRY CONIM NS
The ODT consele munle cun be entered by the Tollewing ways.

[ BEacoution of o HALT mstrocton in kermel moede. provided the HALT TRAP jumper W79 is
nLstalled.

2 Asgertian of the BHALT sigoal on the bus, Mot thas the sigrul mowet be sssereed leng cnongh
That it is seen ol the end ol o macroinslruction by the service slale oo che processor. BHALT is
level-rriggerad, nal cdge-tnggered. Tvpwally, BILALT rerins ssserted until che processns
entars (0T,



5. I power-up mude option | has been selected, QDT s enterad upon processor power-up.

NAOTL

Unlike the KDU1-T amd KDR11-11A, the KDJ11-A
does ouf coler consele ODT wpon eccerreoee of o
double bus errur {loc cxample. when B6 points o
nenexislont memoery during o bus Lmeoul ireph The
EDJI1-A creates a mew stack af locolion 2 amd
conlinues bo trap e 4 IF o0 bus Gimeout occurs while
petling an mlerropl seclor the EDJ11-4 ipnores il
ot continues exoculion of e program. whereas in
such case the BDLI-T" amd KIN1-HA enler console
OIFT. Reler (o Appendix E Tor o listlie of the Jil-
ferent wayvs certnin processors lilerpret e same
cansale YT commands,

CHY]1 camses the tollowing processnr initializatina upna cniry.
1. Porforms a 1A L] fram B HBUF (inpuc date baffer at 177773635 and rhen ignnros the characier

present in the buffer This apgration prevents the QNI from imperpretang creoneous characeers
2 Lser program characters as & command,

kd

Prents w carriae recarn «CR> and line foad e 10s on the consnle terminal.
3. Prints the contents of the P [program sountar HT) inosic digity,

4. Prints u <~CUR s und <L

A Printe Lhe prompt chacacter .

&, Loters a wail Joop Tor Lhe consele teroiical wnput. The DONE T Mo 07 i e RICSTE al
LTTTT5a0y s vuoelantly being tested via o DATT by Lhe provesser Juc a LI bey 07 5o 00 be
processur keeps Lesling.

34 ODT OPERATION OF THE CONSOLE SER[IAL-LINE [NTERFACE

The processer's rucravods aperates he seriulling inlecface in ball-duples mods By usiog, progeam 1700
techmiques eather than oteccupls, Thes means that wheo e QDT miccocede s busy peinting characiers
ustng ihe ourpul side of ihe wmlerlace, e miceoceds s ool monitoeiog 1he imga side for incnming
Charactors, Aoy clareciers comusg o whide e QDT mucceasde 33 prindieg chavaciers are ast. Oyverrun
errcat derected Dy the uneversal asvnckuanous receivermansturiee (LART) wili 1= jgnored heoanse the
microgede docs el check any ervar bils wn he seewal-luw woteceiace regisiers,

Therelorg, the user shauld et “tepe aboad™ o O becansg rhese charagters will not ke rechanized,
More importancly. i another processed i3 31 10 end of the serial lieg, it most chey half=iuples eperscion.
[m arther words, na e characters shauld [ sgar from the cansals reeminal wntd rhe procsssors (AT
cuipme haz finishad. This restriecion dogs pot periain to cehoad charseiars, however



34.1 Consele QLT Input Sequence
The nput sequence Gor OEFT Follows, (Upon entey 10 QDT the BBLUT cepster al 17777562 15 cead. bl
the charaeeer is ignorsd b prevent the character Mrom being interpreted oe o oo by che consele

QDT
I Test BCSE bl 07 {DOME Tas) of ROSE al P7I7753405 vsing, a DATT bug eveley 0 152 0L

cuilimue esliog.

2 IF ROCSR Die 07 02 a1, read the low g of BBLE a1 177772502 using a AT s ewgle,

4.2 Console AMYT {aiput Sequence
The aurput segquence of LHFT is as Tolloas.

. Test bit 07 (IMINE Flagp of the XOSKE &t 17777504, msine o DATT bus oyele; iF i a0,
contimee tereima.

2. IFXCSEbLiLO? a1, write wo eche XTUT ac 17707 Abdy wsinge o DATO bus cecle, The desired
churacter i= in the low byte, Fhe dats in the hieh byoe 5 undefined cod 15 3pnured by Lhe serial-
line inter e,

Il the interrupl enuble (bal O8] in e XCSE oo 1, oo witerrupl will e created w the sofveacs shen the
procecl (P1 consule ODT cunmend e owesd, oo 2o (OF comeonend & owzed, all buerrepl cnables w
peciplierals are cleered and an iotecoupl will ol occur.

15 CONSILE ODT COMMAND SET

The QDT comnmand sl i Lsted w Table 3-1 and desezibed w Paragraphs 1,51 rheough 3,59, The
commands are a subsel of ODT-11 and use 1he same command charasters, OFFL has 101 internal staggs.
Each state veccpnizes cerain chacacers as valid inpur and eespoads wirkoa guastion mark ¢t 2 nthers.

lable 3-1  Congele DT Commgnids

Cowmmand “aymmlial Funcleok

Slazh Prones 1 earfeonz of 4 spaaied Lwasian

Carnage retuzn L L Cloacs ar aper leeadizr

| i=p Foed vl Fo Cleves an epen beszriem arel cRen opers The resl

R (TR DA R IRT)

Imiarr s repicere Farll Capers o specilio prescsaee reeaslr,
HEL H
[P=zicesnnr wmire b Lrrens Lhie Mo ziaal collow 3 3 oo B ceaciiinesd

witrl desiznntar

LT i Sorl cnceclan ol procisan,
Mz I Boziwneon wnenelion i e
IFirzre dump Conral-ahit -5 Manclac g vae Sl

1B e ed) ki Braaiyeid Ter DILCeL ] AL e




The parity hic (bir 071 a0 all Znpue characters 8 ignoesd (e, net arripped} by ennsale OFF and it the input
character is cokncd, the scare of the parity hic 8 copicd o the outpae boffer (XHLFL Oncepur charactery
imternally genarated hy OFF1 {e.p., 0 H=p have rhe pasity bit zgual mod, Al commands are echoed caxcept
(YT ARt N B=oh

In order w desorobe Lhe ose of 2 command, nther comraznds ere mentioned belore they have been delned,
For che nondice user, these parzgranhs shonid he scanred firss for Famitizrizction and tasn rersad Tur detal,
The word locatisn, as wsed in the fadowing paragraphs, rofers to o buy address. processur reeister, or
procissor steius word (PS§.

The descriptions of the QDT commanls include sxamples of che princows cthal che processor will output 1o
the console werminal in respense e the commends entersd by che user. In the exemples given. e provessar
witpul i underlined.

351 S (ASCI 057) - Slush

This correnand is used o open o bus addeess, processor ceglsier, o precessur slilues word aod s ocomally
preveded by other characters it specily @ lodation. In cespouse w7, ODT wil poiwe e conienes of e
[evzativm (1% shieas lees) and o a space ASCH 400 ATer prioing i complete, QDT will wait Por gither
pewe datia for it lecacien o o vali] close comnnmand. The space clacaster 5 immued s 1hat (he Tesarinn's
Sontente and possible pew contents coteeed By the user are legible ot e werinal

Example AR DAL 252E SPACE:-
where: £ — LMYl praompr characrer.
OO — actdl oeacion in rhe E)-Bus sddress speee desited by the wser 1 lesding

% arz nas reguired).
fo— pommuandd % oper and pring contents sf loeation,
112525 — gamtenls of actal leeation 100U,
<APACT> — apuce character peoerated by ODT,
The 7 conumand can be used without o location specilier to verily loe data just etered aue & proevioesly
opened lovation. The S produces chis cesult vnly 17 o0 s entered worosdilely aller @ proopl chacacio . A7
wsued wnenediately aller Lhe procesaor enlere ODT mode wiil cavee 7 =30Re - LFS w be peanded heeauss

o Jucilion s nol vel been opened.

Example: A 100 0L2525 =SPACE: 1254 <CRe LR =l b
5001234 <SPACE-

where: tirgl ling = oW data of 17234 enterad inpo lnestion SO0 ane Incation clissd
with ==,
second line = A/ was cnrered wichoot 3 locacion specilier and che previous

Ipcation was apencd to revesl chat the new contenls waos corrscl-
Iy enlarad intn mcmnry.



52 =CR= (ASCTL IS) - Carrlage Belurn

This command is uzad woebags a0 epen Jesatoe 1o Jesaion’s contenle are W De changed. e weer shooold
precode the -=CH:- with the acw date IF a9 change i degned. <CR5- will close he wcslion sl
aloering irs cnaranrs.

Iixumple: HR1AMIT] ~HPACES wUR= ~UR <] Fe

@

Processur register T wes opened wnd ne chenoe was deszred, seothe pser issued =K w0 11 response taohe
R, OOT printed <CRe <Lb o) und 63

Exacriple: G5 SPACE: 1234 <CK» ORIl

lix

In this ase, e weer desiesd v chenee R The new date, 1234 was enered belore the <R (000
depusited the pew dule o the epen location and chea prnted <R s s, and 00 CHXL echioes rhe
O enlered Ty the ueer before il prings <CRe, LT, anil G,

A5 <LF= {ASCIH 12) - Lim Fewd

Thas commzend oused v close i epen Jecativzn and ten veer the nec contivwsn. locatier. Tos addzesses
and provessor reetsters will be increrented by twu anid one, respectively, I ke PS s open when an <1102
5 Lssued. 0L will b Clesed and ~CR 2 LT e will be printed; no new location will be upened, I the epen
Iecalion's contents are 10 ke changed, the new dely should precede the <L 10 oo Jata 1 eolered. the
Iecalion is closcd witlout being ullered.

Frampie: IR 2234536 SPACE: <L F =R s P

R 3/05452] SPACE=

In this case, the wser enrcred =1 Fo- with oo data preesding, 1, In response, CHFT closed B2 and Lhen
npered B3Whar a user has che lasn segigtor, BT apen, and seucs =L Fz- OUFT will “rall 9vg="" 10 e Lisel
register, KO, When rhe nzer has 1he Tast bus addegss of o 32 K owoard apen segment god isswes < Fo= GOT
will npen the first location of chat segmenc. IF1he psgr wishes wy cross (he 32 Kowerd hoandares, the pser
musz reenter the sddross oz che desiced 32 Kowond segrmem e, CHYT is modin 32 K wnrd =),

Erarmple: BT OO = SPAC 2 ol i s UHs oLk
RS 123458 SPAC

ar
Esampli: 31T 0000 | = SPACE s [T «ACR LI

apd TR 12305 BPACE -

Lnlike arher eammands, QDT will waon eche the =LF= Instead, 0o will peiol OB vy LF ) 20 Lhatl

eletvpe priotees will operawe pooperly, To moke s easier o decode, QDT Jdoee pol echio ASCIT 002 ur
EQ, Te zespands 1o these e charoeiers wilh 7 =CR=, <L =



354 5 (ASCIH M4) or R (ASCIT 122) - Inberoad Repister Dhesignicdor

Either characler. 3 ur B owhen [ollowed by g regster number (0 e 7] o PS desigoater (3 will open e
processor cepister specileed. The § character e recegnzed L be compauible wul Q0T 10 The B chamsler
wits tnleuduced Loz ws being o one key strobe representativn o0 il (uecties,

Excinples: S0 OIS = SPACE: -

R TANO0ZT =NPA UK < b
FROA54331 SPACES

It muare thun ane character Cdigic ar 51 Follows the B oor 3, O will wse the s cnaracoer as che remsier
dezignator. An excapcion: it tha last three dicits equal 177 ar 477, QDT will apen the PS mdher chan BT,

A55% S {ANCH 123) - Processar Stabus Word Designatbor
Fhis desipreacor s fur opeaing the procssor status sword and mcse be osed aiter Los user has entered an B

or & register designacor.

xumple: @RS/L005T] <SPACE:: 0 <CR: =CR: L Fxr
i A0 0 SPACE

fate Lhal e tcoce bit Chil Cdd of the procwear states waordd conool De maodified By che aser, This is o
prevenl Lhe POP- L] prugram debugeing ulililies (eg. OO 1L whicl use (e T-hi Jor single-stepping,
Mmom betng aveidentally haccoed by e user, I Lhe user ssues an -2LF= while the prooeszar siarms ward s
vpen, Lhe word s closed wnd ODT will prin o <0CR5=LF= g Moopew ocation i@ epened "0 1his chss.

356 G (ASCI] 107) - G
Thie command s used 0 sl program eaeculion a1 & lcaton erigred immediately herare che Cr. This
Tunciion iz equevaleot v the LOAD ADDRESS wad START awitch sequence an other FIP-TT conalss,
Examplc: g 200 CF SN L N

The O sequence tor a G, after echoing rhe command characrer, is s lollows,

1. Frint fwo ol FASCTE 01 50 the bas mitialize chat Tolless wdll ot Loeh che O chesie ter e
1he doable buffered LLART chip in tas sersl-kne caterloce,

1-J

Lowd BYO(PCY with the entered date. TF oo data i entered. O 25 ueed, (o e abees wsample K7
wll sz 200 and that s where procram execution will begin]

L The MNueatme-poinl status SEPSY reester aod G PS will be cleaced 10 O

4. The LSIT Dus s nilialieed Dy e processos asscriiag BINIT L for 126 micrnscecnds,
newating BINIT L, eod then weailing Tor LD nocoesceends,

L

The sereice slaw is entered by Lhe proccssor. Anvihiag 10 he serviced is processad. T the
BIIALT L bus sianal ie @ssorted, Uic processor cosmers the cnasale OFF starc, This rescore 5
wsid Lo doCelies asverem without s1aeting a proaram (R 7 s alrered). Hrhe nser wants woosimghe-
sler & pragram, heSshe ssuss a O and Caen succcssive P oemmands, all dona with the BIIALT T
Doz sigmal &sscried

1



35T PUASCIN 1200 - Proceed
This corantand is vsed oo resume execwtion of @ program aad corcesponds W the CONTINDE 2witch cn
cther PEP-1 T consoles. ™o meckine stule visible woche prograenensr s eoemed using Ues command.

Cxample: i

MPrograzn ciesution reswmes a7 e Place poinged to by BT AT tr P s eohoad, the T seate s lett and
Lhe provessor occosdialely crlors (e state Lo fow e nest wesoraction. Hoa HALT reguest is asse-tad, i
recognized ar 1he gnd of (he instrogtion (during 1he servips stared and the proccesar will enter the O
slale, Llpogt ey, the gontsmds af the PO LR wil, he panted. Do chis rashion, 3 user can single-step
theowgh 3 program and 2o a PO 7traee™ displaved an FisJher termine..

A5R  Controkbbife-5 (Aas0001 23) — Binary Damp

Thig command is weed for menufacturing tost pornoses and s not  normoal aser commiand, T2 mendsd o
display 2 portan of memary meore afficiently taan che £ end < LF» commancs du. The priloce] s s
Foal s,

l. Adler o prumpl character, QDT recerves @ cootzol-shl & comenand and coloes 2

2. The bost syslem an Lhe oiber end of the serial line st serd Dwa S-DIT Divles which Q0T will
interprel as o slariinge address. These e byes ofe sl ccbosd The Tist 2vle specifics aaning,
uddrese <] 5085 gnd e second bele specilies startng addees 07000 Bus address hits

<6 are alwares Torced o O Lhe DUMP comupand is veairicted oo 1he firse 32 ko wondy of
ucddress spoce.

3 Afere the seaend address hle bas beea reccived, OFFF outpits [0y oyvtes tn the serwi line,
starting al the addeess previonaly spocficd Whea Urz output is finshad, QR wil prizc <OR .
=L F .

IF o nser zecidenzlly enters this commaned, it s recontazended Lz @ order wosxil Mo L
cormand, rwn S charactors (ASCI W0 he enterad 3y & stamhinge acdress. Aller the bioacy
diarmp, the mscr wiil per the proaspt characror .

A5  Heserved o ommand

An ASRCH H OO0 i mesereed Tor Metwre cse by Dol 00 s cocidenially teped. QDT will echo e 11
and pront a prompt character rather than o ?, which @ the invalid churacter respoase, Naothee operatio i
perfarmed.



Ab KDIN-A ADDRESS SPECIFICATION

The KRJT1-A migre M¥T qocepis 22-hic addresses, allowing in 10 ao0gss 4088 M Dates of memory, phes
the & Kledg [ A0 pags, ALY pags addresses mosn By ondered T psees wich a Fal™ 27 hirs speeified. For
cuampig, i yser wishes to open the RUSRE of 1he serial-ling unic (310 ), hegsha mast enter 17777500, nat
177560,

3461 Processor 10 Addresses

Cortein processor and MMU registers have [0 addresses wssioned tn them lor procrammine purpuses. 17
referenced in CHIT, the FS wsil respond tnits s asddress, - T7777 70 Processor regnster~ RO Giroweh BT
will not respond (e, timeont sl ocout) o bus addresses 17777700 throweh 17770707 10 refersnced 1o
.

The MMU statws registers und PARSPDR paire can be acoessed Mrom QDT by entering their bue addoese.

Cxumple: e FFTTA 2 ARIONN = 5PACT

[1 this vase, msmory manapement stalus ceeister 9 05 epened o show the memoey ianaasis ey 2oehle Ti
sel.

The FPIL accumolavors cannar be aeeessed [nom QDT Oody FRIL instrections cin acoess Lhess i gisters,

36,2 Sinck Poioler Selection

Acvessing kertel and user stack pointer cegistess 5 accomplisled in Ui Iellewing way, Whenewg: Hé s
eeferenced i O, it acecsaes 1he stack peimier speciticd by the Ps gwerent mode hits (P55 14000 This
ia dene for convenicnss IF a program operaticg in kereel mede (P50 50040 — 003 05 Ralred, and Ko s
apeied, 1he Xerngl stack painter is acceased

Similarly, if' a program iz nperating in gscr mods (Ps<] S 14 = 1 1p, the B6 command accesscs the wier
stack pointer, If a different stack pointer is desired, PH-15:14= muar be 2et oy the wser to the appropriate
value, and rhen the Ko command can e used. If an operating proeram ids boen halted. the origsoal value
af PS-s] 504> mse be restared in order tn concinus cxconcion.

Exumnle: BS = 1400410
iha/ 1230450 <SPACT -

The wser made sleck poinler has been opened.

RS 1 I000) ~BPACEs (U R wCRe al P

ke 1 254 56 cSPACE: -UR> alR s ] Fo

GRS ATHIOING o SPAC E FANMID 0RO R o b

G

In chis cuse, che kernel mode stack pointer was desired. The PS was opened and PS5 04 wes sed oo 00
(kernel made). Then B wes examined and clnsed. The original walue of PRl 5740 was restured. and
then the program was contimied wsing the P oenmmiand.

363  Entering of Octal Digits

In peneral, when the wser 15 specifyine an address or duta, QDT atll use the lasl enchl digals 3 more 1has
cizht hawe been entered. The wser necd not enter leading Oy Tor etther address or dale; ODT Joroes Ds as
the delawll. IT un odd address 5 eniered, the loav-order bBals denorsd, and a Mol 18-bil word = Gleplayed

3B



304 ODT Timeoul
IF e wger gpeeifics a nopcaisw el addmess, ODT will mespornd L be bus Ureeul by peinting 7, < CRes,
=LF=, s,

2T IMNVALHI CHARALUTERS

In peneral, any character that (¥ does nos reeepnire during @ paeticular segquenee iz ceaed Gwalh e
creoptinn of ARCI endes 41, 8, T, aad 12 a8 noged caciigrd and CHIT will prinl ¥, <R <L e, (T
hus 10 internal soates, wich zach staos haviag irs ewn ser of walid inpat cha-acters, Some aormmands s
allmwed only when in coroin stetes nr seguences; 1hne an atiemspr bas koo rade o ks the prohaility
of & wser's wneonseusly destraving daty by pressing che wrora kev, Tahle 3-2 defines the (Y1 sratcs and
vald input charncters.

Table -3 Consobe T Stales aml Yielid lnpul &haraclers

Exaiupe of

Sroie Terinlwal Qurput Yaled Lnput

I iy (TS
R %
s
E
Coneeal shit= 5

i (1 gl a7’
N

1 L0 24 i3
AR
ALF

4 A1 21456 n 7
2 L
SO I

i dy [ -7
i

I R or m RS g
T

v wlinns 3544 fan 7
AR
S I

3 AT 2145 RS n?
L NERD
Rl LAED

L !

L i CunLrzi-shn -5 2 by iy Lew

*londizaes miteriua el wea upeiecd.






CTIAPTLER 4
FUNCTIONAL TIHEORY

4.1 INTROGDUCTLON

The KI -4 02 dued height microprocessar madole anoa aulilaver peinted creuil board Tor use inoan
EAE-TT repe svstem, Figuee 3-1 2hows the intereennecting dasa pachs belveoes e mujor Tunczional Blocks
nl” the module which inelude the JTullvwing.

the DOUITT migropyosesser

the cache data path and nemory

the state sao s o

the input Ao ¢anteol circuils

the hus incerfges el oulpul lranscevers

The module vses a DO microprogesser CMOE chip Lo esecote the PIP- | insrmmesion sel desanibed in
Chepler &, control tha memory managenwel, support the console micre-O0 1 and tre ather aechiteclaral
lealures described in Chapter 1. The UL initiates al] the KD -A daea cransfers and eperations. The
¢l duta path contains the line time ciock jepisler aad the memory system error register (MYERY The
MELLlezane regisler 15 an aa-board register that allows sollware Lo real the optens seieeted Be the user,
The KO L-A provides an wnterfece between the DU aod e LEI-1 1 bus via the A-bus and B-hus dara
parhs The $lale sequencer i o di-pin gate array a0 fonleole e module Jala ransfers wking che dara
marhs. These include the read and wriee trarsactionsg 1o e coele memery sl the sysbem memerny by
sequeneing, s Inand sheke signals that eontrol tha 151-1 ] Tus.

An on-haand # Kovie dizeel map ceche memory & provided, The cache data patl: chip iz a f8-pin mate
array that canrraing (he control logic 1o support the cache memery, The coclic menuoey s lransparent o all
prugrams and is designed with Digh-spesd B AN mermnany. The memaes lacations coeeently being aceessol
[rem the system memary are aulvnmlically stored inoche eache memary, The aext oo Usese localioms are
aecessed, the data is retriceed Lo Lhe cache memary and elimirates e line-consuming LST-11 bue
transaction. Frll paricy prowction is provided Tur the cache memary ard mwch of the parily caleolations
are done by the cxche data ol chip, The KB 1-A monicers 1048 aeites inea e svsten meiory Lo
gnsure Lhat the cuche data docs o1 becwane stale. Tach 1A write address is crecked o osee il The sldress
iw cechied, wnd oF it is, the cachiod dule is invalidoced.

There are four LEDS om the medule Qi provide a visoal indwacion and maniter ihe siatus of e module.
Three of the ndicatars are sct during the power-up sequence 1 indicate when 3 hasdware adocs oo uss.
The Tuurth indicator is set when the madnle 35 bn e oicoOD T mode, There is also g 40-pi sackel
provided oo the module for a Foture fleating-potnt coceleralur oot

41
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4.2 DO MICROPROCESSOR
The DCJI | 5a rrliuup gty conlained v g 83-pin YL3I ¢l The dopue? oulpel piss e shown in
Figure 22 and e sipusess ars Jescribed Deluw,

FAs l'|'l'.|"ll|
e e |
(ot b ]
AR
Pas T L O

Wi |
(L Eddl -
{_r:'l.".-: L AFL
[anLt PLEZEE. i 4
TR ST . IRT=LT - CitLns -
1 S " FTR
=l | ASTH
R - - TAE |
LI B
e = el WARINT TNn kL
LR Sl Fa £y TS —
WL L LGN
SLICEIC T e
_— =04
- TS Ler k-
syt a i =1 E
i W,
L el URL - L] i peensnnn L B
T 4T "
Bk —
k ? 2R
FES 5L 4
! ?.D R |
R ]
AR E pAZESTAE
TRT A
[LERAELE
2anT L *
REPIY 4 RORICET_ 1
et
Ll H—
= ?
1 EC

Faere £-20 T T-A Wivroorieeasr

.21 Initialization (MINIT L)

The BINIT L input 1 ascetied by the BOODE bus signa! which muese be asserted for 2 minomwm of 125
micoosecund. BDOOK B s asserted by the R 1-4 when qumper W s meavmved, 1T jumper W8 s
ineeried. BDOOK 1 muost beoasseried estermaly inoorder o saare the KO 1-A0 The TCIT sters the
puwer-up sequence (described in Chapter 20 afer MENTT T, i~ aseeriod, MENET L oalse cleeos the PWE
Fadl cimeuic, mibalices e slete sequencet. asserls the 15101 bos tmtalication sipnal GI™TT L. and wummns
ur Lhe dizgncetic LEDs,

4.2.2  Chilpul Signals
The D210 oetput sigureds conlee] Lhe verious module Tunctions and are descrioed pelow,

4201 Address Inpul /Choipud (ALO=03:00= ) - Thesc lour sigrals Slaseily e coceenl uansaslion as a
bus read, bus word wrilg, ous Dy wreie, GF reod, G weitee wleooupl ackoowledps, or BNOP a5 showi o
Talle 4-1,



lable 4-1  AND Gowling

AN SIGNAL

1 1 I [i Trpe of Trancacrlon*

| | | | ar 100 [SOP

1 1 1 H Crane=rl-porqee =l

| | * | Fabzrrapd 2cknea silge crmmd waare
| | 5 i Furricriom wi=etr rediest reind
| i | | Bl macl Iy wrle, ro b Lo
| il | .’f Eerd mved 1 wrle, b Ly

1 i & | T vmmam reid

1 1 il H Iratrizlios voream demerd ==l
] | i Lisnere ] parmese woni write

| i | Fene mvle wrice

i il il P ware wrele

ToThe WA, LAk Bas e eercril pompass W00 Wseeaons sre Jelinee 2 hollows,

| SO ezl s oar irlerml pperiecon L decs misl =againe o bus Lrasio
1 A fnss wmnnstclicn wess L DAL bos Loogecess nzoery. 1A doves on eapler addicese s repers
i A goneit-pursiae sl e Woacceis o Laes deesges Ul e g Sieesiv atdegsahle Lo DAl ey

Latcnrupt sckiowlocee LAC R sl aos e rrapnzgs vl BT poacties ae ivlgrneps caguest

4,122 Bank Select. (BS1 H. BS0 H) - These signals ave Cme aliplexed dosog che cransszction.
During the (il portion of @ bus transaction ey are used Lo deting 1he 1epe of address on the MI12AL bus.
The addresses wdentiliod by Lae BSO H aad BS1 H signals ane defised Tn Takle 4-2.

The mamary ypes are all addeeszes beiow 17 600 OO0, The syetam repiscer oipaes ars 2us addressable
repislces i (he addeges range of 17 777 740 o 1T 377 3510 The iteereal regmister types are add-essable
e

registers That reside witkin vhe [CIT1 The exrernal LAY cepes are addresses preaser Lhen 10 577 777
which are neicher internal registors nnr S¥stem registors.

Iring che sconnd half of che transaction, che BS1 H signal indicates che cuche bepass slatws and Cie BS0
signal indicarcs the enche foree muis status as deseribed below.

B5L H Agserted - Cuche bypass
Merated - Mo cache bepass

b5 11 Aswerted - Cache Turce s
Mesated Mo cache foree muzs

Tahle 4-F Rank Scleet Addigse Codis

Iis1 | Addrpe Type

: { ‘Hemorye

Y Seslam regicle-
| Ul Iste=nat™ 14k

1 : Imletn:| regisic-




4. 1LY Address Lateh Knahle (AL Ly ="The A1 F L ampuis asseced a0 the 2lart of @ transaction and
larches che physical address, the AICY code and (he BS1 H, BSDH code Tee eegation ol ALEF 1 Tzehes
the cacke hit/misy caleulatad daca.

4.2.24  Sircteh Control (SCTL L} = The SCTTT 1L is asserted For the sereteied porring oF a travsaction
and negated when the DO receives CORT L inpns. When 20711 1L s asserted, 7 aenarates che 15111
bus sigral BSYNC Lothat s weed Tor che 151217 bus react and write sramsactons 16 Also wetivazas the
ABDRET L oinput/ vt put sienal.

4,125 Sirobe (STRE LY - This siznal s asserted st the end of the second 125121 elwk perisal and 15
oegated o1 the end ol U transecuon, The address i latebsd meo che cache duca path anid <he LaE-11 bus
drivers whe STEDB L e asserted, The negation of STEE [ clears the pezioe error [ip-Tlop that drivey the
PARITY L inpul e the DCITL

4.2.2.6  Buffer Confrol (BUFCTL L) - The BUFCTL L s aseerled woenable e input conlrod lopis Due
Me A-bos 1o drive the MDAL Des, 17 G pegeted woenabee the autpul conteol Joewe Ter the MEEAL Dus (o
drive the B-has, The signal is assered wlen e BOS ] s reoding data Do e A-Due and negaled when
the DICTT b5 writing address o daca infarmaiicn ol e B-kus

4.2.27  Predecode Strobe (PRI Ly — The cigna” i agegriod Toe she fiesg teeo T2 oloes poricds o
any cransaetion tiat decodes a PIAP-T1 instraction. e also drives the SEL S Toantoot af rhe madole.,

4. LLE  Clock (CLK Hy = The €71k H mceput iaitiazes and contimnously clocks 132 rirmenr logic eircniis
wid L delect nenessoene menary and the nn BRACK | arror condirion,

4.2 Inpul Sirnals
The DCNUT rescerves slatos aml contrel :nformaboes Sromoa vationy oD mpes sienals, Dhesz sienals and thedr

axscvziziled Tng liooe are described el

4231 MISS L - The M55 Larpul reports the cache memore hee and miss staiws aorings bes reed wod
WILE LTdILsacLics,

4,237 Para ¥alid {1V LY = The IV L wpul s pensrated by be stale secusnver and is uzed W Litch in
read diata Frome the MDAL bus

4.2.3.3  Contimme (CONT Ly = The CONT Loinpul & peseraied By the stiole sequeccer aud e Lal-0L
g aigmal BEPLY L. to indicate Dran the careent slecteled transasoae canoend Teis anly assciied shs
Baarh the saee scquancer cmables the continus amput, gad s bes signe” BRMUY L i nepated on e Lial-
[l b

4234 DMA Reguost (DME 1) — Uhe (20 | input is psed 1o stall the DO by srretehing che nexs
transaction. s asserted by the FRA ST L stanal From the fleatine-point aecsleratar sockes or by the
[S0-17 bus zignal BDAME L. Dhe inpuat i sempled of the aceinning af the current trenzaction, and, when
presenl, i will strelch the next transzezion antil the DA or FPA cransler i@ compicre.

4.2.3.5 [BQ <0T04> 11 — These inputs are coded priorite levely from exremal devices thar drive tas
LEI-1 | bus zignals BIRCH=07:040 1. The IROQ-=07:413 = H dapus ara interrupe recwssts tn the 12000101 a4
are caded W determine @ prerty level, The scknowledrzmant of these npues is dependzant on the currenr
privoity level of Lae processur swalos word.

d. 236 HALT H - The [IALT 11 inputl i driven by the 151-11 bus signal BHALT 1 and 5 the lowsst
lerru i praoriy Tor an exlernal devios,



4207 EWNTUH - The EVNT FLirpul s dezvea o the LSE-1 0 bes sigein BEYRT Loand has @ lovel-b
priocie¥, Thes szgeee o be Jizabled Ty mstallug, the W9 umper o B sofreare elaaring it 4007 the line
e elock [T T st

4134 PWER FALL L - This inpad js agseried e 1he prasspr Eail Flip-flne wehich s set by che necation of
The T51-T1 ks signal BPOK HO The Flip-finp is reset by cither SMIMT D e O1R PWE AL L sipmeais
Thiz inpus is & nonmaskabhle dnrcrrapt o the 10,

4.2.39 PAERITY I = The FAEITY 1 input iz driven by the cache det pach ehen o panily emmer s
detected, Thes input is a aonmiskabic incerrupe to che DO,

42510 ABORT L — The ABOET L spme! 5 an inpuifoutpec line that con e driven by Gie DCT: D o
an exiernal devior such oy the cache data pach, The sizne! iz wsed inocorgjension with e PARITY L iopw
L detecmine when e TCIL aborts the currenl Lranse ton

4.2 1311 TFPA FPE L - The FPA FPE L iipul i driven by Lhe Teatog-poinl sccslerater sockel coud is o

nuzrnaskable inlerrupl request.

4. 24 MDAL<ZL:00-

The MDAL-=ZL00= bus a0 wme-muliplesed daca feddiess bus The Dasie Tus gonsisis of DAL hig
= L3 and bs bidivceuonal, DAL bits <2210 162 acc o pus only aod veed 35 the cxtended s The data
being vansmitiead or recetved a6 depoendent e g ovpe o Dransaction being prrformad by che DU

d. 25 IMIIIE Fiming

e 1T contrals the type of <ransactinm being excoured and indicawes this o che =noadule eircuits by
cading the ATCRbE- signals There are siv basic transaecions performad and hese are describod ey
Folleware,

4251 MOF - This transactzun performs o 12O interne? aperation eod dues nol reyuire Lhe wse of Lhe
MIXA L bus. The oormesd transaction s shown n FMgeore -2 The sireched ransaeton (Flieare 3-4) oococs
when DME 5 aseeried sarly 13 che trapeaction and zeazuns slreched undl e CONT fnpul = asserled w
end the transactivo.

T T
£1110: i i
A T BICTCZE L T

T T i DMA S - i P

FzaUE:"

Fignme -2 S0P ] sacton

14
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4.2.5.2  Bos Read - T he bus rosd transaccion wses che MIXA L s ooccad diata From cache mamars, main

memery, inpolfoutpul devices or the addrezsabl

c omadales registers, Thess AR1acliors oocur Guring

mstrocoion stream Toads, daca streem reads and che road porcien of rsd-modife-write, The frmsection
reads cumplele words and = onlv a byoe b requimed, the DO T ganaces the excess bvle, A cache bus read

tranzaclion CTeure 451 oveurs when the phesics!

addresy scuames o h2toon e cache ooemory, Tlhe [T

will ebors the lmansaction if any memory manacemenl or address smors el the AGORT T wiegnal. 'When
this bappens, all current information s oured and the lcezraction = mmoediately abored.

SPTRR CLfCE ATt ! ghin  cec-Eoate G dnind
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T'he n::m-r_';achr: or stretehed s read rranzaeticd (Fipuie 3801 08 ueed when U Jaty musl be accessed via
the Lab-11 ks, This ecewrs whan any of (he Following conduams saist.,

Iiather BS1 H or #3841 H is szt o one indieading ae 150 addigss
Cuche brpasy s indiceisd

Coache foreo misz is indicarcd

DRIE 1. 15 ssseroed

Cuche MISS s repnrted

U B Ly —

The BLUICTL Loand SCT1 L owtpots are asserted dering, das sizetiehed pertion ol e read Lransi Lion.
The daca is read hy the PCTTT when daa walid (O L) s assected, Whes the transsclicon 1s stestched only
because the IR npue was asscrted, then Y% Lodg aton asserled bocauss 0wl vvererile the valid date
received From the cache, The rransaction will pemain steewclod vl the CONT L oinpul G asscewed 10 cnd
the transactonm.

F4vSICAL ADTAESE
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1]
] T
VG -l
iy

Fieare <=8 Siciched Bos Red Transcriea

4,253 Baus Write — The bus write cranszetion writes datg tn memery, [A devices, or other addressahle
repters vid Uhe LAl bus, The transacting can write gither byres ne words as dorerminad by 1he A0 ende.
The 2017 repurts any memiory managemere or sddress crenrs oy enablicg the AHORT 1L sipnal. ] his
canses the tranzaction o be cerminated immecoely and 21 date should e ignonzd,

The write transciicn @5 shovn tn Fliewre <=7 and 2! bus write trensactions =re stretchad, The SCTL L
sirial 35 aeceried and the wrile dala i on Lhe bus dusine the ~tretched gsorcon of che trensacten, Tor ovle
wriles. an cven address selscts e low ovie and an odd addrse selects che kel by, The daa Too oe
re g T iz ol ueed,
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4,254 Geavral-Purpose Bead — The geacral-purpose read transpcrion acccsses non-nser-gddrssa ble
module hardwars. The MDAL addees used Tor goncal-purpose reads s in 19z form of 07 730 KK,
where the “XXX™ bls represear the general-purpose read corda descrifed in Tabkle 4-3% The codes ose
MOAL bty 0000 10 access 1he hardware.

Al genteral-purpose read rransactions (Fignre 4-3] arz stretched, The DO reads thas date when DY L L

wsserted. The uzmsaction i stretched ool COST 1 is asserted tu end che cransse on.

Tabbe 3-3  floneral- Porpirse e O

gl I"umclicn
sl By Ui eeinlome e sofizen durnds 35wer v
and debonznes U ot seleced ay The user
(| I caznvend
) Kl
TN 1O 3 R R I
=FE -'I:I':l':':'l\. .'Il'l ".I'I.'
EUFET. e AR i i il
i
ST "-"| Iq:ll,l'l _ .".'I.". -
| LN N
e 117 W "J",.":”
(A7 W
e

Firae -8 Gepsera-Poopcss Bead Traasact o
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4255 (eneral-Purpase Yrite — The goneral-mornoss writs jransaclion accssses nen-user-aod rossahls
madinie hardware, The ML address used for gencea-purpose writes is @1 rhe tarm 17 797 XXX, aberz
the “XX X" hits represent the gencral-pumnse write once deseriled it Table 4-4. 71 Fe codes use %11IAL
hita =17 to wecess the hardwane.

All penesul-purpees wre ransactions CFdgxore 359 are serecched, Tae 30017 wrtes the data wken HCTL

15 wiserled duringe the stretched portion ol che transzction. The transactan s sorelches onal CORT L s
asserted Lo end e lcanactivn,

Tahle 4-4  Laeneral-Purpree Write Caodes

Cody Eumerlon
i R oasermend
na R ETIE VLT RN T |
niz Indiisires exi- oo canwale (CTFTT mecle
Mdi Reseresd Tar fumire vas
LT Avknmelmiees FVENT imerunl
2 Sewies hus ressl Gigmn
14N Acknowrlecees prwer Init
ERl]| Wizrmlieraesic lesl 1opinesd
i wrzrlingrosric fenl 2 pissed
Ain M oriadingnosric tenl 5 mmswed
ERTA Irclzonws erdrimaee imla coneeds 10T resde

I
var DO aF CODE 11 AL 2% CATE LTy | Ll
T
i
alF II:l:II"IIl' l|'I|'I||||Il|I H
P
TR e
HT Yk iyl I |'|I|;.'.'
I A TIMUE
LT I I T

A * Lt

Y 13247

Figure A-% Gz Prpese Wele “Prarsaceion

4256 1ACK - The read imcrrupt vestor leassaction ackowled ges oo it rrupl mquest received on one
of the TRO-05:00 inpits by reading & device unirrapn weetor Al inteeeupt wosten cransactions (kigeree
-1 are seretchaed. The devies interrupl weclor is Jatched be Uhe BOIT when the 1D 1 inpat 32 asscrned,

43 STATE SEQUENCER

The state ssquencer (Npwre 4-11) enngrals 1he roeting, of address and daga information onoche KITT-4
mndule and the 1 X1-11 bas handshaking signals. The madule dzta path buases consise ol the A-bas, HB-buws
und the AMMDAL bus. The MIJAL bus is bidireecional; it interfaces wich the A-bos by the inpue control locic
and the B-bus by the veipue concrol lowic, Thess dact peths allnw the 10011 to transmit addressing and
daly information un the B-bus to the [3E-11 bus, and recoive read daca on the A-bus from the L5111 bae.
The A-bus und B-bus are wlso connected to the 13WMA repseer, which allows 1234 A addresses s cunnect e

the B-bus.
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The atcady or quicsaenr stale of the sequencoe 518 upe the module daca paihs Tor high-specd Saclc menoy
read opergtian. What a tosacton s sociched, the st sequeneer leaves the steady stawe e conrrol the
meduls fungtionz and che L3-v | bug This allows the maduic e perfarm mermery read  weise, e
waotar rends, hieard regigter readSarving, lopsing-point accsleratar memore 1A paneral purpoes 1A, o
13%1A arhitration. A strerched transactinn is initizted when SCOTL 1 is asserted. This starts the state
sequences™s clnek and, if nocessary, peneraizs the [S1-11 hus sienal BRY SO L Tha O H ot drives
the cxternal delay line oo generate tan delsved elnck inpues of 40 a2 and 61 s, These are wsed oo
determine the cycle tume of the seqiencer and proside shart perinds of 50 g long periods of 1240 ns. The
seate segueneer decodes che A0 inputs % identoly the tvpe al ransactizn and the HS1 1L BS0 inputs o
clazsily the address. The staee ssquencer provides eoneral sipnals o the Tunedonal areas af the medule to
support the tranzaction being perfocoued.

431 I

The zlale sequeccer wlorme the DCTTT when valid dala s wi the MDAL bus by assecace DY LoD alse
anierls Lhe COMT Linput o the DCZIN T when e wcensaction 15 conaleed, T receives e ABDRT L oand
ALL L mpuls [rom e DCI L.

4.3.2 L5I-11 Bus Signals

The stale sequencer provides e bandalaking cooured sianals when e coadule Gououssanlling, oc ceeriving
dita via e LS00 bus. These sigunels woe TWTET 1L TOIX 1L TDOLUT 16, TLAR EL TIAMG H oaodd
TSY SN, The vse ol these signils and (e L5111 bus peotacol are deserilad in Cliapler &

4.3.3 151-11 Bys Recelvers
The PasE-01 hs daa is larched inda 1he Dois receivers wwhon BREE L is azseaed and -his daca is driven ontn
rhe A-hus when KLCIE | 05 asseried

4.34d 151-11 Hos Transmitters
The LAE-21 bos data is latched ince the bus transisicters from the B-bus wien the DRCOP Hosiamal s

asscried and driven onta the 15111 hos whea the OB OF 1 signe i assertad.

4.5 Maintenamee Eepister
The maintenance repister dats 15 placed on the A-baos when CGF DA TA O 1 sieml 25 asseried.

4.56 DMA Regisher

The DMA rerizler receives an address Mrom the LE1-17 bus voe the A-bus end latches 0 inwe the regizler
when LOAL WA LATCOH I s asserted, The sddress 5 driven only the B-bas o chieck oagainel Che
veddresses in the cacke memory when DMA BREG O LG aeeeried.

437 Cuche Data Pulb

The vache Jdata path provides the SAS (L FLOSTL I and A< 1 inpule b e stale sequenss ad
recetves Lie SCL 0000 11, LONGCYCLE [I UPDATE L and CHECE 17 frvam e sians ssquensgr,
The special address slelus $5AS 111 35 usserled whenever Ui mainlenance vr LT wepisters 2 addressed.,
The A-=00= [[inpul represents the slatos of addeese bil sero. The Dush couzies cecrlTzw senus {FLOVEL
IV dopat is aeserled when the cochs wemery = being Nuebed, The LOMNGCYCLE H o ouipun 8 csscrigd
eucl tme o lacation is Dushied aod wecerenls e addoess staced in the Deshcounter ve he e laearine,
Tl SEL=C L0 EFT peoelde il selecl oolput code watd v deivs Wb gogems ol a eogisier seleered in the
vl duta pad coesto Qe B-Due, The seleoy oodes o desesined ie Teble 3-5 The LIPIXATE [ and
CHECE H signals are wsed Dy the eachs dica pala v conteas ws g parity function.



Tahle 4-5  Selegt Cralie

i )
1 il Sulectitne
" 1 Fhe cirwhe dagi jaok PR culpans o Trislelel,
i i The conteets o0 e adieress ~opisle is deven ane S 125 onpane
| I T slaies ol U mermary sy emnes rogisles s dziven o the DAL moppis escep shen e LT
aopisle s speec il cbdmessel
| | Tow sl aedogsor ot ol the Dueh geoner b devzn on the AL earpars

4585 Cuche Memory

Toe vache memory wsserts the COMP Loinped when oo adaress seomes £ oocis menzury miss. T he memory
read Swerre Tunctivrs wre conlrolled by e TAGCE L, DATA CS BI1-00 T oand the EAM WE L cutpuls.
The s chip select ITAG T8 L] signal iz asseried wselect the 11-B0 TAG memery. The kil byvie deta
chip select {DATA CEBRIL 1) and the low byl data chip selecl (DATA CSBO ELF szucals ars asseried
select worde ur by les stored i the cocle memory, The RAM write enable sipral (RAMWE L s asseried
L wrile Jula. or negated woeead Jule inte Lhe selecled sy,

439 Floading-lMoind Accelermior

The floauag-poiot accelerausr {FPAL secket prevides e FRA RDY [LFPA STL L FPA OF L ead FTPA
FPE L inputs and receives e FRA ACK Loaed IV Loowpuls, The FPA BLY [ iopon i assored whea
1he FrPA s ready we prooced. The FPA STL L input i3 asserted whon de FPA wishes wooaall e DI
The F'A FPE L s asseried 10 oyl the stall cendicos, The FBA O L s esseried when the FIA P wriling,
daca an 1he A-bus. The stacg sequenaoss cmables 18e FIPA opcon By asscoting the FPA ACK Loampor The
FPRA Zniches dara feam She I when (he stag seouaneer asscris 9 1,

4.3 1) Hus Traflic

The sn-heard boses transter the addresses and the road Sarite daty taoand from taz DO, TRee alsa
provvide commpmicatnny beoween the on-haard funccions and the sestem 100 A overaew of the us
tralfie Flow is deseribed befow,

43101  Addross Busing - The DT uses zhe B-bus to address cache mezzom . main memossy, and the
[0 devices, The address Mlow paltern 35 shown o Figore 4212,

4310, R Data — The DI vses the Acbue worgad data Joem the FRA, cache cwemory, einte-

mane reglster, mein mecory. and e 10 devices, The zead vatiecn bs s i Figeee 2 10

4310 Write Data — The DD vses ie Acbus awnd B Dus v write Jola To e FPAS cache incmacy,
statuz LED:, iadn memesy. and the LA devioee, The wrike ale pattern 35 showoe o Fipoes 404,
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4.4 CACHE DATA PATH

The ¢aghe dala pacds is & coullilucuicn gale arcay (Figeoe 4-13) it vontrols e & Kkyie direcl map cioche
memnory, J0 generarcs B-bes bits =200 3 a8 TAG Jata Ter the cackie mguory during cache weite
transastion. Paricy Far the TACG data is generaded, prodicted. and chocked Ty 1he pawe array, The LTC,
ey syarem ereor, and addegss egisrees are comained witlin (e @reay, I alza conlaios the Plush
gddress counter msed tnclear or Flush the cache memory.

d 1 1M J1] Inpui Hignals

Ihe cache daty path deendes the AKY inpot o identify che tranasctinon and che HS-<0T:00- H nputs oo
identudy the type of address. The Sbl0l0id= H inpu saclecs che coniencs nf an internal regiseer or
wounter a5 described in Table 4-0.

The cache Jula patli receives the ALE L STREE L apd SCTL L siznals w0 svrchroniee and contral the
cache vperation. The asertiva of ALE L latches the BS<0 00 1 deta end ge s Lthe GF WRITT L
culpil. The sssecticn ol STRB L lelches the addrese dute inte the address register, The negeetion of STRB
L clears the parity eccor Tolch and soubles the GP WEITE L oulpul. The essertion ol 3CTL L enables the
ABOET L ocetpur and lateles oe write data. The oegativn of SCTL L oclears e Nushe counter and
disables the ABDRT L culput.

Tabde d=fc  Llodpod Selecr Codrs

LAY
| i GialewLinas
¥ n The DAL awoue e Listabed
ad Tha coarsmts of 20 acdiess epsio
| n lrhes rwranry sysfer srer o BEYRT cemia
| 1 Ilizsk cemm-er

4.4.1 Ntate Hequewcer Inpufs

The cache datz path receives CHECK Ho IPATE L and LOMNOCYCLE M signols 10 cozunel Ui cache
mennry. The CHECK Hoand LIPIYATE | ipps eoarteal b generadod. checkizg and podicuicn af 1he
VAL pariry as deseribed inlahle 4-7, The gache data pach prodices e parity of address bieg <2051 3= i
the same wuy it calewlsces che TACS parigy bit. "I'he prodiered paciey o= driven ag rhe PREDICT PARE H
oncpue signal and compared with the stened "TACE parity =it by the dara parity logte 1n deearmine & hir or
otizs. The TAG panty bet i= caiculated for bits «=21:0 3= ard srored wirk the 1A datz. The paricy =
checked when the predicted panty and che stored parity hits are enmparcd within the cache data path &
enable the PERER L owtpul when en emmor i detected. The 1ONGOYOLE H input 15 asserted o increnzent
Lhe address stered in the Mush counter.

Lable 4-7 Al Larily

Lopnlule 4. Check T Fanctinm

P il Mgzl Prealict TAL poriny
e el Asaerbed Check TAl perily
Asmorled Muezalod Tl Al perity
Asmoilen Mnrbed L. nderimei
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4.4.1 System Memory Parily

The swstom memary garily dala i3 ransmittsd Wwoche module via A-bus Bits <1716, These inputs are
moniored and when assecied. o pacicy eccor is detecied. The MEM PERE H input 15 assertsd and enable
either on ABORT L or FERE L cutpul.

4.4.4 {ache Memory Parbey

The cache memary parity corer inpuls B0 MPAR ERR H and Bl PAR ERR I are azeerted when a panty
errar 5 dgtected in dhe cache data memersy, The low byie G manored by B0 PAR FRE IT and sets kil Ot
nt 1he MSER. The high by is menitared by BI PAR ERE 1 ang sete bit 07 of 1he M3EER.. Cither input
can chaltle the PERE 1. or ARORET L cuipuen,

4.4.5 Timenut

The TIMEOL'T H input % cnabied when the 1.51-11 hes fails tnoassert the RREPLY H icput within L0
microsecands after che TIMNSN H or TIXWT H signal was assgorted by the madple, When TIMEOLUT s
aspertsd, it ceusee the ABORT [ onwput tn be asserted and abores the transaction,

446 LCuche Controel Regisler

The cache central regisler in lhe cache date path i shadow copied whan che COR register inthe 10011 i
wriltew gnd ils wonlenls wee wsed e contrul the cache memary =ostem. The cache daty mathk Ingic only
inlerprets bus 10, 06,97, 06, 0L, and J0. The write wrone pancy lopae 35 snabied by bt 11 being sot (1)
and ot orvests e cureeml TAG periiy bil This will focce o TALG panty error the next time that lecatuon iz
aceossed, When Tae 08 55 o0 L) Lhe FLOYEL 1T uwtpul s assersed o Muosh Lhe cache and che Mush councer
iz onabled The Dy is reset when e lusl ceonter overlowe and SCTTL L1 negated. The parcy ercor
abort, it 47, is wsed with 1he dizabie cache parile ntecrupt, bit 00 1o detzrmine the aclion tzken in
resansg fo pacicy crraes, The aondiiions o bas 07 and 00 ace summarized in Table 453, The write wromg
data paricy Iegic is cnabled when bio 06 55 el (1) aod L aweerts ol of the dala pacite bie, This chanzes
the high byte even paricy 1o odd and Lthe Lo Byle odd paciy 1o even, Thas causes a data parily ermor ihe
nexe tima that Incation is geeessed, The cache diaguostic mode 35 enabled whea bt O i se 011 and he
cuche s allocared an &l writg trangaeliong, cegardlezs of ABORT L, excepl when by possiop or Torcing w
cache mss,

Tuhle 4-%  Murity Jrrer AcLitn

Itir 7 Far [ Action

| n Abare chroupi vecres |4, apdase cache

: | Abarr rhroaps weerer 1, pdnse cashe

n M Trierrps Taresapin weetor 112, upedate oncke
n | L pidn-e cache arly

4.4.7  Memory Sysiem Error Bepister

The memory syscm Srior iegister i$ a tead-only repister hal wses bis 15, GB7, 06, and 95 Le slore marily
crroe data For che memory svelem, The reglsier & Cleared by any wrile inlo il The parily albocl bil L3 1
seb whengwer g paricy alsar cours, A pandly abort e defioed as Loy DACily @TTor O [eIrory Breur Ueeurciig
dieing a demand read wicls the cache cotral register Dic 97 sl When Lhis accurs, Dits BF, 06, aod OF ace
individuzily set tn identify the rvpe of parity crroe, Bio 97 is 301 for o high baite dawa pasily coror, bil 06 i3
st For g low Dvte parity erenr, and it 03 58 3o for g 1ag parity creer. However iF the cache contonl register
but 11T 35 oot set, then any type of pariry errar in (he eachy sces all thees hita, The regisier s rgpd when the
AL e, Wz hots are seo tn 1 and 1, respactively, and the DT register adireas is nnt selecrod.,
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448 LTC Register

The LTC rewrister = w rexd Swrite rogister chet alliows software 1o sel bit 00 and cnable the EYNT LM
omtpuc. The CYNT LN H signal allows the bus BEY AT Toinput e be roued to the micreprocessur as an
externst evenl mierrupl. The BEYNT Linput van be disebled by the wer inserims the W9 joniper. Woen
enabled, the Mip-Mop 5 clocked by REVYNT (T and the cuiput s paeed wh EFYWT EN L w enuble the
MEYWT L aignul. The Nip-Tlop s resel by @ilher CLE TYNT L ur TTKTT L.

4.4.%  Tlush Cowmier

The coarenus of the cocle memery s Qusled or cleaced during power-up and wlhenever ol 03 of e cacle
conleo] regieler 6 sel. This ceguices eucl address Locaticn w the cache w be eddressed and Jeered. The
process 15 oacutiated Dy dbe cacle comtrol clup asserliog FLOYFEL I v e stawe sequentcer ansd aonodng i
Hush covatee, The conccrs of the flush codoler & used (0 addeess L cocle owny < i B-kus bits
=120 Bvery fime an address ¢ cleaecd, he counter oioercancied 10 e eexl addecss by the
LOMGUYCLE Hoinput Fram the stade sequencee. Flushing, 1he cache memary takes up e L3 micrases-
onds and during this time, no 12 A or processar aativiry is pocformed. The cownter aontaing 12 hits and
when the cache memnty & enmpletely Aushed, the counter overflows. "T'his canses che cache eantrol ehip o
neenie the FIAWTTL. H signal oo the state scquencer, indicacing che cache flush nperatinn is enmplate.

4. 4.1 Address Repister

The addrese repister lotches the address received via the B-bus during the carly portion of che transaction.
The A0l output iz driven directly Jrum address bit 0. idurine the later purtion of the transaction, the
SEL <01, 0= T1 vude gnables the address w be driven vin the i-Bos i the meen mzemory and the cache
memory. Al 22 bits aee used o address the moin memory and bits < 12400 = ore wsed G address che ceche
memery. Bepeler bits <210 005 are pluced vn the TAG bus as duta Gor storaee in the cacle memery when

the CPDATE L inpul is asserled.

4.4.11 CIF Dwiputs

The cache data pach transmits and reccives address and data innmmatian v rhe 13-bus 210000 w2l <he
TALr bus = | 0500 incfoding rhe TAC W hicand CACG parity bit. Pz ULOY LI eotpoc is wsser s while
the eache momnry is being flushocd @l negated when fheshing cyele w completed, The Asc00e [Towput s
gsserred whenaver the B-hus it 10 is <ot (10 The WR WEO™NG PAR | colpuol 5 aenerled wheneeer bil
0 of the COR 15 set and writes the wrong pancy imao che cache azemiry, The PREEDICT PAR [Lowutpul s
the pradicesd P AG pemity of B-bww bits <2103 and i s sompared witly the sored TAG picily 1
determine cthe bt miss results, The FEEE 1D and ABDRT L outpols s peneraled by the pecily Degic and
interproted by che DT e deserbed in Table 3-49. The OF WERITE L outpuot is asscrwed wbic 1y AJ0G
ciidasd inpul ~pecifies & OPF woie traneactivn, The vetpal 25 used e esternally el o O Sata The 'TEST
11 oulpus is asserled when e S <O 00 T eode specilics e oexdernal L0 addesss dusing 1ha early
portiozn of the tranzastion ard dueing the Jaler portion of e wousaeticn, o Wvhe traazaerion 5 hymssing
the cache or Tercing o cacie miss. The SAS I oviput s assceesd whenever the maintenanee regrioer or rhe
LT cepister = being acldeessed, The EVNT EN H oot is degeribed ir Parag-apa - 4.8,

Tabdi: &% sharl and Parliy Recponc

A hivrr Prrliy T A1 Action

S rel gt bed Saninrezrmapd ar akan

S parend Measered drberripd, wecsor 12 Caeatian 14
Ageprladd Aiurei] Akbarr vroeer ta loerrien 12

Agaeried AN Acberr; vackar 4a lecsric 4
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4% CACHE MEMIORY

The coche memaory (1gore 100 ennzisty of KAM ~emory for date, TAS and party, the data parity
logie, and the nit miss ngic. Fhe cache memny i wed re teramorarle soore dac recerved From the system
menaary that che processnr s cwurrently wane “Uhis allows the Ot guick e access on-board Jals
without performung external bus cranszctions. The physical address s dividsd imes three sectons as shown
i Figure 4-17. The byte bic s wied v access either high or fow betis ol data, The indes bics are used ax the
acdilress of the cache memoey, Toe label B are swored as TAD deta for valid cache enmes. Coch cochie
enlry 1% wrganieed vy shown in Neere 4-1%, The bigh and e baebes of diata are stored as dasa, The low byie
parity FP0 e stured e even parily and e bigh bele parity {PU) s slored ae odd parity. The Like] bus wiih
o bag valid bic oY) and e g parity bat (P2, stored as even pesily are stoced ax TAG dut The by
parity 15 caloulated by toe dute pociny bogic el e TS iee Jugie oer pre s e plivsical addeeze a5 2 «alid
cache address

The eache memnry is conlselled by the stang sequenags signals DATA O B, B, TAG CS L, LIMDPATE
L, and the wreite gnalle signal RAM WE L, The WER WERONG PAR H, PEENICT PAR H signals and
the TALr deta are eoncrelled by che cache data path chipe The physical addresses are reesived via the B
lnzs, the data iz recd/wriclen vig she A-bie and he TAG daa v ccadweritecr via the FACT bos,
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4.5 1 Cache Ihara

The ¢achc data BAM i3 8 Kbviles of readSwelle ciccnoey thal e oddecszed by the ndex ficld, B-Lus hifs
< L = Thess bits wibl alwarys access e daa stered wroan addiczs esation, Ml (he data ig aol validared
uttil the Tabel ficld of the addeess is weeiled as the TAG Jata

The read Swrite operacions are controlled by the atate segqueneer. The o hete of cache daza s read when
the IPATA 0% BOY L input is asscrted and is written when bath the DATA O B L and RAM WE L
inputs arg asscrted. The high byte nf cache dacy is read when the DATTA OS5 HI L. inpot s asserwed and iz
written when Bath the PPATA CS Bl L and KAM WE | inpues are asserted. The data 35 mouted via the A-
buy o the DT

4.5.2 Dmig Parity Logic

The daly parily logic penerales parily bits Jur che high and low bries of data, The same Joaie 15 used 1o
check the panty bils when deta 15 read from the cacke memory. The Liegh bele stores odd paciy and 1he
Iow byle stores even parily. The pariy umc i shown in Npoee 3-19.

The parnly logic uses the selected byle dola and the UTDATE L osiumned feonn the state scquetcer 1o
geerale data paraly. The UPDATE L inpul enables e parsiy aepecctoc. The paciy generaler dotenmnings
the nueoker of bigh mpus aod peasrates o parily kil Cor Qe Jeigl and ow byies The low byie staces the
states of e paciy buas BO PAR IN IL and (be higl bele stoces (e stavus of (ig paricy hic as Bl PAR
1IN H wlhien the daga s weillen o the cache oemory. The cache data pacd ¢an invalidacg the daca entry
by cnabling the WR WERONG PAR H inpel. This sigalal gses the oxclosive-C0E gate tnoinwert the
gotcrated paricy bit and store (e <rrae i 1he pacy BAM

The paricy hic of che data is checked when the cacke memary is aceessed. The data i recerved by the
parity generaror and che LPDATE L innut is not asscriod a this time. The parity data o acessed, the low
hyte parity hic iz received as KO FAR OUT H, and the high byte parity hic is received 25 B1 PAR OUT H.
The MAMNID gate is enabled and functions as an inverter for the B0, Bl PAR OUT H signals. The DATA
OS5 BI, BT L inputs, check the even owepue lor the ow byte (B0 and the sdd cutpot lor the hich byee (B
to set the PAR OK L outputs low.
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4.5.3 Parity IMag

The parity EAM has 8 Kbyies of readSwrite RAM memary 1hat stores e bish and oy byle dety parity
Bit. ‘The low byte parity bi s cead when DATA O3 B0 E inpan s asserted wl s writlen when both the
DATA C5 H L oand RAM WE L ure aserteld. The high byte parivy i1 is zeed when DATA ©F 14 1.
tnpul iz asserted and is writlen when buth the DATA ©5 B and BAM WE L ore asseried. The data
parily bits ere peneraced and used by the date parity lope.

4.54 TAG RaM

The TAG BAM wu 4 K o= 12 read wrile memory that stuzes 17 hits of dica and coe Bil 10an i: mel used.
The daly vunzasts of the @-bit lahel 1icld (eddress bile <2120 320 the VA valid bit (YBITL and (e TAG
pacity bt (TAG PARE The daea is roceived from the vache data pach. The daea is read when TAG CS
inpul is usserted and 5 writcen when hoth TAG C8 and BAM WE inpucs arc assaried. These sigoads ace
eanleelled by e slele seyuencer.

455 Hit/Miss Logic

The hic/mass Jegie (Figuee 4-200 compares the TAG stored data sod bits <21:13%2 af the ewrrent addeess
an the B-bus for o match vondition. The FACT valid bit 3 alse checked. When o match nocars, the caregnr
address is repognzed ax o valid cuche entry and ses the parpacalor eulpels low. I5 1asy do not mateh, the
enmparatar culpols arg el ligh. The TAG PFAR H hit is chocked with (e PREDICT PAR H hic by che
pxclusive-0M gate and 1he cutput 35 low when a2 match ncows, The MISS L aod COMP 1. petes mre
identical and tnonktar the (wo comparator outputs, the twn darg PAR OK L bite, and the output af the
TAG PAR H pate. When all five inpuls are luw, the MESS Loand COMP L autpuls are higl: 1o indicace a
hit. The MISS ). stanad gocs we the DOTDL and the COMP 1L signal gocs 10 1he slate sequencer W indicste
lhat ke current address is slored nobe vache memory, (f MESS | and COMP L ouipuls are liw,
mdiceting ane of the inpuis s invalil, Lhen the surrent address is not a valid cache cnuy and the duty is
retrigved [rom the svitem momory.
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44 BLS BECEIVLERS

The module receives addresses and data Croco e LE1-10 bos via six 2903 bus transceivers 4z shewn in
MNpure 4-21. The stale seqoencer provides Lhe control sipnals BELE L oand BRLOLE T thal transier LSI-11
bus data o the module Asbos, The date & ltched wlen ELE L s azserted. The oulpul doivees are Lhen
enabled by ELOE L and transooits Lhe TSI bus data 1o the module A-los,

The LSL-11 bus conteed senals ace egnsmitied w e moeddule by dee toput wansceiaees, Thee sipnals ace
psed by (he module to comteol e LS1-11 bus Jueelace,
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4.7 BUS THAMSMITIERS

The module trenzmits addressee and dara o the LEL L bue via six 290% bus rranecsivars as shown in
Figure 4-22. The addres snd dacs inpurs are conteolled by the LATCE [ input. The adiress iz ¢locked
I L runscedver when the STEB 1L inoat fram 1he DO T aseeried. Write data s checkeodt inta the
lripeceiver when DRCPE T (normally nw] is pulaed feom igh 10 Jow, The DECP L input 15 sereraced by
The state sequencer. The slate seyoencer cnablog the OBLS OB L input Lo leaoemil the da over the 151-
'] hug, When TBSY I (Bank Selece) signal i asserted tooindigae (be celerence st tke TA pawee, hits
1 g deeven s sercs. This allows the KT 1-4 mndnle 30 work oo 64 Bbele svslem wich the
odder MY -0 memaories.

The LI bus comrrol signals are fransmilted by Lhe oulpul transeeivers. The s1ate sequencer provides mst
afl the handshake protocol wilh the TSI bus. The WARKLLF H signa’ is cnabled by poooving the W
wmner te gencrate the BOCOK H inlializaion pulse ot power-op.
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48 OLUTPUT CONTROL

Tl cudper gootral logie {Figurs 4-23] Tas 22 D-vpe Tateh circyits with eipur deivers that rransfer the
address o dacg o 1he MI2AL bus fa the B-pus. The WCHE L sigrai frean che stace sagquencer eables the
drivgrs 10 the B-bus. A deender circwic wses the TROITE naeputs, HU BT, Loaned &1LE L te eoniral the
larehes. When BLFUTT T oand ALE | are ncpaoed, the owrput incehes sre opened. When cicher ALL L oor

BE.FOOTLL b are asseroed, the latehss arc

cinsed.
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4.9 INPLUT CONTROL

The ipul cootzel logic (Figure 4-24 wzes 16 Droype Lock cieouits 10 wanslior daga trom rhe A-bus o the
MDAL bus. The Liches are used as boffors (laches cre always opengd) and arc enabled when the

BUFCTL L oinpul is asscrted.
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g 1y IMA MOMTOR REGISTER

The KILN1-A daes noc perform direst 12YA transfors, but it doss memicor DA transfers when the
VST RIeMary % boing updated vig Block 13 AT kis ensurey thet rhe dats stered in che cache memory 15
not being changed in the system memory. During o 12%& teansier. the imoal address ol the D A
transaction s ranslerred over the &-bus, It elovisd ineo the DAMA monizor cepiseer woen REY ™0 s
aszetted. For DMA. DATO, DATIO and DATOER bus cvcles, thes repisoer 5 ased o address e cache
meraury in order e detgrming o che relerenced ocation 530 the cache memory. TO 0 s, e sache diota s
imvelidated, Successive block mode DMA wrile cvclee {DATOB) cre alse monilors]. Addeess bils
4 e ol che inital DMA address are clecked dowe the DA manilor cepister «len BI3YMNC I
aserled. These Bile are incremented w e nesl address when BRDOUT I b5 aepawcd, Therclore, an eolice
[ -werrd aligned Block roode wmansier can be monitoced. The Fees D3 tosre:zcntor with higs 00 and 035 acc
desipned ina e FPLA soowr o Figure 425 The emainiag 16 bie ag centolled by rhe Deoyps fip-
floge. The MA REG OFE L signal is conteeled by the stam sequeness and the PNCA A1 DMA ADR
H input s eantrelled by e DMA LS-L] bus sigoals BSY RO Loapd BOKHLT L.

d 0T INTIIALIZATHIN MAINTENANCE. RELGISTER

The iririzlization/maintenance regizrer allows the wser o sclect the eptions availih!c wy doseribed in
Chaprer 2. °This regiater (Figwre 4-26] 8 rgad by the 10101 during the powsr-un scguence and can be rosd
hy sndtware zocessing location |7 777 750 to dewermine which options aere selected. The rerster uses
umpers Wl o W7 tn determine the input ssae. The W3, WS, oand W7 jumpers read 25 217 when the
sumper is removed; W, W2 W4 and W jompers tosd as 1 when the jumper s onseried. The UPa
impic s pulled wp o -5 Ve represencing a 17 For it 04 and a 0" Tor aits <1309 The arounlesd
npes represent a 0" For bies <07:05:= The FFS OF Loinpot will be a =17 00 a UCPA 15 mounked on Che
mexdile and the PWE OK H imput s 2 17" when the L50-11 bas steme! o5 csserted. The BOCOR 1T sipna]
chicares the ao power s sel o 1l proper value.
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The hw Bt of the rerister @ imolemented By wsing zight -upe T iches, e dam iz clocked by che
assertion of ALK L Frem che B0 The high Byre nf the -ceisser s implamenred o nsico sixzht bulTer
drivers. The sntire resster i read onto Lhe A-hos by CIF DATTA OB L inpen From the s140e ssnenoeT.
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412 5TATLS LEDs

The status LEDe logic (Tioure 227 usee an addresseble latch cirowt Gor the LED disslay and a decoder
circuz o eesel either CVEXT or PWE TAIL. The DCIH] contmols Ui Tunctions by pecfurmine GF
wriles e e B-bus.

The EVEST or PWHE FAT gonditions are eleared by GF oweirg godes 100 zed 130 The deeadsr cireui
decordes B-bus s 03 and 06 and 5 coabled by (e GF WEITE L sianal Froo e eache data o Whes
Bt Bits are ser, (e CLE MWE FAIL Toourpt s enablea aod when B 00 i e and Bit 03 negaed. mhe
CLE REYERT L oaurpot s enpihlecd,

The status LEIR arz contralled by an addressable aech circtic, 1 he circgit i raset By che WIS T L signal
eencracad ar powear-up BMESNET L %tches all the amtpacs low, cherely torning on the chree dignostie LRI
and turming off che I LEDL It alse enables che FISTE L awepur to o mitialize the moedulz, Daring the
nitializaton pericd the 1R performs disgnostics. and wpon the sweesslol complzlon, b ssues OF
wrile codey Lo tora ol l the 1ECs OGP code 220 tams of T che 500 LETY, GF cede 223 -umns of) Lhe
MOMOEY Ok LLD anc GF code 230 wms all the SCOUTENCING LED. Aler e imilialize lion
perivcd, Lhe DT 1] eaters we slact up mode. T 0 entere QDT chen SF write code 232 35 zaued and fure on

the ODT LED. The LED (urctiens are described in Chepter 2

[HEETNNE

Bk £

[T e | — :
| -—= TLF FYNT L

A CUR WA FEIL o

R T o T

ACCRESSABLE .
aToA | 4> = —I>TH

L e = I
JlGer —n T

= W = =
i
i
i
|
1
T
d
-
1
+
i
.

ATl ——

) I ——
[ e,
! & Farrwryryiie LY.

IR T —I
LR ] ml & o CoT
|—'(;I EMN
IR T
Il>c # RE=E-

aroany

Fipane -7 S LELE: Lapes






CHAPTER 5
EXTENDED L5I-11 BL'S

5.1 INTRODUCTION

The processor, memury and LA devices commurmcate via siprad Bnes Wl sonstitele the extended 151-11
bus. The extended L0 bue contains 4 addivione? address oes (DOATL=20:08=] i additivn vy the 38
lines ol the voigial L3111 bus, The four additenal adices line. extenl e 236 Kbvle alivaical cddress
spae of e LS1-11 bus o 3 rregabaetes, Aoddresses, 3-bil beles or 165 dala worde, Dus svocheonization,
and ceptral signals are seal along weee 42 lines, Addresses may be siloer 18-, 13- or 22-Die wide,
depending on the addicssing Capabiliny of e processor zostalled wothe svelecn The [6-Du doda aod e
(st 16 address bitg e Leoe-coultipleaed over e seame 16 dawaaddmess Lioes, Twe addivesal address bils
(=l Tilge and the memedy parily Dits ace also tiooe-nnHiplesed eesr v sigaal lines, The signal Tues arc
Funetionally divided as listed in Table 3-1 Befer o Chaptee 2 Joe a Llisc ef the extended T51-11 bus signals

The 151-11 bus Jines may be gonsidered frangmission lings chat are ferminated in their characteristic

impadance (Agd at bath the near and Far ¢nds of che bus. Fhe near cnd of the bus s dafined as the firse hus
interfuce slot in the backplane, the Far end iz the kst by interfiee slor.

Tahe 51  Sumamary of Sipnsl Lise Panclinm.
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L My mari S acdoe Lies [ET RN L Il | S
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Mol L5111 bus signals are oidiceciione) cnd use @ lermitacing resistor 12tework conrected botacen +3
and eretod woprevide o nesated Chishd sienal level, Deveess may be connected w any paint alona rha by
Lo meceiss aipnals Trom e asar or Tar eod of the bus via Sigr-impedance buy receivers, or o crananit
sigaals e the noae or For end Urrowel: galed open-collecior bus crivers, & bwe drver ssseros o sizmal by
ceusing The hine w2 fracn o hiel leve] papprosameiels 24 %) e s o level fopproximately 003 V)
ANheugh Bidiveetional hings are cleciricalls udizectoni. certein hoes curmy signals thatl are FTonciunally
wmdirgetionzl The functionally uniduecteonal Loes corry signals il are required o ravel inoonie ene
dircetion. Far example, whea g dcvice asseris & bus request signal |IBIECH. Lhe signal alaeyve ravels from
the requesting device tn she processor and pever i1 e meecrse dineeLiva,

The inwerropt acknewledae (BIAKE and direet momary aeccss grant (BDMG) zignuls are pheysicully
unidirestwmal sionals that sre wired 10 cach A1 505 s 00 0 daisv-ehain schorsw, These sigrals are
renerwted by the procissor in Tesponse S interrupe and dircer memony 800caa roussts ead ane ransmcnicd
L Lie bes wia oulpul sipgnes pins. Lach of the outp sicnals (BEAKCr ar BOMCG is received on @ devios
mpul vin 1BTAKD or BOMOD and conditionally retransmitred vig 8 devies aorpur pin {HBIAKO or
GDAGO), These signals are received from hogher-priority: deviees and teiransmitred oo ower-priority
derices une U bus, DMA and 10 Intecrupl privcices are discwssed in Parsanaphs 5.4 and 3.5.0.

Bus Master/Shve Relationship

Commupnicating berwesn devices an the Bes is asvachronces, A masterslave recationship exists chooupk-
o gach Bus eanaaction AL oy dme Qeee i oone desice Ol as cestrol of the bue, This conmrllione
deviee is wermed fhe des mastee The master Jevice comtrals e Des when cormunivating wizh anuther
device an che bus, termed the sdaves The bus master Oovpically the KDJ -2 processor er o DRIA devioe)
imitiztes o bus transaction The slave deviee responds by aeknowledgiog ihe leensactien o preorese amd by
recelving duta from, or transmirting daca 1o, the hes master, The eulended L5111 ooz conleo] sipials
toensmitted or received by che bus mastar or hus slave devics s gomplon the sequrenoe cecosding, e
prutoval established lor trensrerring addross and daca infarmarien. The processer contels bes aibitracior
rhe, 0L Sdecides™ which device 5 o be bos master ac any given cime).

A tepicul esennple ol o master Sslave relalionship bas the processar, g5 mester, fewching an iastouerion Sram
aernsry which 15 wlways a slavel. Anoiher enemple s a disi drve, as maseer, translerring data 2o memorny,
ettt s Loe slave, Any device excepl e processor cen be auster or slave cepending on the eircum-
stanges, Cousenuezeation oo Lhe calended LSE 1L bus 15 interlocked; cherefore, Tor each control sienal
saned b e master device, Uneee niost be o cespoase (oo Ui alayvs inourcer o complete the cransfer, 1 -
the master/elave signal peeloec] dwd ke the exwended LST 1] bus asvochronouws. The aevnchronowe
aperation allows bach Fast and slow devices wouse Lag bus and lininates e need Gor svochronnng clock
pulscs Between the hus mastor and slave device,

Since bue cycle completion by the bus master regoires respenge froe {he slave devies, gaslt bus masta
musl :nelude o Umeool errur ecrewit chat will abort the bos evele Wehe slave devieo dogs ool eespond wr Lhe
bue trepeactivn within 10w~ The KIXN1-A has a hus cimers thar restarts the clack when po devies
responde L BDIN L our BDOUT I within 10wy A imimediazz trap oo lacacion Ay occurs Tre sloaese
reriphierel o meoory device must respund tn less Lhan 10 ps to pravent o bas cimemn: croor



51 BUS SIGNAL NOMENCLATURE
Theoughaut (he Sallowing proloce] spociicauons. bes agoals ame relfeeeed 10 in sevees! differen] wavs.

In generai disorssions where cimiag, polarity, gad physical lecatinn arg gnimporrang, the base
signal namg withgot any prefizes or splfixes iz wsed. For cxample:

S MO, WIRE, BST, 124021000 ar the 1741 jines

i PTost szemaby on the beokplate ctch are asseriwd low and referred w0 witk a prefs cheracter T,
and a sulTix (space) L. Por example:

BSY™C L, BWTET L. BESY L. BDAL<21:K= L
B 11 vzl BODECTOK M vre asserted hiph,

Feczivers and drivers arc considered part of ie Dus Sigaal inpuds o deivees are sclerred 1o wich
a prefiv character T fir franamil. For esoaapls:

s

THY N, TWTHRE, TRST. TIRAL =200

4. Sipnal outpits of roceivers are reforred 1o @itk the pretis charctor B R roceved. For
cxample:

REYMC KW THI, RIESY. KIxsl 30

Whensver Urmimg s imnporiant. the desimetions inocems 3 and 3 above are weed o refersnee ming % o
receiver pulpul of drever input. For example, after receipe af the nogation of BIIM, the sove nomales 2o
TREPLY 40 ns minimuom, 000 ns meximen) 1O most maincain daca vahid onows TATL Lines antl O os
(minirmuick alles the negatiun of ROIN, and omuel neoste s TDAL hass 100 ns fmaximuin) aloer Ge

negation of 1ls TRRPLY.

5.3 DATA TRANSPER BLUS CYCLLES
P s ransforred belween o Dos masler and slave device 1o accomeolish vacivws Tunctcess, The data
Transfer bus cwzles and 1heie functons aee descrioed in Table 5-2.

These bus cyeles, exaonted by hus masger deviees, vansler La-bil words ar 3=bil bvles wooe Teon slave
devices. The deta tn be wrirten in rhe destingtion Bew dozing By eolpol aperaiers s valid on the
appropriase BIDAL lines. For example, BODAL <0 %08 gonaing e bigh Svie, aod BERA L0000 con-
wing the low byte Tahle 3-3 describes the bus signals gsod inoa datg ranster operation,

Tabd: &2 Tata Transfer B Cyeles

ks Cyebe Funvrian {with respece
Bl nemimmic Description i ibe bas mmeler)

12 TH 1%t ward imp 1#ead

1k T 1Kk ward vuspn Wil

AT 1% kvle oulpa Wil byl

(ANRIH LxiLr wamd inpet fizalaul Iead-nadis v

LA THME 1k wand inpo by Le palpal Pz, w-wiie vl

'-\.I.ll
el



Tuble 5-%  Dksly Transfer IRus Signuwls

nemumic Ikesiriplitan l'unclin

HidAL-~Z1 0= L 32 velafwibdiees lies BIAL 21 me Lowe wyee G 22Dl cslonded
stdroine: HIAAL= D004 Lo wied L JE-bi
walondild aedocmane, ceoory pasive s, g e
are petry viean cngdbe Tuaetichz, HOAL- 2> D L
wie caed Tea Dasbl addhissize. wnd aaf v

sl
EsY WL L Svnciaron e Srzbe signa’s
H LR [arn input strches
TIHLTT. Mara omepn- strehe
ERFI Y 1. Rapiv
FEWTIT | Wrlefbyre comrnol Carirl sigmnds
[EHEST | e T oaelect

Dista transles Das cecles con be redoced 1o thiree basic (ypes: DATL DATOCBR) and DATTEER] These
transaclione voeur belween Lhe bus moster and e slee deviow selected dueing 1he addeessing narerion of
the bus cyele,

3.0 Bus Cyecle Protacol

Rebor: iniriating 8 bos eycle, the peewines bus trenaactinn muost have bezn enmploted {BRY MO L nepntsd)
andd the device must heeore bis mascer. The bus ewele iz divided inta own parts: an addressing portaon., and
A data transfier portinn. uring the addressing partinn, zhe by master cecputs the acdress for the desired
slave deviee {memnty location nr device register). The selected gluve device respenide by lalching the
address bits and hoiding this condition Tor the duraten of che bus cvele (until BSYNC L becore
ncgated). During the duaca transfer portion of the bue cyele, e operalions perforoesd will vacy shigluly,
depending on che cype of duta cransler desired. Porugraphs 5,312 throwgh 23,03 Jescoile 1he daca
traoaler porcion of che weracos bus cvcles

5311 Device Addressing — The device addressing pertion ol a data ransfoe bus evele eomprizes an
address selup/Adeskew Leoe wedd an address held/desbew i, Duzmg he addqess sermpddeskew fime, tas
bus masster duees the Lallowing.

I Hoazserts TDAL-=21 080 wirly o desiecd slawg devics addreass T

2. [ assarte THST o a devics i the 1A paga in heing addnzssed.

. It asacrts TW THT it the cyele is a DATOH) oy cvele,

4. e asserts TSYNC 150 ns (mimmem) afoer gacing 1AL TBS?, and TWTEBT only the bus,

Doring this time e address. REST, and EYW TET sienale are asseried ol the slave bus receiver Tor al Jeast
75 ns before KSYMNC becomes sotive, Devices o the TAD poge donore e @ higli-coder addrczs hics
EDAL-20:03 und. instewd, decode REST alung with tbe 13 Jow-order address bus, Ao active RWITRT
sipnul andicalee thal a DATOIB) operstion Tollows, whie an wactive RWTET indicaes 2 TRATL or
DATION B} cperation.

Tl suldress hold deskew dime begins after BASY MNC s agssermed, The slave device nses che active BEY MO
10 clack ROAL address bits, RBET and RWTHT, iaro its internal Ingic. RIZAL220:00:-, FIST, and
BEWTET will remain active for 25 ng minimum} afrer the BSY SO bocomes actree. RSY WO remains
acrive for the duration of the bus cwele.



Moy and peripberal deviees are addpessed sivilarly, cuoept For the way they respond oo BEST.
Addreaeed poripheral devioes muost ol desads address Bits an RIDA L= 17013, Acddresod periphorl
devices may ecapond tooa bos cvoie anly whon REST (5 peserted during tha addresing portion of the oyl
Wlen asserred, RBST iadicates thar 1he devies address residas in the 170 pape (the upper B Kb e adidress
space), Motory devices gencra’ly do nor raspned oo addrasses inoche A0 paee: howewer, some syeswem
applications may pormic memary teoreside dnorhe L0 nage Foroose ws DDA sulTers, read-only memory
Dootarrans., oF diagnostics, oo,

33T DAL -The DATE bus evele iy a read operstiaon that inputs data Trom the slave device o the bus
muster. The uperations performed oy the bus aueswer and siave device Suring o DATL ere skovwn i Fizure
5-1. The DATI] bus evele cming i shovwn in Figure 522, Dala constels of 16 D word transless oveer e bos
Dumne e data translee postion of Lhe DATT bus eecle. e Bue oester asseres TR T s fminimgm)
afler il wssecls TSY WO The slive device responds o BRDIN setiee Ty assersirp

L TRELY clter receiving, BN and i 2% ng (maxinmaeg hefare TIAL s driver data bitg are
vilid;

)

FIIAL ] T 1. owich 1he addressed date and error infnrmetion.

SUS MARTTR SLAWE
AL BRI IZEN Do +WEMDAY CF: DE ICE;

AN FFES OEYICF W PRORY

* aRRFESTEDA 7 001 wiTH
=3[RAZSE ANT

+ ALLEAT 33ET IF THE AGDFESE
1% /M ~HE ~=asE

e ALSTAT 155N |

PELODOL AR DRIk
* SICHLETDEVICE 32 ECTEDT

IPERAT M

REOUZST Sa=s -
® REMCWE —-F &7 7 RE5E FRAM

ZMAL <2100 L M2 KEGLTE ZEST

L
« ALRLET BDIN L —

T -l -
1%EUT ZA”

+ M ACF RATE NS SME o 1B 0 |
_-=+ 55EF” BEFPLY L

TEFM HATE “FUT TRENSFFF -
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Wheo Lhe bus mazler reocives RRTLY, o0 Jdoes e Collowing.,

| I oweaits af beasl 200 ns deskow e and then socepte inpi: dama ot RIPALc 1300 bus
reccivere, ROMAL-1T M e manitored Foe o posaib’c parity crrnr mdiccion.

z Ir negates TN T30 ns fmirimuarm) after B PLY Secomes: active.

The slave deviee responds 10 RN nepation by negacing CEFLY and removing read data frem TDAL
Tys drivers. TRPLY must he negated TIE) ns (masimumm) prior weoremnoeal of read data, The buoe moster
responds tre the tepatsd KREPLY by negating IT5Y M

Cronditions for the next TSY SN ssseriion are e Tollows,
I TEYWC musl remain negate] Fer 200 oz (ooioiznom .
I THYNC st nel bocoie asssried witlin 30 ns of the proviens RREPLY neaatian.

5.3.1.3 DATMBY - DATCKE] is a wrile operatien. Mata 5 transforred in Té-hie wonds (1347188 or H-kit
bt (DATOE) Tooan e bus mastor wo o slave dovies, The dara cransfer nueput can occer aller the
addressing portion of a bus orcle when TWTBT has heen asserted by the bus maser, or immedi lely
lallewing an inpol leanafer pact of @ DATHXB] bos ovele, The nperaciony porformed by the bus masler
and slave devies during, & TYMATIHRD bos cwele ang shown in Fiaore 5230 Pz DA TOUR) bus svcle omine
shown in Figurs 5-4

The datz trensfer portion of a DATOM) bus oyvcle comprises 2 daty selupAdeskes lime and @ dista
held Sdeoakew fime. [Jwring the dara setupfdeskew time. Lhe bus mester oolputs the Jaa <an
TIIAL L 508z 100 oy {minimoenz) alter T5Y MC s asserted. TF 0 35 2 aord transler, e Bus neister
nerares W LIEL while pating duta onta the bus, 1F the trensler s o by transler, e Dus masler 2580115
TWTHT while pating data onto the dus, Dunae a bele transler, (e comditzon of BDAL 90 L during tic
weldress cvele selects the high or low bels 1D aeserled, Lhe hipn byie (BDAL= L3085 L) 5 slooied
uthervise, the low byle (BDAL-07 005 L e selectsd. An assecied BOAL 26 Loal Zata transfos e wili
force o parily eccor Lo be wrillen o ooy 3 G oeanory oo pesiiy-ivpe eemary. BRYAL TY 1 s not
used Tur wrile operations. The bue mester wssects TDOUT LOLOG a5 foamimum] arer the "T1ALL and
TWTRT bus derver inputs are slable. Tlhe slove device ecapondds 10 RIOUIT by aceepting the inpee disa
and asseriing TRILY {E w8 maximoom 1o avoid bus dneoul This gompleres the Gata setupddeskew Lo,
Duing 1he data bold Adeskew (mme the Tos maseer negalcs TR 1300es (minunum) alter the azaeriion
af RRPLY, TIRAT =2 100 bes drivers remain seahle for at leasr 1O ng after PO negetion. The bus
master then acgates TTYATL inpits.

[hring this rime, che slave device senses KIXHC T negracion and neestes TEPLY. The bus master respomls
by nemazing TAY MO Howaver, the processor will not nepaoe $ 5 SN Tor at lsasl 17> ns aller negaling
TIRHIT. This compleess the XA TONE) bus evele, Befors the nese cvele, TSY WO musl cecnain unasseried
for w1 loast 200 ns. Alse, TSY NC may net assert wntil 200 ns (oummuem] @fer RRPLY tegale.
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5314 DATINB) - The protece] Tor a DATENED ous ceels 35 identical otk addressing amd Jdela
transfer portions of the DATH and DATOGY bus orcles, Alter addressinge e device, & DATI cyele
performed as capluced o Pecograpl 5.0 12 bowever, TSYNC b onel oegaed, TSY N remams aclive
for o oeipet word or by epceler [DATOBY. The Due mastier ipaiuains of keasl 200 05 belween
EEPLY pegavion durmg the DATL evele cad TEHMUT assceuon The oxcl: is terminated «Ten the Dis
master neaates THY N wiich Toliows 1he same provecal 2z dcseribed For DATO(RL The apcrations
perfneeed oy the Duz mastee and shve devies during o TIATICY of FFATHHER bos cyele are shown in
Figuwre 5-% The DATHY and AR B] buz exele fiming iz shown Tn Figure 5-t.
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54 THRECT MEMWMORY ACCESS (DMA)

The dircer memery aoeess (DIMAG capabilily alluws dirsel data leanslers Belween 17D devices aml
memnsy. Fais is wseful whea waing mass searage devices 1ea., disk drives] Ul soove Large blocks ol dasa
tnoand From memaory. & DA device only neods 10 ko 1he stucing addecs o mecoy, e stanling
addrzss in mass sworage, 1he length of the transtor, and whetbes e eperation s readd ar weie. Wen iz
infermation iz avaslable, the [TV A deviee can traasfer daia dicetly oo fram ~eomaes. Since ngsn vA
devices must perfirm deta rransfers in rapid sooocesion o leee dacy, DMA reguesta are azsigned the
nighest prinziy level

DM A 35 sevumplished alfter the processor Cnormally bus moaster] has pasasd bus mastersaip to the hiphast-
prourity DA devies that 15 reyuesting the bos. 1 he procossar arbitraces all reyuess: and arants the bus to
the DMWA device lecuted electzivally cloesst b the processer. A DY A devioe remains bus amasoer undl it
relinguielies s ceasterslip. The Tollewing vonlrol sigenals wre wied docing bues arbacretion.

Signal MNane

HIXMCE] T, IWIA Coranr T
B . IM4A {rrant O
BEME L. [ & Heguest ine
HBRACK I Bus irant Acknowledes

A DWA ransaction s divided e three phases: the bos masermsbip soguisition phase, <he data tcansler
phase, and the bus mustership relinguish phase, The eperazions performed by the processor and Buos masler
during the [PMMA reguest/grant =oquence are <hown n Figure 3-Y. The DA Teyuesy rranl bus ovele
tirneng i shown in Figure 524,

During the bue mastership aoquisilion phase, a DMA device requests the Do by cssecing TDME, The
processur arbitmates e regquest and imiliakes the transfer o bus cesierbip by asseclina TOMO, The
maximum Lime between BDME L asserien by (e DAMA device wnd BDMOO L aceertion by Lie peocessor
is DA Lieney, Thas Line is processuc-dependeat, The KDJILL A asecrls TIMO 14 ps dnaximura) arier
Ui asseciion of ROME.

RO LRI 105 ong of rwa signals that are daisy-chained cheengh cach madale 1 the hackplanc.
The signal i driven aut of (e processor on the BIKGEY T pin, ancers zach module ar the BIDXMOE L pin
and cxite on rhe BI2MCEY 1. pin, This signal passce cheongh cthe madoles in deweending order of priority
wntil it is atopped by the reguesting deviee, The requesting device blocks the output of BDMGO L oand
asseres 1HACK, IF o device responds oo che IXA grant, che processor will clear the grant and rearbitrale
the b,

NOTE
The KIMILI-4 uses a “NO-53CK™ {aner, which
clears BDOMGO L il BSACK L is owl receives] Tean
the DMA device willhin 10 s,

Daring the dada veanster phase, Qi DMLA device continues asscrting BSACK T IF mmuiciple-dara rrans®ers
are perlormed during Uue phase, copsideration must b given wothe ose ot the hos for ather systom
lenclions, swch as memary relresh OF reguired), The actual dala transter is nerfarmed in che same manner
as the dara franster partion of AT AT Eand DATIORY b oyoles deseribied in Pars: araphs 5.3.1.2
hrough 5.5.1.4.

The DWA deviee can assert TSY S0 1 far 2 dara franafer O ns (minimum) afoer o reecives BRI L,
250 ng (minimam) afrer REY N i negaed, and 300 na (miniram) atter REPLY is nzgeied.

Daring the bus mastership relinguesh phase, the DM A device relngquishes the bus by negratine TSACEH.

I'his aicours alter the last dat transfer cycle (RREPLY neeated) i completed (ot aburled). TSACK muyr be
nepeted up 1o 30 ns (maximem b belfore negaine TSY S,

-1z
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5.5 INTERRUITES

The nterrupt camalilicy of tie TS-17 bos allews any 1A doevies w suspend empuramly (inlerrepl)
cureen! program creswiion and divert procosser aperario for serewee ol the requestog device. The
peoccsaar inpais 3 vecnor From the deviee oo g2 the serviee rootine (handles) As with @ device ceplsler
address, rhe hardware fixes the device vocoor at lecations wichin 2 desipmaied range of cddresses oo
O and 777, The vector indicsoes the First ol & pair of sddrisses. The cuzsteot of e Grel address i mead
by rh processer: it s the seartnge sddress of the iteerrept kandler, The content of U second address is a
new processer status word {PS) The P bt <0705 can be progracoeoes] Lo pesseily leec] Tzem 2010 Vg
Omly imeorrupts on g Jevel higher then the nomber in the priceile leve] Gwld of die S are sceceeed Dy the
processor. 10 the cnterrupe orioricy lesel of the new 5 65 bigler e (al of ihe aciginal %5, 1he new Pl
retses e anterrupl praurity Zevel and oe prevenls Towec-teec] wceenzls om hegaking inra -2 Snsrent
interrupt service rouling. Contral i relurned o the woteerupied progeg mowhen tha nrerrupt serdice moutine
i completed. The crigimal Coleeonpled) prepeacs addesss (PO and s associared FS are starcd on g
“slack.” The erigingd PC and TS ace costeesd by aoretoen frare inmeecwpt instrzecion (R 1L ar B0 ac Lhe
erd of e service eodting, The use of the stack aad e TS-11 Ts Taresrupt seasme can allow mtestupls
Lo ceur witlin imezzupls (pested inferrupis] iF rthe requesring inarrnpe has @ higher promty level chan the
el currently being servicod,

Interrunts can be cansed by 185111 bos ootions and can oalso enginate o e processor. Inleczupls
aripinating in rhe proccssar zre called crapy and are cacsed by proecensing ermors, laodwere ereoes,
special instroctians, and maincensenee foatures. The Solowinge ato the LET-1T bus signals osed o inleeeupil
framaachinns,

Nignal ™ e

BIECH L Interrupl cequest priocily level 4
BIRO: L Ealerrupl ceduest priocily Jevel 3
BiFe L Dwlerrupl ceguest priocily Jevel £
BIROT L [errupl coquest priocily Jevel 7
BLARI L Irteeru ackomwledgs inpul
BLARLD L Imiceeu ackomwledz: oot
BIAT =] 3% | IXata faddress lines

Bl 12ata impul ~LTobe

B PLY L Eeply

551 Deriee Privrty
The LEI-11 bus supporte Loe Tollowing oo e licads ol detercwining device priorily,

. Dusteibuled acbitration  Prcsils levele are vopleenied on e bardwars Whe deviess of

egual prioricy level regusel an intecrepl, priorily = oeiven b e device clocirically loses1 tnothe
PIUCESSCT .

et

Peaitian-delined arbiosuen - Priority 33 deterouncd selely b cleerrical nositinr an the s, The
device closesl to e processor bag 1he Diphest peiarily, while the deviee &t the far and nf the bus
Tias the Lowast rricily,

The KA2H -4 nscs bach methads — distriouted arbitracion, with four levels ol priority, and position-
defined arbicratinn within cach level. Ittermpts on these priomity levels are enabled fdisabled by bits in the
processar atatws word (PS-07A15 00 Sineles-level imermupl (ositer-delined) devicss izl dnlertupl an
HIROM can alao be wssd in KM 1-2 systenmts bot must be placed in s bue alot Tellowing the Tosl bus slol b
which & pesition-independene device s installed.



552 Ioterrupt Prowecol

Interrupl protesd. has three phases: the interrups recussl phase, (e icenep ackoowlzdge and pronly
arhitratwn phuse, and the iclerieal vetar transber phase, The operatione peelormed By the provessor el
interrupting device are shewn in Figure S-00 Interrupt protecol leniog s shean ie Figure S-110.
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The interrupe reguest phaze beging when a devicg meets s 2pecific gonditions Tor inderrupn requesia (lac
cxample, when che devioe i “ready,” “dong,” or when an g has ooensred ), The inGerrupe enable bit i
dovice starws register miost be sct. The dovieo 1hen initiares the iderrupt Iy asseeting (ke imlarrapl meguest
lingls), BIRAM 1. iz the lowest hardwares priovicy level and s asserted for 2fl irmcrmpl raguesis for
compatibiacy with previcus 1L.51-11 procsssors, The level at whicn a devies is configured must alio he
arzerlid. (A speciel cose exists For level 7 devicey that most also sssere level 0.0 1T be Snterrupt regqoese line
remaine asser sd ontil the regquest is acknowledamed,

[oterropl Lerel Lines Asserted by Daeviee

BIRO) L

4
5 BIRO L. BIROS L

& BIRO) L. BIROS L

7 RIREH |, BIROS L. BIRGT L

17



During 1he inrgrmpr ackenwledpe and priority sarbitration phase. che KT A will ackoewledae jier-
rupls under e Falleaing conditinma,

I Fhe devies imermupt pricrity s higher chen the cuczent pricrile level sloced o0 PS-0705:
2. I proveszor s completed matcwctun sxecotion wnd e addilional bus eecles ace pending,

The processor seknowledeess the inlerrupo reguest by asserting TDON aod, 228 o8 {minimgee ) larer, o
assertitg T1A KO The device electrically closest e the processor recelves Lo acknewlsdgs on s RIAKI
hus mooeivir.

O the leadicg edpe of BDIM, 2ach s apliod capahlc of reguesting intermmpts decides whether to accepl
or Ly pess e the BRLIAKT signal. A desics (arn decs not sappart positinn-indapendent, mualtzlsvel interropls
accepls BRIAKL T 0L 08 requesting aa inermpn whea BRI asserts A device that does support pusilion
idependent, muoliileve] micerups acccpts KIAKDE i is rognesting an interrupt and il there 35 oo bighee-
priorily coqeisl pending when RN asseres, This decision aust be clocked e a Miz-Clop, weduch selles
withinn 150 r2 ol TN,

Devicos chat sopport posittn-incepeadent, muoltleve] intsrrupe wssec, frem ooe o e IRCH hines when
cequesting 4 interrupe. Table 5-4 presents the TRO B a device ul each leved miust azsert inoorder o
request ar interrupt and by the Bnes it muest monilue Lo detesmine whelber 3 higher-priaricy device 4
regpuasting an interrupt.

Curing the nteroupl vector trapsier plisc, Qe cespoedicg imernes devige reecives KIAK]D and then
asaers TR PLY. The vectos adilress must be stable o1 TDAL=3#:02= 125 rs [mavimum) after THPLY 1%
aserted. The provessor ceceives e aseerlion of RRILY. and 200 05 imirimam) laoer it inputs the veetor
addriss and neputes both TDEM and TIAKL The witerruping devigs regares TRPLY after the nepadon of
RIAK] and removes e eector address Drom TOAL <0802~ 100 na {raiem ) atter THPLY neeutes
Sinue veelor eddresses arc ansteaioed o b etwoen 000 and 774y, none nf she remaining TIAL Enes wre
usesdl.

Tuhle 5-4  axidinn- Indepenedient, AMuokilerel Bevice Requiremenis

Ineerrupr

lLuvel [HG) Limes Axseried TR} Limes Belumilored
4 THRLX RIKLES, IRLES

: HIRLRL ENLCE L1k s

f THRLML "THAGQE ILIHLyS

¥ FIRLEL UHAGE, T LB
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553  d-Lerel Interrupt Configurad s

Lozors Laving high-speed poripherals and deswung Delter sodvene porlormanse il uee the 31wt g rrwp
sl Bowle posilion-idependenl and posttica-des peodent cenfipucaions can Do vsed wull the d-leeg]
el scheme

The pesition-independent cenfiguracion is shown in Figure 511, This contigaration allows peripheral
devices that uac the d-leve] intereu schorie 1o bo placed in the hackplare in ane arder. These deviees
must sendd nar inferrupt reguasts and manitar higher-levei reguese tnes, a5 deseribad in Pargraph 5502
The levcl-4 regquesr is alwsvs gsserted by a regquaesting doviee, regardless of priority, to allow compaetibiing
if an 1.81-1 1 or 1L.51-1172 procesaar is in the same system. I two or mare deviess nf cyually high prisricy
request An interrwpt, the device phvsically elosest tn the processar will win arhitrasion. Devoess that wse che
aimpie-level interrupe scheme muost be modified or placed at the end of che bus Tor arbitrauaon W Menctinn
propetly.

The poeilion-deendent conlaurativa s shown m Teure 3212 Tiie sonlzuzalivn iz simpler we anplemsnt.
with the Tollowing venstraint, however. Periphera! devicess muost be ondersd so il che beehest-pricry
device 15 lovated cloeesl 1 the processer with the remaining devices pluced in the back piune in decreasing
order of privrity. Wil his conliguratien sach devioe musl vy wsserl e o level and Jevel 4 {Ter
conpalbaliny witln an LS L ac LS 072 Muniering hipler-leve] requesl loes b unnescssny, Aahitra
tion i aclie ved arcwgl (he phiveical positioning of sach device oo the Bus. Single-leee] wotlcrrupr devices an
Lewel 3 slosld Be positiened e on O s,
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a6 CONTROL FUNCTIONS

The follewing, [T bes signals provide svelem contosl funclions.

Sipnal Naune

BEEE 1. By refresh

HEEY R Privacssar halt

BINIT 1. [mitializa

BFOE [ Frwer (1K

BDCOE [ MK power QK

BEVENT L Usternal event mterrupt reyncse

S0 Mewory Belresh

I BREF i3 asseried ducing (e addeese purlion of a bos Lua tramefer evele, iF causcs all dvamsic MOS
rmemories o e addresed sinultaneously. The ssquence of addrsses regrirst far refreshing 1he memnrics
i& deterouned by (e specilic eequirgrments of euch memory. The complete maemaory refresh cyvele consise
af o serice of relresie bus leaosasctione, (A neve wldress 15 wsed Gor eiea transaccion. b The encite cyele msc
e eempleted within 2 s Muoluple-dala trenslers by DA devices musl be avoudsd simce they conld
delay memory refresh oveles. Toe KDL -A dues not parform memory relresh.

5.6.2 Halr
Assertian of BHAL |.ostaps peoagram exeeulion aud Torces s provessor uaondiviensliy inle canscle
LHIT mode. The processar dags ned gssorl 1he BHALT L Duos line when i coimnes w0 a proecsommed HALT.

5.6.3  Initialization
Devives alonge the bus are initialized when BINUT 1 s asseried, The progesser asscns e BINIT L sigoal
under the Following conditions.

L. During a puwer-down seguencs

2 During 3 power-up sequence

1 Dwring 1he gxeeutier: of 4 BESET inetruciion

4. Atter deeection oF & O ehasadtor iy ODT wode G the processer Teelures v ODT rosade and 2 G

axmmand within L), aod Defore eseoution af the code slarling al (e address thet preceded e
LT coammand

Sad  Power Status
Fower slatus pratnenl iz coniralled Ly rwasignals, BROOK H aed BPOK H. These signale are driven by an
oxteenal deviee {oswally the power suplyl and are defingd as Ielloss,

S04l BOCCGK H - The assestion of this line indicates jhat de powar has boeen ztahle for g1 lzase 3 oms.
Uiz wsserled this ine remains asserted until the power Fails

5642 BIMOE I - The assertion of this Hne indicates that there s at leasc an 8 s reserve of de power
wad that BDCOK IT Ies been wsserted Tor at Jeest 70 ms. Onee HPOK H hay been asserted, it must remain

waserled Cor an Jeost 3 oaes.

The negarion of 1his line indicaces et power s fadding and el ondy 4 roe oof o powesr reserve ceoains.
The negacion of 1his e duritg processor operalive iniliales o power-lul rap sequence.

5-20



5643 [ower-L'p - Tuc foliowing cvenls accur during & kg scgucnse
L logic assecizted wilh (e power aopply nogates BIICOR H during power-up and asserts
BIM M H 3 ms {minimmag after de power s ccateroo o soicees witkin specificacon,
2 The processar asserts BINIE L alter mecciving ol power and agpaes BINTT L0 ns

yrinimunip after the assertion of BRCOK H.

1, Logw associdoed with the puwer supply negates BPOK T during power-up amd aswerts BT H
70 s (minimumnd afoer the assertuzn of BDOCH EL I power does ool recoain stk Gor ™50 ms.
HIXZOR 0wl b pegraced: therelere, devices should suspend coitical actom unlil BAOK H s

ibsser Led,

Cornzzzuen ) after Lhe oepaioa of BIRE H,

The timine digrarm Far (he possce-uzSoaer-dawen seguance 5 shown ool o 3-13.
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S.64.4 Power-Down - The [llowing events cover during 4 power-down seyuence.

I, IFthe ae volage toa power supply drops below V3% of Lhe poninal voliage Tor one Tull line
avel: (15=24 me), B H o ocgated by e pover supply, Oove BPOK TT o5 oepated, Lhe
cnrire powcr-dewn sequendg sl be corpleled.

A deviee that reguested bos maseership beloe e power Fadece Uit Lis oo bedean Bus master
showdld maintain the regqueat wnlll BINIT Lo azseeied o0 1 requeest 15 oackooeledesd fn o which
cake reglar by protecal 2= falloaed i

a. Pracesear soltware should execute a BESE D instroctian 3 a2 (iminirwmd afier $he negation of
BPOE L This assers BI%EU 1L for frem 8 w0 20 w5 Procosser sadows e cxcoures a HALT
inslruclivn immediaiely Tollewing the RS inscroctin,

L BEHZOK 1T mwsl be peesled 4 miremum of @ me alles the negatan ol BROE 1 The 4 ms

allows nade storage gud sirmalur devices o protect Lhereslvss aoainal erasures wnd ermoncaus

wriles during o power Tailure

1. The: processor asserts BINIT L1 s Counicoonn) alier e nesaticn of BOCQL 11

S0 TR poeder must remain sgable o mditonn o & ps alcr e pegativn of BROCOK 1L
0. BTN, H momsr teraen negated Tor g minTmggm of 3 ma,

.65 NEYENT L

The BEVENT L signal i an external line clock interrume regues: to che proscasnrn. Whon BEYENT L s
wrerled, Lhe prucessar intermally wssipns neation Wiy 25 rhe vactar address for the BEYERT szrvics
routine. Because Lhe wseler 25 internalle gssipned, the processor doss nint exacntas tha pracoeal for reading-in
U dnteroupl vector address a. 15 the case Tor other esternal inoertont regoeses.

57 BLUS ELECTRICAL CHARACTLRRISTICS

This peragrapd contains valermaton abeut the ewoirice. charactersties of the 1.51-110 oos,
5701 signal-Tesel Specification
Input 1y |evals

TTL Lumical Jow: 06 Ydo Gmaximum]
TTL lugical hich: 21 wde (minimunl

Ol Lepis: Levels

TTL logical low: L4 Ve (masioum)
TTL legicai bupli: 2.4 Vde (rminirnum)

512 AC Bus Load Defiaiting

AL s loading is the ameenl ol capadiliose o medule presents oo bos spme hne, Thys capacilance s
mcastned belween cach wedule zipna] o and erovod. AC bus loading 15 expressed noac onil eads where
cach unil hxad is defincd as 935 pF
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213 DO Bus Lowd Definilion
D0 bus lowding s (e wcooenol ol lakage cuercnn @ maduic presents teoa bos signal fine A de wnit losd s
deftned ax 105 A Towing itta 4 mcddcis dev e whee the £ pral line 5w the umasserted {high sta.

=74 TM O 1RS1-T1 Bas

I'he clectries! canductors interennneeiing the by devies slets wre treared @8 franamisswom lines, & grifrm
cransmission hne, terminated in its characteristic imnpodence, will propagate an clsctneal sienal without
reflectiuns, Inselar as boys drvers, receivars, and wininge conmectad o the bus have fine ressoince and
nommero repctance, the tranemission koe impedance becoans noncniform. and thes inerodoees dislortiong
ineo pkies provapmsted alons 10 Pasave components of the L3111 bus Gauck ws wariape, sabbne. and etched
stz condwsters] are desicosd o have g nomimal characterisue impedance ol 1200 0

The asicoam lengh of the intecconnecting cabie in meluple-beckplane svslece fescluding wirizg witlin
the backplane) s Jieeuted we £33 mo {16 TLL

NOTES
1. The KDI1-4 processer (as well as all stuo-
dird DIGITAL-supplicd LSI-LT iderlnces)
comucts (o tiwe bus vig special deivers and
receivers, deseriled in Pampraphs 575 ond
576
2. The KIMIT-A processor privides registive {250
021 pullup (on all bused lines) ki 3.4 Yde for
this wired-0H inbereonncctng scheme.
575 DBus Drivers
Devices driving the 120 82 TS0 bus most heve vpen collector cutpuls and mees the specilications thet

[T,

W Specilicanions (These cooditions must be el ol wousl case supply vollape, wanpomiece, angd g
siprial Jevels.)

Ve ol vary om 473 Vo 325 Y

Chuepur Inw valeage when sinking 70 mA of corpepr: 0,7 W Omauine ),

Clarput high leakage currear when connecred fo 38 Ve 28 oA (oven T oo prwer iz applicd moorkem,
crocpyt Far BIBOCCHC H and BIMYK Hj.

AL Spoeifications
Bus driver oulpul pin capucitance lowd: Mot 1o excesd 20 pl.
Propogation deliv: Mot o excesd 15 ns

Dviver skow {differonce o propegatier tooe Detwesy slowesl ool Testeel bus driver) Mol oo exceed
g )
25 s,

Reeftall timesr Trarsivion tme fronn 1O 1o 90F% Tar posizies Grandion, and [rom 0% 10 [0 Tae
wegative Transition, must e oo Caster theo 5 os.



574 Bus Heceivers
RDevicos chat reccive siamnals From the 1240 88 D=0 1 s most meet rhe Falloawing reguinercnts,

1) Specificabions C1 hose conditions must be met at worst-case aupply wolmgs, temperaiune, ane sutpat
signal conditions.)

Yo ven vaoy Mmom .75 Vo 522 W,
Inpul L eolioge: 13 Y (s,
Inpart high voligee: L7 W {minimwem)

Musimwm nput feakage currgrn whin copnected oo M Ve KO aA with Ve Betwecca 100V and
5EEV

AL Specifications
Bus recelver inpul pin capacitance bl Mot o excesd 10 pl .
Propagetion delay: Mol o exceel 35 ns

Receiver shew (dillerence in prupapulion e belween slewessl and Caslest reveiver]: Sol e eaces]
25 m=.

ETT KIML1-A Bus Terommiion

The 12090 LSO L Dus must b wermioeted el eacl eod by au appropeiale resisies wwesioalen, A nag of
re=ielors o series Tooum 450V W ground is used e establisl a velage for each Didusestaoal ling when 1hat
L iz 100 Deng drvecat (eegated ) The parallel wopedanse of this padl of resisiees is 25000 The rermenating
rizistors A shown in Figure 3-14, The KERILL-A conains Torminating eesistor netwerks in [H-pin sinple-
in-Inc packages ta provide the 25000 ferminations far the dataaddrese, avachronization, and contral lines
ar 1he processor ond of the hus,

Ty
SAM A

Al

[LISEN M =

TSR 511G~
[T

ELR LTl

Frovcie =14 Bos Lee Tormmmazbin

Some sysrern configuracions da pol pequice weeminaling cesistons a1 the far end of rhe bk 10 the syatem
configuration dngs requice svch weminaden, iU b Uepicelly peovided by o M9I01-Y A cabkle cunnector
modale. Rufes far configuring single- and muluple-backplone syaema are deseribed in Parapraphs 53081
and 2.4.2.



5. T4  Hus Interconnccetion YWiring

I'has patagraph cuntains the clectriew] characterisoies of the bus inveriace, The bus zter faee Cur the module
connectars % provided by one, twe, ar three backplanes, depesnding on the syelen: conlipuretion, Since
ench backplane conteine 9 slots, & svstem may bave & mastmuen of 27 module berfoces w0 e b,

5181 Buackplane Wirioy - The wiring that foteccunnects all device inberface zlots o (e LSL- iz
musl el thie fullowing specilicativns.

|, The ennderors st be armngsd se hay cagl Lt eabiis & chaarcierisig impedance of 120010
(mgasnngd wich ecapecr 10 1he bus Sonuman egizend,

2. Crogstalk trom a palse-driven line to an wndriven line wowhick 1 constant 5 % is applied muwit be
less than 5% of che 5 W, Snte chat worat~case crosstalk is manfested by simultansously driving
gl but one signal ne and measuring che efTece an the ondriven hine.

5. DCoresislonee ol 4 bus seement signal path, w5 meowsured besween the near-end weocinater and
fur-end terminator modoles (neluding all intervening coanectors, cables, buckplane wirig,
vunnector-twdule elch, ele b must nol exceed 2 4

4. DA resiglune ol 2 Dus sepmenl coocoon seleen Dl o measured Detwczn e ear-end
tertintater dod far-eod wermimasaor maodoles (ncludiog all inerveniog sooasslors, salles, hack-
plane wiring, cetocetoc-medule sieh, 1) muat ool cieeod an coguivalent of 240 per signal warh.
Thus, the eempasite signal reurn path de resiseace st aol svpeed 2L divided Ly A0 bus
lings, an 50 mY, Sote that althowgh this camman meturn path s nominaliv az gronnd porent:z!,
the canductance mar [k part of the g wiring; the speodisd low-impadance reorn peth must
be provided by the bus wiring 45 distingnizhed From common system or pewer eround path.

T2 Intrabackplame Bus Wirng - T he woringe chet ineerconnecs the bos conneceor slots witkin vne
contiguius backplone 5 part ol the oversil bus transmission Boe. Due 9 implementation conestraints, the
nominal characteristic impedance of 1200 4 maay not be achigsvable, Disiribuled wicinge capacileoss o
excess of Lhe armount regquiced o achieve e norminal 1200 impedance may ol escesd &0 pE per signal
line per backplane.

S.LE3  Power aid Cromd - Eaclh Dus wlecfoce slot bas cerovelor pus aesipoed Gor 1he Following dg
vl Lt

Yaltage Sumber af Pins

R Yde IMree pins, 4.5 A Tmaximum] per hos device sl
112 e T pins, 3.0 A (maximunzk per bus devioe sl
Cyrouwnmd LCichl pins, shared bv power recurn and s1xnal reloro

The nuisimum allewable curreal per pio & 1.5 A The 43 Vide el De regulaled w 235 and 1he
maxirnum cipple sheuld ool exoeed 100 oV peak-to peak, The +12 VEC sl be reguloned v =349 cad 1he
maxtrnum cipple Jdweuld pul exceed 200 mV peek-lo-peak.

MIXTE
Power 15 unt hused hetween backplanes on any inter-
counecting L5I-11 hus cables.

Tl|
I
]



5.T.RA4  Maintewwnce aond Spare s

Mlaimteannnce Pins — Thero are fs b O SPARE pins por Dios davice slet asasienod e maintenance (AR
AL: BEK !, BLIYL The cadnlenance ping o the hagic S0 aysiem ane nor bused From todabe wo models.
Imstead. al wach Dog dovioe slon, 1he maingnance pins arz shorted together s paire, These ping oozl b
shierled Logether Far seme mndules e aporate, This @linws o mndole o se these pins duriog inlial testing
A Ll goparatg painds, Thie Fzateg is used v BIGETA L for manofaciumiae esie only.

Spare Fins - spane ping are allecated on che Backplane o Gollowes.

5 SPARES — These Tour pns, AR ALLL, BITL, AFI (wilh che exoepuica of AFL in slar 11, arg
reserved Tar the partiowlar wse of o oodwle or sel of modules, They may b esed a5 reer poinms ar for
intermodoie connection. Appropriale wices moel be added [oe Zoweeodule comeeunicacion sinoo
thee ping are ool conopected inoany ware, The processor oscs AFL in ¢lot | as an outpat pin for the
SEUN sipnal. 5 SPARE Llines cannsn De gsed a8 Bus gouzesiions,

I SPARLS - These L pugse AL L fad BLD aeg simnclar (o the B SPARKE s ascep that they ane
lescaited ixow ceaoner ol causes de vollages tooappear na them it s module i insereed backwards. Tse
of Whwse pins s 50l reaommsided,

58 SYSTEM (MOMFHZLURATIONMNS

LEI-L | s svstema can i divided intn twn types. 1 ke first type cnmprises thoes syelems Lhal we ooly one
backakane, (he second v cnrprizing thoss syaems that wie multiple suckplans,, Two seis of rules musl
Be Iellowed when confignring a svstem oo acenmmodits che different elecincs] characieristios of L 1wo
rygs of s¥arems. [haic rwles are listed in Paragraphs 30501 and 2,52

Three characoerstics nf each compenent o an TST-11 bus swstem et be known beluee configuring 2oy
S¥SICTL

. Powerconsumpticn The lotal armoun: of current d2awn FBomohe =5 Yo and 412 Ve power
supplies by all moedules o e svelem.

2. AC bus Isading - The amenn of capacitares a module presents toa b signal line, AC loading
1 enpresied i ac unil loads, where onc ac urin nad cquals 935 plool capaoilance,

3. M bus nading — The amaunt of de lezkrge eurrent & moduls pressnts o oa Bus signal when the
ling is high (nndeiven) 10 loadiag is expressed it cerms of de wnnt loads, whers one de ot Joad
cquals WIS aA (nominal),

Power conswmptim. ac leadime, and de leading speciiications fososach modely e wcloded i 1he
Microcamnurer tueerfaeey fland ok

MOTLE
The av and de liwds snd the power conswmplion of
the proeessur module, ermioaoor mweosbule, amd badck-
Plure miwst b included in determining the fatal s
londing ol o backyplnine,



SE-1

Rules for Conflguring Slagle- Backpline Systens

The Follewing reics apply anly 19 single-bask plane syaiema, Any cxlensing of rhe bos of F che backplanc is
conziderad & mulriple-hackplane sysecm and must he configured aczordingly, A single-hackplane configur-

ation diagrany is shown in Figunz 5-13,

1

ke bus can aceommoedate modules <hat heve wp o 20w Juads (uotal) before oo additunal
tarmicscion % reguired. The processor has on-hoame wermitacon for one ond of the bus, 15 more
thar 200 wo lowds are incleded, the ocher end of the bus el be werminesed with 1240 68

A rerminated bus can accommedate modugs commprising ap s 35 ac loads (uotal)

The bus viz avsomeenodate rmadoles up w200 e Joads (el

The bus signal linee ou e backplane can T up 1o 3546 om 014 ind long,

| Rkl KL W RE . |
o0 -4 N VAL

S R ¢
. [ | |
uE NF . ARTINHLL
—_— i LI | UH T g
Lass LG LAY
+ 5
Ay o . 4 Aoy
- Ty Al AL B
= 20 OF LDARS -
FACLESS LIIr4
A -

bign=e 3-7 5 Single-Mackplire Carligur:ticn

82 Roles Tor Condlgering hMuoMiple Backplang Svsremns
SMuluple-haekplane sysicms can con@ain 3 madinmes oF threg acknlancs. A configuracion diagram for 3
miltiple-tackplane sysrem is shrwn in Figure 5-1é.

1.

Fd

The sipnal lines nn each backplane can be up w2334 cm {10130 o0

Cuch backplens can socummodate modoles thet heve ap o 20 a0 loads Qwotal), Toosed oo loads
Mo one backplane muy not be added 10 2nother backplane 11 the second buckpline losding
will exceed 20 wo ouds, TUs desirable o Juad back planes equally oo witi e boshest ac leads in
Lhe [irst eod second buckplanes.

D loading of all iodulee o all Dackplages camel cxeesd 13 Jeads (Lelal)
The fies: Dackplane el have oo onpedanee of 120002 copeined via 0 proeessar mnduls ) The

secend backplane §s lerrousabed by 1208 restser movworks concaieed an the calle congetor
nsericd in e thied Dackplanc,

T'I
b
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5. The cables sonnectine the backplanes st abserve the Tollowing roles,
w. The cableid conmesting the Tirst veeo baskplascse oos, be &0 cinn 2 [0rae greatar i lenglh

L. The cabledsY connectong the secoerd Douckplozs v e ied Dagkplame oz he 22 am id )
longer or shocter Loan The ceiole(sk conpectizg e Fist and eoond backplanes.
-

e The combined Jengddy of oy cables o0 ont cxezed RN moiTh “T

d, The calxles gsed st have § chazactaristic -mpedanec nf 12004

R I'ower Supply Loading
Tota? power reguiramenrs for cach backplane can be deermined by obtoenimg the al powwer reguire-

ments far cach meddule it che backplanc, Ohoain separate tatals Tor 5 % and 12V power. Puwer
requirements for cach modile arc specified in the Micrcampurer ferfizes e Do,

12 not atten:nt o dstribute oower v che 151-10 bws cables inoenuluple-Doack plone erstoms, TProvile
separate, prrclprur.w. puweT wiring Froor cich power suppiv W each LS-;L\.-LFI'J.[II:' Cavh pewsr *:I.I|'I["‘|'- sliouls]
ke -..-.JF:.3|'.l|L af aserting BPO 11 and BTXZOK I m"nula avourding w e protece] This & ecausd 4
AuLamatic power-iail Arestatl progeraocs ars implemented or iFspecilic eripborals cegquics an o der |';' L
down Ralt sequence. Tae proper wse of e BPOR T1 and BDOOE T aipoals s sizengly soonmmg ndasd
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CHATPTER &
ADDRESSING MODES AND BASE INSTRUCTION SLT

&1 INTRODLCTION

The Mest pert of Uue cliepler e divided inlu sty oejor sectivis de lollows,

*  Spgle-Operand Addeeszing - Ooe part ol ie wstroction word specifics g repisers 1oe aer
part peovides ifocation e Jocating (e opoeand.

L] Double-Operand Addressing, — Ong pard of the ingtructina word specifics the registers, (he
remining pares provids informarion for locading rwa aprands.

. I¥ircet Addrassing - The operand is the onatent of the sclected repister.

¢ [eferred (Indirect) Addrossing — Fhe concenes of the scicoted rogister b5 the address of the
operand.

*  Lseof the PC ey u General-Purpose Bepister - The PC e dilTerenl Toem other general-puross
TensLers In one inporlant respect. Whenever the provsssor retoieves suinslroclion. iU coloriali-
vally sdvences the PO by 20 By combiniog s avioroaie advancement of the M2 owill Jeer of
the hasic addressing modes, we produce the Cour special BT medes mediawe. absealule,
celative, and reiative-delecced,

L] Vs of the Slack Poinier 2z 3 Genceal-Purpese Begiaer — renersl-pyrpese segisters can be wsed
for stack operaciong

The sccond part of chis chapoor describes sach of the instruezions mothe KX -A& AT eonon sst.

6.2 ADNDEESSING VMONES
[raty stored 1 memory muose be accessed wnd menipalated. Data handling 15 specified by o KTiFET-A
mstruction C3WON, A DY, ete) which usuadle specilies Lthe Tollawinp.

#  The [unction W be erformed (operalion code)

*  The peneral-purpose refisler ta be used when localing e source operiodd, sod Sor dastizitioen
vperind (wlhers required)

#  The addecszing, mode, which specilies how (he selesied wegizters are te he nscd

A large partian of the data handled by a compoter is semenieed (in characrer strings, arrayy, ks, e
The K121 1-A addressing mades provide tor officient and Aexinle handhng nf scroctured data.

f-1



A gencral-purpose repisier may he used with anoinscruction o ane of <he Jollywine wuys
1. Ay e; accumulator = The data o be maninulzied sesdes in the replalen

2. As s pointer - The sontents of the reetstes s e addoess o an epecand. ratber Lo e operand
iLsell.

Vo As o pourler dmal aulormetically steps through memicey Jocelions - Auusmatcally stepping
lorwurd Lhrough conseculive ocotione s koows as celainceone i addecssing; antamatically
slepping, backwards e keown us geiodecremcol cddressing, These todss arg particularly wseful
lor peecessing abular or aceay dala,

d. A an indey rogister — In this irsrance, the cantents af the rogisser and the ware Following the
ArrEetion are summed moprodies ke address ot the operand. Thes silovws casy ocess be
wariahle enirizs i oa liss,

Aqn impertant KI2J1T1-A feacore, whoeh should be conmsiderec with che addressioe moedes, = Uhe cepisier
ArTANESMEanL.

* Twoeels of aix general-purposs sepisers (RO-TS and RO K3
A hardware stack painler (ST reaisler (RA) Tor sach processar mcde Cherncl, supoeyisor, wser)
* A program cosoter (PO reaister (V)
Begisters RO-R5 and B0 -R3" are aor dedicaied e any specilic Fungtion; their pse i= deterrined by the
inslcwction il s decoded.
*  They can he naed for operand arerage. For smamale, the contents of two registers can be added
and stergd in anather regigier.
*  T'hey can eontain the address oF an nperand or sorve as poineers o toe addrss of 2o operaod.
*  They can be wsed for che autoimersmene or autudecrement Teasures

o They van be used as index reeeless for conrenienl Jale amd profcaon wixcss.

The EDOJE-A @lso has insleacton eddressing mode sonbinaucns that facibilale wnparaey data storage
stouclures, Thess can be used Jor convenent Iendliog of dasa dal cnust be aecsssed Progquently. This is
kaowa as slack mampulation, The eegister 1hal keeps vask of stack maaipularion is keown as che stack
pointer (5PF Any registor can bo vsed as o aack poinger sndor program contral; howeser, cercain
insbrwcrions gssociated with subrooting linkage and inferrups service aweimaticaly wse rigister Hb as o
“hardware stack peivcer.” For this reason, Knois fregquently referred tnoas the 8p

#  T'he stack pointer {5P) keeps track of the latest enory sn the stack.

#  The stack pointer moves dewn as itetns are added te the sack 2nd moves wpoae fems ere
removed. Therelore, the stack pouinter always poinc: 1o the op ol the stack.

o The haodwure stack 15 wsed dunng trap o interrupl Laodbog Lo stoee ol eromatioon, allowing, al
urderly cetura Lo Uie interTupled progam.

Bogister BT is used by the processor as il progii counter (MY, I s recemmended 1hat BT not he usod
As A stack painter ac acowmulater, Whenever an mnstruction is fershed fram memary, the program counter
ig autarmatically ingremented by owa ta peine ta the nexo inst-uerion ward.
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6.2.1 Sngie-Operand Addressing
The instrugtion Farmar For ali zirglc-aperand mstroctions (sued a: O PNCUTUST R shewn i Fipnrg 6- 1.

Hitz -l Sl specity rhe opcration cnde thar defines the typs of inscrcetion w be sxeoutsd.

Hitz =03:0000:= form a n-bit field called the deszimtion address fizld, The desomaoion adaress field somsses
of ta subficids:

# Bies 508 apecily the descinetion mode, B0 B 45 sel w indicaee delerresd {indirect)
addressing.

*  Bite ~202:000 specily whick of the & meperel-purpose cepisiens s o b oeelerenced by Lhis
inslouction wand,

kLN | Iin

[mEgta i ZERTINATIC . wDN3ERS

S L)

Figuoe 9-1  Sizle-Dpeand Add ez

6.2.1  Deulde-Dpernnd Addressinge

Operations thal Doply e operands (sucl s ADDE, SUIR, MO, and CMP) anz bandled by insrroccions
Ml apecily two addeesses, The (ust aperand 13 aalled the source operand; the soeond i called che
dustination apesand. Bl assignmens in (e source and destingtion sddress licids may specdy difTerent
mizdes and ditfereny regiaters, The inarmeetion Tog et For the donble epersnd instruction 15 showa in Faoce
62,

The source address fuesld s wsed v seleet the soures operand (Lhe el cperandh, The destsiion 1% used
similarly, and locates the sccond nperand snd the result. For esample. the melrocucs ADC AL B adds e
anntents (source opersnd) of locetion A o the conlenl (destnatim: opernd] of Jocation B AFler
execution, B wtil contan the resull of the additon und e condents o A will b onshanged.

AP Ol f I 1= : il : ™

SIRCE 6 Z3REESE SERTINATICN ARDA E35

Pt

Fere &0 ks Clpemard Aildressinge



Examples in s pocaarapl and the cest ol Lhe chepier use the Tudlow g swngle KTV -A toslrosizone., (A
campleg listing of e BEDAL A nslcuctiens appeacs i Taragronb &30

AT nemandie Pescription Ovtol Code™
1K Clzar. (Fcrn the speeified destination.) (RN ] ]
CILER Clear Dvte. (Fera the byte in the specificd [0S0

destinatian.)

IMC Incremnend. (Add one w content of Lhe IKIS2IH Y
destinucion.)

[MLH Laercment vt (AGd ane o L coanients of 105200
he deslimation by

COM Camplzrment. {Replags the conreres of 1he Qos o0
destinglion hy its lagiei complement;
cach [ hit iz se2 and cach 1 hif s
clearad. b

COMB Complement byte. |Replace the coneeno of 311303
Lhe descinetion bvte by ity lopical
complement: each b b 15 sot wed cuch
L bil iy cleared.)

ADD Addl LAdd she suacee operend o the paSS00D
destination vperand and swore e resull
al e destioalion addrese.)

‘TN — clestnatan Tield i= % Lirce)

B — simree Fall fxsix hilz)
(3 = oonients of

&2 Direct Addressing
The fulluswing summarizes the four basic modes used with dircer acdressing.

Direct Modes {Fieures 6-2 o b-p)

Avsembler
inde Mame Syolux Funclivn
L Regiatcr Ra Repisler conluins wperand.
A5 LT IR ~ FFFaHn

JR PP

Fignre /1 Miads 10 Regiccer



Assembler
Mode ™ um Synlux Luiectint

2 Autuneramenl VIR Register is uscd 23 @ peicer o sequengial data
and then incrgmenrod,

INETFUZTIOW |— -4 e7SFESR | - JFSRANZ

= 3 RO AR,
=LFOF Dy7L

ALy
Fipre 44 Mo 2 Aarcinzremenl
Assembler
Rlode Mame Syntax T Licein
4 Autodecrement Rt Regiser is deoremeniad and then wsed a-
EETH N
NETAAITIC v 4OZRESS BT | PERAND
,...,H_T.- A FOREYTE | | I
N
Frzusc A=5 hfode 4 Awledecrssent
Assembler
Mlasde Name Syniun ot bon
£ Tndex KiRo) Yalue X is added tn (K1) ta procuse addres
of pperand. Meirher X nor (Hnp i modilied.
InATALETION ASDRESS

1 WL MR

“HL4Ls

Figre Gai: Senke £ 1cles



6231 Register Mode - Wilh regisler mede sony of the genceal segiswers may beowsed g simple
accumulators, with e vperand cuntained in lhe selecled regisler, Sinsg they are hardware regisiers
fwithin the processer). the peneral repisters operale al higlk specds and provide spead advanages when
wsed Tur wperating on Irequenlly secmsed voriobles. The assembler interprens aad assembles instroctions of
the furm OPR Rooas repisler mode opeeations Ro pepeesents o general registar nare or nzmber and OFR
s owsed to represent o opeoeral stroction mnccnoaie, Assembler svrray reguives that 3 peneral cegnsler be
defined s [ullows.

B = 50 (% sign indicates register definicion)
Bl =41
K2 — %2, ctc.

Eeopisters are typicaliy referred to by name as BIL BRI, B2 RL B4 Bi B6, and BT, However, R and BT
are also referred tnoas SP and PO, respoctivels.

Register ¥iode Examples (Figures 6-7 w (-8
l. Sy mhuslic O Lal Code Tnstenrdon Name
I~C B3 Q0A203 Inaremend

Crpeerative: Auld coe Lo the coatents of general-purpase regismes B3

) s Ja LA 'L E [EH

i o ] 1 a I ] . u T " I a ! 1 SR
; . ) L . . L ' . ¢ ZBIETEF

P %

AP DG 2SS IMCIaCRC] LS nm =1Lz

DL L L

Figuoe a-7 LN RS Taereawen:
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P Symbaliv Dctal Code Insometion M

ADD Rz, Rd 116A0204 Add

Operation: Add the centents of B2 o the conweno of K4

JEFCHE ~FTEF:

[ [ b ] R L0z |

4 CCoOH ki 0L |

SRt R

Fignes =5 AT R™E2 a8

1. Symholic Ociul e Insdouclivn Mume
COMBA R4 195104 Comnpiemsul byle

Operetion: |5 complement hirs <07 D0 (ovwe on B (W e peneral cegisiors are used, by e dnst volions
operate only on bits <0000 e, Dvwe Dol e regisler,)

1L 7 2RE A STER
—

F"-| [ Fid B B
PITEA

brgwre B8 CORIE e Conrplerzn, Hyte

6.2.3.2  Awleincrenwenl Mode [DPR (Bn) ] - Tais nwode (mede 21 prowides For aotoamatic stepoing ol 3
pourter Ueowglt sequential eleccents of o sable of operends. It assumes the conmens o the seleceee pemeral-
purpase repistor W be e addeess of e operanl, Cunlenls of regrislers are stepped (by one Tor bete
instrugtions, by twed for word wstruclivoe., awavs by beo Jur Be and B7) to address the nest ssquenial
lacaricn. The aueinceemenn? mods & especially wselul Tor array processing and stack processiae. Teowdl
acegss an glement o a table and then step dic pototer W address e eest cperand in te table, Altoueh
mcar weeful for tahie handling, 1his mede 23 complelcly general aed may e used Tor a varisly of purpuses.



Autoinerement Yode Examples 4Fieares &-10 Lo 6-22)
l. Symbulic Oedol Comle Instrnclivn Mame
CLR [R5+ DOsp2s Clea

Opcralion: Lse oontents of RS as (e addeess of 10 operand, Clean selectsd aperand and chen increment
the conlents of B3 Ty fwe,

BEFOKL EFTFEi1
£ aTRFEE SPACE AFIISTRA A SDRESE EPAGE FEG STER
Pl L R Fz EEFR | 1030 [ N ] 'k i R
. :
" T
EHE B IR ERIRETE ] H I I R
i
mpird
Fere &1 CLIE RS+ Clzer
2. Sy mbulic Oepal Cade Insrrucrion Mame
CIRER IR 1054125 {lcar e

Eyperarinn: Vae conreats of B3 as the addross of the operand. Clear selectsd beie operamd o then
iggrement rhe contents of B3 by one.

1k S AF1EN
AT 550 aF FETEA TR RN S5 Gpars AEGISTEF
2000 | ceros ro | oz seom | nun i | ransm
]
T I
ez | 0 e axn | 11| L
ICED0Z | Az |
1 1

W

Fizuse f-i1 CLEB (RT3 Cleas Bews



. Symbnlic Cretul Cade Instruction ™amc:
AR KL R4 (1622014 Add

Crperation: The contents of B2 are used ao the address ol the vperand. wbich 15 added 10 e sontenis of
K4, K2 3 then incremented by 1w,

ELFIRL AFTER
EET LY R AR RS Ly B0 AODR SR8 5 ACES FZG STEFRS
A0 | ot | | 57 IR HH 137500 [n ey | FZ 1 a0
L] [N H W) 14 L300
[0 nn b HIl N RLERHIES Mo’y
[ THHE R

Vigare 4-12 A1 (B2~ led Achd

6.2.3.3 Auiedeervment Mode [OPRAEn)] - Thiz roode noode 30 35 wselol Tor processioe dada inoa lisl i
reverse diceclion, The contents ol Lhe selecied penecal- porpuse cemsler cre Jecccmentod by ong Lor e
melonuctons, by twa Juz word Joetructenst aod then used as the addecss ol 1he operand, Tlie chauee of
pastizcre el prodecreoen featuces Cor (he BEDVLL-A were 008 ackileaey decisions, Dot wepg impeaded oo
Taciitade Dardware/soliware slock operativns.

Autadecrement Made Examples (Fipurcs 6-13 1a a-15)
l. Svmhnlic eeal § onde [nsrructinn ame
MO — RO D240 Incre ment

Operstion: The contenez of B g degromeangd by ooy and ysgd as the address ol the operaml. The
aperand is incrgmented Ty oo,

BE FUH! AFTLIE
A2 ZFEES SFACs Az4EISTEFRS A RESE EFALE el LK
1K oCelan ac | J1IE o fLRerL L) S0 Lrrd
17974 [ERHR R T [LERHH]

Fooge G-12 0 [ < B0 ocroinierd

&9



2. Syilolic Ovtul Code Instruction Mame
INCR — RO} L5240 Dergrnent byle

Clperatinn; The ennrenls of B0 are deeromiied by one and L wsed ae the address of the opecanl, The
cperand Invos s ingrepsed by one,

BE 1 LIHE aUTEA
naDREDS RRAnE REZIZETER &2DRESE EP~CE AEZIETEA
1051 SRl E1 e Tag 1390 | 1N5=40 [21H [ H e L]
I
T T T
LR R T R R AT LR I I e T
1 1
L] 1
IrriE 1 1770 |
1 1
L Rl |
lignre £-14 IRCE < ROT Irareraent Pars
3. Lvmheolic Ocial e lstrucHan Mame
ALMY —[H3)EAl (- 31K) A

Operation: The contents af B3 are decremented by o and then wsed as o painter oan amerand (souroe),
which is sdded w the contents of BRI (dostinatinm operand).

HE Frisii &FTHIE
ADDORE 2% EFACE Atii SIEL AOCRESY 5400

o 3333 Fa | awwsn ez | XEAE0N Fil

NN
COIXI0
R3 i F3 | RCaCicer | |

T4 L LT T i

TITIS FIYTS

HE L

Figure =15 AL = 1ILEG Al

f-11)



234 Index Mode [OFR X{Hn} - In thiz mode (mads 63 the canteats af 1he seleewed peneval-pospose
register, and an index word fofllowing the instraction woed, aec sumumed 1o torm the addross of the
aperand. The eantents of the scleercd register mav be wsed a3 a base Far aalonlariag a serice of addrosses,
thus allowing randiom acecess te elements of daga serocoares, The selected regisger can then b moditied by
progeram bos aooess daty in the tehle. Index addressing instructinns are of che farm QPR XTERY, wherg X is
the indexed wird locuted in the memory loeatian Fallowing the instruction word and B s the sclected

penerdl-purpose register.

Index Mode Exumples (Fipures 8-16 o 6-L8]

1. Svibellc

C1R 2000R4d)

Operutiom: The address of the aporand e determingd &y adding 200 ta che contents of B4, The aperand

lscatinm 15 then clearcd.

(2004
Q200

Oeind Tl

2EFORE
& 3FERS Apaf LI L
— 2Ered Fi Gy T
[ T 10:2
_— T 10d
-3k
K
"
o 17773 S0
120z

Fimurs &=

TIslruclicn Name

Clear

BFTER

SODFZE5 37428

b S Bk H

e Ak H

CLE ZBSy Cas

IFECIST=A

e o

PO ER



L Symbinlic el {nde Instroction Mame

COME 200(R1Y L0516T Complement byete
EII0h 200

Orpecation: The contents of 4 Jocation. which are determined by adding 200 o the contents of K1 ame 1%
complemented (e, logically complementesd).

EEFJFRE 4FTEA
AL 1AL IEEHETING £ ARl S ST I GIATFE
Tl F1 O | 10zC LRl Rl nrerar
T o LK Bl
[ Bk
12700
RIMNM
T
L H AR BE L
T ATl :
Figure R-i7 CUAH 230K 12 Complemesd Bl
1 Symbulic Chetul Code Lastructhon o
ADD IR2LI0(RS) LT Add
WL IR
DI

Cperation: The contents of a lecation, which are determined oy adding 3k to che coatenls of B2, are added
o the concents of a fncation that is determined by adding 20w the comtents of RS The result s stored at
the destination address, chat is, 2R S

BEFUIKE a1 FA
AHZJFEEE ZPSCE FE[ TR A20RESE ZFACE REZIZTEF
122G OERZER i: LR Y e JanzeE FZ L1133
Llir HE Mk e JK0E0
15324 DL RH 11t 105300 1z TR 3] i H ] J'
175 i vl N R
] [HH N3] | b= e | LD
Tkl FILRI
=) +:A0
11533 2a0
[N ]

Pigure h IR AR SMIL2LAE RS Acld

g-12



024 Deferred (Indirectt Addressiop

The tour hasic modes may aiso be used with deferred addressing. Whereas in regster mode che nperand is
the contents of the slecied repister. in rerislec-lelermel mode the cuntents of the selected repister 4 the
address af the operand.

In the three ather deferred mades, (he contents of the repis ler select the address of the operunl rather than
the operand isclf. These mades arc therefore used when a whle consiats ol wddresses rather then operands.
The assembler syntax for indicating deforred addressing s @ [or € when his I5 nol ambipuows). The
lelluwing summarizes che deferred wersions of the Dasic oedes,

Delerred Modes (MNipures 6-1% ta 6-22)

Asscmbler
RMode Mame Syntax Punction
| Eecgisigr-
deferred eeBo or (Ba) Benisler conluins e address of the uperand.
l SMETIITIC H  AZDRESS H GOFEFAHD
Feire & 19 biads | Begtsesr-Dede ral
Assemhler
Mode Mnine Symbax Function
i Anlaineremnent-
deforred o)+ Repister 15 lest osed as o pointer oo word

conlaining the addreze of the operand and then
inceercenled (ulwavs by lwo, even lor bete
wstrucLive.).

1ok L | TR ACSFESS —--! A LLRELE I AR 3

Figuze 0220 vode 3 Agatzimeieeienl-Deeeed

f-113



Mode

Muode

--1

Assembler

Mame Symbax Funtion

Aulodecrement-

Jelerced w—[En} Repister 15 decroooented [alwats by two, ¢ven
[or owle mstruciians) and thea uzed as a pownt-
er Lo o word containwmg e addecss of 1he
apeTald.

HETRUCT. IH ADCAFSS . -2 H ADDREZZ -F CEERAN D
L
Fipwe =21 Mode 5 Aancadzaremer Desferad
Asxembler

Name Syniux Funttivn

Index-delecred wX{Tin} Value X {stored in a word Jollowimg (be
imstruction) and (Ba) vee adilded; e sum =
used ue u pooler e @ owond cunlaoniog Lhe
addreess of the operand. MNewher X oor (Rit] &
imacdified.

IHY U] U

GG ZFEES _|-
4|_©— ACCFESE i LIPL I VHII

Topere 127 Blode 7 1fax Dheerrsd

G-14



The following exsnples Wusirate the deflecced modes.

Reglster-1eferred Mode Example (Figure 6-23]
Symbalic Cigral Clode Instructinm ™Mame
CLR @&hE [0S0 5 Clear

Crperation: The contents of location specificd in RS ane cicancd.

BEFOHE LFTER
ADDEEZ: EPaGE FEC.5T=R ADLAFLS ZFACE RECISTZA
1Ko L o 731 1ATT Fo CCITa0
100 HITHRH ] Lo P R
—

oLLE 1Y

Figu~e 23 L1 E GBS Cleer

Autoioerement-Dieferred Mode Example {(Mode 3) {Fipure 0-243
Symbulic Oeral Code Instruction MName
INC B2+ dos232 Tnerement

Operatine The contents of B2 wre wsed us the addree of the wldress of e epecand, The operamd
msreased by one; the contenls of B2 are incremented by 1w,

HI TUHZ &l ILH
B ORELDE SPAL A1 G S arF FEGSTER
14 [ orean:

HH k] IR

In. 2 11z
1.9 L T PUH A (R T

CLATEH

Pigeare & 22 I (iR 2= Imcrerenl



Autodecremnent-Deferred Mode Example (hMode 5p (Figuc 6-23)
Symhalic Chetal Cade
COM & (R Q03150

Crperativie The conlenls of RO ere decremented by tww und then wsed as the address of (e address ol 1be
operand. The operund = Uy complemented (e, locwally complemenled).

AEFNR-: LFTER

a1 5755 FFACE [ L ADDASZZ 5 LlE AZ5IETER
MY B KU AT g (TR I mMiRTd
121706 Ly ue

T
HEEE| e [HOE HIDEER
REEH (RO
rdl "%
Fovre 825 L0 1 =110 Conplorierd

Indéx~Delerred Mode Example (dMode 7] (Figuee 6-26]

Symbolic Creral Code Instruction Mame
A0 00k B2, H G720 Add
CIChEEICH]

Operation: 100 and the contents of B2 are sumimed o produce the addeess of te addecse of dic scurce
operand, the contents of which wre added to the contents ol B1; the result & stored i B,

anFall 4FTER
£ Al RS SALE RF- 15TF3 & aRFSS ZPACE RECIRTER
100 Iarm 1 rmizH I IIC | Rl il H
R HIH 1Az R
10iz ) "" it Fz o ] | fa 0 100
e oA I|
1431 20000z L HET] wArn?
L — .
10 SN (Bl RaRTEE
3
T
- A
TR
[TRMLT AL
Figues = 50 AN o IODG R BT Audi

fi- Lt



#.2.5  llse of the P17 as a General- Purpase Register

Althouph repister 7 35 a wencral-purposs negister, it doubles in fonetion as the program counler Tor U
EDTLI-A. Whengver the procewsnr wicw the pragram connce te aoguire & ward from memery. 1he
program cuunler s automatically ineremented by teo tn coneain the address of the rexe waed af the
mlreclion being eaeculed or the uddress of the next instruction o be sxecuted. {When the program uses
lhe T 10 locate byte duta, the PC 35 soill ineremented by twe.)

The PO responds e all the standard KD L-A addressing mudes. However, with four of these nodes che
M can peovide advantages [or handling posilive-independent cods and wnstructured data. When utilzne
the PO, these mades are lermed wunmediate, abselute {ur docnediale-delerred ], relalive. and relative-
diterred. The modes are summarized below.

Aszemhler

Mude Mame Syorax Finictbon

2 Immediate 4n Cmerand fallaws instriccion.

3 Absolute e Y Absnlute address of nperand follnws
instructinm.

] Felative A Relative address (index valuel Fallows the
instruction.

7 Relative-

defierred i lodes vulue {slered io the word wlier the

usteuctiont w e relutive addeess Tor Lhe
addess of Lhe cperand.

When a standucd program ie available for ditferent weers, it i often helpdel 1o be akle w foad QL into
different areas of memaory and run it in thase areas, The KDJLI-A can aceomplish the eclocation of a
program very eTiciently through the use of position-independent code (PLC), which is weitten by psiog (be
PC addressinge mudes. If an instroction and its operands arg moved insuch aoeeay chat the reladve distance

belween them s not altered,
the satoe offsel relulive to the PO cun be wsed in all positions in memary. Thus, PIC msually references

locatons relutive Lo Lhe curcent location.

The T also geearly facilitales the bandbing of unstructured doeta. Thas is pardealarly true of the immediats
and relative modes.

A-17F



6.2.51 [mmediate Moede [GFR #0001 - Immediace mode {made 2395 squivaleant in use ta the aotoinere-
meni muode with Lthe PC. Tt provides time improvements for aceessing constent aperends by including the
conslunl i the memory localion immediately followinge the instruction woed.

[onsdiie dode Exumple iFipure 6-27)

Symibalic Chetal Code [ustruction Mo
AN £10.R0 Q62700 Add
Q14

Operation: The value 100y located it the sceond ward of the instrccion and is addad to the eameents af Bk
Just before this instruction is fetched and executed, the PO paintz o the first ward af the instruction. The
processor fotches the firse word and increments che PC by twao, The sowree operand mode is 27 {antaincre-
ment the P Thus, che PC s wicd as a poincer to fetch the operand {the scennd werd of the instructinn
before it 15 imeremented by two tn point tn the nest instraction.

BEFCAE LA
a O0 5 =55 SF alF AZ5I5TFR AL 5 5wl R =i 5 TFF
1 LHEZSFL by Rl KRG 1 2ad 6 re HH [SH I T i ]
- . - -
10zz oty sC 1072 AN A
nra 1M

VRPIRd

Firurs: 277 ADD < DR Add

6.1.5.2 Absvlute Addressing Mode [OPR @2AF This made {mode 3] i che equivalent of immediate-
defeceed wr wuloincremen l-deferred wsine the PC. The enntents of the location Following the instruceion are
lukeo a8 the oddres of the operund. Tmmediste daty 15 incerpreted @5 an absnlute address i, an address
thar remaiws coiislaol oo matler where in memory the assemnbled instructiun 15 executed).



Alsodute Mode Examples (Figurcs &28 and 6-29)

L, Symhbalic {hctal {ade Imsitruction Mame
CLR gl 100 (03037 Clear
001104

Operation: Clear the contenls of locatien 1100,

LT IR LFTER
M2 2B RS S & VaFFEE ERSCE
it XELET \ x| | CCOOs?
F [HH R A L AR [HIAR [ A] o
M /
110 NI EENH
112
THL R
Cipene 4-25  CLE w #1200 Cloer
x Symbulic Oweal Code Iastruciion Nonw
ADTY g 2000, 2 Qa3703 Addd
Q02000
Operalie: Add contents of Jocatwon 20K o B3,
EEFOFRE AFTEN
ULt Hilg 5101 S G et AEsl: LI
21 [ e oy '.\\ Fz [H I x] ) [HiX R 2 (KRNI

23 AN 'L r LE o) B B [EH

[ L /
a2 2

23x L P 1) 200 ooacn

Figure 5-28 AN i 320N Add

&-14



6.2.5.3 Relative addressing Mode [OTR A or DR X{PC) - This mads {mede 61 i agsembled az indey
mude wstng BT, The base of 1be address caleulalion, which & slored i 1be second or third ward of the
inslruclion, is nal 1he address of the epecand, bol (he numbce which, when added ta the (P, bocomey the
address of Lhe operand, This made s wsefol For writing position-independent ande sinee the locatian
eeferenced 18 always fixed relative to the PO When instmictions anz o he relaeazed, the operand iz moved
by 1he same amonnt, The instructinn (PR XPC i intorproted as X is che location of A relative w the

I

Relative Addressing Mode Example (Tigore 6-301

Symbulic Che lal Code Instruciion Mmune
INC A Qos2e? [ncremicnt
Q00054

Orperation: To insrement lecation A, contents of memary location inumediately following inarrwccion wiord
are added w (Y o produce address A Contents of A are Inersased By ong.

L\LFLARE AI'TCA
A LFERS 5RANT LAl S A
TIZEN [HiLrarh '.\ IN23 N752ET
H A4 " Inzz J0Cha
124 I0z4 -—FL
AHE “LiH
1100 20000 . 1100 e n |

THA

Fipnre S0 T80 A firarzmeid

6.2.5.4 Relative-1deferred Addressing Mode [PE @A or OFR &@X(PCY - Thie mode (mode 7 5
similar tn relative mode, except that the sscond wornd of the mstruction. when odded w 1he T, containg
the address of the address of the operand, cudher than the addeess of (e operand. The instrusiion PR
GEXOPC) i imlerpreted as X = the localiun conluioing the address of A, eelarive 1o the T

Relativi=Dveferced BMode Example (Figure 6-31)

Symbolic Ctal Code Insiraction Mame
CLIZ e Ons0TT Clzur
CIWIC1240

Operation: Add second word of instroction to updated PO e prudeace addeess of address of operand, Clear
apcrand.

-0



BEFORE AFTER

LT A A0OLSEE ERAGE
L N n ] ol P = DT M, 12l AN
(HES T Tan T dw; Fr
.. o
IPC. "C33] "CAL L Ml P
124
J‘ 1044
koL G310 104 Al
HH B Rl 100 1 N300

HT

Fignm= i W LR A Clea

6.2.6 TUse of the Siuck Poinder 25 3 General=-Purpose Register

The prucessor stack pointer (5P, register 6) 15, In most cases, the peneral repiler weed fur the stack
operalivns telaled o procram nesting. Aulodecrement with resister & “poshes™ dala onto the stack, amd
sutoincrement with register & “pops™ data ofl the stack. Since the 5P w used by the prucessor fuc inlerrupt
handling, it kus a special atlcibole: serotnerements and autulecrements are alwore dune i slepe of La,
Byite operations using the 5T i thie woy Jewve vdd addresses uncood ilied.

6.3 INSTRLLCTION SET

The rest of this chapler deseribes (he KDJIL-A instewclion sl The eaplacation of <ach instructiion
inchades 1he instrustion’'s moemoenic, ootal aode, Dinay «ode. a diageam sheowing the foemal of che
inscruccion, 3 symbalic patation descrilving its execution and effest on the condition cudes. a description,
special comments, and cramples. Bach cxplanacion is headed by its muemanic. When the saord instrwcrion
has A byte equivalent, the by mngmonic also apnears,

The diwpram that sceompanies sach instruction shows the ootal op code, hinary op code, and bit assign-
ments. [Mote that in byte instructions, the mast significant bit (hit 15F 15 always 4 anec.]

Svmbuols:
1} = coments of v — Booleun OR
e 0f §1¢ = source address v = gxclusive OR
17 ar dst = destination address ~ = Boaleen nul
loe — | cion EE{x av B = re@msler
— becomes H = by
T — “i5 popped rom stack” B - 0 for ward, | far byne
L = "5 pueshed unto stack” . = Somearcnacd

A= Boolean AMD

t-21



631 TInstruction Formats
The lollowing Fformats include all instructions wsed in the KIDJ11-A, Kefer to individwal insoroctions for
miare detailed information.

1. Single-Operand Group: CLER, CLRB, OO, SO, TNC, TNCT,
(Figure &-32) DEC, DECH. NEG, NEGH, ADC, ADRCT,
SHC. SBCE. TST, TSTH, ROR, RORD.
ROL., ROLE. ASE. ASKED. ASL. ASLE.
IMP. 5WAB MFPS. MTFS, SXT,
TSTHET. WRTLCK, XOR

B o xl

[HIR AL DLz

[ELEL I

Fopure 5-32 Sicnle-Ciperaag Drzop

2. Dryuble-Operand Group:

i, Group 1 BIT. BITE. BIC. BICE, BIS. BISB.
(Figure 5-33) ADD, 5UDG, MOV, MOYD, CMP, CMI'B
k 17 11 LE & Ll
NP CADE gy oo
Iigicre A3 Thauble-Crperiend Grep |
b, Group L MASH, ASHC, DIV, MUL
(Figure 5-34)
15 E 14; ki (] 0
| | 1 1 I | |
SO HE ] .
] R N ] 1 i ] ; 1 !

FFignte & 1d Mhable Ca=mmel Ceep 2

f3-22



Program Cuntrel Sroop:

4.  Brunch (ull brunch instructions] (1 igure 6-35)

T T T T T T
t F CODE CTFIET

" 1

THLIRZ

Tipnrs %3 Prapeapy Cansal Drzap Branch

T Jump to Subroutioe {J5E) {Figure 8- 16)

14 il 05 F 5 14,

LY B

Figure f-20 Mrogiee Coatns Linoags JIE

¢.  SBubroutine BEeturn (K TSp (THgure 6-37)

‘L ] g L
— T : 1 r =
|[ L ] L i L F
1 ! L d L L 1
LT |

FCignog 6-27 Provrang Conoool Graep BIS

d. Traps (beeakpoant, IOT, EMT, TRAP, OFT) (Figure 6-38)

-5 LTdL

Figare §-18  Pregrm Comrel S Trrss

613




Subtract | and Braoch (it = 0 (20B) {Figur: 637

r N o LG
] 1 1 1 ] 1 1 1
1 I F LT
L ; 1 1 1 i 1 1 |
LS A
Fizusy 0225 FProsrage Ooonsl {i?.u_p Salitray
Mark (Tgure 6-340)
o " iz )
T T T T T T T T
i u} H J MM
L 1 1 ] | | i 1 | | L I
.
Pisgure & 40 b~k
Cull to Supervisor hMode (CEMI (Fypure 6413
e A N
I I I I I I I I
a n i r z
L 1 1 1 | 1 L 1 1 1 L 1
EALELR b 4d
Figusz 0-41 2l 1 Super ez Mode
Set Priority Level (SPL) {Figure &-42)
13 I ) wl
I I I I 1 1 I 1 I I
] L 1 2 z
1 ] 1 1 L L ] 1
His a

Eizurs C-42 5e1 Priorify Levesl



4. Operace Gimoup: HaALT, WAIT, R, EESET, RTT, MOP, MEPT
(TFgurz 6-43)

0

THATRE

brzure B=11 lpcrae Giroggr

5. Condition Code Operatars (all eondition ool insteustioos)
(TFipure &-44)

. I - Ll oz Jl cL

bl
a i 3 z to e ow |z v | e
L 1 !
Fignre n.dd Carditan Gron
f. Mave To/From
Previnus
Instruction/Daca
Spuce Group: TP, MTEL MEPLD. MFPI
(Fipure 6-45}
I ®ow ce
T . | | | . 1 : T T -
oroon: BONsE;
L | | | i ] ] -1 1 L L

Fizers 0=+ hieve To and Froom
Pegeious Listrectica Dasa Sposs Gisap



032 DByte Instnections

The KDIT11-4& includes a Mell complemsnt of instroccions chat manipulate byee operands. Sinee all KCU113-
A wildressing s byte-oriented, byte manipulstion addressing is seraightforward. Byte imstructions with
aulvingremenl ur aulodessrement direct addressinge cause the specilicd repister to be modifisd by one Lo
poanl Lo the nexl byte of dada, Dyle operations o cegisber mode acoess Lhe luw-urder bywe of the speaifed
regisler. These provisiwons enuble lhe KDIT-A e perform ws enther oo owurnd or byte provessor. The
numbering scleme Jor word and byte addresses i memory s shown o Tigure 6-46.

H SHEYTE L T T B L ]
AlIREES MIORESE
I R=TS 1 RYTE Q L
[ HPH M E“TE 3 EYTF = oECCt
Wimealdt

Fianrs t=di  [ete Insnc-inns

The most significant bit (hit 130 af the inecraction word 8 set fo indicaes a byte insomorion.

Esample:
Symbalic Cetul Code Tostruction Mame
CLE oD D Clear word
CLEB 50D Clear byie



f.33  List of [estruclions
The fullowing @5 a st of the KDTL LA issiruction scL.

SINCLE-OFCRAND

Gonerd

Mnenvonkc Inarrpctinnm

CLE{E) Clear destinatinm

COMIB) Complement deutingtion

IMNC[B) Increment destinatinn

DECIB) [Jgcrament destination

MNELFH) Mepate destinacion

THTLH] Tt destination

WRTICK Reoad lock destination,
weite Sunluck R into
destina lion

THTSET Tesl deslimalion. ser Jew bil

Shiflt and Ruvtaie

Bnemonic Instructon

ASRIB) A rithimetic shift right
ANLIB) Arithmetic shift left
ROR{E) Rotate right

FALLiE) Hotate loft

WAl Swap bytes

Multiple- Frecision

Mnemoniv Imsiructios
ADCIB) Add carry
SBC DY Subleact carry
SXT Sign extend

'S Word Operalors

M nemonic Instruction
W EPS bove byte from PS
YTPS hove byte to PS

Op Code

IR0 S0
B 1D
52D
53D
I
W:T0D

LIl LY
(K72

Op Code

[ RE
[_[HIR
WOa0DD
[_HRRIE
(oD

Op Code
1551

I 5000
Qa7

Op Code

1GeTDD
10a435



IHHIBTFE-OF ERANID

General

Macmunic

MOV{E)
CMP(E)
Al
sUD
ASH
ASIIC
MLL
LY

Lagical
rnemonic

BIT{R}
BIC(B)
HIS )
XOH

Tnstruchion

Move source Lo dezlinaliun
Comipare Soucce L deslindlien
Addd zource w destination
Sublracl source irom desuna lon
Anlhme L shill

Antbmelis shill cozbined
Mulliply

Diivide

Iostruction

Hi: test

Hi: clear

Hi: s
Euclwsive QR

PROCRAM COMNTROL

Mpemonk:
Branch

ER
BME
BE}
BP.
BMI
Bvi:
HVS
B
BCS

Inslrud tive

Branch {unsondirienal}
Branch it pot cqual (vo 7oro)
Branch if cqual [te rorn)
Branchk it plus

Branch it minne

Branch if overflow is clear
Branch if averflow is set
Branch if cucry 15 clear
Branch i carev 15 set

Sipned Conditivoul Branch

Mol
E(iE
KI.T

HOvl
Hl.k

Instrnciion

Bransh if grearer {han or egual
[t Fcro)

Branch it lces than {zero)
Hranch it greater chan {zoro)
Branch if less than or cqual
{10 FEraj

25

Op Clode

15500
25500
S5
16350
2RSS
{7¥3R55
O7RESS
Q7 IRAS

Op Cnde

W15500
W455TN0
B=55TN0
(74E 1312

Op Cule
ur

Buse: Cude

CIrkL O
Q0T
(01030
[ F30C0N)
[ THI0H1
[RLFE]
T1h24iM]
TINACLR)
TU241K]

Op Code
0
Base Code

QEN00
ME2diI0

103KI0
03400



LU'nsigied Conditional Branch

Mupemonic

BHI
BLO=
BHIS
HI1.)

Instroction

Branch il higher

Branch il luwer or sume
Granch il higher or sume
Hranch il Lwer

Jump and Subrvuline

Mnemwonke:

IMP
ISR

RIS
SOH

Instruction

Jump
lump wo subrnuatine
Keooen From sibroutine

Subtract one and branch (i 2 4D

Irap and Interrupt

o3 [T 142 1 11

EMT
TREADP
BI'T
10T
ETI
ETT

Lostruction

Emulatar ap

Trap

Breakpoun [eap

It ot put 1eap
Eciurn from intermap
Refurm fram ipgzrmap

Miscellanenus Pragram Candral

Moemonis

Chi
MARK
S

[n=iruction

Call 1o supervisor mode
Klark
el Mriorily Lewvel

Dp Code
UL
Base Chiode

1O 00
Lo]400
LO3000
1034040

p Cide
or
Huse (nde

(0 T
(04R D}
OOUZ0R:
(TR0

p Cade
nr
Haze ade

104000-113377
1044001-1047 77

Q003
QK04
w2
CICHKICR

Op Code
L11)

Busye Cule
AR N N

IEINN
(K02 XM

fi-2



MISCELLANEOLIS

Op €Code
ar

1 nemanic Insiruction Base [lpde
HALT Hulc CICHICICM |
WATT ¥Wait far interrupt RILATNINY
RESET Resct external hos L KOS
YWFPT Move procossar type ORI
WTPD Mowe to previows deta space TIHGSS
MTPI Move to previous instruction space HIHGSS
MITPD YMowe Mrom presiows daly space M55
MIPT Mowe Mmom previoue nslTuction space 106555
CONDITION CODE OFERATORS

Up Code

ar

Menwnic Inziruction Base {pde
Ly Clear £ (61241
CLY Clear W 24z
[ P Clear ¥ 0244
LM Clear ™ (1612360
e Clear all €20 higs (HI62aT
SEC Set LKI(12441
SEY Set ¥ L0262
SEZ Set £ Lan2ad
SEN Sat M 000270
sSCC Set all CC bils Qoo
~NOF Wi operation Qo240

6.34  Single-Operand Instructions
The KDL L-A instrucdions 1hat invalve only onc operand aee deseribed in the paragraphs that follow,

f=3]



B 3IA T {renergl -

CLR
CLEB
CLEAFR GEAT MATWON [ LK P
1 [ ] [LH
ol L L ul | ) : C 1} a e ;
Ohperario: (dsty — 0
Condition Caodes: Mo clerred
£ oael
V. cleaced
o eleneed
|Jeseriptinm: Word: The contenis of 1he specibivd destination are replased wish Os,
Bytg: Hame,
Cxuample: CILE KE!
Dresloore After
{(R1)— 177777 (R 11 = 000
MEAZVC MLVC
1111 g1048

A-31



oM

COMB
CORPLEMEN T L% CHET T
14 [x ' a5 BB
U o 0 ] | n 1] 1 1 el
Chseralivn {dst) —- - [dst}
Condition Todes: Mosel i most sipnilicanl bl of resull s sel clewcel otherwise
£ sel il resull 15 0 cleared olherwise
¥ cleared
oooal
Idescriptinn: Word: Repizces he coprenis of 1he deslinaoon addeess by o logacal
complegnt, {Each bic cqual 10 0 55 a1 and cach i equeal we | is cleared, )
Bytz: Samc.
Crample: COM R
BeTure AlLer
(RO] — 013333 (R — 164444
WE VA Pe A% O3
01 14d L0
INLT
INCB
IRE Y EMT DAT W
I-l 1 1 ] T j: :J\ 1 I 1 I-"-'
| l | I I [ 1 d ) [n] (NN
Opecation: (eleb) — [dsty + 1
Condition Codes: M osel of resols s o O cleared oiherwise

£ sl il resolt 15 0 clexred otherwse
Wooosel il {dst) held 07T clewred olberwise
ool affected



Icscription: Wurd: Add 1 to the contents of the destisalion.

Brie: Same.
Examplg: INCR2
Belore After
(2] = 00133 (B2 — 0013d
NEVC KZVL
oooda Gono
DEC
DECE
[N LI I S I N AL | LRI
t . . . . LS @5 .
N [ v u [ [ e
1 1 i
Crperation: (dst) — (dst) - |
Condition Codes: Moosetaf result 15 = 00 cloargd otheraiss
Z: sl result 15 0 cleared othorwisg
Yoo osel of {dst) was TIKNYHKDYL cleared othorwise
ool alTected
Drescriplion: Ward: Subtract | [rom the contents of the destination,
Brio: Same.
Exanmple: DEC RS
Before After
(REY) — [HIO0HN {R5} = Q00
MZYLC WEVLT
Lood alod

N-31



MEL

EGE
[T N LIRS BT
1h [HH L8 [
T f T T T T L i e T T
]_ e I A I ' il 1 1 U o |' jia |
) . | L ] ) ) ]

{peration; (dst] — — (dsL}

Cordition (Cndes: Miooser i eceult is < O cleered olhecwise
£osen i pesule 38 0y cleaced olereise
Y, osel if reselc s 1000000 cleared alherwise
0 elzarcd if result i3 4; sel olhorwise

Deseription: Word: Heplaces the gontents af the destinnaion addiess Ty ils 275 oomple-
ment. Macg that 10Q000 is replaced by el {lo 2% complement nolation the
mnst negative niumber Ras noe positive cowntier par. )
Bytz: Same.

Exomnple: NCG RO
Beiure After
(RD) = D000 (RN = 17770
NIV KZIV O
i €1 61 1001



TST
ISTE

TEETLCE™

'

T
g [H

Operalion:

Condition Codeas:

(st} — {udst)

Beoogel i resull s =24z clewred ollicrwise
F-oael i resull e cleared atlerwise
Voo Clepred

Co glearcd
Rescripricn: Woard: Sces the andiion codes boand ¥ accarding 1o 1h¢ cantenls af the
destipation addeess; the conleols of dst emain unchadificd,
Bty Bame.
Example: 110 K1
[ Adber
(RL1Y = 012340 (R — 012340
MEZVYC NIV
oot 0 an
WERTILK
AT A Ol T ATIRATITIM
WA TE NLGTK 30 HT DESTI W ATIGH [ mr [k P
] [’ xS I
T T T T T T T T T T T T
u] L] [ u] 1 1 1 1 1 a [
L ] 1 L 1 1 1 1 L 1 1
Cperagicn: (del) — (R

Condition Cades:

| Jesemiption:

N serif R =0
i stif R =14
¥ clcarcd

£ unchangsd

Writcs cantents of KA into destination using bus Inck. B mnde is 8, traps to
Fe.

b-35%



TSTSET

(FE 7S50 aTinm ASNGAFT I G% EIT g
‘e (W] [ 3 [H]
1 I I I I . I I ' 1 I I I I
0 o H| ] | H 1 a 1 o Ll
L L i | | | L H I | L 1 1
Cpcratian: (R0 — (dsl), (dsl] — (dst) o QOO0 |ocLal)
onditian Codss e seld RO =D
s 0 =1
Voo cleared

L0 gets pontents of destination tig 0,

Deeoriptiom: Ezads/ocks destingtenn ward and siares i in RO Wrices funlncks (RO 1
imgo desgination. 17 mode is O, craps 10 [0

342 Shifts and Ratates - Scaling data by faccars of two is acenmplished by the shift instructions:
ASE - Arithmetic shift right
ASL - Arnthmetic shife =it

The syen bt (il 13) of e operand 15 ceproduced 1z shilts 1o the cight. The low-order bl e Dlled with s o
ehilis {o the lefl. Bils shifted oul of the C-bit, az shuwn o Lhe Tollowing instouclions, are Josl

The ratale instruciions operate oo the destinalion word wnd (he ©-bal as thowel ey Cocooed a 17-Dil
“eircular buffer™ These instcuctions Tacilitale sequential bl 12aline and detladed bil mandipulalion,

G-36



ASR

ASRH
AT ELIEE =10 1.1 Ll w200
5 xn fia)
h of 1 1 1 1 1 1 T T 1
[ L8 | H] 1 | I . I (K] u]
; . . . . . . . .
[ TLY L+
Crperation: (dst) — rdel) shifted one place o 1he righc

Condition Codes:

M oser if igh-order bit of resolt is sec (result - 40 cleared olherwise
Zioser Al eesnlt = 1 clearsd acherwise

Yo loaded from exclusive CR of M-bet and C-bil (as ser by the completion
of the shift aperarion)

C lopded from low-order bic of desiination

DeseTiprion: Word: Shifts all bits of the destinudion righl one place, Bit 15 & ceproduced.,
The C-bit i5 Iaded from bit O of the destinaton. ASKE pecforms signed
divizion of the destinatiom by 2.
Bute: Same.
Example:
| | Ly
] I LY T T T T ' - T T T T
:—l-:l —_— c |
[ 1 1 k =k 1 1
ri

LU o LA

fu- [ E"EHM 4DDORKE-2~ a0
1 T T T T T T T
] I: e

LR

G-37



ASL

ASLE
SFATHEET £ 54 F 1 5F wCAnD
IE. T T T T T T jh U:I T T T l:l:l
0y TR TR 1 103 [ oD
Crperatiom: (daty — {der) shal1ed one pluce Lo Lhe Jaft

Caonditiom Codes:

M:ooset if high-order bil of resuli s set (eesull = 0% cleared olherwise
Foooset if result = Iy cleared ollerwise

Ve Inaded with exclusive CR of MN-Bit and C-bil Gas sel b the commplelion of
the shift aperation)

o louded with high-order bit of destination

DrzscriMion: Word: Shifts all bits of the destination left one place, Bit 0 iz loaded wirh a 0,
The C-bit ol the staius word i lnaded from the most significanc 4t ot 1he
deslination. ASL performs @ sipned multiplicatinn of the destinatinn by 2
with everflow mdication.
Byiz: Same,
Cxample:
WORD:
IE ol
T T T T T T T T T T
. - 0
1 1 1
HYTE:
£ N ALILHLES e 37 FuFH & 3RS ¥
T T T T T T T L] T T
P adt a1

YHLAT"

-3



ROR
kRORB

ACTATE AlGl”

NN b
(L]

CHeracion:

Candition (Cades:

[c151] — (dst) rogate right ane place

E I HE

o sct it high-order hit of result is sco (result - ), cloated otherwse

Ao mecif all bits af rosult — OF cleared otherwise

Yo  losded with exclusive OF of M-bit and C-bil (us 22l by Lhe cormpletion of
the rotate operacion)

o loudsd wilh low-crder bal of destanation

Descriplivi Word: Botates all bite of (De destnalion 2l coc plage, Bit O s laded intao
the Cebut and the previous conlents ol e C-Di ace Logded inpa bit 15 of the
deslioalivn.

Byie: Samg
Fxampile:
WwaAaD:
I. — —— |
13 ri
[
RYTE:
- - |"- .\_ -— ]
I£ [t Kl
S =WEM

-1y



RO

K{).B
EIAT LU S
5 L kb 1
wlooy oW w111 a a0 =
) H .

Cipsration; ¢dal) +— (dsl) rolute Jelt une plase

Conditinn Codes; B seL il bigh-order bl ol resull word 35 220 fresult < 01 cleared acherwise
Zi st il all bits of cesult word — 407 cleared viberwise
Vi leaded wich cxelusive QR of (e MN-kRil and C-bitl {ae sm by the comple-

fion af the relale opcratian)

€2 Ioaded with high-nrder bit of destination

Dhmscraplaay; YWord: Rotates all bity of the destination left ang plagc. Bit 13 3 loaded inwe
tie C-bit of the staous word and the previous eontents of the C-bil are leaded
inter bat ) of the destination.
Byle: Same.

Examplc:

¥R
¥
13 ns! o
F
BYTE:

7 1

-4y



SWAR

NP EVTER —
Iﬁ_l | 1 1 1 J: It r 1 1 A rj-
LoF %A a oAk 1 o
{peration: Bate 1Dvle 0 — byle O/bvle |
Canditian £lndes: M:oset 0 lugh-order Dol of Jow-urder Dyle dbu 7] of cesull sl cleured
cllelwise
Ao oser i lavwe-arder hvte of resall = 0 gleared cihemaisg
Vo cleared
£ cleared
Desceiplivn: Cachangres hizh-order byte snd lenw-order byte of the destination word. (The
destenation must be 2 word addrosy, )
Exomeple: SWAR R
Belore Aler
(R} =277 (Rl — 171
HMZVLC NEZYLC
1111 Dean

441



6,343  Muoltiple-Precision - Tt 15 sumetimes necessary th do amithmetic operations on operands conzid-
ceed as multiple words or bytes, The KOT1i-A makes special provision for such operations aich the
instructions ADPC (udd curey) aod SOC (subtrace carryd and their bete equivalents.

For example, lwo J6-bi words may be combioed b o 22-bat dueble-precisien word and added ur
subtracted as shown below,

HE I H ] I

r ki

KE 1% 1= o]
CF=KAK = "l wali

li— - —— o — .‘I

i3 18 5 a
CFLRAMZ n El

31 15 15 ]

EEELLT
L LIE
Exumple:

The addicicn of =1 and —1 could be performed as Dellows,
=1 =371
{RUy= 177777 (R2) = 177777 (R3Y = 177777 iR4) = 177777

ADD RLRE
AKX Ri
Ay R4, R 3

After (R 1y and (K2} are added, 1 is loaded into the C-bit.
The AIX inatruction adds the £-hit to (K3 (B3 — 0O
The (B3} and (R4] are added,

The result s 3TITTITTITN, ar =2,

Foom pa =

6-42



ATK

AIXH
AL CRad 4y L=t
[H] & I cn
[ ] u 1 L 1 ' " ! on
Operation: felath « (dse) - (C-hit
Condition Cudes: Mo st iF mesult = O cleared otherase
Zo ezl il resull — 0 clesred otherwis
Voo osel il (st} was 077777 and (O was 1; clesred otherwse
Cosel Al (dsth was LFT77T and (00 was 1; clewred otherase
Desaripricn: YWord: Adls the contents of the C-bit 40 (e destinaton. This permits the
carey Trwm the adiditivn of the lew-urder words wo be carcied o che bigh-order
resull.
Bytc: Same,
Exnmple: [muble-precision addition may he daage with rhe fallowing instrwciion
BEUCCE.
AT A0 13 add dow-arder party
AT Bi add cwerry in hixh-order
ADD AlBL add hiph-ueder parts

fi-d i



SBC
SBCE

I

oAy

1h
T

a1

1 H]

Operation:

Clandirion Codes:

(dald +— (dst) — (L)

B oseaf cespit = € cledred ollerwise

Lroogel if resull = Q6 Sledred ollerwess

¥rooset i ddat) was 100000; cleaccd olhorwize
Lo0oaet it (dat) was O and O owag 1) cleared othermaize:

[Description: Word: Subtraces che coneenes af che C-bit from fhe descinasion. This permits
the carry from the suhiraction of two inw-order words to be subtracted from
the high-order part of the result.

Byle: Sume.
Exanaple: Drouble-precision sublruglivn 15 done by:
SUB A0 B
LR Bl
=1/0 AlLEL
LX1
SIEH EETEND K
15 BN by
I " ] L I ] I I Ao
o — ! 1 L 1 ]
Crperalion: (dstl « 41 if M-bit is clear

Conduamt Codes:

gelst) 1 0F M-bit is set

Mool affecied
2wl il M-kl 12 cleur
¥: cleured

C:onel alTecied

6-d4



Mrcseripgion:

Fxample:

If the condition code it M et 2 —1 & placed e (e deslioalion aperand; iF
the N-bic i elear, a 0 is placed ik the destisation aperand. This instruction is
particularly wseful in meluple-peesisicon acilemeus Besiuse o pernits Ui sign
[ he extended theough pueltipls words.

SXT A

Before Afeer

LAY — 012245 (A — 1T
MEY KZVLC
140 E oo b

ad4d PS5 Wond Operators —

MEPs
RIS S L IR P B D s @D L o e
13 i1 o HH
T . . : R L.
1 a [a] | | a | | il
L L 1 3 1 I —T—
[ a
Cneracion; (dsi} — IS

Condiciom Codes:

Descreplion:

Exumple:

dst lawer 5 its

Poo st iF Pa <07 = 13 cleared othergisg
Fooact if P o=l N0= =0 gleared ctheraise
V: cleared

2 onot affected

The 8-bit contents al the PS5 are moved o che effective descination. 11 the
destinucion 15 mode 0, Pa bit 07 is sian-extended throuweh the upper bute of
the register. The destination operand addrosy is tresced as u byee address.

MFPS Ri
Belore Aller

R4 |0 RO (0011
% (0000 4 5 00000

n-45



MIPS

VOVE TF T A WAFREnh £ AT R 1y IRss
15 o o
| I i i 1 1 u | ! L Ly
1 1 L [ — L
Operalion: PS — (5o
Condition Codes: Sl wocording o ellective SEC uperand bils <0200
Description: The eight Bits of be elfecuve operund replace e curmen conlents of the

lower byvle of the PS. The source uperand address 15 reated gz a byie address.
Mote; The T-bit (&S bu M) cennol be sel with Wns inslouclivn. The SRC
gperand memmaies unchangel, Thie nelrwction can be used Lo chanwee the
peaonty bils (IS bitz =07:058=) 0 Le TS onle 1o kecoe] siaode, IT ool in kernel
e, M ks =207:052 cannon be <hanged.

Examnple: MTPS R
Befure After
(RLY) = (EIO77T (R1) = UOOT?
(P5) = XXX (PE) — KNX357
NZYVLC NZVLC
oo0od L 11t

4.3.8  Doubke=Operund [nsiruclions
Double-operand insteuciions sove wmslructiones (ond lime) sioe they elinnale e need Lo load™ and
Tsave” sequences such as twse wsed moaccumulatorsoriented mashines,

i 14)



6.3.5.1 fEeneral —

[ Lo R R R

A NLETIVAT N

MOV
HOVE
b
-
Clperation:

Conditiun Codes:

Drescriplion:

Exampls:

{dsc - [arc)

Moooset o smed < ) clearcd nherwise
£ wet iF furel — 0; cleared acherwise
V. pleared

C: o nel alfected

Word: Moves the source operend o the desunation locativre. The previowy
coatents of the destination are lost. Contents of the source address arc nnt

aflected.

Byie: Same as MOV, The MOVE o @ cepister (unigue amaons by le instruc-
liooe) extends the mest sigmilicanl bit of the low-urder byie (sien exlension).
Chierwise, MOVE uperates oo by les exactly us 300% operaues oo wonls,

MOY XX R

WMOY L2 Ri)

MOV G 20, ~(RE)

MOV [(Ro)— 5 LT7586

MOY RI1,R3

MOVE @31 77562 @21 77504

G4

Joads ceglsier | owalh Lhe con-
fenls of memory Localion;
RMEKE MCQrescrils A proglacoe
mer<dctingd  mnemoric wsed
L FEPFEEEI‘IT H | |'I'|I..."'|'I'II:!|]'}'
lacation

loads the number 20 into Teg-
sler 00 # indiceties that the
value 20 35 Lhe operund

ipusbes U operund contained
i locaciess 20 one Lthe stack

ipops the aperand off a s1ack
and moves o iole mecery

localion L7366 {lerminal
print Ldier)

;perfarms an inter-regiscer
cransfer

smavey d charscter from che
terminal kevbourd buffer e
tne terminal printer buffer



CMFE

CMIE
1L ERVE| REMICHN P E LEEH
Ik 1% 11 i HES K]
T T T T T T T S | T T
el a S o
k 1 [ L 1 ] 1 i L I
K" LL bt
Operalivic {srch fidat)

Coandiien Cendes:

Description:

Moooser af result = O cleared viherwdse
Lo oseluf result — O wleured o herwise

Yoo oselif iere wos arithmets ovecllow; thal &, operonds were ol oppaosile
sipns and e sign ol (he Jestnalion was the same g the sipn ol (he
resull; cleared clherwise

o <learcd 3 thers was o ey Leom the eesult™s most sigaificant ik sl
olhrwise

Compares che source zad destination aperands and scts the conditinon codes,
which may then be used for arithmetic and Ingical conditional branches. Both
operands are not affectad. The anly action i8 to set the condition codes. The
compare 1% customarily Tallawed by a condiciomal branch instroccion. Mote:
Lnlike the subtruce instruction, the ocder of speration 1 (seed (dsel, nat

(lely  fsrel



ATH:

Sl g i
5 1z 11 I ‘B o
C 1 ] o )
L l— 1 i 5 5 1 1 |
Cperalion: {dzr) — (src) + (dst)

Candition Codes:

Drescriplion:

Example:

MNyooger it eesall <o A cleared alhemaise
Avoomer o rgsalp — 8 clearod arhcnwise

¥, st if chere was arithmetic nverflow @y a result of the oporation; that iy,
both aperands were nf the wume sign und che resalt was of the opposite
sign; cleared ntherwise

C: oset i there wae g carmy Mrom the resuells most sipnificunt bily clesred
otherwise

Audde the source operand Ly the destinglion operend and aleres 1he eesull al
the destination address. The orimnul conteats of Lhe destinalion ace Josl, The
conlenls of ke sourse are nol elfected. Twe's complemnent cddition = per-
[ormed. Bole: There 5 oo equivalent byie mode.

Add 10 reglaic: ADD IR

Add vy mamony: AIMY H1, XXX

Add rerister G register: ADNERIRZ

Add memory wr memoTy: ADND m13750 KNY

XXX s a progrueemer-delned mnemonic Tor o mesnory localion,

G-



SUBR

HUBTEAL Z1L 0 FOM 23T Tezd
1h 17 11 HH] 1] i
1 a E5 I oL
- [ | L L L |
Operalion: feist] o (sl - Csec)
Conditon Codes: M osel il resull = Q; cleared vthervase
Z: sl if mesull = 0y cleared ollmcwise
Vi osel i there was arithunetic overflow as o cesuls of the operatien: that i, if
operands were of apposits signs and the sign of die source was 1he sqne
as 1he sign of (he resuly; cleared clhsrwise
O cleared if there was o sarry from the eesplc's most significant bit set

IDeseription:

Example:

otharwize

Subtracts che source aperand fram the destination operand and leaves the
rosult ac the destination address. ‘The nriginal coneencs nf the destinacion ang
last. The comzents of the souree are not afiected. In double-precision arithme-
tic the C-bit, when set, indicates & “borrow.”™ Note: There 15 no equivalent

byie modde.

SUB IE2

Before Adler
(R1p=4a11tm {RIT=411111
{R2) — (112345 (RZ1 = MI1214
MAVC NE VL
1111 ook 1A

f-500



ARH

AFITHIWET. D 5H F~

[RLa b

= W Itk i 1

Chperarivn:

YVE IILLES

R — I shifled srathmetically Wk places to U cipht or Jeft where NN —
{5

Canditjon Codes: Meoset df pesull = 0
Z:oset if cesull =40
Yo oo il sign of cepister shanged during shill
o Toaded feom Lase Tal shified o af regiatce

Iescriptinn: The contents of the rogister are shifted right or left the nmbee of rimes
specitied by the source operand. The shift count is 1aken as the low-arder siv
bits of the soverce operand. Thig neumber rgnges Fram =32 10 +31. Megacive is
& right shift and pasicive = 8 lete shirt.

ASHC

alC A 15 Jinn BCTERRS
o L2 93 0§ o
L 1 I I it I I F ]

Cperalion: EEvI—ERRwvI
The dauble word i slufled NN places e (e nighl o Jefl whers BN = {srch

Coatdilion Codes: M:osel il cesult = 0
LoseL il eesult =4
Yo ser il sign hit changes dueing shift
€ loaded with high-ordce Tt when left shitt; Tnaded with low-order it

when right shift (foaded with the last bit shifted omt of the 32-bit
aperand)
| Jescription: The contents uf the register and the regoster ORed with 1 are treated =5 one

32-bit word. B+ 1 [bits <1540} and K (bils 3 1:1&) ace 2hilled nght or
leFt the number ol limes speciiied by the stall counl. The shill count 13 laken
uy the low-order six bits of Lthe zource operand. This oumber raogwes [Tom —32
to +31. Megalive 15 » nghl shaft and positive 35 a lell stalt.

YWhen ke repister chosen 35 an odd nwober, the fegister and the register

OF.ed witl | are the same, Lo 1his case. she right shift becames a rotade, The
La-tur word 15 rotated gl the auinber of times specificd by the shift cowvnt,

G-



ML

TALLTIPLY N7IF =5
i [ o) L &S I
T T T T T T
1 1 | n n [ F NE
L 1 1 L L 1
LA 1=
Ohperadion: E.EY 1 - R xEr)

Condition Codes:

Mo osel U product = B
Z: osel il pooducl =4
Voo ocleared O set of the resull 35 lese than 2 %™ 13 or previer thun or equal

Al I
Dezcripticom: The cantents of the destination eegister and souece laken a: 2% complement
intcgers ane multplicd and stoced e he deslinalwn regster and the sue-
ceeding ecgister, IR is even, If R s odd, only (be low-order produst is stored.
Assembler syntax is: MLL 5. (Mol ibal the actval Jesiinaiion & B, R
1. which reduces to just R when R g odd,
DIV
=% DE RN 0.
1% il A HE] K] Kl
I I I I I I I
H 1 I 1l 1 [H =
b 1 | I L 1 i
Oneration: B.E v l—DR R 1/

Condition Codes:

Description:

Miosel U quotienl = D

Zoooser if queticnt = 10

Yoo oser it spurce =0 or if the absolute value of the repister & Jurper than the
absalute valuc af the instructicn by Qe source. (o this case Lhe instruc-
tion is aboricd because the quotieal would excesd 13 bis )

o oset i divide by zore is actfempred,

The 32-bil 2 complement inteper in B oand B % 1 s divided By the source

operund. The yuotient is left in K; the remainder is of the samc sign a5 the
dividend. B must be even.

n-31



6.3.5.2 Logical - These instructions have the same formal as these in the double-operand urlhmelic
graup, They pecinil opecations on duty at the bit level.

HIT
HITB
3 TTELZ™ mIZECC
1% a Lo e na
1 1 T L) T 1 1 1
o C 1 HH] 11
1 1 1 L
i A
Operation: (sre] A~ (dst)

omdition Codes:

Descriprion:

Cxample:

M: el il high-order Bil of cesult sel; clearsd otherwise
Z: osel U mesull — O clenred oltherwize

Vi cleared

i onotl affested

Porforms logical AND comparison of the soucce and destination operands
and modifics condition codes accardingly. Meither he source nor the desling-
tion is affested, The BIT instrustion sy be vsed 1o 2l whether any of the
corresponding hits et in (he destination are alsa sel in the sowrce. or whelher
all enrresponding higs set in che destinacion are <lear in the seurce,

BIT #30,R3 itest bits chree and tour of B3 1o see it
hinth arg off.

B3 — O QU 00 a0 11 dick

Belore Mller
[ IV [ I T I
1 111 o ada1



BIC
BICH

WL

Cpecation:

Candition Codes:

[=eripnion:

Hxarmnplg:

YR LIFEY

[dsl] — ~src) &~ (dslh

N:osew il lugh-order bil ol resoll se; cleared olberwise
Looosetal cesull = 0 eleaced ool rws:

Voo cleared

C: o alfected

Clears cach it i the destinarion that cnrrgspands o o st hit in tha snrce.
The ariginal sanicols of the Acstination arg logl. The cantents af the sonreg
are nal allected,

BIL R R4

Hafore A tor

(R —u01224 Ry — 001214
{R4p —aojrtl iT4Y — Qoo
NEZVCO MNEYC
1111 ganl

Belore: (B =000 001 Il 10
(Rd) = Q000 01 Q08 Q01 i

After; (Rd) = (0 Q03 Qo Orkl Ok o4
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BIS
BISEB

Hil i

Operation:

Condilion Cudes.:

Mrrerinrion:

Example:

fdsty o (T v (dst]

Mo oset if hiph-order bit of reswlt sec; clesred othe nwisg
£ skl if result ~ 0, cleated otheraine

¥ cleared

el alfecled

Perfacme an mclusive OR operalion belween the source and destinatinn
operands wndd leaves the resull w1 the destination address; that i, eormespond-
g bals sel o e sowrce arg soloin the destination. The contencs of the
destimelion are Lost.

RIS RORL

Befnre Adler

(BRI — (K11234 (RO} — 00l 234
(RLY=L61111 AN IREE
NEVCD MWE YL

(ERE LI LI Oooon

Before: (RO — OoO00 0oL B1a G 200
(RLL) = CoOno Okl (al 0dl a0l

After (Bly=0030 001 011411 101

-0



XOk

LELLUS YE G CIEEIN
10 B 5 H HE TR
1 1 1 1 1 1 1 T 1
2 | | ) l F I
. .
w s
Cperation: (dat) = [Tcg] W fdst)
Conditivn Cudes: ™ set if resnle = 0 cleated acheraise

2. set iF result = 00 cleated otherwise
Voo cleared
L nul allfected

eseription: The exclusive OB of lhe repister and destinatiom operand iz stored in the
destinalion address. The comtents of che resister are not affeewed. The azsem-
bler [ocrat is XOR BTk

Exampic: KOE ROR2
Befinre Alter
(RIN — 11234 (ROy= 001234
(R2) — k1111 {R 2y = Q0O0F2S
NALY [ IS
1111 ool

Beliure: CRLOD = O D0 107 1T 11K
(R2) — 000 01 QoL Ol N

Afer: (R2) = D000 Qoo o11 DEd 1N

9306 [Propeam Control [nstructions
The [ollewing paragraphs describe the KDL -A instroctions that affect propram control.

6.3.6.1 Branches - Tless tnslouclivne veuse a branch tu a locatwn defined 5y the som of the offsst
[mpliplied by 2) and the current contente of the prusrram counter 1f:

1. The brapch instrvcisan 15 uncondisoel.
2. Itz conditional and the conditions ace mel afwe (esliog e condition vodes (N ZVCY.

The ooffset 4 the number of wards from the cvrrenl contents of the M, Lorward ar backward. MNule thal
the current contents of the P point to the waord following, the beanch inste wcuvn,
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Allhourh the oflsel eapresses g byte sddress, the PC s expressed in words, The ol et s awlumatically
mulliplied by 2 and sipm-extended o express words before it s added tu che PC BiL 7 is the sien ol che
lTsel IC 34 3s set, the ofTset 15 negative and the brunch i dune in the backwurd direcbion. T0 1L is nel 221, Lhe
wTsel s positive and the bruoch s done in the loeward directiun.

The 8-bit affset allows Dranchunz i the backward dicection by 200 {ocloll words (200 oelal byles) (rom
e currens PO, and i the forward direciion By 17T (ocial) wonds (376 oolal Brles) Do dhe current PO,

The KTl -A assembler 1enically handles addeess arithnetic Fae (i vser andd compuies and assembles (he
praper oftsce ficld for braneh insteuctons in the faem:

Hxzx |oc

Hax 15 the branch instroccion and s is the sddress to which the hranch is t0 be made. The susembler mivey
an error indication in tha ingcractian if the permissible branch range is cxoredad. Branch instricciomy have
no effect om condition codes. Condicional branch instroetions where the branch condition is net met an=
treated us WOPs,

BR
ESaviH LSO ZTIC Al LAk x1 -1 115 FFLFT
I!.l T T J'.L! :J... T T T T T ] I':n
- S AN R R S T R NFFEET
Ciperation; PC— PO+ 42 offsel)
Clonditinn Codes: ar attfected
I2escription: Provides a way of cransferring prograny contral within a renpe of 128 w
4127 wrrde with a ane ward instrwceicen.
Mew PO address ~ updated PC o1 2 x offset)
Dpdared PC — address of branch instruclion +2
Exurnple: With the branch mstruction ot Jecateon 500, e Tollewing offsels apply.
MNew PO Address Olleel Code Ol (el {decumal)
474 375 =3
47Th 37 -3
00 m —1
02 00 i
50 Qi 41
S06 {02 {2



HNE

SRE50F T TTIAL e 1 O LU LU 1L
‘5 Ao s
A I 1 1 ] I - 1" AFSEE—
Chperation: PC PO (2w offset) it 2 =40
Condition Codes: Mut allected
Description: Tesls the stule of the Z-bit end causes u brench iF the Z-bit 15 clear. BNE 5

the complementary cperation of BEC). It 15 wsed o tose: 17 ineguelity Follos-
g u TMFP, {2} that some bits secin the destinacion were also in the source
Tolluwing o BIT wperativn, and (3] penerally. that the cesult of the previoos
UPeralicn was oot O,

Example: Brawhw Cit A + B
M A, worpars A oand B
BMNE ranch iF 1hey are aon equal

Tranch tn i A +H = 1)

ADD AL add A B
BRE C soranch i the result @ not
eyual 1o b
BELQ)
T TH IR L L I O e A LT (WL IR P TP |
1, € a7 »
1w | T T 1 l SFERET
Crperation: PO — P — (2 W oftaety it 7 — |
Condition Caudes: Mot affected
Descniplion: Texts the state af the F-hit and causes 1 boanch iT 2 s sec. Tt iz wsed bo 1est:

(1} equality following a CMP operation, §2)1 thae no bits set i the destination
were also szt in the soarce following a BIT operadon, and (31 penerally. thal
Lhe resull of the previous operalion was 0.



Exampls: Brimch o C fTA=B(A—B=10
M AR o pare A oand B
BED ieaned ol Ly ace equal
Brapch fpe (7 it A + H—10)
Al A add A tn B
BED O :branch if the result — n
BI'L
AFRARCHIFP__= I 30CCT FL_2 CFFe
‘L HERL i
1 1 1 1 T T '|
1 A T. 1 H] i V 1 12T i

O raliom:

Coandition Codes:

MO — PO+ (2 xoffelyil W —1

Mo allecied

Pescription; Tosts the state of the M-bil aod couses a branceh U N e Cleir (posilio: cesul Lk
BI'L is the compleinentary opecation ol BMI
BMI
ST kI 1 1o Pl CFFes
- g ¥
I R HE e
1 1 1 1

Cperatian: PC— PO+ 02 2 offsethil W — 1

Condition Codes;

Idescription:

Mar affectad
Tegts the state of ihe M-bil soad cauzss o Dranch of M s e I g osed 1o west,

ihe sign (masr significanl bith of the result of Uw previous operalivn], brunch-
ing U negative, BME s (he complemeniary Tunction of BIPL.
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gyl

EFARCF FOCwER-LCY = Z_ELS S SLE R
L] 'H oy X
1 ] T. 1] 1 a H DFFXL™
L " " L 1 i | L
Operation: PC—PC 12X oMl V-0
Condition Cosdes: Mot ulTevted
Descripliom Tests the stale of Qe ¥-Ieo and couses o Drangh iF the V-l is ¢lear, BYC i3

counplemeniary aperalion e BV,

B¥%S
pAAND - F OVESF O 15 RET 12200 F U5 15 5L
& wioki o3
1 4 (R L GiFSET
CIperation: PET— P4 (2 offsct) iF V= |
Condition Cades: Mat affecrsd
Dreseription: Tests the state af the V-bit Goverflow] and causes a branch iF Vs se1. BYS 3
wsed b deteet arithmetic overflow in che previous aperation.
1L
SURATL LA T el A TR 1 G T
: Ii L T T T T T T s
I L a [H e 1 1 It I
- —_ -
Diperation: PC—PC+ 2 Xalisedill C=0
Condition Codes: Mol allected
Desceiption: Tesls the stae of the C-Dil and causes a Breansh if O I3 2lear. BOC 13 The

complementary operatican ol BCS,

H-r)



WARST LA B it | DHOOF sl SL
c L o
1w 13 i . N
Ciperation: P — PO+ (2w offset) o O =1
Conditinn Codes: ot affeorod
Description: Testy the state ul the C-bit uml cruses o branch il C i set, 1035 used e Ll Tor

a carry in the resolt of 8 previows upecation.

.30 Sipned Condifiona] Branches — Particular combitelivie of e coonditien code bils are tesled with
the signed conditional branches. These instructions are wsed Lo test the cesulls of istructcons nowhich e
operands were considered as sipned (25 complemen b val e,

Mot thal the sense of signed comparisens dillers Tron el of vosigned coaepsrizens o that in signed, 1eo-
bit, 2" complement artheoetic e sequence of values s 05 Tollows,

Targesl ¥
sitive 07T
OO
QA0
137777
177776
simallesi .J{HEIDIII [
negative 10000

Whergas, in wnsigned, 18-bit arichmeric, the seguence is cansidered tn be:

hi ghest {7777
Q0002
Qa0
Tewresr QA0

b0l



RizF.

IR RS TN I T RN R E FRE R R [E R Y

1~ 223

ERCRA PLLE CEFRET

1 " 1 a [ AFEET

Ceraricn: M —PC+2=olse) U M= V=0
Crondicion Codes: Mot affected
escrprion: Causes a hranch iF N oand ¥ oarg qither Bath glear or Bah sc1, BGF s the
contementary oneradian of BLT, Thus, BOF will alwars cause o branch
when 3 follows an aperation il couzed addivon of twa positove eumbers,
BOrE will also cavse a Dranch on a 0 oregult
BLT
AR W AP IO N Y IPRE ] M EHALOFE 105 AFFAEFT
1% uE ) [N
] 4 d U : L) 1 LRy R |
Chperaliun: PO PC F {2 =affsetlif N = ¥ — |

Condition Condes:

Deescriprao:

Mot afFected

Cuuses o branch I the exciueive DR of the M- and ¥-bils = cne. Thos, BLT
will slweys Branch Illowing sn opecalion thal added two negative nombers,
even 1 vverllow cocurred. Tn pacticuluc, BLT wall ulwavs cause o branch o il
Tollows o CMEP structan operaliog on o negalive soucee and o posilive
destination {even 7 overflow occurredy, Furlber, BLT will never couse a
branch when i Tollows a CMEP msrecuon opecaioig o o posiloes souccs and
negative destination, BLT will iog cause & beanch if the reselr of (e previcus
operation was O (wichom aveellaw),

=32



BCT

S84 0- FCFEATES THAH (22RG e AH U L P
1 B: il a7
14 . v e g —— ———
i u] u] a d 1 a5l
1 1 L
SR T

Operatlion:
Croandilion Codes:

PO — PC - (2 offset) il Z v AN V) -1

Mol affected

Dscription: Operation of BOT is simdar o BGE. exaep shal BGT will aor cawse 2 Branch
an a O eesult,
BlLE
QoI LR ARG DA NP Wik P20 5
[HI] 1 )
T T = F T T T T T T ]
2 L L ] 1 1 1 Sl |
A 1 L - [— L I
{peration; PO o— PO+ (2= offset)if 5w (Mo W) —1

Conditinn Oodes:

Descniption:

Mot affocoed

Orperation 1% similar i0 BLT, but im addition will v o bl 17 Jie resull
af the previous operztion was 0.

6.3.6.3 Unsipnod Coodifivna] Branches — The unsiened vonditienal braocles provide o means o lesuing
the result of comparizon operations in which the operands are considered as wisigned vilugs.

JLIRY]
BARCE T SN T T P Ll al Sl
£ ol . . . _m
1 i 1 1 1 1l ol
Operation: PCe— P - (2xofMetif O =Uand £ =1

Condition Codes:

Descriplion:

Mul allecied
Causes 2 brancl if Uee peevious operatioo cowsed ogithel 3 carry nar a 4

resull. This will Bappen n conngunson {CMEPY operations a8 long a3 (the saune
bos o lupher vnsigoed value L the destuoation.
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BLOS

TERIOF LJE OF S SET

SRERG = F 100 50 i
1 5 oy [}
T e —rT— T T
| I. a a 1] ATER
d — i L 1 1
L ide
PC o PO =affsetyif (0 F— 1

Operation:
Comdition Codes:

Dicseriprics:

HHIN

EFEAHCHIF H SHER 0% S6rdE

Mol aflectied

Cuuses u branch 17 the previous operaliun cawsed either a carry or 1] result.
BLOS 15 e womplemeniary operstion of BHL The branch will ocecur in
compansun operalions a5 lune ws che sowroe 35 egeal tooor kas ow lower
wsiened value thun the destimation.

TEINEET il

e Jd3 '.l.'l

Ciperatinn:
Condition Codes:

Iescription;

BLOC

Y4n4I~ F LCWEF

THOAS

PCo— PO (2 X ofleet)if C =90
oy attecied

BIES 1= the same iosloustion a5 BEC, This moemuomit iz mcluded Tor conve-
e only.

TG S S ]

1 D [IH]

Crperalion:
Candition Codes:

Peseripric:

L= 9-dl

PC: PC o 02w affsed) ifF 0 — 1

Mool alfected

BLOY is the same wosleaciien as BCS This conemonic s ancluded Dor comve-
nignse only.

(-



GA0.d  Jump wod Sulreutioe Instrections = The subreuiose call i the KRIL LA provides Tor auuomalic
nesling of subroounes, ceenlrency. and molliple eauy poaols Subeoutize may sall otber subeouines (or
e e msclvesy vy any level of pesting withoul making special provision Inr storags af reroea addigesss
al cacl level of subrowtioe ¢all. The subrouciag caliing, meehanizn dogg not modify any figed Iecation in
memary, and thos provides For peencraney. This allows g eopy of & sobroncing te De sharcd among
several INICIrupling procgsscs.

JBTH

AL RN

Crperal i MC — {dar)
Cnnedagion Choades: Mt aftected

[Jeseriprion: IR F provides more {Teable program brunchinge tan the boanch insloucliuns
do. Contrel may be translerred = any location in memery {no range haot-
tion} and can be accomplished with the Tull Jexibility of the addressing
medes, wich che exception ol regizler mode 0. Taecutivn ol o jump with e
0 will cawes an “llepal inetrectivn’’ conditiun, and will cause e CPU o rap
W vecler address e (Progras centrol ceonet De Trooslermed oA registiery
Remsler-delermed iode i Jepal and wdl cause progroom conlnad we D trains-
Teceed w the address beld o the speciflied egialer, Mol thal msLreciong ang
ward dali and must theeefoce be Felched Trom an cver-oumbered addeess.

Deferred-indes mode JMP instructions pereic fransfer of eendral e the
address convained in a scleciable ciemend of § tahle of dispatch veotors,

Feam e First:
AMTE EIRST straneler w TTRET

JMP ::E..LIST irensfers o localion
pucnled lu ol LIST

Lisl:
FIRST thoimler e FIRET
JOLF e S P Aranster o locating

pointad ta by the top af
the atack, and remave the
saineer from the stuck

LN ]



J=h

JURAP TS 5330 T ~E JME LD
1 o o] 1] 1] o0
T T T T T T T T T T
0 a a1 il & 1 1 [F
L L 1 1 1 Il 1 i L
alm -

Cipetatinm:

Description:

SR — Dedst} Compois au indernal proeessor repisic

| (5P — rcg (Push register ootenls 0a0e processor Alack)

reg s BCCPC holds incetion Following JSE; this address now put in regisier)
FC o (dat) (PO now poine 1 subroncine descingcion)

In gaecutiur of the JISE. the uld comiens of the spoctfied reeister (the dadage
mreistert are aecomaccally pushed omzo Lhe processurc stack 2od new linkape
infurmativn is placed in the register. Thos, subraulines nested within zubrig-
Lres b any depth muy all ke called witl the same linkape resistec. Thers 15
au need il b plan the e simun deptl al which ooy pacticussr suboouone
will e culled or v include wstruclione e each rouline w save codd reslore the
Tiokapee poinder. Further, sieeoe o]l linkeges are seved oo ceenleenl n:soer on
1he proceseor stack, excoulion of o subrectine may be imerrupied. Tl soee
subrautine oy be cocnlersd wd eseculcd by an inleccupl secvice noulune.
Exccutwon of the inudal subeowtine cin e Te resaoed wasn athier requests
cre satisficd, This progess (called aeseiopr) can procecs] 10 any lovel

A anbroutine callod wirh g IR oregodst inarpucion can peeess the argumasnes
Falloawsing the call with cicher aurnineremene addeesaing, (rzpy —, iF argumenis
are acoasscd sequentially, or hy indexed addresstng, X{regl, if accossed in
randnr order. These addressing modes ey alsa be deferred, frepd and
fXircpl, if the paramcters are operand addresses rather than the opetands
themaalves.

JSR PO, del ds o epecial wose of the KDTT-A schroutione call suiable Jor
subroutiee cadls that transmil peramelers hrowgeh e renece] reeisters. The
SP ond Lhe PO oare the only regislers al may be oodilied be (s call,

Ancdher spegial case of e J5R wsteuchon s TSR PO SR 4, wlhich
cxchanges Lhe 1op element of she prescssor siack with e conlents af the
program gounier, This insteacuion allows v paalines (o SWap peogram con-
crol and resume operaricn fmm wheee they left of T when rhew are reesllod
such eoutines are called cameousines

Keturn From a subroutine is done by the BTS inssruction. B S reg laeds che

contents nf rew intn the PCCand pops the tnp cloment of the proceysne stack
inwy the speoficd romster.

-



Csample:

HSHCALL
SBECALL-

SBCALL 2 2M:

CONT:

SBE:

EXIT:

EEFIFE. IFC1 RY

51k R3SEBR
ARG |
ARG 2

AR W
Soxr Instructinn

MOV RS dst
MOW {R5} st

MOV (TS T dse M

Oiher Lstruow Lions

ETs B3

45F 3%, LB3

Il 2 ¥ =l ]

1P AR

4FTF3. EF

anA

Sl TEA i

b7

ol

SHC AL

aBCALL & 2M
COMT
CONT

=TACK

- CaTer

e

ORI

HE AR

Eo

n—-12

rl

k4

R
AGCALL

LA

CXIT



H1™

RETL R FA SURF T HE DR
5 0 20
T T T T T T T T I T T
T T LN I NI T TR - I
h ' - i " i A L 1 i 1 )
LY TP LA
Operation: PC o (el

frepd < 1K)

Desceiplivi Luuds che cuntenls of the resmster intn B and pops che wop elamene of the
provessor sleck imto Lhe specilied reprister.

Felucn (rom o oonreenlrant subroann:s s Uepically noeds throweh the sane
repister 1hal was used 3001y call, Thue, a sebroutine celled wita a JSE PC. dst
exils wilbkta BTS PO and a schrouting cellsd with o TSR K3, dst. msy peck up
parameles wilh addressing modes (B3 -+ X0T050, or wXiR31 and Tinally
exils, with an RTS R35.

Example: K4 B3
TR FE ETAT
BZFCFRE "y F3 EEE
—— —
nal ol
1l 3F il
] [
SEEA a3 P
1 143 DAl
I L0
| BEFEFy 4

-l



SO5

GHIE L 5

or

TARL A5 D 3NN TR 1R 2 T HEER L |

Chperaliumn:

Condition Codes:

Dezcripliog:

(K1 (K] - 170l this rssalie = 0, then BC o PO - (2 = ofTsen), if (B~ 4
then PC . PO

Mol affecied

The register = decremented. [T the contenis does nof equal O, 1wice (e off5eL
15 sublracted Crac the PC foow poinling b Goe Telowing word}, The elTsel is
mlerpreted e o &-bil positive noeober. This istruclion provides o st effi-
cicol coethod of leop contrel. The assebler svinas s S0O8 RoA wheee A s
the addeess Lo wlosl feanslee s we De made o (e decremented Roe ool cquoal
1 b MNow: e 308 nsteusteon canool b wsed 10 cransice qontrel i the
Torward dicection.

6305 Traps - Trap instructions provide for 2alls 1o cmulacors, 150 manitars, dehoggisg packages, and
neer-defined interproters. A rap s effoctively an inteecupt gencrated by software, When a frap occors, the
coneents of the current program: counter (PO} and progossar sratus word §PS) are pushed antn the
processor stack and replaced by the contents of @ Z-ward trap vaotor eentaining A new PO oand new PS
The return sequence from a crap imvalves gxcenting an RV ar BT instructinn, which rescores the old PO
and ald PS by popping them fram the stack. Trap instruction vectars are lnouced at permancntly assigned

Tixed addresses,

A-69



LMY

IV ULATC R TRAF T 17
is g i
T T T - T T T — ¥ T B | b T T
1 I Y - I -
A ' 1 1 1 i =l L 1 "
CHoeralion: | (51 P8
| 15F - PO
PO 30
P5 —{11)
Condities Caodes: Mo Jwaded Trom eap veclor

£ louded Itom leup veclur
Yoo loaded Iroun loap veclur
o Looded Tecan leap veclor

eseription: Al operacicn oodes Teouy 104000 we 104377 ace EMT instrucicoos and ooay
b nsed o oransidl wlormacics 1 he emulatiog coctine (2.2, luncticn S be
porforimed), The wap vocwer Tor BMT is al addrese 30, The new PC o5 eken
from 1he word al addicss 300 Do aiow processor stalus (PS) G taken oo Lhe
wiprd ot addrges 32

MNOTE
EMT isx uwsed frequently by DIGITAL system
suftware and iy therefore mat recommended Tar pen-

erul pse,
ki e
PC K 1AL
Babol
Gp " [FEYE |
LETEH B4 121
Vil EH ZAaTAE
(R
Hg it — ™ KL




TRAT

i e e R [ 3

a0

R
1%
ViS—p e
1 L il

C¥icraricen:

Conditiun Cordes:

[xescrzplive:

nrr

WL AK IS ] AR

| (5FY . PSS

| 15F . PO
TRy
BS . {16)

o ueded rom eep vestur
Lo Juaded Tmomn Leep veslur
%o lueded Troan Leap eedluc
o loaded oo teap weclor

Crpieacion codis oo L0S400 10 LAATTT are TR A irarmaerions. THAPs and
EMTs are wletice] i1 operistion, vao e 1ot the teapy veetar for TRA T 75 ar

uidrese 144,

NOTE

Since 1MGITAL software makes frequent ose of
EMT, the 'THAFP instruction is recommended For
general use.

Ciperstion:

Cundition Codus:

[hscriprian:

43Py - Pa
5P -- PC
PCo— (14}
PS —(lIn)

B logdied Troon teap eedior
£ losded Ieom teap wedtor
¥ loaded feem trap wectar
L loaded feam i vectar

Perfarms o teap scquance with o trap vecoor sddress of 140 Used 1o call
debmgging aids. The wser is cantionzd apgaingt empleying cods WIOGU2
pragrams run under these delogeing aids. (Moo information 35 transmitted m

rhe low hwte.]



1

R TH TS AT N UL PR B Pl L HH)
‘e [ k]
i Y T T l ! B 1
[ a u I I I "l n ] il H L ul a n
L L | . 1 L L
kIR LILE

Cperacion:

Condition Codes:

Creseriplivie

L (5P — s
1 (51—
M — 20
P 27

. loaded from trap veotor
Lo luaded TTom trap vootor
Yoo losded lrom trap vootor
o loeded fram trap weotar

Perlorms a teep seguence with ¢ trap vecoor addrsss of 200 (N informaton i
transmiled i the low byted

RTI
FLIUHER UL 2] 5H0p TCEIE]
0 L0
T T — T 1 T T il T T L S |
| C T SN PR ST S TN - TN N S - B SR (R - a
L L 3 3 1 1 [ Fl L
LN
CIperalivg PC — (SP1
PS — {SEY 1

Condivio Codes:

I escriptinn:

Mo Ieded Irom processer sloch
£ loaded Irean processur stack
Voo loaded Iren processor stack
o loaded froan processor siack

Losad tir oxit from an inweesupl or TRAPF service routue, The N and M5 are
restored (popped) fraets the pracessar slack, 16 the BT s the T-Dit in e
M a rrass trap Wil ocour prior 1o cxcouung 1he nexsl msrociion, Wien
crecuted in osupervisar made, the eurrenr and previons maode s in the
restorcd Pa cannct e kerncl, When cxconted in osee meads, the guercnt and
provious made s in the restorcd PS5 can only be pscr. BTT cannm clear PN
it 11 if it was alrcady scf.



RTT

AETRH FROM T34~

T T
L o i

Chperalion:

Condition Codes:

aescriptinn:

PO (5P
P& BFYC

M leaded Mrom processor stack
2 leaded Trom processur stack
Voo Juaded Trom prucessur stuck
C: Juuded Trom processor stack

Opeeetion s e s as BETT eacepl (s iU inkdbite o leace trap, adiersas BT
perouts a trace tap, I5 the opew PS huas the Tobit 2oL, a tcep will cecor afler
eseculicnn Of e Lrst instruction aller RTT. When eseculed in supecvisar
mode, the current and previcus mode bis w e restored PS ocannot be
Kernee When checated b user made, the current snd previoue mode bics in
the cestered PS5 cont ooy De uger, BTT cannol clear PS5 bic 100010 ey wlesady

el

8266 Miscellaneous Program Control —

MARK
WARE aredrc
& ® as ca
I I I I I I I I I I
a3 1 1 I o o HF.
1 1 1 1 1 L
LT LR
Jperalion: S PB4+ T x BN

Conditvon Codes:

[Fcseripgion:

P - RS
K5« {S5P)
MM = number of parameters

™ unalTecisd
o unulTecisd
Y- wnulTected
o wnalTected

Llzed as pact of e zlamlacd subrowtine reiumn sonvention. MARKK Tacilitates
the stuck cleun-up procedores myvoived i subroutine exit. Assembler formaat

s MARK M.



Crample:

MOV RS —5F) plece old K3 o0 stuck

MOV FL—-5F pluce N parameters om

MOV FI—(5F sthe stuck to be osed
;lhere by the subrootine

MOV P —({5P}

MOV =MARKN —(5M splace Lhe Inelouclivm
MARK I ovn e slack

MOy SERS el oup addeese al MARK N
wnsleuslion
ISR PSR Juetip 10 subrouiue

At chis point the stack is as follows

The program s al the addrese SUB whicl w the Degioniog of Uk suloeatise,

SLIB: mEReculion af L
subreting nsclf

ETs R: dbe rennen hogins,
irhia canscs the cantonts
wif B3 tn b placed in the
(PCT swhich then resnles in
Ahe cxcontion of the
gnstroction MAKRK Mo The
contents of the old PC
sare placed in RE

MARK N cawses: (L) the steck pointer o be adjusted e point o the old B3
value, (2} the wvalue nuw m B3 (the old PCY o be placed 1n the PO and (3)
ihe contents of Lhe old RS w be popped into B3, (hus completing Lthe relumn
Jrem Lhe subroutine.

MNOTE

If menvary managenent is in use. the stack must be
napped thronugh both 1 and D space o execute ilie
MARK Instruction.
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Sr'L

EET FRIQRITY LEW=L MLAEM
(1] a1z [ il
Lo ] ] a0 ] | n i ' 1 Y
| 1 1 L A l. --nl_
Uiperalion: P bits «<07:015= «  privrity
[pricority =
Conditeon Codes: M unalTeceed
Z: unelTectad
Ve unafTeeied
0 umadlecled
DPrescription: Lo kecoel meode, the least significant teee bits of (e instrustion ar: Ioadod
o e peeeessor statds woed (P5) Dos =x07T05= shes causiog o <hanged
prierily. The old pricrity is {ost. 1o wser o supesviser modes, SPL execntes as
a MO,
Assemhbler svabay is: SPL N
5M
ALl P SLIL AR 20 e il oooen s
5 a0 i
I I I I I F ] ]
a il i ' 1 n C u] I
L L. l L 1 | 1 L ] 1
Operation: If RASIHY bit 3 — 1 and curreng

Condition Codes:

mnde — kemel then

sunervisar 5P -
ternpac 15604
temnpe (340> -

Pa-13%:1 2

carrent mode SH
Po-c15:414
il

= PEw15: 4

PS5 14 — I
Pad—0
—5F) — temp
—H{5M — IC
—5F) — [dst)
P o— (10}
octherwise, trans to L0 im kernel mods,

M
r
¥
C

wnattociod
unaffecozd
unaffecoed
unaiTected

6-T3



Prascrimian: CSM may be cxocuced inouser or supervisor mode, bul 2 wn kel mnstroc Lo
in kornel minde. CSM copics the current stack pointer (SP) Lo Lhe supervisor
madsg, switches oo sepervisor mode, atacks thros words on Lhe supereiser stack
[the PS5 with the condiciom codes cleared, the PO and the arpument word
addressed by the operand), and zets the PO oo the contents of locelion 14 (o
supervisor space). The cullsd propram in supervizor space may relucn Lo he
walling program by pupping Lhe arpument word Croo e slack aod execeing
ETI. On return, the condilivn codes are determned by the PS5 waed an the
stack, Henve, the called progracn in superyisor space iy coalrel 1he condi-
Liwn code valuee [ollowing retlurn.

6.3.6.7 Bueserved Instruciion Traps - These are caesed Uy allemds Lo ceceis ingtruetion codes reseried
For Tuture prucessor expansion {resecved losleaclions) or inslewerions with illegal addrossing mades (illegal
imstructions). Order codes not corresponding 1o any of 1he instruetions described arc cansidered 1 be
reserved mstruclions, JMF and JSE with repisler mode destimations arc illegal instructions; they wap ta
virtual address 4 in kernel data spaee Reserved insteuctions crap ta veeror address 100 in kernel dety space.

6.3.6.8 Trace Trap — Trace trap is ¢nablad by hic 4 of the PS8 and canses procsisor traps o1 the end off
imstruction exeeution, The instrction that is gugented after the instruction that sot the T-biL will procesd
Lo complelion and then trap throngh the trap vector at addross 14. Moote that the trace leap s o syslem
debugging aid and iz transparent tn the general programmer.

MOTE
Bit 4 of the PS can oaly be set indireetly by exceul-
ing & BTT or KTT instruction with the desiced [MS ¢n
the stavk.

The folluwing are special cuses of e T-hal.

MYTE
The traced inatrpction 15 the instroction afier the
ane thar set rthe T-hit.

[.  Aninstriction chat cleared the [-bit — Upnn Fetehing the traced instruction, wn internal flag,
the trace tlag, was set. The trap will still ocewr at the end of this instruction’s execolion. The
sratus word on the stack, however, will have = clear T-bit.

2. Amninstruction that set the 1-bit — Since the T-bit was alrewdy set, seflang il aprain has o0 effecl
The trap will occur.

1. Aninstruction that caused aninstruclion leap - The mstroelioon leap s perbocmed and 1he cotice
routing for the service trup is sxecuted. T the service routine @xils with an TLL or in any acher
wuy restores the stacked slutus word, the T-kdl 35 sel agaio, the mstruction fallowing the trzed
instruction 15 exevuled, and, undess i 15 e of e special ¢ases naed proviensly, a trace trap
CHASLITS.

4, Ap mstructon that cauzed a sack overflowr — The Instreccion campletes cxecotion as wswal. The
slack averflow docs nar cause a 19an. The frace teap veetor is Inaded into the PC and P& and the
old N and P% are pushed onta che stack. Stack overflow ocewrs wgain, and this time the trap iy

made,



5. An interropt betwesn setting af the T-bit and Telch of the truced instrucltion The enlice
interrupt service routine is executed and then the T-bit s set wpmain by the ealling BT The
craced instruction is executed {if there have been no other imlecrupls) and, codess 1035 o special
case noted above, canses a trace rap.

£ Inlerrupt trap priorities — See Tuble 1-5.

6. 0T Misedllaoeons [nsiroclions

HALT
-4l T [
1:- r T T l-{
a I I 1 ] I a a1 0 | L n [u} ] L
L i 1 1 L 1 ] L g 1
Opeecilion: | (5F) — PS5
| (BF) — MC
P o— restact addeess
rs — 340
Crongition Cades: Mot affested

[ Jescription;

WAIT

The ¢ffcet of HALT depends wpon the CPLL operacing mode and che halt
optian currgntly selected. See Chaprer # for more details an halt aptions, In
keengl made, 8 hale aptinn nf 1 (ewernal Iogic driving a ! oon 12413 in
respanse t 3 OrP Read wich a (7P code af O ) causes a trap chrough Incation
4 and sees bic 7 af the CPL ermor register when HAL T 15 execcuted. If the halt
option is 6 in kermnel mode, executinon of che HALT instroction causes the
KD 1-A inoo console OUT. Execution of che HALT instroction in wser or
supervisar mode causes o trap throueh locstion 4 and sels b 7 of the TPL
ercor remster.

WGIT B33 HTEHA . Lirn
15 o
T T T T 1 T T T
] u L i) L ] 1 n ] i .| ] ] L 1
| 1 ' -l I
A SLn

Comdition Codes:

[Degeripian;

Mot affectod

In WAILT, as in all instrmetions, the P naints to che next instruccion follow-
ing the WAIT irscroction. Thus, when an intarrupt canses the BC and PS o
be pushed ontp the proccasnr stack, che address of the next instrocton
following the WAL i waved. The exit from the anterrupt routine (e
cxecution of an RTT instroctiom} will cavse reeumption of the intecrupied
proceass at the instruction Tullowinge the WATT. I ool in kernel msde, WAIT
executes 45 4 NOP.
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RESET

HEZET Ex"LFNS_ 3LE

Candition Codes:

Description:

MFPT

Mol aflesled

The following sequence ol evenls occurs: {1 o GF Wreiee cecle 15 performed
and o GIF code of D14 15 wenecaled; (21 operalion iz delaved Tor 69 micoo-
c¥cles; (1) o GP Wrle &5 performed and a GF code of 214 15 penecated; {4)
opeeation 8 delaved [oc 600 micrecycles deluy. T not i kernel mode,
BESET operates as a MO,

RAL L FRAM PECGFRSR S TYEF WoRD R
14 11
T T T T T T T
L i a 1 oo a I 1
L 1 | — i
TH e
Operalion: Eil « 5

Condition Codes:

Dcseripricn:

Mot affected

The numbec 5 iz placed in BRI, indicating th the system software chat the
processor Lype s KDJ11-A.

618



MTID/MITL

falre L T FREYICL S S A AT

rALw
I~

UL E B G VI OO Y IO R Dot

LR
ll

#i

Operation:

Canditiom Codes:

[Lemp] — (SP1
{cducl + (eempl

Mo oact it the souroe <= 6
Ao eer if the oo — 1
oo cleured

Lo uwnaffecisd

R N I |

Descriplium: The tnstructiun pops o word ofl the current stsck delermined by PS bus
1504 undd stores that word intw an sddress in the preveows space (PS bils
<13:12=]), The destination addres 1% compuled weing the currenl repislers
und memury map.

MFI'D/MITL

RV G AOE PRCYI LS SaTs SFGGF

MCYE FRIM PREVICLE HSTRUCTION 5758 ESES
" LI )
[ | Ln} 3] i ] 1 ! 5y

CHweralidl:

Ciomdition Codes:

Descriplion:

[lemp) — (scch
—(8P — (mp)

Mo oset il the source -2 4l
£ set il the sourss = €]
oo cleared

£ unalTectad

Pushes a word oole the correst stack feoum an addeess in 1Re previals space
deteciitied by TS 13:12= The seurce addness iz computed using the curreil
repisiers aod merory oap. Wienl MEPL s caeculed and both previous maode
and cucrenl mede are wser, lbe instruclicn funglions as though i wers
MFPD
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.38 Condition Cuwde Operaioes
CLN SEM
CLL SEL
CLY SEY
1L SEC

(00 S0
5 L R~ B~ T - -
T T T T
t- I S« I T N & 1 TR ro ol
- 1 1 1 H
[l Y
DescriMion: Sel wnd clear conditivn ¢ude bis, Selscieble cumbinalions ol thess bits may

be cleaced o set wopether. Condition code Sits comespondinge 1o bits in the
condition code aperator (bis <0300 b are modifed acoording o the seose of
bae 4, e selsclear bl of the upesralor: e, sl lhe bit apeciied by bic, 1, 2,
or 3ol e 4 = | Clear corpesponding bils if bic 4 — 11

¥uemonle Ciperation O Condee
1L Clear € Q00241
LY Clear ¥ 0247
[ Clear ¥ nozda
O Clear & M2 S0
SEC Set C 100261
STy Set V 1010262
SCZ Sel £ 400264
oEM Sel N AO0TG
o C Sel all CCs apaatT?
CCo Clewr all CCs anozs?
Clear ¥oand C ann24s
NOT P peralion ara240

Caombinatinna of che ahove sco or clear opeeations mas b ORcd 1ogether o
form comhbined instroctions,

f-nl)



CHAFPTFR 1
FLOATING-POINT ARITHMETIC

7.1 INTRODLUCTIONN

The K117 1-A executes 46 Floating-point inatructions. The {loscinp-point instruction set is compatible with
the FPIT instruction sct for PIIP-11 compoters. Both sinple- and dooble-precsion flowting-point capabils-
tics ure available with other features, including flosting-ta-integer wnd integer-Lo-Tloeating cunversion.

1.2 FLOATING-POINT DATA FORMATS

Authemutically, u Meating-point number may be deflined o5 hevine the fumm (2 ** K] ® [ where K e oun
indeper und i o Mmaction. For o nonvenishing number, K and [ are uniguely deternined by noposing e
condition 152 < [« |, The lectional gart () of the oumber i e sad o be mormadized. For the nuniber
0, [ 15 wssigned the value O, and the value of K s wdetenonsle.

The floating-paint dara Foreinats are decived Tecin s enabemarical mopecseiniacion foe Floalwog-poin
uimbers, Two ypes of floaliog-point data are peovided. Ly single-precizion, o faacing mode, 1he dats s
32 bies long 1o double-precision. of double mode, the daca 55 64 bils laog, Siar magpioude notation s oscd,

7.2 1 MNonsanishing Floating-Point NMunobers

The (ractional part (F) is assomed normalized, so chat its mosr zignificant hic muost be 1. Thiz 1 i the
hidder bit. 1t 15 not stored cxplicitly in the datg ward, but che microcode restores 2 before carrving ouc
arithmetic operations. The floating and double modes reserve 23 and 53 bity, respectiveiy, Tor I These bils,
with the hidden bit, imply effzctive word Tengths of 24 bits and 56 bis.

Cipltt bite wre reserved [or storage of the exponent K o escess 200 nulubion [Ge., as B o0 200 (octal)].
eiving ¢ bused eaponent. Thus, exponents Mo — 128 we + 127 could be cepresented by O e 377 (buse E),
oc 0 ur 255 (hase 10V, For rewsons piven below, o biased exponent of O [the rue expogenl of =200 {(octald],
is reserved Tor Moatinge-point 0. Therelore, exporenls ace restrcted 1o e range —i27 w +127 wiclusive
(=177 w0 17T octal) or. i excess 200 pelatioo, 1w 377,

The remaining bit of the floacing-podns ward 3 the siga bu. The pumber is ocpative U 1he sipn bit = o L

7.3 Floating-Poinr Zero

Becaose nf che hidden Bif, the fractional part is not availzble o distinguish berween O and nonvanishing
nurnhers whose fractional part iz geactly 1/2, Theretore, the K1 T1-4 reserves a hisged cxponcnt of 0 for
this purpose, and any floating-point number with 3 biased exponent af 0 cither craps or is treaced as if it
were an exact (1 in arthmetic operatinns. An exact or “clean™ 01 = represented by a word whose bits ane alf
O, A “dirty™ O iy a Moating-point number with a bissed sxponent of (and 4 nonzers fractionul part. An
arithmetic opeculion for which the resulting true sxponent esceeds 277 Coctal) s reparded sy produsing o
(oatinge overllow; il the troe exponent s lese than 177 (octull, the operation = regarded as prodocing a
Mealing underflow, A biased exponenl of O can thus arise (rom arthmetic operalions ax g opectal case of
ovecflaw (true exponenl = =200 uclalk. {Recal! that only eipht bils are resecved [or the biosed exponen )
The fractioial parl of cesulls abloined frum such over(ow and underllow 15 correcl.



T.2.3 Undeloed Yariables
An undefined variable @ any bil pateern with a sign bit of 1 and 2 bisscd exponent of G The term
wnde/fred varfable 5 used, for histerical reasons. 0 indicats chat thesc bit patterns are oot aesigned o
corresponding, floating-point acehmetic valwe, Nare that the undetined variable i Pregueat]y relereed o as
=0 elscwhere in this chapear,

A domipn ohjoctive was tn cnsume that che uadefined varable wueld not be stered as (e cesull of any
Moating-point aperation in @ program tun with the overflow smd wnderflow interrupls disabled. This i3
achicved by storing an exact 0 on overflow and wnderflow (5 the corcesponding inlsrrupy s disabled This
Feature, together with an ability e detect reference w the undelined varable Gmplermented Dy the FILY
bit discussed later), s intended to provide the user with a debugreinge ail: i —0 coours, 3 did nog reselt fram
a peevious floating-point anthmetic inslousticn.,

T.24  Floating-Poini Thata
Flosting-point deta is stored a0 words of memoery as Qusigated in Figoees 7-1 and 7-2,

F FORMAT. F_JATING FON™ MG LE FEE0:RIOM

‘5 a0
4 [N ERYIRY (L I BN B
1 1 H H 1 1 1 L =L 1 |
D 5 e s b
IRy cn |z EXF : | g
1 1 1 J 1 1 i
H AR
Fipare -1 Sngle Precisien Farmal

O FOERST =00 T NG FO HT ZZJUELE FREECIEIDN

1= Ll
15 FR&CT N <718 -
1 1 1 1 1 1 1 1 P E— 1
15 Ly
- FRACT MK =1 15~
1 1 i 1 1 i 1 1 1 1 1
[ [{H]
12 SRACTION ~A5 5
1 1 1 1 1 i 1
1o ny A [
W FRANA Y +] % =¥ FEAZT The-air
1 1 1 1 1 i 1 1 H 1

S LIGM O FRACTION

txk = FX®NFNT HEXDIRS 20OMCTATIC . REE"HICT ol P01 107 Tl
P e ware SHi S HLOREF A%,

FlanT A= 233 TSN F FOAMAT, 55 SITRIN DFCRYWAT T UNZ H DLILY
EIT (M a1 AATIJING THE 8 Ne3Y FaDlE =2IRT 15 T0 THE LLIT

[SRRTLY

Figure 7-2 Phauble-ifsoeczmon Eeomat



The KIM11-A provides Tor conversion of Floating-paint to tnteger JTormel and vice-versa, The processor
recopnizey single-precision integer (11 and double-precision inteper long (L} numbere, which are stoced in

standard 2's complement Form. (See Figure 7-3))

I FOAMAT IRTLG i1 510 PIELSES UY

1A 14 i
] NUMB=F <15.10%
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L FOSME™ DNLELT SFFCas S G110 Lgays
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1
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7oA 2 Camulemenl | rmen

Fieere

T.3 FLOATING-FOINT STATUS REGISTER (FPS)

This register provides mode and interrupi controd for the currently cxzenting flnating-point instroction and
alsn reflzots conditions resalting from the excoution of the previous instmccion. {See Figuee 7-4.3 n this
diszussian a set bit — 1 and a resct bic — 8. Threo bits of the FFS register concrol the modes of operation as

Tablawms.

1.  Smple/Double — Floaline-poinl nembers cun be either siugles- o double-precision.

2. Long/Short . [nleper nubers cun be 16 bils or 32 bals,

3. Chep/Rouwnd - The resull of a Mogling-paiol epecatiot cal b gl “choepped™ or “rounded, ™
The tecan “chop™ & used mstead of "euncate’ 1o avedd confusion wilh rungation of aerics wsed

1 approxmtddions Tor Tunciion subrautioes

1k 4 17 1/ 11 ‘I il 13 17 ¥ = H 3 2 1l LI
-
JFEF: FiD oy FII..'-.'|FILI Fiv l FC| F> | FL . FT “4 o= | FZ | Fw | Fr
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|
'-l_'r,_ﬂ
RS LD FEZERWED
HH=aN

Fopure 5= Tlans.pg-Poiar sraces Bepiceer



The TP3 repister conlains an error flup and Tour condition codes (3 bits): carrye, overfiow, zera, wod
nepative, which are anebogous to the CPU condition codes.

The KDJIL-A recopoizes six Ooatime:pulnl exceplions:

Detection of Lhe presence of 1he witdelined vacable i merory
Floafung overllow

Floating undeeflaw

Failurg of flaaging-lo-inieger Sonversion

Attempt 1o divide by 0

Magal floating ap code

* o F & " ou

For the first fowr of these exceptions, bits in the FPS register arc available to individually crable and
dissble incorrupts. An interrupt on che occurrence nf either af the last own cxcoptions can be disabled only
by sctting 2 bit thut desubles interrupts on all six of the excoptions, as a group.

OF the 11 TPS bus, 5 are set ws parl of the coipul of o Meatine-point mstruction: the ermor Mag amd
condition codes. Any ol the mude and interrupt control bits may be sel by 1he wser; the LDFPS tnslouslion
15 avaulable For 1fus purpose. These 13 bite are stored o Lhe FPS regmsler ws shown io Fipore 7-4. The FPS
register bits are described i Table 7-1.

Tulle ?-1  1P5 Register Hils

Hit [k 1 b Lreycripdinm

|3 Fl=at.nz Enor [FER) Th: FER b s sol by dlos EDAT -4l
1. Cuvizeze by zoio acews
o Aan llepsl op oode ool s

1 Apy ome af the remzirics Mestting peons soceptiors oo and
The corresmerdd ng irkerrapd is encbl=il

ole bk she irmres sian s imaleperdent of whethe= ke T iz i 5=
ir lear

Mol whae bzl e KL -4 riever rescls Lhie FER L:L Akee Lhe FEK
il =omel by the RIJIT-A, 00 o boochezred ancy by oan LLFPS
irstreclioen Ll e ESDT spslrwclzn: docs rol cleas Use FE Ll
Ths e “han he FEIC b oo opeta-biole anly il i oeal neoenl
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14 lavznupl Diszblz dE1D If che CET B je w, al) Haariap-paint inderropes 2re divikled.
MNIUFTLES
1.  The FHY bit §~ primurily o maindesamee [ealure. I sbusld nor-

muakly e clewr. B particalur. it mausl be clear is wne wishes
ssaure thul sioruge of =10 iy Lthe KD 11-A 8 alwoays aceoidpa-
nied by wn interrope.

Lt Thirvmpbuel the rest of tle cliapter, assimne thad dhe FTI B ks
lear il all distussions imsolrloe oM. danberEort. 0geuETe N
af =k o inleger SoireEabolE £ pOFs-




Lable 7-1

'S Register Hits 1 nmLp

it “nme
15
12
2 Intenapl o Lemialined
YVariak'= (T W)
14 Irtcrrupt an Lacerflow 1E1L)
ne Interrupd a0 Qe [lzw (F1Y]
03 Inerrupl o Inieger
Coamwersion Lrmar (FIC
ar Flarting Dswale- Precisier Mode 1812
1 Floelisye L= Tnieger Buede (F1LI
03 Manzing £.hap Mede (T
04
i1 Manting Megarive 1T W)

Lkessicriplivan

Rasprved Tor fizborg TRGET AT, yise
Easizreed for Ptare TIGTTAL 1258,

Aoninterrapd cccirs i FINY 46 ask ond = =0 e variinel fren mamons
S opernmil al” AT STHE, S, THY, (WP, 000 TG, AT,
THT, e ane LikAals insrnerion. The ‘neronr acznts belare sceccticn
o sl instrzctins. Wher FILY i resed, = zor e hescled ond nsed in
ity Phninge poind pozriion, Bens Lhart the iarsreps s ool activiled by
the prosicnce al” = in e AL apetard o anoarlhrelic iqsrocion: in
DErECer, rEp on =0 GeveT pocurs inomisde 10

Aopcaal, ol =0 will o Do sbonod wiklowl e sinzLinedus osrusrenee
el oan mlerept.
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Naclasa] 207 e e el of U oporatenn ez L overflew el
b corvezt The bigsed caaamant wuUl 2 wao smadl v Q0h

Tl F1V kO e pesed snd owgrflowe cocans, tlaers is nociclerrupd. The
KT 1-A recerns axaer 1

Sqmeial cnsess ar cesrllaw re densiee in ke dendler lesariprione of
e MO And LNDEYP ‘nsi-uciinns

Wiwen the FIC kit iz gzt aad o eanversinn 10 atepes imesierian ails, ar
interiapd will eecar. 1 Ahe ioesrropd oocurs, rthe dsseinasinn is sstin O,
ard all ather rgpisters are st canmichesl

11 +=e TIC kir s messt, the resale ol tke apetarion will ke the some as
tetailed anee, hick mointerncpr w3 azzes.

The eoaree=sion rmaeraetion Lils 06 ponertles aninleeer wizh rore bils
Lhitm i 1L in 0o shore oo oo nieeges wand speeilzcsd bx Lhe FL bil

The TT 9if dergrenines the precisiag den g wsed T (oelng-poon.
caloylprinns Wires st dabae-preeisiag iz aszuaxed. when reze, sioele-
mrecisicn it nser.
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caenglenzen: G, 12 aitsh Wher reac.. Ui iTlzeer larmal i dsaarel
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Talde T-1

EI'S Regzister Hita (L outh

Hit e

2 Flaating, Fez (TF)

i Foaariap Cheesllow {E¥]
1l Floaring Csrme (T4

LxserlHbow

P& i ozel ol b rvauly 20 ules Cazt [Loauine-pont oRsratemt was B, ollu-
h T D [ L

Fwoas aet gf the last Jleamprsaen opowbize szoobed . en ceoenen:
i“'ll\.-'\.l'“l.'l'\-'\-'; Sl e 1L 1S el

PO s genaf e last MNealmz-pean, operatool rseid moa sasy ol s
sl ssmalicant . This cae caly soco on Tleatong, dow ale-te-intzpe

TR EA T -

T4 FLOATING EXCEPTION CODE AND ADDRESS REGISTERS

One mterrupt veetor is assighed o take care of all floading-podtl exceplions (locaton 244y The six possible

crrars are coded i the 4-bic floating exceptian code (FEC) eegisice a8 fallaws,

The addreess of the wslouclivn prsdusing the excepiiun 15 storsd in the floating exception addeess {TRA)

cepister.

The FET and FEA registers are wpdaled onlv when one of the [ollowing vecurs.

[. Division by Zero
2. lllggal op code

3. Any of the ather four exceptions with he carrespending incrrupt enahled

This implies that only when the FER bit is sct, the FROC gnd FEA registers are updated.

Floating-to-integer or dawble-to-integer conversian crror

2 Floating op code arror
4  Floating divide by zoro errgr
&
&  Moating overflow erroc
10 Fioatng onderflow error
12

Fluating vndefined vuriable error

MOTES

H one of the last Four execptions occurs with
the corresponding interrupt disabled, the FEC
and FEA arc oot updabed.

If ab exceplion ovcurs, mhibilion of nlerrapls
by the FID bt does nol inkibit updading of (he
FEC and FEA.

The FEC and FEA are mot updated H o excep-
ton ooturs, This means that (ke 5T5T [store
atats) mstroction will return current infoarma-
tion anly if the most recent floating-point
instruction produced an exception.

Unlike the FPS, ou instructions are provided
Tor storage inte the FEC and FEA registers.

-



75 FLOATIMNG-POINT IKSTRUCTION ADDRESSTMNG

Floating-point instroctions use the zame type of addressing ws the central processor imstructiang. A source
or destination operand iz specified by designating one of eipht addressing modes and one of eighl centeal
processor wenecal repwters to be wied in the spealied mode, The modes of addressing are e seme as thuse
of the central processor, except in moude 0. In mode O the cperand 15 located in the Jesipmated Mualing-
point proveseor accumulator ralher chun in a centrl processur peneral cegleter, The modes of addressiog
are as Julluows,

0 = Flealing-poinl accumulacar
I = Deficrmed

2 = Autoincrement

i — Autoincremeni-deterred

4 — Autidecrement

5 = Autidecrement-deferred
o= [ndexed

7T = Indexed-defermed

Auloineremenl wnd sutodecrement opersle on ncrements and decrements of 4 lor F locmal, and 14
{octul} Tur T Turmel.

In meode O users can miake use of all six fOoating-point accwrmwlalors (ACD-ACSy a6 1heir scwrce oc
destination. Spesalving Moaling-point aecucnulalors ACE or ACT will reswll oo illegal up code trap. Inall
ollwr modes, which mvolve raksler of duta Lo ur Joom metnory or the penera] ceplsiers, users ace resloicled
10 the [msl fowr floavng-pocl accumuinbors (ACO-ACY, Wien ceading or wrilng 2 Moatioe-pount
nupaber o or 10 ecdey, the low menory woed contatoe 1he mosl sigoudicaol word ol the Toulioge-pouit
nuimber, and the high memaey ward the least siznificant waed,

T8 ACCURALY

Crenoral comments on the accuragy of the KU 1-A Floating-paint instrustions are presented here. The
descriptions ol the individoal instructions ingiwde the acowracy at which they operate. An instroction or
aperatian is regarded as “cxact™ if the reselt is identical to an infinite precision calealation invalving the
same operands. The a peforf accuracy of the operands 15 thus ignored. AH arichmnetic instrections toeat an
operand whose biased exponent 5 0 a3 an exace {1 (unless FILY is enabled and the operand 15 4, in which
case an indertupl ovcurs). Tor all arthmetie operations, except DTY. a 0 vperand impliee that the
instruction 15 exacl. The sume statement holds Tor DIY o the O operznd 15 the bvideod. But i i35 the
divisor, division i wiedelined and an interTupt scours.

For nonvamishing Moatiog-point aperands, the fractiona] part i binacy rocoalieed. I conlains 24 bits or 56
bits for Ooating mode and double moede. cespectively. For ADD, SUB MUL, and IHY. 1wa guard bits ore
necessaey awd sufTicient for the general case Lo guarantes: retucn of a clwopped or reunded resull identical (o
the corcesponding infinite preciswon aperation <hepped or rounded o the specilied word lengih. Thus, witl
twa guard bits. a chopped pesull has an eceor bownd of one least significant Lit {LSBY a rounded resull has
an creor bound of 172 LS8, These errer bownds ace realized by the KD L1-A for all instrctions,



In the rest of ths chapter, an arithmetic result e cufled exact i na nonvanishing bits wouold be lost by
choppinge. The First bit lost o chopping is refermed toas the “rounding™ bil. The value of 3 rounded cesolt s
related to the chupped result a5 fulluws.

1. I the coundiog bil s L. Loe rounded cesuole 35 the chopped cesull incremented by an LSE.

2. ITihe rowodiog Danas 00 he qounded aod chopped cesulie wre adentical.

It Tollows 1hal:

1. IF the resale is exace; rounded walue — chapped vahie — exact vale.
2. IF the result 8 not exeel, its mapnitude is

alwevs decreased by chopping.
¢ Jdecreused by rounding iF the rounding bit 6= 0.
*  gnureassd by rounding iF the rounding bBit i 1.

Cecurrence of Moatiog-poiol ever(low and underllow 35 an ecoor conditiun: the result of the celeulalion
cannol be cormeclly stored because the saponent s o laree o e o the elipht b resersed Tor i
Toweser. the internal hurdwar: has produced the soreeet answer. For e cass of underTow, replocement
o Lhe cormecl answer by s g reusonnble resolulion of the problem Gor maoy appliicadons. Tlos s done by
the B 1-A a6 the undeeflow inderrupt 35 disabled. The eerer incurred by s activn s an abselue rather
than a celative eceos; it 03 bovnded (i absolote valueh by 2 ** —128 Thefe i3 oo suclt suople pesoluiiog Tog
the case of overtlow, The action 1aken, i the overllow uterrapl s disabled, s described under FLY (it 99)
in Tahle 7-1.

The 1% and 1IL) bits (of the flnating-point stams ward) provide nsers with an oppartunicy to implement
their avwm onrrcetion of an averflow ar underflone condition, I sach 3 sondition acenrs and the cormespond-
ing interrupt s enabled, the microcods stores the fractional part and che low sight bity of the bosed
cxponent. The intermupt will take place and vsers cun identify the sause Dy examination of the floating
overflise (T bit or the flosting exception regiseer (FEC) The reader can readily venify thut (for ihe
standard anthmetic aperations ADD, SUB, MUT., and V) the biased exponent retumed by Lhe imsirue-
tion beurs the lollowing relution to the correct exponent.

L. O ooverflow, il & Lo saaall by 300 {uclald

2 O vnderflow, of the biased exponent i 0 b coccecl. IT e bised exponent 15 ool 0010 s 100
large Dy 400 (ocgal).

Thus, with the ingerrupt cnable, enonuglh information 3 available 1o doerming the caveeet answer. Uscrs
may, For ¢xample, rescale thew varialdes {via STEXEP and LDEXE]) so cantinwe & galoulacion. ™ac that
the aoguracy of the tragtional part is wnaffeeted by the oconrrgnce of undertlora: or owertlow,

T.7 FLOATING-FOINT INSTRUCTIONS

Eocl inslroctics s ceferences o Qoating-puint number can eperals o either single- or dooble-prevision
nuccchers, depending on Lhe slate of Lhe FD ocoode bos Similacly, there oo weode b FL thal determines
wilcLier @ 32-Dit ileger {FL = L or o L&D wileger /EL = 0] & wsed 0 convcraion helweet ptcaer and
Feazng-paoint represcicaions, FSROC and FDST operands use Toatinge-poiol addecsswg nodes (foo Fugune
T30 SRC apd 15T operands gse CPL addressing wodes,

-
v
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Figare 7-5 Flraing-Pairl Sediressiog b odus

Terms Lsed in Insiryuction Defhnitbons

L
R
Al
fari

[sl

XL

T

op code — 1T

flnating op cude

vontents ol secamuolatuz, ws apecilfied by AC Neld ol melfocen
address ol Toadimp-poeint seurce wperand
address of Ooating-poinl deslioatics opecand
[racia

Iargesy fraction 1hat can b representod;

| — 2 %% [=24), FI? = {; single-precizion
| — 7 *¥ (=38, FIY — |; douhic-procision

sriallest number that is noc identically zera -
2 =¥ 125}

larpest nuonber thal can be represented —
1201 * XL

laracst interer thes can be representod:

7 ¥t (5
1ty

1; F1. - I short integper
1: FI. = I; lunp integer

ADS faddressh — absolute value ol (addressi

EXI fadd-ess) = brosed exponent of Guddress]

-



LT = "lgas than™

JE = Tless than ar cgqual to7
L. —  “arcater than™
£k =~ “prewter than or eyual 0™

lsant sipailicane bit

.50

Buclesn Symbols

oy - ."LhD
W = elusive OR
= = guglesive OR
- — MO
ABSFSABSD
e T [ N R R B ST T T I | 1o LS
15 iz N A% @R 20
! | T T T T T T T
1 1 1 1 oL ] [H b 1 H] | I |
. . . ! . . .
Formeat: AHSL IFID5T
Operalicn: LI (FDST) =4, (FIST — — (FFT)
It EXRTDST) — 1, (TFTST) — exact 1.
Fur all vther coses, (EDST) - (TDST).
Condition Codes FC— D
Fv — Dy
FE — L if{FDSTi =10, ele FZ — 4
FM — 10
Deseription: wct the contents of FIXST to s alsolu: o
Inlerrupie: If 'Y i enabled, trap nn -0 aceurs hefnre axecutinm. Owerflaw and
unclerflow seanat cocnr.
Accumey: These inslouctions are gascl

T-10



ADE/ATHID

UL FLOAT HG-DGLSL S Bt ] S T
14 S R N N < I [t
I 1 1 B T T T T T
1 | a | I [n] T AL | L
1 1 L L I )
Farrmar: ADDE FSRC AL
Qpsration: L2l SLIM = {AC) + (FSRD

Cunditinn Curles:

Dezeripricn

[ntercuple:

Acou sy,

Specied Commenl:

I andeeilaw ez andd FLLD 3 oo coabded, ACT — cuacl 1),
M nverfinw oocnrs and FIW is nnt cnalilo?, A0 - sxaet 4L
or all others cases, A0 SLINL

oo il

TPV e | owerflow vecurs, ele Y - 1
FE Tl [ACI — (L else TL 1)

FM — LA = else BN — D

Add e conlents of FSREOC we the contents of AC The addiiv i careed om
i singhe o double-precisian wid 5 counded o cheppod i aecardaree wirk
tie values of Qe FD and FT Bus o the FPS mopister, The resuly is stored in
A cxmepr o

. Cwverflnw wirh interrupe dizahled.
. Underfloena with intereapt disabloed.

[For these cxceptional cases, an esact O s stored o AC,

1T TILY 15 enabled. trapem in FSREC vecure befure execution, 1T weerllu
or underfliow occurs, and 16 the cormespondine interrupe i enabled, the frap
vccurs with the faulty result in AT, The Treclional perls are cormecty sbored.
The exponent purl = Loa scoail by 300 Jor over(low. [1 e wo lerpe Dy 300 Jor
underflow. excepl lor e special case ol O whici s correc,

Errez duc 10 overflow and vodeeflow ace deseribed abwve, IF neither ageyrs,
tecn: foc oppesitely siened operands with ¢xpongnr differenee of 00ar 1, the
answer returngd is exact F a Iess of significance of ane of more bits can
ooenrr. Mape ehat these are the anly cazes For which loss af significance of
more thar one hic can ocowr. For all arher cascs the resalt is inexact with
crror hownds of:

1. LSD in chopping mode with either single- or doakle-precizion.
2. 172 1L5B in mounding mode wich either single- or dugble-precision.

The undefined varuble O can uccur onlv in conjunctica with orecllow or

underllow. T will be stored in AC wnly f e correeponding inlecoum 3

enabled.

11
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15

I
) I Ly

1

Furimal;

CHaernicy

[deseripion:

CLRE/ULRD

=In [ Ll

CRCC

— B
Y o+— F¥
£ —F7
W — Y

Lopy the Pinating-paint candition eodes inra the C1PLS qondition cordes

CLFAF F AT an i F 104 DEl
1% : : i 11 Hal L] | . 4]
1 1 1 U L u 1 S S D=1
1 L s " I 1 | s
IR R

l"ormar:
{iperation:

Conditon Codey;

Dhezcrmian:
Imerruprs:

Accuracy

CEREF FIINT

L FET) = cxagr ()

[ S
%«
[
PN -- 1

Set FDST o 0. Set T8 condition code and elsar other condscion cndz bics.

Mo totecruple will occur. Overllow and underllow sannot oscur.

These tstous e Are el



CMPE/CMPD

GRRraSE F O OaTING A DOL SLE

ITEIAS+H FRRC

1= 1 o i s i [ i
I I I I | I I
] 1 1 1 I 1 1 hu FRRLC
L 1 1 !
Fncmat: ChPT TSRC AL
Crperation: (FSRCE - (A
Condition Cudes: FC—0
FY — D
FL— i (FSRRC) = 0 ¢lsg FY —- 1
Frh — L i (FRROCY < 0 clse B «- 1)
DwscripLivn: Compare the gantents of FSRO with the accumulater. Set the @ ppropriote

floating-paint pandition cndes. FSREC and che ascomoulator are el wnchaneed

croupr as nored below,

Inzrruprs: [ FILUY g enabled, trap om O occurs beflure eaecolion.
Accuracy: Thess instructiomns are easct,
Special Cumment: An uperand chal bas o biased exponcol of 06 treaced s iF L werg an exacs {1

In thiz case, where both operunds cre O e KU D L-A w3l stere an exagt Oin

A,
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DIVE/DIYIL:

JIGE FLGATI S Ak L 174 AC—4FE A

Trarrmal:

Dperalion:

Condition Coades:

Descriplion:

Inlecrupes:

A conracy:

Special Comment:

DIVE FSRC AC

I EXINESEC) — B, (ACT — CACY aud Lthe istruction s abosted.
[T EXTNACY = 0, (AL — exact I

Far all ather ¢azes, ler QILOT = (AL FSRC.

IF undarflow acours and FIV]is not enabled, AC - cxact (b

If owerflow cconrs and F1Y s not enabled, A0 exact 1L

For all athers cases, AC -« QUIOT.

'C—0

F — | i overllow uecars, else FY — 0O
FE— 1M AC) — 0 else FZ2 — ]
Fv — L dALD) = 0 else BN — D

II eithier operand Las 2 Diased sxpoocin of O 038 eatesd as an sxaer O, Foe
FSEC Lhis would imply divisicn Dy Q0 e this coae (e inatrecion is abarted,
lhe FEL repister is sel o 4, and ax inteceupl oocurs. (D crwiss, he quetient
1% developed e single- o donble-procision with two geand hits for qoreest
rewading, The queticnt is rounded or ¢hopped in poeosdanae wich the valugs
ot (he FI? ard FT Bits in che FI%s register. The resnl is seored in the A
cxcept for:

1. Owverflow with interrupt dizabled,
2. LUnderflew with interruptl disabled.

Fur lbess exceplivnal cases, an exact O i slored n AC,

I FIUY b epabled. trap oo —0 w0 FSRC ocouns belone executon, [T (FSRC)
= 0y ietermupl Leepe oo an eliempl 1o divide By Q0 16 oveellow o underloes
aocurs, and o e coreespondiog witerrup i oenabled, the trap eooees with e
Faulty eesull in AT, The fracuicnal parls are corsecily stored. The exnongnd
pael oo small by 400 for aveeflow. 14 s wa largs by 4080 for unde rtlow,
croupg Por the special ¢ase of 0, which s ¢arvect

Errnrs doc to nverflnw and underfloa are deseribed ahove. 15 nome of these
poours, the ermor in the gquntient will be bounded by T L3B in chapping mode
and by 172 [.5H in rounding nande.

The undelined varable 0 can occur valy in conjunctivn with ceerllow or
underflosw. Tt will be stured 0 AC omly 1 the corcespending inierrupt s
enalied.
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LIDKCDE/LDEFT

IR AR TN 0T CT U= 1 0e LEATINS

20 FREGR F1OAT I TR S0k L F TeAL A
1. L A o
I I I T T
1 1 1 ' 1 1 1 £ T4F L
1 L - ] ] L ]
Furnaal: LLEDE TREC AC
Operatics: EXPTSREC) — 0, AT — exuct 0.

IWED = [, FT = 0, FIV — [ und rownding causes overllow, AL exact £

Troall arher ¢ases, AL — CawWFSRCY, where Cxy specilite conversicn [Tom
Frariag mode £ we ealog wexde «

=1y, ¥ — Fd FI1 = 0 geinples LDCDEF
v — 1w — 13 #13 = 1 qdonblel LICED

Condition Cuodes: [EE
FV e L of conversion prodioees overflow, clse
| EASEE|

FZ— il (ACY =10, glse FA: 0
FI — 1l AC) = 0 eme T 1

Deaeriprica: IC e cuceenl mmode s Mosling mode (FT) — 00, the source 3% assomed w0 be
Juubleprecisivn nuenber and % converted w sinele-preciswn. IF the fleating
choep bt §FT) 15 set, the number = chopped; otherwise, che nomber s
roudesd

I the cwrvent made i dauble mode (FD = 1), 1he souree 0 asserooe] 1o be a
single-preciginn number and s laded Jel-jostilicd o AC, The lower Jall of
Al s clegred.

[nteccupis: IF FTUY s enabled, trap an =0 noeurs bofare execution, Oveellow caitnol
accur lor LD,

Aotrap ovcurs i TTY s snubled, and if rounding ach 1.DCIE cawsas over-
Mow. AC — uverflowsd result. Thi- mosole mwse Be H 1 or =41, Lindarflona
LML CHELT.

ACCLUASY! LOCFD 15 o exact inslewction, Dxeepl Tur overllow, dewcribed abowve,
LOCDE meurs an ecoor bounded by | LY in chuppine mode and by 172
L5EB i rounditg mode,
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LR ALDCLI L DCLE AL DD

b o R T TR BT I T W I T U I U [ ) e |
SRR TR RN FTHRE TR B K P H R B Ty
o5 11 "1 LY HE Lli %] [ER
I I I I ] I I . I
1 1 1 1 | 0o s HA
1 1 ! I 1 1
Fosmat! LA SR AL
Ciperat:an: AC - O SEC), where Cix spectiies conversion Tooin imeper mode | oo

Carnditae ©odes:

Taserptinn;

[rulecrus

Agguracy

Meating niods ¥,

I—HiITL -0, ;=L FL=|
a=FUFD=0x=DiFD=1

Fi&— 1D
Fv — 1
FF— LirA =0, el 154 0
o | . Y3 T T L i

Cromversion % performed on che cuntents of SREC Crome o0 2% comnplemgw
infeger with procision | oo g Moaling-puint number of precisicen . Mole et j
and % are determened by the stale of the mode bits FL and FD

[Fa 52-bitanteper s epecified 1L modeb and (SEC) was an addiggsing mods of
0 or immediace sddressing eoode b specilied, the 16 bils of the sourcg registgr
are lel-jestifed wod the rennoong 16 Bis logded wich Qs hefare ennversinn.

In the caee of LONCLF, Lhe Dactienal parn of the flnating-point representation
> chepped or cosnded e 24 hits for FT = 1 or 0, respectreely.

Mg SR i3 oot flaating-point, 0 trap on 4 canmol esur.
FICHE, LAXUY, and LDCELY are exact instructione., The crroc s ureed Ty

LI s bounded by 1 LS in choppine mode and be 12 LSB o roundung,
made.



LDEXP

1Al

15

SRGHD T

1MG S0 43RG
2 11 K i i 1- [LH

I
1

[ormat:

Clperaliun:

Condition Cuodes:

Deescriplioat:

[nrcrsupts:

Acouriy:

1IEXP SECAR
NOTE: 177 and 206, appearing below, ars octal numbers.

IF 2M o« SRC < 200, EXPIAC) - SRC - 200 and the rest of AC i
unchunped.

IF(SEC) = 177 and FIY s enabled, EXTACY — (SEC) 4 2040]=07: 080
LSRG = 177 and FIV by disabled, AC — esact [

IFiSRCT = =177 and FIL iz cnabled, BXPLACT — [USECT - 2007070000,
If (SR oo =177 and FIL s disablad, AC « cxact (L

| L

My o 100 (SROT = 177, else [% 0
FZ- 1i(AC) =0, ke T2« 0
IN o | if {AC) w1, ale TN - 0

Clhaopee AC w0 that ils unbiaze] exponent — (SR Thal s, converl {SEC)
Mmorn 2% complement b excess M0 nolation and msert i into the EXP Delld
of AT, This 15 & mesminplul operation eoly if ABSISRC) LG 177,

IF ST == 17T 1he resull s trecied oy ovecllow. IS -2 =177 1he resul? =
Teeated as underllow,

Mo trap on =0in AL eoones, eved iF FILY ig enabled. IF SR = 177 and Fiv
i5 cnablod, feap on averflow will ooous, WSRO = =177 and IIL. i enahied,
Lraf: nm underflone oill aceur,

Frroms due to overflow and anderflow are deserbsed above, IFEXPCAC = 1)
and (RECT = 200k AC changes Sromoa fineting-point number treated as il
by all Moatinge anthmetie sperations @4 non-0 nember. This buppeos becuuse
the mmeerlion of the “hidden” Bitin the micrescode im piemenialion ol urichme-
e mstroctiunes 3 triggered by a nonvanishing valoe of TXP.

Far all other cases, LDEXT unplements exocily Qe traosloemalion of o

Moalioge-point puoober 42 %* K1) * Tae (2 ** SRECH * | owhere 172 LE.
ABSDN LT .
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LI/ LI

A HIRCGRC R -E

&

172 ACHIFERS
1 ol ) [40) T 1b] CC

1 1 L i A ! F%3c

Feoarmet:
Clperution:

Condilion Cudes:

Dcscripgian:

Interrupes;

Accuracy:

Spocial Comment:

LI e

LI PSR A

AT TISRO)

-1

FV — 0

FE& — L[ iACY — 0, elee FZ — 10

FN— LiI(ACH= 0 else FIN — 1

Lead sinple- or dewble-procizion aumber o AL

17 FILY s epabled, trap on =0 aceors betore AC is lopded  Cheerflow and
underflaw canned aceur,

These instructioms arc cxact

Fhese inatructions permit wse of =0 in 4 subsequent Toating-poine insoruction
if FIL.Y is nnt cnabled and (FSKE ) — —1b.

LIPS
LAl Fi TGP T Fdolimars 1o g A EFC
14 Tl o I .
T T T T T T T I I ! I

| | H] n rn s i I ZRC
Format: LIPS SREC
Ciperstion: TIPS — (SRCH
Descriplion: Loud (Ooatiigpoiot stalus cegister froom SR,

Special Comnmient:

Lisers are cauteorned ned 1o wse bies L3012, and O3 Tor their awen purposss,
gince Lhese bus are aol recoverable by the STEPS mslrecrion.

T-1%



MODFATORD

FAUL_T-2LY AND SEFASATL I TLSE A

AU TR o B, 1S 171 GC+3IFSRS
= 1. 1 I I CL It K
I 1 I r I 1 | T I I
1 1 : 1 oot ' : wr | 1gn
i | 1 1
W
Formal: MODE FSRC AC
Descriprion This istruciion generales the producl of e two Ooating- puinl operande.
ga] Operativ separales Lhe produsct ot integer snd Cractenal pactes, and Uhen sluces cne ur

buth pacie as Mualing-poinl numbers,
L PROD = (AT * (FRROC 5o thal in
Floating-paint, ARS[PROHY) — (2 ¥ K} ¥ 1, whero
A2 LE F LT T, and BX PR — (20 4 K)
Fized-point binare: PEROD ~ N 1 1 where
W = INTTPROD) — ntecer perl ol PROD. and

g — PROD — INTIPRODN — [ractona] part of PEOD wilk & LE. «
.LT. 1.

Both M und g bave e sane son as PRODL They are meturnsd as Toliowes:

I A = e eveat-eimbeced acepmelatar (0o 2y Mos gnaeed in A4
(L ae 3k and g s sloded iy AT

M ACT is an ndd-numbered aecumulater, b noc seorzd And g is srorad
in AL

The vag staccrnents above can oo comboed oy Galleas:

™o reteroed o AC ] and ooy cedurned w AC,
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TFive spectal cases aveur. s indicated 1n che fullowing lormal deseription with
L — 24 Tor Muating mode and T, - 56 fur dooble mode.

I.

14

ah

IT PIROD overlows and FIV 35 epabled. AC 1 - N, chopped w L
bile. AL — exact 0,

Mo Lnat EXPUND b8 Lo soeall Ty 400 aod 1hal =0 con be stored 1o AC
Wl

W FIY is nnt erabled, AC % | — cxaet B AC — cxacl 0, and =0 will
never ho steeed

£ 2 ¥ L LE. ABNPEOI and no ovarflow, A0 w 10 - N, chapped to
I. bits, &7« axuer ().

The sin and EXP of & wre correct, beo lew-erder bit infarmation is lost.

Ml LE ABRMPROD) LT. 2 ** L AC Y |- M, AC - g

The wileger pact ™ s esacl. The [ractonal pect o35 oermadized, and
chepped or oosnded 0 accocdance wilhh FT. Rueunding may causs o
retuen of 4+ uniy Jor U Deaclonal parl For L = 24, the eoror in g 35
Tovoded by | LER i choppisg stode and by L2 LSB Ly cownsdang cooe.
Far L = 58, (he sreoe i & oeiedses Fearn he abees Timuks g ABS(M)
incrgases abave 8 Docause only 29 bies of PROT aee gengrated.

24 p LE ARSINLT. 25% p = 1), with p = 2, the low nrder p— 2
hits ot 2 sy he in creor.

0ABSIFRODN L1 1 and nes wnderflow, A0 % 1« cxact Gand AL -
g

There > o0 eccur o Use neger pact, The ermor in the Cractienal purl e
bounded by | LSD i choppiog mode wnd 12 LSG in rounding mude,
Eaunding may caus2 o ceturn of + unily [or che Cracticmad parl.

It PR ondsrflews and FILG§s enabled, AC v | — 2xzac O and AL —
2,

Errary arc 4510 case 4, exoepr that B FCACT will e ooa laroe by 4008
CiF EXEF =1L it b5 cormeet). Ineerrupt w81 coonr and —f can be stored in
AL

I FTU is not enabled, AC 1 0 - exacl 0 and AT« exact O

Fuor Lbus cese the ercur in the Troctional parct 35 lese than 2 ¥* [ 1285
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Condition Cuodes:

Interrups:

Accuracy:

Applicatinns;

- 0

FY - 14 PROD overlows, elie TY 0 0
FZo LAl =0 cseTF 0

PR 0 il (ACY 6, glee T 0

I FIUY (s epabled, trap vn 0 in FEREC oceurs before execution. Overllow
and underTew are discussed abuve,

Discisesd aksove,

I, Biparv-1o-decitial conversion of a proper Eeastio,. The follawing
algoeilun, uzing MODy, will gepcracs degimal digus 010K} 0 From
Tgit 1o right,

Initulizme: R & §
¥ « number Lt be converted:
ADBSIKE = 1:

Yhile 5 =< IFda

Hogom PROD X 0,

I« T1 13

(X1 INTIPTRED:

X PREOD TWTPROD):

| 1

This algoridin 15 exacl. Do oz 3 e the descriplion because 1he
smurnber ol nonvashog bits wothe fracucna]l pare of PROD pever
exsaeds L, and bence pewler chaopping ner ronndog ca oleoduse eceo?

2 Ta reduce the argumend of 2 criganameteic Mo,

AR ¥ LAP— N 4 g The Tnw twa bite o’ Bidentify the quadrant, and
@ ia the argument reduzed o rhe firee quadrant. The acorracy of N — g
iz limited ta L. birs bocause of the fastar 2P The ascuracy of the
reduced argiment thus depends an the size of S,

1. Tnovalate the expanencial tunction @ ## x, obtain x * Tloe ¢ base 2) =
M o4op, thon o $% 5 — g2 ¥F NG F (g 7 g ¥ 10 200,

The reduced arpoment 35 g ¥ n2 < 1 and the Tector 2 %% M 5 an esacl
power of X, which may be scaled inoat the end via STEXFP, ADD N w
TXFP and LDEXP. The accwravy of ™+ s Lmited wo L bies Decause of
ihe fuctor (lop @ b 20 The accersey ol the reduced acpuiment s
depends on the sies of ™.



MLULEMLLTY

RALIC 2L Ll | i D UUELE 171601 2SRE
1- 12 11 L I:- O 1% ¥l
T T T T T T T T
! ! g il ! r AC FE3C

1 i 1 L I | —

Furmuai;

CHperalicn:

Condition Codes:

Dreseriplion:

Intcrrupts:

Avcurmcy:

Special Comment:

g s

ML LI FSEC AC

Ler PROI — 1ACY) * (FSRO)

IT vaderMow oocurs and FIL §s et enabled, &C - pxace 0.
Il overlow vocure anl TTV 15 not enubled, AC © esaet 0

For adl arhers cases, AC — PROD.

FC — 1

F¥ — 1 it overflow ooours, ¢lse FY — 4
FA— TiF (AU =0, glse FX — 0

FM - Tif(AC) = 1), glue FM — {1

IM the biased sxponent nf cither aperand is 0, (A7 — exace O, Far all other
cases PROID is generaced to 48 hics for tloating mode and 5% b for double
mnde. The product is rounded or chepped for BT = 0 or 1, respeetively, and
is stored in AC excepe for:

I. Overllow with interrupt disabled
2. Underflow with interrupt dizabled

Far these excaptiona] cases. an eaacl 01y stored in AC,

(f FILY i erabled, tap on —0 in FRRAC oocurs belore exes wtion. IT overllew
of voderflow acours, and I U corcesponding mierrupl s enabled, Lhe loap
oceurs with the faulty vesull 1o AL, The fracuional pacts are correclly slored.
The exponcat part is o small by 400 for overtlow, LG is 100 Jarge by 400 [or
underflosr, gxcept Far the special ¢ase af O, whish is Sorredt,

Erroms doe to owerflow and underflow ang deseribed abave. IF meither aooues,
the ermor incurred is bounded by 1 158 in chopping mode and 172 T5E in
rounding mode.

The undefined varable 0 can ocour only it conjunction with averflow of
undecflow. Tt will be stured in AC only if the cormespanding interrupt s
enabled.
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NEGF/NEGD

SEGATE F AaTIHGAI, Jis 1707 1)
1% 1 B n o
T T T T T I |
1 1 ] 1 i 1 1 1 FCE™
1 i 1 A L
Furimat: MNEGF TDSET
Operatiog ITDSTY — — (FLSTY it (FISTE— O lse (FI38T1— ysacl 0

Condition Codes:

FC — 0
FY —0
FL— 1IN IFDSTY= 1, else FXE — D
Fh o— | if (FIIST) =2 0, 2le ESN — 1)

Deseription: Mopate the single- or donble-precision numbar; stare resule in same Fncatian
{FIT.
Interrupts: IF TELY 45 enabled, trep on -0 nccurs before execution. Cheerflow and
underflaw camnot aecur.
Avcurucy: Thees Instructions ure exacl.
SETD
BT FICATISN 0031 S KODE AT
[N 1 13 Gd
T T I ! T T T
1 1 I I N O I -
L L ; 1 L
WROHEY
Tormzt: SCETL
Opeculion: FD — |
Desceiplion: Sel the KDJT1[-A o doable precision maode.



SETF

Bl LA IHG G D E *70IM
L FIRE -
T T T e I I
I I < T T TR Y (S - TR T S SN < |
Format: SETF
CIperacion: HIY — 11
[Jescripiion: Set the KIXT1-4 in single-precision mode.
SETI
% T H7FC TR MONE 177002
1 S o
I L I I I I ! I
1 1 : 1 F I Y S s B RS- TR Y Y s BN I i
— e 1
Farmat: SETI
Chgerution: L«
Descriplion: Set the KDILI-A Tor shurl-inteeec data.
SETL
G0 LURE HTESEAMCIE 7T
1= i 11 0
T T T T  Eienin ¥ p— T
i 1 1 N T TR E T SR R i u
MNormaz: SETI.
Crperaliun: FlL.« 1
Descriplion: Set the KD 1-A for long-incegrer dzty.



STCFD/STCDF

LS AN ey o Frima FoOJATING TARRR F
s FROCY S e F iR NaTIx TR &ITIFIN4 1

1-

1. . HE I ] It W

1

O I I 1 1 I
| | H| C arn FZ&T
| 1 L A 1 L 1

Formal:

Opeculion:

Condition Codes:

Drescriplion:

Inlereupis:

ACCUTACY:

R IR R

STCFD AC FDET
T {AC) = 0, (FOST) — exacl O

If FOr = . FT =14, FIV = aned rounding cavses overflow, (FI¥T — cxact
[,

L all other eases, {FIXST) — CxytAd), where Cxy specifics conversion From
floarimg mode ¥ o floaring mode v

¥ = F, ¥ — [3if FI? = 00 [sinplz) STCHD
x — 13, ¥ — Fif I3 — 1 [double} STCDF

FCs
FY «— 1 1 conversion pruduces ovecllow, else
FV «e— 1)

TZ — L il {AC) — 0, el FZ — [
TN — 1 i (ACH = 0, else FN — 0

II the carrend mode 15 single-precision, e accunulatar 3 stoved Jef-justifiod
tn FDST und the lower heil s cleared.

If the cuerenl made 3 doeuble-peecision. e contents of (i ascumulatar ang
vonvecled Lo single-preciion. <hopped ar roundsd depending an 1he stat: of
FT, und stored uy FDST,

Trap on —0 will not occue even iF FILY iv cnabled hecause FSRC is an
acetmuiatar, Underflow cannog oocre, Cherflow canmnat aceur For S TCTD.

& trap occars if BV is enabled, and if rounding with STCDE vauses over-
Ao, {FIIST) +— averflowsd resolt. This most be - O or 0

STCIY 5 an exact instructon. Cacepl Tor overflow, described above,
ST incurs an error bounded by | LSE 120 chupping mode and by 12 LSE
in rounding mode.



STCFUSTCRL/STCI/STCDL

STIRE M0 CIYEFT FEIM F. A&7 R AGL S =
T LLTESEE 91 L 53 IRTESES 1oL 1 0ET

12

1 11 4] o Iz 25 L]

1

1 ! L 1 1] A Lis]

Format:

Chperation:

Comdition Codes:

Desiripdion:

Inleccups:

ACCUCACY:

STCT AC,DAET

(DETE — CxyACIl JL - Lo~ CagfAc) = JL - L, elee (ST +— 0. where
Cyx specifite comversicn [rom Cloating oods £ e oteper mode .

j—TiFL—0,j—LilFL—1
i—FiFD=0.2=DiFD=1

JL 13 the lacgest inmeger.

E** [5— [ for FL=1
¥ 12— | for FL = |

C,FC e 0F -0 - 1 o Cxglal) < L« 1, else
CrCe 1

Y. TY 0

ZFZ — 1 U{DET) — b vlee 2. TE — 4

M. N — 11T (D&T) = 0. elie N_FN — 0

Conversicn &5 performed oo o Nualing-pool cepresenlation of the data
the accumulelor 1o an inleger cepreseollivno.

I e conversicn s o a 32-1a word (L mode), aod an addressing mode of 1
ar iminediate addressing mode s specified. only the most sigrificant 1 bics
arg stored i the destination cpister,

If the operation is out of the integer range selocoed by 1., 1L 8 sce wo 1 and
the contents of the DT are sct ta (.

Mumbers to be converted are slways chopped drather thuo rounled) belore
they are eonverted. This 15 crue even when the chop mode bit FT = cleared in

the T'PS repmister.

Tleese imslowcticns i ool woleccupl o FILY 5 enabled, because the =, if
preserl, =10 AC, nel n eenwoey. IE FIC 15 erabled, rap on conversion falume
will occur.

Thesc nstruclions s1are the uneger pact of (he loating-paint eperand, which

may ool ke the wteger mosl clascly appeoxinating the nperand. They arc
exact it the intcgee part is within the tange implied by FE.
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STEXF

LI T O e W I O SIS OET
= ir - I Ik g Ly
1 1 1 1 1 1 )
1 1 1 1 I Al by
L 1 1 1 1 1 1
lMurmad: STEXP AC ST
CHperativg: (DET) — EXPAC) - 20
Canditicn Cades: L FC —1
¥V, Fv —d

LFL—TIHIDET) =0 clse £, FZ — 1)
N, FR o— L if (BSTh = 0 glse S FN — 0

acscriptinn: Convery ACTA cypanent from gxcess 200 notation tn 2%s comploment and
storc tho pesule in PEST,
Intermupts: Ihis imstruction will noc trap on =4 Overfinw and underflow cannnt scear.
B CCUraCY: This inseroction 4 exice.
STE/STD
ETRAS FLEETIN G T E 17 841 =01
L, e 11 oo b L
T : T | I e At LA | R T T 1
1 : 1 1 I I 7 Al . F o
) . L 1 ] ] ] . L
Farmat: STE ACFDY
Operalion: (FDSTY — AC
Coonditrm odes: 1% e FI
iy . Y
s Iz
v e
Drescriplion: Slore siogle- or deuble-precision mumber fram AL,
Interrupts: These mslewctions do net ntermpr iF FILY s erebled, because the 0, 1l

present, 38 b AC ot in memoey, Overtlow and underflow cannot oecur.



ACCURACY: Thes: nElrucLinms are exiadsl.

Special Comment: These insteustions pecoul stolage of o = w wemory Frem AC, There are Lae
condicions by whucl —0 < e stoced w1 un AC of the KDTTL-AL One oveurs
when whderflow ar overflow 8 peesem and the commesponding inlerrupt 15
cnablod. A accond oocurs when an LDE or LODY tnsleusiion i execuled and
the FILMY bit is dizpblcd,

N
STCAS FLAETI i 1 PG EA W STATLS L e |
12 n o o
T T T T T T
1 1 | : u i L L . lu] [t
Formnat: STEPS DT
Orperation: (17— FPS
Drasierpion: Store the floating-point status register in [
Specia] Coronent: Bals 13, LX, ancd U4 ure loaded with 4. Al scher bty are the comesponding bits
in the TPS.
ST5T
ETORE FFF'S 5Ty 1733 25T
5 » 1l L oc
T T T T T I 1
i 1 1 a i ! | il _|
n | 1 1 1 |
Formul: ST&ET DET
Opecation: (DET) — IF'CC (DET - 21 -~ TLA
Descriplion: Store the FEC and FEA m DET und ST - 2, Mot the Tellowing,

1. Hibe deslinaticn mwode specilies a genecal repisler o teocoediale addoess-
g, only the FEC 15 saved.

2. The information i these ropisiers is crerent only f 1he wost reeently
cxoontzd fMoating-point inztroction coused a floating-paint ¢xcepiion,
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SUBF/SUBD

Sl SISy LGS e OB LE A ArFLg

1=

ta I F Hi K] 1% ki

1 a 1 : ol nc FuRd

Formal:

Opecation:

Candicion Cados:

Descriplivn:

Interrupis:

Special Clamment

TH I NT

SUBE TSEC.AC

Let THFF — 1AC) - (FSRC)

If vmederfew occurs and FIT 55 ool coabled, AL — ¢xact 0L
If overflow occurs and FIY is ool cnabled, AL — cxact O
For all others cages, AL — DIFF,

FC—n

Fv — 1 if ovarflone necors, clse 19y 1)
FA s 1T {ACT — 0, else B 1)

Fhoo TOFAld ol else P ¢ 4]

Subiruct the contents of FSRC Mmom Lhe coalenls of AC. The sublooclion
carmried ool in single- or double-precision and 15 rounded or choepped 1 wecuz-
denee with the valoes of che FD and TT biws 1o Lhe FPS cegister. The cesoll s
stored in AC excepl lor

L. Owerflow witle interrup disaliled
2. Underflow with inlercupd disabled

Far those cucoprional cases, an cxact (0 i stored in AC,

I FELIW i5 enabled, trap om0 in TSEC oceurs belore executivn. 10 overllow
or zndeeflaw oceurs, and i the cormespondinge inlerrupt 15 enabled, the trap
necurs with the fuulty resoit in AC, The fructonal pure ace correcty stored.
The exponent part is b small by 00 Tor oveclow. U e o laege Dy 400 For
underflow, sxcepl lor Lthe specul cese of 0, which s correct,

Crrors due o overflow and under(low are deseribed above, IE neither aocars:
[or like-sipmed operands wilh expooent diterense of O or I, the answcr
reluroed b5 exacl i @ loss of sigaibicance of ong or more bits can oosur, Mote
Lhat these ace the only cases Toe which loass of signiticance of mare chan ong
bit ¢an ocedr, Foo all atbee cases the vesnlt is insxacr with ermor bounds of:

1. LSB in chopping made with cither single- or dnuble-precision
20 12 LSB m rounding mode with eiler sigle- or double-precision

The vadefined variable —0 <an cocwr only W cenjuncrion with cverfloa or

underflaw. It will e storcd w AC only of the sorresponding interrane is
enabled,
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Forimat: T5TFE FIT
Operation: (FO%T
Conditinn Cades: D —
Fv — 1)
FA — 1if (FIX1 — 1 clse FYA — 0
FMy o | if{FISTY < 60, olsc BN o 4
[Jesemiption: 5S¢t the flaating-poine condition codey acenrding tn the contenty of FIXST.
Interrupts: Ir FILIY is sec, crap on —8) accory before execution. Overflow and onderflow

CATINGL CRur.

Acuurack: These mstruclions ure exacl.



CIIAPTER 8
PROGRAMMING TECIINIQUES

1 INTRODUCUTION

The K21 1-A offers a great deal of programming Agxihility and power. Litilizing the combination of the
instruction sct, che addrossing mades, and the programming technigues, it is posiible tn develap new
erltware or to wolize old programs offoctively. The programming ceekniques in this chapoer show the
capabilities of the KDJ11-A. The techniyues discussed involve positiin-independent coding {PICT, stacks,
subruutines, inlerTupls, resnirancy, Sorowtine, Tooursion, proccssor traps, programeming peripherals, and
CONVETHIUN.

£2 POSITION-INDEMENDENT CODLE

The outpul of 8 MACEOD-] ! assembly 05 a celovatable object moodule. The wek builder or linksr bads one
or more modules wogelther o creale an execulable lask mmape. Onoe buill, a lesk can only be Teaded amd
excculed al tee victual cddress specifed at ok wme. This = so because Lhe lnker bae hed worneodily sozme
imsleuclions e rellect Lhe memery locations nowhbich e progracr = W ocun. Such o body of oxle s
codiaidersd position-depeaedent (Le., dependent <o Lhe virlual addresses ta whucl o was Bouodd,

The KIMIT-A proccsgor affers addecssing modes that ehake i possable oo wrils inscrections 1hal do aat
depend an the virtual addresscs 10 wlach they arc Bound, This typs of ears i termed positian-indeps:ndent
and can be Inaded and gyecuted ar any virtual address, Position-independent code can imprese system
¢fficiency, bath in mse ol viroal address space and in conservacion ot physical momory.

In mulipropremmng svitems: like RRX-TIM. it is importunt that many tasks be able 6 share wosingle
physical copy of cummoen code (o Bbrary rowting, Tor example). Too make the optimom wse of a taek's
virlwal addeess spece. shared code should be position-independent. Code chat iz nul pusilion-independent
cun ilesr be shered, but 10 sl appeur in the same virtusd locations in every taek wsiny 1L This resteicts the
placemenl of such cude by e wask butlder and cun result in the Juss ol viclual addressioe space.

811 Lse of Aukdressioe Modes in the Construction of Positivn=[odepeodent Code
The construsivwn of posilioat-todependent oode 15 closely linked o the peoper vse of addressing modee, The
cecrainder of (his cxplanacion assuoes You aoe Daoiliae wildy the addeessing oedes deseribad i Chapue 6

The fallowing addressing modes, whicl invelws coly regisier eoiomnees, are pasitien-ndepandgnd,

] P cgister rodc

rR) K cpwscer-delerred moode

1E)1 Aucoincrement mode

i - Auboincrenaent-defermed mods
(R.) Aulodlecrement muls

w—{k) Aulodecremenl-delermed maole

Whoen cmnploving ihese addressing meades, the veer i5 puarantesd positicn indepeincdease, providies Lhe
cortents of e registers bhave been suppliod independently of a particular viloal mezery location

M



The following two reladve addressiog modes are pusien-independenmt when o relocatable address 15
eefereneed Fram 4 eelocarable insuruction.

A Helative mnode
7=} R clative-deferred minds

Relutive modes uce not pesition-independent when an abaalote addeess (that s, 8 nomrelocarahle address) is
referenced frum A relncatable instmccion. [nosweh case, alsohite addrossing 0., &8 A mav e omploved
t make the referenee position-indzpendent.

Indea modes <an be egither posibion-andependent ur position-dependent, aceording 1o their wse in the
ETOECLm:

MR [ndes mnde
(R O] Index-~deteeesd modc

It the hase, X, is an absalote valus (e.g., & concral Dleck effser), the cetemenee i posiiuan-inds pendent The
fallewing is ar cxamplc

MY HSPLKED POSITION-INDEPE SDEMNT
Nt
MOV NISPLRE POSITIONINDTPCNDLENT

I0 Iwwever, X ie o relocaleble addeess, he relerence = poesilion-dependent, as the Tolloaing example
shims,

CLR ADDRAE L) JOSITION-DEFENDENT

Iunediate mode ¢an B ocither pasition-tndependeat or nol. ascording 10 we wse, Loeediole mods reier-
ences arc formalled as follows.

b Immedipee mndc
When sn absolute expression defines the valuc of ™, the cnde is positinn-indcpendenc, When a relocatahle
cxpression defines ™, the eode is position-dependent. Thaz is, immadiate mode references ame position-

independent omly when M is an absolote value.

Absolule mude sddresing s position-independent only in Lhose ceses where anabsoluees virteal location iz
beine relerenced. Absulule mude addresaing references are Tormeacted as lollows,

M Sbsolute e

An example of a position-uidependent absolute relerence s o relerence o e provessor slatus werd (PS)
Mmom o relocalable melruction, a3 s sxample.

RO ¥ PV KD IRETRIFYE STATLS AND PLACE IN RECISTER



£.2.2 Comparison of Postfivo-Dependenl snd Position-Indepeodend Code

The REX-IT Iibcacy rouline. PWERELUP, 15 0 FORTREAN-cullubie subruwting lor eelablishing ur removing a
user oowel Bailuce asyoclheonous svaleo rup {ASTeatey pounl addeese., Tiobedded within e routioe & e
aclual AST encry pownl that saves all egislecs. elfects 4 call o Uwe vser-specilied enlry poind, resleres all
fegisters on rerufn, and excoutes an AST oxu dicccuive. The following cxamples am excerps Teoun thus
ronting, The firsr axample has been moditted w ilustrae posidon-depeadenl reloecooes. The second
crample i8 the pesition-independent verzian.

Pusition-Dependent Code

PWIRRLT:
CLE —-(=5P] ASRUME SUCCEES
CALL K PAA PUEBET {SAVE)
ARCUMESNT ADDRCSSES
ONTO STACK
WORD 13w WCLEAR PSYW, AND
SET Rl=R2ST
Y SOTEY P4 VGET O IMPLIEE
AEEA MMNTER
KLY {SPHR2 VBT ANT EMNTRY
JENANT ANIEBESRS
HME 100% JdF BROMNE SFPECIFIEL,
SSERUTFY S0 PORYER
CLE 15 F) RECTVEREY AN SERYICE
BR 2% :
10%: d
MOV RIF.FIE4) ST AST LNTEY FNT
MOV #oA, (5F) JPLUSIH AST SLEVICE
ADDREESS
205: :
CALL XEXT A55CE DIRECTIVE, EXIT.
BYTE 1042, :
HA MOV Ri,—5F} PLISH (SAVET R
MK R1,—5F) PLSH (SAVFT R
MO RZ.-(5H) PUSH (SAVE) R2

33



Pusitivo=-Indcpendent Code

PWIRUF::
CLE —{5[*) ASSUME SUCCESS
Call KIPAA FLGH ARGUMENT
ADDRESSER OMTO
STACK
SRR 1.3 1% CLEALR PSW, ARND
SET Bl=02—5
hALIY MR IT S R $XET OTS IMPLEE
R EA MOILNTER,
ALY (SPHR2 JaET AST EMTRY
MMMT ATINR Esis
K 105 JdF BCHME SPPHCTFIED,
SPECIFY RO IWERE
LR —{5F) RECOVERY AST SERVICE
HE 204
LOS: :
IOy RATPIEq) BLET AST ENTRY POINT
MDY PC, (5P PUSNH CLEELST TOCATIHON
ADT shAa 5P LOMPTITE ACTUAT LOCATIN
OF AST
20§
Call A EXT IS5LE DIRECTIVE, RXTT.
.BYTE L%, 2.
ACTLIAL AST SERVICE ROLTINE
C 1) SAVE RFGISTRERY
Y FEFELT A CALL T} SPECTFIEDE
L =L BEOLITINE
)’ RESTORE REGISTERS
: 4] 1951 AST BEIT DIRECTIVE
BA: MOY Ri. (5P JFLUSH (SAYLE RO
OV R1.-(5F JFLESH (SAYE K
MOV E1.-i{5F FLEH (SAYEIR2

The position~dependent version of e subreutine containe o relalive celerence W oan absolets svinbul
(SOTEY) und & lueral relerence oo celocatable aymbol (BAY. Buth cefergnees are bound by the lask
builder 10 Mixed memery Deations, Therelore, 1he routing will el esecule propecly as pact ol 2 residem
library if ils Jocacon ur viclual menory s wol e same as e location specilicd a0 Link me.

In the position-independent version, the ceference te $OTHY has beon ¢hanged toan absalote referenes, In
addition, the necessary code has been added to compute the wicmal Iocation of BA based upon the value of
the programn counter. In this case, the valwe is obtained hy adding the vabue of the pragram councer to the
fiwed displacement between the current location and the speciticd symbol. Thos, excontion of the moditied
raating is not affected by its location in the image™s virmal address space,

)



B3 STACKS

The stack 15 part of the basic desizn wrchitecture of the K1011-A. Bt iz an aree af memary set aside by the
proverammer oy the operatinge system for wemporany sworape and linkape. 16 s haadled an oo LIREY (laye-
in Tirst-uut) basss, where ilems are retrieved in the reverse of the order in s hich they were sbored. A stack
starls al Lhe highest Jocation reserved for it and expands hnzarly downwserd o lower addresses s itemss are

adlded.

M i nog pecessary (o Keep teack of the acluad locatiens o winch dute 35 being stacked, This 15 done
audamacicxily theowgh a stack powoler. To keep track of Lhe Last aleon added e e slack, 2 geneca) repsster
is vsed o store the memoey address of 1he Ll e e the slock, Aay cegister excepl resister 7 (Lhe PC)
Imay be vsed as a seack poenter undsr peogisun gonteol; however, nslructions associated wilh sebrooline
linkage and intgrrune service auiamaricalls wse cogsies & as o fardwere stack poitier. Fae (s ceason, B6
is Frequently referred 1o as the system 5P Stacks may Lo roaintained i citber Tul-wond o byt waits. This
ix true for & stack poirced to vy any regisier cxecpn B, which must be erganized in full-word woils coly.
Byte stacks (sec Figure 8-1) require inscmictions capalfe of apcrating on ovies rather than Tull words.

WOAC ET4CK,
ot g ITEY &1
oanTR TEWMJa
worlrs f _ITEMaEd
Larare _ _-TEM#a = | s
[ 1 E
DTS
(TR L%
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a1 17EM 5 1
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531 Pwhing volo o Stack
Tems ace wdded oo stack wsiog the alodecrament addeessing mode Adding, s e che stack 5 colled
prshire, and 15 accomplisled by she following insteustions,

MOY soures,— 50 MOV conients of gource whrd
wintn che aack
or
AMOIVE Haurce,—(SH) MOV H souree hyte onto
the swack

Idata 15 thus pushed omo the sleck

#3212 Popping from a Stavk
Femoving daty [rom the stuck s called popping. Thie upsrativn is secemplished weing e cutomereoone s
meade.

(5 ULY (SPH, [heatmaten BV desianating waord
bl 1he seack
nr
kAL W H (5P, Desgimagion MOV E destination hvte

:oft she swack
Alter un item has beon popped, its smack lncation is considered Free and availablz for other wie. Uhe stack

poiner points o the [Ast-used location, implying chat the next lawecr tncation is free. "Uhus, a atack may
reprosent & pool of sharable tempnrany storage locations. (Sce Fipure 8-2.)

HIC - WERKIRY

o ZF
sTack? Fa EF L
aF1 &, *__ L i
U N RO
I A% EMPT Y STACK AHES £ FUSH NG & CAaTUM B OPUSH i oo e
O ML S SuTLM ORTS THE
ETALL<s
= EF
| r.-' EG
F1 e L E"| _
+ LA -
A poe =L FLEN [ o A =5

Lo f

F1 -l

7 FCF

H=-18KJ

Tipgure 5-2 Prsk znd Pap Slperariang
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B.3:

Leleting Items From a Sfack

The following techriques may be wsed o delete items from a stack, To delels one e use:
INC 5P or TSTHSPH for a hyte srack

To delete Laa ilems use:

ADDw B or TSTESPY Tor word slack

T debete 30 jtcans fram 2 wond slack ose:

A1E0O0, 5P

B34 Ntack Ulses
A stack 5 used in the fallawing ways,

1.

Oen one of the soneral-purpose registers muost be wsed inoa suhtonting or interrupt servicg
roatine and then retwrned to its original vale, The stack can be wazd rostane the enntenrs of the
repisters invalved.

The stack s used in storing knkage information between a subroutine and ity calline proaramm.
The JSE imstruction, used in calling a subrouwtine, requires the specification of 1 linkwoe ropister
along with the golry address of the subrootine. The coatent of this linkapge remster s stared on
Ui slack. su gz ool to be lose, and the retuen address 35 moved from the PC e the linkage
repister. Thes provides o puanter back o the celling prograny so thel succsssive arouments may
be transmatied essily Lo the zubruetine.

I no arguments need be passed by stacking (hecn aller e JSR instrucien. e PC roay be osed
as the linkage cepister. Lo this case. the cesull of the JSE @ W move the returo eddress in the
calting prograim from Qe M oale the slock and ceplace 11 wilk the entry addoess of Ure calked
s brroauting.

In many vases, the oporationg performad by the sobrowcine can be applicd dirceely to the dula
lopated om or pointed tn by a stack writhont the need 1o pove the daca into 10e suheonting ared.

Exumple:
CALLING PROGRAM
MOV SPRI RIS USED AS THL STACK
JSR PCEUBR POINTER HERILE.
SUBROLUTINE
ADD (RI)+(R1) ADD ITEM #£1 TO £ PLACE

:RESULT IM TTEM 2k
B POINTS TO
ATEM #2 NOW

Heocawse the hardware alecady vses pencral-pucpose cegister G W poant Lo slock Tur saving
and restoring PO and processar steius word (T5) inlormatian, il i ¢onvenient Lo use the same
stack o save and restong Inumediae cesulis aod 10 L=nsml acgumienls 1w aod Troo subruutings.
Lising K6 i this marner permicg cuteeme Hexibility in nesioog sobeowtiies and inlerrupl service
routines.



Hince arguments may be ohoained fom the stack by using some form of cegister-undexaed
addressing, it is sometimes useful caseve o wmporary copy of B in sowwe ouher register which
s hgen saved ab ahe Beginning of & sulreowting. IF F6 5 saved in B3 a0 ihe bepinawg of ihe
subrowtine, RS may be wsed 10 indew the argumens  Duriag this cime, B s free 10 be
imcrementyd and deeremaneed while ging waed a5 a stack poinner RS had besn used dirggtly
a5 the hasg for indexing and nor "copied,™ it might b difficult 10 keep cragk of he prsitien in
the argument list, sincg 1the hasg of the stack woold chanec with cvery anmomere-
ment/dectement chat ocoarned.

However, 1 the coneents of K6 (5P are saved in K5 before any arguments are pushed on che
stack, the position relative to KRS would remain constant.

Feturn Irem a subrouline also involves the sltack, 25 the ceturn inslouctios, RTS, must retrere
information stored there by the JSR.

When o subreutine relurns, 0 0s oecessery Lo “ulean ep” the stack by elicunaung or =kippiog
over Lhe aubrootine arpuments. Do way (his can be dune 15 by nsisGog Qi e subroulios keep
Ui nuamber af arguments gz 115 Orsl stack 3tenn. Beturss Croe suleowlines Uen wealve calonlac-
ing i amcent by which w reset 1he slack poinler. resciing (he stack pointer, then swaring the
aviginal sentents of the cogister thay werg wsed as the copy of the stack peinree

. Btack storage is nscd in frap and interrupt linkage, The program cnenter and the procssor
statns ward of 1he cxcouting program are mashed nn the staci,

. When the syreem smek is being wused, nesting of subroacines, interrups, and wraps wooany level
car accur until the stack overflaws s legal Timits.

7. 1he stack methed 35 siso available Por semporary seorape of any kind of date, TL may be osed w

w 1IN list fur swring inpots, intermediate results, cie.

L5 Stuck Usc Examples

As on exarnple of stack use, consider this siluatien. A subroutine (SUBRY wants 1o use registers | and 2,
bul these cepistens must be relurned v e calling poogracn with Wheedr contenss mchanged. The sebeoulios

conld be wroanien as [odloess,

Maf Lising fhe Stack

Assenihler
Address Octal {nde Syntax L omnents
Th3a2 FIOIRT SUIBK: MOV R1,TIMEY save B
0Th324 WIOGT4 ¥
Fre32e 0287 MOV BRI TLEMP2 vt B2
N7e330 (KI0F2 ¥
07ed L0 alavo] MOY TEMFPLR] destore I
OTgd]2 QOMI0E *
g7ed]d OLla7a02 MO TEMPLRZ imstars K2
QT4 |6 TS *
7G4 Xh (I 2 RTS M
17422 (IWICITA) TEMPTH]
076424 (IRICK] THEMP2:A

"Ind=x comsiancs
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Lsing the Stack
EY hue been previousty set we poinl we e eod of an woused block of emecry.

Assembler
Address Dol Coade Srinlax L nmimenrs
Q10024 0Ln]431 SUBR: MO R —(R 3 uah B
o022 010243 MOV R1I—R M) ush B2
0130 (12303 MO RN pon B2
L0132 012301 MOV (K K] pon R
Hi0124 QUalk20? KT PO

Pk o chin oo B 5 ws wseid 250 skack peinter

The seoond roucine uses far fewer woeds of inseroetion code and two words of emporary “swck' sworape.
Another routine could e the sume scack space at some later paint. Thos, the ability to share wmpucary
sturgze 0 Lhe Torm of & stack 15 2 way Lo Save on MSmory usages.

Ao anuther example of stack wsel consider the sk of managing s inpul buller Drom o ermined. As
churaciers come in, Lhe wser may wish w delete characlers Mrom e line: Was e accornplisbed very ensily
by msiolaiung o byle sluck conlaimng the inpul churacters. Whenever o buckspoce s received. a
claracier & popped ol the stack end elimnoated Trem considerativn, To by example. poppop cliacsctians
10 e elimoated can be done by wsing eulwer ibe MOVE (BIOVE BYTE) or INC {[NWCREMENT)
slruslions,

Pente that in chis case the weremenn gtrugtion (INC E proforable 1o MOY R, singg it accomplishes the
task of climingting the unwanted character From the stack by ceadjusting 1he stack poinige withayt the
nced for a4 destinarion jocation, Alsg, the glack poiarge (5P used in chiz cxample ganaar he the sysoem
atack poincer bocause Bé may point only tn word (even) lncztions. (See Figurs %-1.]
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B34 Suhrautine Linkapge

The contents nf the linkage register &1e saved on 1he systom siack whe o JSE s esccuted, The effecl s
1he same as ifa MO g, —( K6} had heen perfarmed. Followiag 1he JSE ingieusiin, e same cepisier 18
lpaded with the memery address (the contents af the aueeent PO and @ jumpois soads 10 che cntmy Lo
epacilied.

TMgure 8-4 shows the condinons befare and after the subrozzine ivstrueriong PSR S, 1064 are evacned.

Because hardware alreadsy uses aeneral-purpose rogister #6 te point ta s stack Far aaving and rescaring PCC
and PS {processor status wiord) information, it i convenient o ose chat stack o save and restare
imtzrmnediote resulls and to transmit arpumenc: to and fromr subroutines. sing K6 chos way parmits
nesting subroulines and inlerrupt service Toulines.

EEFIRE 4FTFA
[N =TI H i § e Hs Lo e n] i
A ELTIER ) el 1TED = cEIT20a
IFCI iR7 - L0120 0 RTY D004
INTFA T IERE sy P ——

FIFR mmm—rm | -4 | 17 ! ol TR S
20174 | o v ol 3 T s | 11374 |

ooy walkard B

Lo BT 1

Frnure ¥4 J5I Boach Comdicon Foarnple

B.3.6.1 Eelwrn lrom a Subroutine - An BTS instruclion provides Tor 1 reteco from Ui subcoutine e the
calling progeaee, The RTS inslouctivo must spescily U same regieler o8 Uhe one thie JER. izstruction vsed n
Ui subrouting all, When the BETS i execuled, the repister specilied 35 moved w the T, and i 1op of
e stack is placed i e cegister specilied. Thus, an BETS PC Les e ellvet of relurming, w U addrcss
apecitied on the o of 1he stack.

362 Subroutne Advantapes — There are several adwantages tno the aobrowting 2alling proccdore
affected by the ISE instrmecion

. Arpuments can be passed guickle between the calline procram wod the subroutine.

2. II there are oo areumencs, or che arpuments are w0 a peneral register or on the steck, the 1SR
MC.DST mode can be wied w0 thae none of the pencral-purpose reosseers ere wsed for linknae,

L

Mane TSRy can be gxeculed without the need 0 provide any sevinp procedurs for the linkape
infermatien. since all limkaee informabion & aoomaodcally pushed oo the stack o sequentiul
order. Relurns can be made by sulomatically poppimg thie mfurmaton [rome the stack i the
arder apposile 1o e J5Rs.

such linkage address baokkocping, is called swfematic sestiag of subrowioe cells, This fealwze enables
constrcrion oF fasl. cHicien linkages o o sunple, flexible manwer, 1 alsao peeauls 2 rootiog 1o call el



3.3.7 [Inferrupts
AN interrupe is similar ta g sobrowcine eall, excopr chat it is initiatad by the bardware racher than by the

softwarc, An imlertept oan ooonr af2ar the exccution of an inatrocecion.

Interrupt-drver techmigques are waesd o redouse OPL) weiting time. In dirscl prozrarn daty transler. Lhe
CPL loops o ckeck the sbete of the DONT/REALRY Mg {oit 7y in the penpheral oteclece. Lisiog
enterrupts, Lhe CFTT can handles uther Tunclions anul the peniphered imbales zervice by setling the DOXNE
bit 1 2ta controbstacus repaster. The TP completes the msttoction being execoied. then acknowledges
chie inlesrupl, and veclems 1o an inleceupl service roating. The service reotine will eaoeles the Jals aod may
porfurm: calculstions with il Ader the entercupl service rowtine bae besn completed. the compuler resoimes
the prusrrarn Loal wae elerrepled by the peripleral's bosh-priorily reguesl,

BT laerrapl Service Bowbimes - Wil unlerrupl service covtines, linkage information & mssed so
Lhal a refur Lo e coain pragram <an be made, More mlocmation 15 necessuy Bae an nleerdpl seguetes
Lian Lar o subravtine call becaose ol tie mndaco aatuee of ieceupls. The cosplele maching stase of 1he
progrun inmedudely price 190 e occwrrence ol U Inteecupl oozl be pecseraed inoorder fooegtera fa the
progran wilhoul @ay notecable eflects This infaemation is staved in (e peoccssor sianis word (PR §pan
swereupd, the eamtends of the program eouney (PO daddress of nex instretion) and the PS arve automsti-
caily poshed anta the RE avstem stack, The ¢ffee? is the same as if;

MOY PS —[SH) ‘Push F§
MOY PG (5K Push O

had been execuled. The new coneene: of the PO and PR oare Deded Trom teo presssipned conseculive
mernory locations which sre culled werror aoddrevres.

The Omst word contsine the snlerrool service rouline eniry addees (he address o e service roulne
prozram sequence). The second word conteine the new PS that will deterrine e maching stalus,
ircluding the operalional mode snd regisler sz 1o be wsed by the intecoupl service roulne, Toe contlenls of
the vector address are ser undet program condrol.

Aler the mcrrupl service rouling bae been coznpleted, o BTI pretucn (oo ilceruply i perlorned, The
lop two words ol the stk are awlornatically popped and placed e the TC and PS5, wspecieely, thas
resumng 1he ipcrruped progrun. Inlerrupl service progrmmiog 35 olzeadely oeaaleed «il s conesm
of CPL and device peiosiy fevels,

RATL Nesting — Intereus can be nested i sbneh the saome serannee (hal auhrnatines ave nesred. It is
poesible 2o nesc any arbicrary erixturs of ulorcatings and ialeeeaps wichioe any eanfusion. When the
reapeetive KT and BTS instructinons arg nagd, the propee returns are auomatic. {See Figere B-3.)
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B.3E  Recnlrancy
Other advaimiages of the KDJL-A

Meeed Dalerropl Sorvies Boutines and Sckpogtines

slack orgamizelian cover 15 progracoing svaleoms il handle scveral

1asks, BMulticask progeam civieonoments vange Teonn sunple single-usee applicalions (id] manags 3 ausmre
of LA inermine servies and backgrounwd daa procsssing (as o BT-110 50 Jargs, complex, mualsiprogram-
ming sy¥stcms that manage an incricate mmxiure of excoutive and multinzer programming situacions (as in
REX-11) In all these situations, using the stack as a programming fechnigue provides flexihility and
timc/memory ceonmy by allnwing many asks to pse a single copy of the samc rocine with 1 simple
straightforward way of keeping track of complex program linkags.

The ability 1o share a single copy of a program amaong wsers ot atnone tasks 5 cullsd reemtrancy. Reentrant
progeram routines differ Mrom ordinary subrowtines in chat it i not necessary For reencrant roulings L limish
processing a given lusk before they can be used by another task. Multiple vasks can exisl 21 any Lioe in
virving slupes of completivn in the same routine. Thos, the situetion a5 shown in Figure 8-6 may oocur.
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FAOGFAN 1 SROGILM | L4 GUD-Ou ) INE A
PIUGAAY ¢ | suprounme o :
FANG ALY 5

FACKAF AM 2 AL L
o .

! PEAGRAY = [ SUERALTIR S A <45
PR
ELJTE-A APPROACH COMNVENTIONAL APPROACIH
PHOGHAMS 1.2, AND 3 CAN SHARE A SEFH&TE COPY OF SUBHOUTIMNE A
SLBROUTIME A, MUST BE PROVILED FOR EACH PROGHARM,
Ih “da

Figme d-+  Reeritarl Koulines

X.3.H.1 Reenrrant Cnde — Kcontranc rontines must e written in pure conde Tthat w. any sonde chal cunsisls
cxclusively of instructinns and constantsp, ke value af msinge pure code whenever posathle 35 that Lhe
reaidtieg cnde has che Fallowine characteriscics.

1. It 1 penerally considered sasier o debupe than sandard code.
2. It ean be kepo in read-only memery 435 read-only protecied ).

Using reentrant cude, condrol of a routine van be shared as Jelows, (See Figeree #-7.)

Task A requesls prosessing by reciirant routing O

TFusk A lemporacily gives up coirol of neenleanl vautiag O hefare it completes processing.
Task B starts processing the saoie sopy of reoemeant ronrice £

Tazk B coettpletes processing by reenleant ronfine O

Tazk A repaing uss of reenteant rovting £ and resumes whens ir stopped.

2 e b P —

THSE A

|_ - B REEMNTALNT

] e KFO
lase It

[ELIRLLL]

Tipure 53 Shnrng Cooeee’ af g Boouciae
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18T Writing Reentrant Code — [0 an aperating syaem cnvicnniment, when ane 1a:k 8 gxveamting and iz
tiberrupeed oo allow ancther taake teorwng o conteyr switch coonis in which the proocssnr seates ward and
currenr contents af the general-pumnse regigeers (CrPR ) are saved and replaced by che anproeprisoe waloey
fnr 1the sk beinp entered. Therefare, reenrranc code shoald use che GPRy and the stuck for snv councers,
poincers, or data that must be modified or maenipulated e the routine.

The context swilch ovcurs whenever a new task 15 wllowed to execule. 11 cavses all of the GPREy, e PS,
and alten other wask-related informeaton w be saved 1noan mpure area. 1 then celoads these replalers and
Iexcalwone with Lhe appropriate duaca lor the task being enterald, Motice thal one conseyuence of los 55 s a
new stack poinler velue 15 loaded inw Bé. thereby cousing o nee aren w be used ae e slack when s
secund lask 15 enleced.

The Follewing, shewld De obsorved whicn wriling meeolrant sode,
1. All data shoald B in er painted 10 By oane of 1he general-pu-pose registers,

2. Astack ean he used for djempnrary storage of data o preinrees (o impare arcas withia the sk
spdace. The pointer tnosuch # stack wonld he scorcd inoa GIPH.

3. Paremoeter addrssses should be osed by indexing and indirset reference rather thaa by putzinn
them inte instructions wichin the cade.

4. When lemporary storape % asoesseld within the propram, il sheoid b by indesed addresses,
which can be sec by the cxiling sk 1w order to handle any puessible recumsien.

839 {Cwrouliovs
[t some peogrameoing siuolions o bappens al several poograg segmenls o roulumes are highly olerac
Live, Control @5 passed back and Tocth Detween Lhe routines, each aomz icougl o perod o susponsion
Delfove being cesumed Since e coutines maolaim o syoumeles relatonesap wilk cach odier, 1hey are
called corassines.

Cornubines are two proeran scctions, cither suhardinate ta the call af the other. The raoare of the aall is,
“1 have processcd all Bean far now, sn v can exceote wntl yow are ready 10 stap, then 1wl comtinee.™
Thc coroutine call and return are identical, cach being a jump tn anhroscine instruccion wich the destina-
tiom address beine va tap of the stack and che PO servine as the hokape recister, as follows,

ST PC g R |

§-14



83591 Coervuline Calls - The cading of vorcutine alls i made sicnple by the stack Tealure Toilially. e
ety address of e corauting 15 placed on the stack. and Mmoo Gt pozol the

TSR MO FRa)-

imatructinm is used for hnth rhe cail and the return starementa, Uhis PSR ingtroction resules inan exchange
of the eondancs of rhe PO and 2he wp clemen of the stack; 1his permits the T rourings 10 swap cantral
and resume aperatinn where ¢ach was cerminarcd by the nrovienus swap. An exampie s shown in Figuro #-
A Motice that the corotine linkzge cleans up the srack @itk cach enneral franster,

RAOUTIME & gTACE ROUTIME E COMMENTS

LUE B PUGHL DY
CHTC THE ETACE
T PFREFAFE FOR

TR T A LIC  +ER P G T INF
CALL.
Lo
JIH Mon o IF WL T F Ran
PL 15 EREL L.
THE FiZ FHO'M
AlUTIME A IS

PLISTIF L QH THE
STACK AN AL
CUT'Gh COHTIN
ug At ine

L I gl AT ML U e

L 5P 'PC AETWEHN CONTHOL

A HOLTINE &
EY AN
A5 T ME S L
FLEIS FCAFED
FRGI THL & 1ol
&M EEECUTIAN
F ESLIPATN S M
FOUTINE & I3
4FTFF THE Cal -
1 nnTIN= R,
LLE.. &T FCIL
Pol IS SAYEDS
O L STALCK
FOF & Lol
RFTLUIRY TS
nau T NE 5.

NE PR

FCigrare 5.8 Carowrisg Rxoinple

H-Ta



4292 Corcofines Yersus Sobrowdines — Corouniges can be sowpared 9 subreuinigs o e Tollowing

WS,

1.

A aubrontine can be considerad 10 e subordinaie to the main o calling roncire, b a gocoutise
is gonsidered 10 be nn the same level, an sach cnmoatine calls the nther wehen it has comploted
CLLFTSTIT PTOCCsSLNLE,

When called, a subroutine executey to the end al it eode. Wken called apan. the seme code will
exccute belore returning. & coroutene excoures fom the poine alter che last call of the nther
coroucine. Therelore, the same code will noc be executed ecxch dme the coruedne 15 called. An
example 1% shown i Fipure §-9.

The call and return imstrections for corootines are Lhe same:

JSE, PO w5+
This onc insteusion als cleans up be stack wub cack call, Toe a8t corowting call wil Zeave an
addeezs an the slock g st be popped i w0 Jurdeer calls are 1o ke nade, Beles 10 Facaarapl

B0 for infoetation oo tie reluen Teoan sabronliog inglroslion,

Fach corouting eall retwrng 10 1he gorguting code at the poing zfier the last zxir with no need Far
A spegific enfry paint label, a5 would e requirgd wich subroutines.

LN0L TR MLIN PRUGF AR SUEICUTIHES
a I ! ,x""' 15T LOC:
l - i
T ,_-"'-- J_,lf
J5F PLEY 5H- ————————— J51T Rn, LGS ,r"
H “-\-H_\_H ! "\-\.__.r..
.. !
- £
O / ey
- EHPLE / —
-"'-.--. i SR
+ - .I_-' _____,_,-F
1571 D% 15F3 4 T
o= ; e
“‘\H\\ =3 A Lor
LT N L I -
r
L= fLeg

Figure 89 Corenrings Yessus Sok o tires
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ALY [sing Cornerines — Cormugings shonuld be wsed in 1he Mallawiag sitensions.

. Wokenocver twao tesks st be coordineted in rheir svecotion withaut alscuaring the hasic stege-
ture of the program. For example, in decodieg a line of assemhbly language eade, the resns a1
ny one posicien mueghe indicaze the nest procoss tn he entered. & deteceed fzhel must he
proctssed, Hono label s present, the operswor must be fneated, e,

200 Tuzdd cleriny o the prucess being perfurmed, oo ense-in the debugping phase, coe.

A assecohler st perform a lesicocraphic scen of each assembly anpaaee scatement during pass 1 ol the
assernbly process. The various steps in such @ scan should be separated Mrom the main proeras Dot add
W the pregrac’s viacily and o oaid in debuegmne by wsolaling moany details. Subroutioes would net be
silislactory bere, us e muock information would kave B be pessed W the subrowtine each tme 5 owus
cilled Such o subrautioe would b o sclated. Coroulines seuld be elleclively used bere with oo rouline
ity e assembly pass | cowtine cad e vther extracling one ibem al o dme Toem Qe curret inpul line.
Figare 8-10 illesomes s cxample.

BTN . A HUUTIVE E
ETAND Aol SED
SLELNES
N U _NHE
RE&D “AKE b I GG A RF
SEIPBLAN <2
L |
PROCESS MMEYONICE  fll e e — — — ———  FELZ MMEMDMNICE
NE a1 & RFESFS -
e _LIME :
HE W GULO -\-\-'-\--\_.[:—_\-Tlfl-ruﬂ '
™ h 4
E5 1P LG WAENT MO

un-A

Cisurs 50 Coarowtwas Path



Curcetite s by wliliced i A0 processing, The ciea mple abone shavws errmtines nsed iv denble-bitfenod
[0 wsing WX, The Tlow of events mught I desoribed as:

Write {11
Head 11 cnnciercitly,
Frucess 12
thin
Woale 02
Eead 12 cansuccenily,

Process 11
Figure & 1] fllusliales a corouling $wapRpsg iolecaclion
Wlen coetine 1 apoating: il axcouics:

WY #PC2 —(RE)
.I"'!:R ™ .\.I-'.iH I —

with the following resls.
1. P2 popped Mrom the stck ad the 5P aulcineremented.
2. 5P s autudecremented and the old PC (e, PCIT s pusied
3. Cuolrol s tranfecced Lo the location TC2 f1e, moutine 2]
Wheo rouline 2 18 operating; L esccules:
JRR MR+

with the reslt chat ™70 exchanged For PCT an the stack and contral is cransforrsd back oo rowtine 1.

EOUTINE #1 S OPFRATIMNG, IT THLM
EXECLITLS:
MO 2FC2,-IAE)
L% PL2AG|+
Wl TH THE FQI LOWING RESULIS:

1 P2 ISPOPPED FRGM THE STACK
AMD THE 5P AUTOIMCACAMEMTED. ZF —=- Foz ]
2. SPISAUTODECHEMEMTED AMLY
THE QLD PG [ .E., PG 1S PLSHE D, -I
3. CONTROL IS TAANSFEHREL D IHE w—w | R
LOCATION PC2 (L5, AOUTINE =2, _
ROUTIME =2 1S 3 PERATING, IT TREN _
EXCOLTES: 1
JSF PCRIREG ]
WITH THF RESLL T THAT PLE |G L 1+
CACHANGED FOR PCT OM TAE
ETACK AND EONTSOL 1%
TEAMSFERAFN AACK TO AOUTINE #1. wn v

brewre =11 Cironlne hnesesbe

G-l



3310 Recursion

Aainreresring aspoet of @ osrack facility, ather rhan 2= providing For o autamatic kandling of nested
sihrnairings and inrcrenpts, is chat @ program may call nin el a5 8 subrooting josi as e can call om any
ather roncine. {5achk now csil causes the return linkape o be placad on the stack, whieh, as it 15 a4 last-
in First-nuc ueue, s0% Bp A naturdl unravefing tn cach rawring just after the pooaat af deparcore, Tepical
Flenw Foor a receesive routine nuphke resemble chet shewn e 1qgume 5-12

WAIN PACZ EAW
1
|
¥
DI
T
SR =
¥ 4
LR Z

LTSN PR

Cipmare 5-1¢ Boswsive Baglne Tlew

The main preerzm calls functien 1, SURB T which ealis Tugecon 2, 50 E 2, whicl eecurses anes belogg
reLMing.

Bxatnple:
(V] o O .
iIEQ 15 J0 CXIT RECURSIVE LOOEP
ISR E5.DNCT ROCTURSE
18 -
IRT'S 5 RETURN TO 0f FOR

EACIT CALL. THEXN T
MAIN PROGEAM

The raurine BIMNCE ealla itselt until the wariable wsted Decostes equal ta 8, ien 2 exats we 15 wheee Lhe
RS instruction &5 exequeed, returpiog 1o the 15 aace fae each cecursive <all and o Jinal wme 10 reluen e
the main pregram.

[n ponerat, recocsion technogoes wall lead o slower programs than the eorrespording interaerive tech-

nigques, hut recursion wilf prodoce shorrer pragrams, and thog save memory space, Hoth the beewity and
clariy prisducsd by recursion are impertane in asszmbly angoags programs.

w1



Ulses of Becursion — FRecursion van be weed o any oouling tnowhicl thee seane poogess 5 oeuiesd several
Lmes, For exaeople, o fuiction w ke wolegmaled ey centain aoether Tunctcn e be msprated, 4 0o
salving for XM, wherg

Ml — 1 + HX)
and

My — GiX
Anuther wse [or @ eecumive Tunction ceuld be in caloubting o Metorsd Tunciun, becwass

FACTING = FACTIN - 1 * N
Roowrsian should sermusate whenr N — 1.
The mazropeocessar within MACRO-L1 for exomple, & Ceell cocumsive sinoe 11 cun prooss nesked
maeredelimiegs aed calls. Foe example, witlin o e nedelinition, ot macrss can be celled, When a
et call g enodustered williia definition, the processer snusl work recwrsively: Ll S0l sl process
ong e belorg il is Furshed wiib anodier. then contoue wil the provioue oo, The stck i ueed T o

separate storage arca For che veriables associated with eacl call W e procedurs.

As long as nesred definitiong af syaorns are avarlable, i s possibic foe a maero 10 call dsell However,
unless conditionals are wsed too germingcs 1his expansion, an inliile bop gonld be gencraled,

£.3.11 Prwwessor Trps

Cerluwin errors and programerang conditions cause the KO 1-A processor wo enler e service stale and
leup Lo s Jiaed Jocation. A tcap & an intecowpd peneraled by sollware. Pendiog sondiuons are arbiraled
sovording W o prioriy, The foilowitg lisl deseribes e priocity Crome bighest w Dowesl

Coadltion Description

Memary Management Yialagion® A memory management wickation emwsss 20 oabortt and
(MMLERR) traps bes lewation 250,

Tioeoul Eccor* (BLISERLE) Mo response frem 4 bos desive Juring o bes transaclion

causes 40 ebori aod traps 19 location 4y,

Parity Frror® (FARERR) Aopaciy eeror sgoal reeeived By Lhe proceseos duting a
bus Transastion sauses an aborl and feaps 10 loeavion 1145,

Trace (17 Bit* I s had & s se0 atl the end ot instroconn ¢xecatian, 1he
processor traps m losation Sz

Suck Overllow® (STEOVID IF the kernel stack poincer was pushad helow AWK during
AN instTmecion excowcion, the processor trans w losacion 3y
at the end of the mstruction.

Power Fauil® (PFAIL) Il bus zapnal power DK (BF3KH) becemie neeated during
mslruction execolion, the processur loeps o localion 14y
al e cod of the nslowstion.

* Manmaskable sefteare cannct inhinil rhe crmdition. CTLERE. MAUERE. BUSERE. PARERR arc mciuaily exzlygive
when she: processar is executing £ progroom
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Condition Dhescrip i

lnterrupl Level 7 IHIROT IF device ineTript soyuests ard eeerled and P5-07:0%:
Interrupt Devel & (HIRQG) are properly ser, the processor ol the exd of Lo peesent
Interruot Tevel > (OTROS) instroccion exsculion wol Iniliale s Jlerrupl sonlor
Interruat Level 4 {BIRO4) sogueteed on cthe bus, These inpuls ace seskeble by

T RN IR

PS<iT05:- Levels Lkl Liked

T Al

f fr, 5.1

q 3

4 4

rn-1 P
Flait Line IF the BFIALT 1. Bus sienad s assertsd dumae the semace

state. the processor will enter OT mode.

83111 Trp iesiroctons — Trap instructions provide Qo calls s emuoiacors, 70 monmitors, debopeeing
puckapes, and usec-delined inlerpretens. When a mrap occuns, che coneenes of the currenl poosrarm coenler
(PO and program elslus word (P5) sre pushed oole Lhe processor slack and replaced by e contents of a
2ovwear] Leap vector contaimng @ new PO and new P The returs sedeence looem o trap involves sxeculing
il BT oo BTT instroction, wluch reslores the old PC and old PS be poppice e Toom e slack, Frap
vechars are localed al pecmanently assipoed Naed addresses,

The EMT (rrap smovlacoe) and TEAR insteoctions Je ool wse Ui Jew-order Dyvwe oF se woed i Ui
maching language reprcscalalion. This allows ueer infocooation: w e tragslerred in the ow-order Dyvie. Tas
new valng of the PO [aaded feom 1he weotor addiess of e TREAP o EMT mnsleucuions oovpically (e
starting address of a rontine 1o aceess and imterpect This mlermation, Sech o a8 eallsd o reage
handler.

A lrup bandler noust accomplish several tasks. Bt must save and reseors &0l nsccssary C1PRs, interpret the
low byte of the trap inscroction and call the indicated rowrine, serve a5 an interfuce between the calling
program and this rouline by handling any data that needs 10 be passed beoween them. ead. Tinelly, ciause
the returcn Ly the mmuin rouline.

A drap kandler can b owseful s o polclung echogue. Jurnpiog oul %o 4 pelch area b5 often difficull
because 3 2-word jep must be performed. Howerver, the | oword TRAT inelrection may be wsed o
dispacsh to palch arcas. A sullwsenl aumber of slows Goc pelcling stoould Nrest be eeseeved ootbe dispalch
rable of the 1eap Dandler The jump can then b aceomplisbed by placing the addiess ol 1he paiell acea wia
the table and inserring the propee TRAFP (nslewcuicn wleee (e patch i to be atade.
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B3I} Lse of Macro Calls — The rap handler can he wsed inoa program tn dispateh execution oo any
one of several rowdines. Macros may b defingd tee cange che proper cxparsion of a call tn one of these
rontines, as in the cxampie heloes

MACED SUB2 ARG
MOY ARG, R
TRAP -1

ENTM

Whea expanded, this macra selz up e ane arguencn 2equiced Dy the rauliog vy B aond Qen cooses e
trap anslewcion with e oemober Lo e lower Drle, The leap baodler sheeld Do owrtieal so thal il
recopnizes o 1 as a call e SUB2. INoliee Lot ARG here = Dewng wzossooded 1o SUBE2 Irom 1he calling
proeeatt, [1omay e odasa required by Qe routine of 0 may b o pounsl 10 longsr Tise of argnmeris

[n an opcrating syseem caviranmenr Tike RT-11, the EMT instructine is uged e call system ar monicor
rautines Fram a weer program. The monitor of an operating system necessarily onmeains coding far many
funztinng, such as L0, file manipulacion, ete. This coding iz made accossible to che propram throweh a
serice of mwwern culls that expand ineo EM U inscroctions wich Inw bytes, indicacing che desirsd roatine or
group of Toutines o which the desined routine belongs. Often g CrPH 35 desipmaeed to be wesd o pass an
identilication cude to Forther indicsts to the trup handler which routing 15 desited. For exemple, the macro
cxpansion for 1 resome execution command 1w KT-11 15 ax Tollows,

MaACRO B5LM
M3 2
LENOM

(W3 is defined:

ARG CME CHAN, COHIE
WOY ACORE A0 KRG
JIF =B CHAaM BISE CHANRI
EMT 274
LWDM

Mole that the EMT Jow byte 35 374, This = omterpreted by (e EMT handler o oindicate o aroap of
ruontizes, Then the contents of RO Chich byele) are teeted by the hundler o adentily exactl which rootine
wilbin the pruup is beang requested - 1o chas case rowting number 20 (The O3S call of the RSUM 5201 up
to pass Uie identification code,)

B.3172 Coaversion Howlines

Adervost all assenbly Janguage prograins cequice Uie leamslaluon of dala o1 cesulls [own e Larm 1 anotber.
Code 1hat peeforms such a tramsfoomatwn & called a convarsfor Foufoe i Lhis pude. Scveral comemonly
nged eomversion rantings Toliow,

Almont ull assembly language programs ineolve some cype nf conversion rowrite. Ceral-oo- ASCTH L, negal-to-
decimal, and decimalto-ASC T are a fow of the most widely nsed.



Acitlicnelic roulliply and divide roulines ace Dundamenial Lo inany canversin: roulines . Division 35 1y puacally

appraached in one af Lwo wavs

1. The division can he aceompiizhed cheongh a combination oF raales and suhiracrions,

Examnple:

Aszzume the Tollowing code and rerister data; oo mke the cxample casier, =lsa assume a 3-bit

ward.

DY MOV 23, (SP)
CLE {SF)

15 ASL (3P
ASL R
ROL RO
CMFP RO.RS
BLT 25
SUE RL3,R0
[NC (S0

% DEC 2 (5P
EME B

1 herelore. ti divide 7 by 2:

K = 1K1
Bl =111
B3 =i
TR

STACK
all
Q00

SET UP DIGIT COUNTER
CLEAR RESULT

D CONTAINS EEMANNDER
ANCEEMENT RESUILT
DECREMENT (CIHINTER

remsinder
7 [(multiplicand}
2 [multiplier)

TR
CuoLIeLL

Fallowing thraugh the coding, e quelient. cecamder, and divideod 21! sl lel? manipolalaog

the mesl significant digit Ties,, e

At the conclesian of 1he eowniing

RO —= (11
B1 — 00
B3i—inn
STACK
aon

a1]

B2

remainder

COUTIRET
iJusitient



Zo The second wteliod of division works by repeated sublraction ol the powers of the divisor,
keeping & covol of the oumber of sublraclions al sach level.

Exonple:

To divide 227 by 10, First 1y oo subivae powers o 70wl @ aonncgatiee valot s elbiained,
eounting the number af subiractions of caodl power

221
1L

Wepslive, soopo o the next lower power, and conmt for 109 — 0,

221
—1an
121 counl for 10€ = 1
— Qo
21 Launt = 2
— 100

Megative, 2o reduce nower, and counr for 1034 = 7,

a1
11
11 cuant fur T = 1.
11
-0
1 counl = 2
—10

Negative, 0 gonmt tar 10! = 2.
Mo loweer poseer, Bnoremainder is |,

Answer = {122, remainder 1.
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Multiplication can e danc with a combinatinn of rotates and additens or with cepetuave additions.

Example:

Assume the fallowing code and 4 5-b wonl.

CLR RD HIGEH HA L 0IF ANSWER
MOY #3,08T SETUP OO K ITR
MOY B LMULT, AL LTI PLIC AN
WORE: ROR L2
B WO
AN MULT R IF IMDICATED,
ADD
SMLULTIRLICA S
NOW RUOIK RO
Ty
L ONT
BNE MORL
ML Lt
N It

Fhe fnllowing conditinna cxist for 6 times 1:

Rl = Q) tuph-arder Jall of result
El =114 raultiplicand
Ei=011 oltipicr

After the ratring is cxcoyted:

B — {1 high-order half of ecsw
E1 =410} low-nrder half nf result
B2 — [0
CHNT — il

MILILT = 1118
Example:

Multiplicatinn of BA by Sl 18 TLKIOL

MULS: MOV RO, (SP)
ASL RU
ASL RO
ADD (SPH-RD
AEL R
ASL R4
ASL RO
RETURM

If B§ cantains 7:

i =111

ATieT execubion;

RO = 1010 10}
[Tg * 305 = d1Dg),
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ASCH Conversions — T'he conversinn of ASCIL characters ta che internul representation of @ nuniber, as
well s che conversion of an intcensl nomber by ASCH in 13 operations, presents o challenge, The
Followine coutine tkes che 16-bit word in BT and stores the sorrsepundine six ASCT chacacters o te
buffer addrmezed by B2,

OLT: MOV 25RO -LOOD COLUNT
LOKIP: MOV R1, {SF) COMY WORD INTO STACK

BIC 2177770 S ONE OKCTAL YALLE

ADD 40ESP CONVERT TO ASCI

MOVE (SPH.—(R2) STORE N BUFFER

ASR Rl SHIFT

ASR Rl RIGHT

ASR Rl THHRFE

A EQ TTEST T DROME

EMF LUK WP WL IR T AL AN

BIC: #17TTT0.R1T ARETT AR HI

Al £THR1 CONSYERT 10 ASCIL

3 LIS 5 -(KE2) STOEE I BUTTER

RTS P DONERETURN

8.4 PROGRAMMING TIHE PROCESSOR STATUS WORD

The vurrent processor sl lus can be read and weitlen weing several programcong echogquses oo e PS. The
P5 bus un LA addeess of 17777778, The KDJLL-A aod elher PDP-L: poocessocs wopleaeeol 1hus addecse,
wlwreas LE1-1T and LSI-11/2 processers Jdo ool Ooe wechwque owe uee the LD address o5 o s0uras o1
destinalion address wilh any felewction.

CLRE 17777776
MO @R 77TITTG, RO

The first instruction clears the Ps and the second inscruction moves the contents of the PS to peneral
register KL

The PS explicit address (I7T777770) can be sccessed om a word or bt basis, The KIDTUT-A wall recoemise
the P8 odd address (177777770 and the access result will be identival toan odd memocy addeess relerence.

Another (echnigue & to wee the tag dedivated PS instrections, MTPS and MTFS. These instowctivns unly
reference he even byle. I memory munszement 15 enabled certain P& bus are protected.
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2% PRIHARAMMING PERIPHERALS

Programming 1.51-11 bus-compatibie madoles (deviees] g simple. A special olass of instmegions thar deats
with imput/output aperatinns is wnnecossary. The bius scrmecoire permics o wnified addrossing scroctuns in
which contrni, status, and date repisters for deviees are dircetly addrossed a5 memory Jocations. Therefore,
all operations on chese repstors, such as tranferring information into or oot of them or mampolating data
within them, are performed by normal memory reference instroctinns.

The we ol sl memory reference mstructione on device regsiers greatly incresses the Dexibibioy of
inpuloulpul programmicg. For example, information in a device ressier can be compared dicectly with
vialue and u branch made oo the cesoll

CMP RBLF, 4101
BEC SERYICE

In this casc, the program looks fac 101 e BLY L] recerver data botler megister {RBUFpand Dranches if
il finds of, Theee i& po aeed Lo Translee (he mnlormatioen e an mlermediale cegister Tof conparison,

When the characier is af irgrese, a memocy refeegnce ingtrction can Leanatfer 1he characier e 3 user
huffer in memary or to annthes peripheral devies, The instractiom;

ROV BEINBL Y LOC
transfers a charueler mom the DRV dety mpul bulfer (DREISNTUP) into o user-defined locacion.

Atl anliienetzc operatiuns cun be performed un a peripherul devics remsier. Tor example, the instruction
ADD 210, DROUT BUT will wdd 10 to the DRY 11 owiput bulTer. Al read Seecibe device regdslers can be
treeled vs wocumulator:, There is oo need to funoel wll duly transfers, arithenetic operalions, and compur-
song through one or 4 smul] oumber of accomulalor rensiems.

5.6 PDr-i1 PROGEAMBMING EXAMILILS

The progcannnie exdmples o the following pages show bow the nslouction =20 e addressiog wdes,
and the programmug echimqoes can be used o solve sooe simple peoblems. The Lacmat wsed = ether
PAL-L] or MACEO-1],

.27



Eriepram
Address

NS00
MELAS
IRNLE
IEIIE 14
LI 20

o00a2d4
Q052G
NIRRT
qOp5a2
aons1d
(52
CINHE S
YT B

(Ix1544

L ERE

LATLRIT
(TR
Laoa4
SO0
(IR

Q0 0o
oo
nninnd
TN
NI

Priszram
Canlemis

LN
UL
PHEL Y D
U
Uxlng
(110HT] g
LB
Qog0n?

(A3}
1277
X100
ni 2
IXHITCH]
112312
Xz
I 23005
L ULHRE
EM
LTI LY s
(UL
QU
Qe 10:
Q240032
a0l iv:
6 300
MA%and
Mol

LRI
[LHA L EA

AL
b ]
2
WL
OG04
QO30

Q000
Qo004
Qo003
(ICCHIN-
noaon?
RN

XK1

l.uhbxl

MTART

SLML.

Sl 2

1

fip Cade {ipernmd

[ ||

HI-%0

B 2-52

4 3=%

I4=—%+

Roa=%s

AP-T

P~

=00

WMWY T 4F
MOy 2T
Y b o B E e
kLAY ALK
g ALY ¥ 12
CLEE I

CLe K=

abm EIr-Es
AP RIE.
EMT ST
AN [(Ri; KN
L NP FiRL
T LT e
Sl EA N
1ALT

=T

WORLY L2555

~ L0

WDRD 456,75

11

[ iammuenl=

PPROMGIE AN T AL
ALITRACTT COrSTTER s Lk 1 O0S TR

SHEOR COYST ES T G0 LS =T 6]

ARIT STACE Pk T

START alCHMNG
FINISEE T ATTI T

I ROT BEAMNCH Ak
HTART APHEG

PN ESTTEES AT

B RGT PEAMCT HACK

ALETRALC T sl L s

SUHALS ALL FOLES



Friegram
Aildress

Iragram
Lundentx

F.icliel [1p Canke L pesrumml

Brl="%0
Ri=%

R
EP—3h
| = A

L
START: MOy &It

Mk AL L
WM g AL UER—LL R

CLE B
CHELK. (ST (EI+
BFL MEXT
[N R
MIXT: UYWP RIRE™
ER TRl M
HALT

WAL L I
M1

20

Lummienly
[

EAGIEARD IO COLNT MeAlIvE

L hiBERE

(AR A TABLE

21 SIGMEL WO LS

BEGTMNMIMNG AT LOZ WALLIES

CCUNT HOPY Moy ARE NEFATIVE I RD

SOT P RTACK
al b L PN LR
T L GO L

JPEST WNUMBER
POSITIVE?

(NG, IMUREMITWT
WHHIKTER

s [ TSFEE T
etk G HACK
b =P



Program Frogram
Address Conmlenis [.whel

ETAIL:

CHECK:

iF

MY ER AGE:

SOOI ERY

p Code {1 and

Bu=%0
B.i—%1
Ri-%2
RT3
AP =
PC==7

L

L TN A

MY AR

RACTY FHCLHE ES R 2
MOY FAYEILAGE. R
CLE LU

(I R L Sl E R DR
BLE Mk

[MC RO
nro |

(Ll TR I U
HALT

Gl

ISR IO 1 1 o LR T
E5FE L DMLES ST B

ERLE

=30

o [ DT

PRCEGRAM TOATOLNT ARWE AVERASE
T SR TS

ST AT I QLTF SOIRES

ARG RIS AT LK ROCERS

thbO B AYPRAGE TN O AVER AL
ARLIE T IS IR RO s AT A AL

HET DF =TAlK
HET P L ISTIR
AT L MHRTE

AOMAAIE SCOIE A MDY AYIZRALD
:LESS | HAM R ELL AL

O AYERALE?

(WD, COUHT

LS DLCREMENT COUNTER
TITHISHTDE MO, CHECE

L ETOP



Frooram Frropean
A dddress Conremnis Label Tip Code O Comacis

PRGGE abdMIF EXAMEPLE

ACETFPT UIMMETIATE B0 AR
STORE M), CHARS

TROM THT KTYMWIARD SHITPLT R &1 F
DO FRTIRE SFRINDG PR TR AL

Filaun
L B
S
LR35
l.b—12
RS 177560
ThH- | Eo—2
THS—ThH+2
TPB-TF512
TITLE ECH:H
= 1105
START- SIS & NP THITIALAY STACK POIMTIE
5 [ Rl BERCH 1) =AM THINTTR
AR CE L
SN *Nl ITA R ACTER COLNT
1™ THTTE o b SATAIR IW BLUFEFER!
(LI Ih b WAFL BRAMC BALE
AR WAL
ECHA 151d e B I 5= (CHECER TELEFRIN TER
HEALY E1ATLS
ErL ECHOD
MOPVB e TEE s TEE JECHO CHARACTEE.
MOPVR aTEE (R ATORE CHARACTER AMAY
LEEN Rl
BN 1™ FINISHETD [MPLTTINGY
MY AR A OF BLDFUR ICLLIHRG
ik &l
L LY 221 K| COUNT R O LR
ANETE S T & L
LHi L. P11 i | I ARNCK TELERINTER
JLEALY BUATLE
BIPL Ll
RSLERY LR 401 FHILPL T CHARACTER
DE K1
BXE (/i) FLMISHED QU TEUT TEMG?
HALT
SA¥E: BYTE CELE
= |2
LW



Prgram Program
Address Canfenrs Lahel Op Croale LRITTET | Cienimesls

JHLLE AN TN X AMIFLE
SLHROLUEISE [ INPLTTTER YAl by

INPLT KOV ZBLTFER RD SET UIFaa AF
ATORASGE HUFFER.
MO & 1R SET P COLUNTER
IM: TalTl GrTHS TJEAET EYROE REALRY STATLLS
HEL I
AL TE el TTP=T TTO RCADY 5TATLS
AL QLT
L LN N [ W e T CHARACTIER
VO H g R L O+ ST CITAR ACTTE
1ML IR AR EAH IS TER
EME I
KTS 1'C HeA ]

AFRLE G AR TG AP
DL HIRLUTVTME T 2 T TN VAL

HMIRT MOV £ 0. B-
MENT: MO COUNTER 5
MW JALIFTER . Ryl
Aalaly B3RO
W{V R TRD - R
L CWEFE EG RS
BT
LT LY 1] =Ry 12
MLYE IS BT 100+
MOV RIE
GT: L™ B3
BME LK
INSERT: MOYE B BUFFER-- L R4}
[N B4
[ COUNT
BME MEXT
MO A 0 CAUNT RESTORE LOCA TLOMN COUNT
RTS P EXIT

LALLM ROR ALECR

LIME]D: AU IMEPLT AMNY TS S7%0GTT THGIT WAL S i) TS
ARUI UK AN CLTUE T THEM I F

LImE2. ASCHAEMALLEST 10 LARGES T CHLI 5

BUTFTER ol
EMTHIMITET JFIMIEHIE



Progian Fropram
Addrecs L Ecnits Labed Op Cole Opetand L GIHIIRHLE

PROGRAMM™G EXAMPLE

AUBRODLTINE NN AMP) T

TSPET TR VATLES SORT, A

KHYATPLT THES M Skialld FST T LARGEST
RN E

RI="70

RI—%1

K157

K 1=50

L

H5 43

b R

H2-%57

| ES— 7 Akl

(9 deoss of wenmmal cesbie alelws nepgsie
TEEB~TES : 2 - iermiie] dacy bulfsr ccoislarn
TPS=TEE. 2

Clerinal e coorro? g s1asie cxpiskare]
TPR=TPS 12 - (terminal r-pn: dara kurfe-)

=10

LY W b Mk & R0 THETIAL LA STACR 10 ST
A= R L AT IO CRLE SUJBRGL T
A= RS GUTTPL T AT T LTI T S0 BRI B
Ll™kl A U LIMIE 1 BLFFER
&l REABER (F QLTS
Jag Lk 250 10 CRLF SUBROLTIME
JSR BaOUTrLT w230 ool el T SLBROLTIRE
Li™E2 &4 OF LIME 2 BLEFER
I, (WLUMEBER OF OLTFLTS
ISR PCCRLE o TG CRLT SLUBRIGLTIME
ISR P IPLT W0 TO THPLT ZUARGLTTINE
ISE P SORT WD T RORT SURROQLTIMNT
JER PCERIT Ll TR SBLARTHITIMN
JER RECLUTPUT GO T CHITRLT SRR ITI S
TR A%PUT BUFIEIR AREMA
LIR VLML A ST L S
Jel PLATELE
AL TR B

£33



Fropram
Adirss

Propram
Caontenks

] ahel

CRLE:

LMFL:

QLTPLT:

AL AN

Op Cnde

TS w1

3L LR

WA ]S 1T
THLE adlPs

BIL LMFL

YIOWE #1264 [TH
RTs B

MW {R51,ED
WOTY (RET R
w5 R

THTH w81 15

{hprramd

£ ammirnrs

TPROIGE AAN YT X ASAPLLE
HUTEROLTING TOOLTRLT A OE & LI

STEET FIEY BELADY STA L

LTI P CARKILIAGE KETTLIL S
RS TR REALY S1ATLS

LUTPLT LIKE FEED
EXIT

L EEROILTINGE 1O LT T A
FARIABLE LENGITH MESEAGE
PECE LP = OF DATA DO
PICE LP B LR OFF QCCTELETS
NEGATE T

ST IO ELAYY 5TATL:

ML AdiAITN

RS E Y TR R T
140 K1

BRE Alisl™

BLE KA

AMETPLT CHALACTEIR
HL I COL S TER

5.7 LOOPING TECHNIQUES
Lowoping 1echnicpues are illusirated in the progrsm ssepmenls below, The sepments are used e clear a S0-
word tble.

1. Aulomceement (pointer addesss o GPR)

RO = 0

MO STHL RO
CLR (R

CRA P R THL 4100,
BrE O

1LAIP

X Awtodecrement {pointer and Limit valuss in GPE)

R34
RI1-%1

MOV #TBL R0
MOV #TOL+ 100, R1
CLR - {R1}

CMF R1RD

ENE LOOT

LOOT:



f.

Counter [decrementing g OPR containing counl)

B4

Ri—1

MOV #TEL.RQ

MOY ¥:0 R
LOOT: CLI (RO)—

DEC

BINE EOHP

Indcx Register Modificadion (indexed mode; modifying indss valuc)

R0

CLE RO
FLX, CLR TR 4RO}

A1 42 R0

CMP BOETIRL

BMNE LOOP

Master Index Register Modification {stocine vulues m GTE)

RO—0

RI—%]
R
MOY #2.R1
MOY #100,R2
CLR RO

LOOP CLE TR (RO)
AR RD
AP RO RD
BB {03

Address Modificazion [indexed mode; mndifying base address)

R =50

MUY FIBIL RO
LA LR ORI

AL A2, LO0P-12

CMP LQOP- 2871040

BN TO0P

#-15






CHAPTER 9
BOOT ROMS AND THAGNOSTICS

410 INTHODUCTION

The KRN 1-A medole may be incorporated ints some type of 1.51-11 based system gsine a mgss storapee
device and g syslem consele. The systent showld sontain a mulifunetion aption such a the MXY T 1-T with
w system device Boodstrap prugram that 5 moluded in the MXY11-B2 ROM option, These BOAS are
requirgd Jur un-ste Freld Service supportl.

The operaticn of e XXDP+ diapnostics JTur the KT 1-A module are dezsmibed 1 ke section,

2.2 MXVIi1-B2 ROM SET

The MXEY ] {-B2 REOM z21 5 0 boolstrap/diagocslzc aplion foc (e MXY LB mwlliluzeten module and
Uie MEYIL-D universal PROK module, Tle oprion peclocms boolsump progeiamns Lor mass storage
Jeviges and dagnostic progeans o the CPU memary, and [0 devices durlyg power-up ar wis)
manually invoked,

The bootstrap function iz aunmazic at power-up I the CPLD is contigured far this footurs, The swetem
cnnsole can be nsed o bont devices ar nonstandand FAY page addresses, seloet o scoondary sysiem device,
OT run & diagnostic prosram.

CALTION
In the erenl of a power failure, il & system wses
baltery backup, the user should not pewer-up usinp
the sulemalic mede. During the power-up sequence,
this mode cxecules 1 meseey disgnoslic aod coukd
desirey be dala stored, An allcroative power-up
mode should be sehected

The MXY11-H2 sopporls tuenkey operation so thal the user doc: ool bave @ uliaee e boclstrap
Tunciion. It seppouts all the systcn devices cuccently avalable Ter Lhe LS1-1) Doz, These viclude the
RLOQT, RLEK2, TWSOE, TUSE, RXMARDSL.

Il Power-Lip

The MXV11-B2 performs a memoary diagnostic at nowcr-nn, Om eampletian of the memeny moat, a seprch
is conducted for a bootuble deviee. [uring the power-up acquence, the consnle port is manitnred for a
CTRL C comnmand and, if it acewrs, the sequence is aborted and the BOOTY= prompt appears an the
consule.

2-1



252 Automalic Booting
The KM 11-A will poweesup ul LT 773 000 when puwer-up oplivn 2 s sebectel, The MXYL-B2 option
will wutormetlically perform the power-up diapnostics and then search Jur @ bootable device ae Tollows.

BLOLARLOZ (umiis O chiecugh 3)
RXE0ARD51* {vnits O through T)
RXO2 {umitg Band 1)

FXCH (units 0 and 1)

TSY(IS {unit 1} only)

TLISE

The MXYI1-B2 boots a volume fram wnit § of the firse mass storage device Foond. IF unit U cannnt be
bonned, it sesrches through BX and KEY units 1-T 10 scyuence of the sume devies For a bootable valume.
When a baotable volume cunnat be Incaced, it procoeds ta the next devics in sequence and exercises the
EAMIC Fouline. A& mmessige appedars on the consnle approzimacely cvery Al ssoonds until & volime s
bonestrap Ieaded. [T no devices exist or respond tn the booting seguence, then 1t will ery tu boow a TLISH,

When a boulable volume 15 Tound, the MIXVIL-B2 reads the boel cude [rom the selecled muee storapee
device and unil {Juncal block 00 inlo successive memery Iocations. slactng al address O It loeds the um
number and the device CSR address inlu cepisters 0 and 1, respeclively.

9.2.3 Blawwal Bootlug

Pressing a CTRL C before 2 device is baoted will abort the program aod caier 1he cannal coode Iy issuing,
the BOOT = peogeat o QDT peompl "™, The KDJ11-A modebe allews the user o scleet o Doasteap
address by wsing power-up opoicn 3. A st of 1he MXVL-B2 boor comamands are listed in Table 9-1,

Tuhle 4-1  KIXVI11-182 Hael £ nmmunds

Commiaod L Fmiclmim

L L ul-Ly s vl

LDl Bl Beul 1L 5

mDLn Bl Bacd HLOI/H LU

v [IE I B Boel MEC 1 devices (RX20R o] *
mbikn Hiul Bae1 1LxUI

mln Bl Boed R0

HE Ll Hela

[™ ity laiialize oos

[.N Ll Laad tomn moman Dlacks

MF LRl Skhaw anepeew rip

mi’iin Tcal Eoez THVOS

ny 1l=iline Framinsddepasii mzrin-y
milin [[Hy! Tezer A0 rexl wian THLW 1 T
m™I'n T Mt Ml via DI
m™Fn Ten:: Ml Talelinel via DPYT
m™Lin Ten= Mol Tl inel wisn T 11
LIRS LliiliLy laeer carszle $HIT

16 n LhiiliLy Cleck Lest

TF L.eility Floelime-puirl Lol

ariwn L LiliLy Tesl e

'l % L tilaty smeriad e st

o [ by seareloss Dor vemwovaile (R G disk and en Dacd cas gRLE=1

* o Bequerkss Uoraaph SIS0 mies starigge cantrel arisdooal ) remoicale anats 1 tieoagh 7 Uosn BSCE Fiacd coits © rlracek 5
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2.4 Error and Help Messages

The MXY1-H2 RO will peintont on the systen sensale a vaziery of eccor and ielp meszages when Lhe
syt Failz 1o he hoeted, In the awiamatic mode, a message is displasved cvery 340 seeands whils i scarches
for a boneable devize, this daes not eepresent a failure. The messages can oecar for either 1he avtomatic or
manwil made. & faral message is always preceded by BOOTROM-F-2 other mossagss will provide helpful
infnrmation to che pscr. The messages arg eged in Toabls 9-2 with suggestions 1o help the pscr

Tahbk: -2

MEV1I-Bl Ereor Measapes

At Sqpgesied Uner Acrlomn

AT roi i

Amtarmutic Bunt St Freer Pefeoso g

o deese ready et o 1ies

Aucomatic Boor Eatal Erroer Mlessazes

TRCHFTEOMA-T My ey
SN0 AD TEENXE

TROWITROYA. 1 Menere orear a4y
RN R

FIHMHD IO -F Unkmzen ermar
il Tur el

LR

Anv ety pronsed messspe.

Ceunvral Commund rmor ek

JBORY FILCMA-F Sxniira urmar in
COTIPTGLTIL,

R T LE B T ENTITE
mend - Lvpe HE lor help.

RIS RAZM-F Ton sy
CAMACTers

TACHITROSA T Mimiher nar

[l

Ssin beknathle device ar eniliome aeifkible
Lot bl This message repeints 21 50
suezrrd fnlervzls nalil 100k mesoge.,
ther repestls i T3=mminuce imerviis
Laporosinmbely

Defeenrec micioosy gt co Mgl
derzaned.

kil Fardware [ZiTure deseciel

Faca. icrdwere Sulare or bed syscm
vizuins Juicclii.

anal hacdaar: facdlore deeslod. pozs-
aly rhe consale

Mewa! ckorricser ar athes versrsl sapar
0 L3
erar vocn-rel.

il ar risepeLcd carmnnd
erbood.

Mure tan ¥ wetal digits o ped balors
L 2-lenter v, e riane than
dapnl Falepvweiag coowand. o oo Uan
1 betsers i soainad.

Aan S ooc Gowss oeped.

Close dims eom OpEE B sesien s on
EXOT or RO media, hake sare chal
10l AEDNZ REALT pwhile] irdieetar
it~ un, v D probler < mal o ard
Lhe maisines mepetala, e T EL S and
Lry Lo b desirod Jeviee wildi o bee-
b warmmard. elore apocilic measpes
will =pprar.

Foocoad the assssaps wud auncber, Tern
vowes S01 wlen an, [F prealec remaing,
sevice S e iped. 10 won wizi re eminss
N e Tary [oAr, e marna’ mede Ty
rehoatir  sverom, prssing S TR O Al
rkem cisimge the | AT commamid.

Raeard all relewial inlermieas akaanl
the spstem. ncluding the LEDY indisilors
o WY1 e i mstellead 1 See
v i moguinead.

Fra = eilhsren ] syslboaz vooes, 1 avaala-
Lle rene pow hraoe wonka, JF possallen, 17
Lhe ;ll.'lL'.n.:ul renza, feeied vidonnaland
Caabove, Secvice s cauiied,

[F peesibla, v a duferenr smses, 17 1the

roablery ceacns, record infar rariom
Bgreiee s ogipe,

Revype comraami correzilye,

Ierer W mnaal, o eepe TR Lz el =
in ! al all walid comrsees.

My o vt o sty

Delenaine corpecs oumiber nod rerems
con g

TN - deviee innenaric. € — ccfal rumbey



hlesompe™

Tuhibe 9-2  BIXY11-EX Errer Melemsagpess (i)

Cause
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LYk,
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CEI wddies,

I device vaes unl- acmber pleps, such
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I 1he apuon iz isstalled i the MXVLL-B modole, the LEDS ci the nedule can indicate errars.

The LRI mead as follows. The singls red | E fo one side of the grzen |ELY 4 it 3; che three red RIS o
1h¢ other side nf the green LHEID ang bite 2 #q00, wich bit 2 Beiag the ted LLED clogest oy the groen LEL.
i 2 1 [k

Fed e Fed Red ERed LA =seen Juoking al the edyge of Lhe boerd, wilbh Lhe
CUITIRIOEILE W)

I e Follewing <hest a ] ndicates the LED = on, and 0 iodicances (e LED 15 off. The grecn LED
imdizates =5 Yde = apphed we BAM nemory.

The chary siows which part of e BOM poogeam was cxccoling, when the sysem g up

LENs
3 2 1 L]
Y 0 0 £l SuccessTul boot
0 0 0 1 Comprehensiee memory st
0 0 1 0 Waitinp for cnnsale mput
0 0 I I Low memoary test (below 20040 wotal
0 1 0 0 MSCP device (RX30/RDAT)
0 1 ) I Mol azeipned
o 1 | 0 Mul azzifened
[ ] | | RLOL/RLO2 bt
| 1 0 [ EXDLTX2 bos
] ¥ [ | TEVIS b
| 0 1 0 Mar assigned
i 1 I 1 DPFY 1L BECast Dot
i | ) 1] DY L ITEChe] lssar
| | H I Y110 1ECHst band
| | | il TL.58 bant
| | |

Prwar-un initializatinn
LTCr indicator codes thal zre not essipned shaould never appoar when wsing the BMXY 1L-B2.

MNOTE
A 1111 ilicater code wppears alter o successfuol
DECnet bowl

T3 INALMSTICON

The SX1P+ diagnnstic pragrams help 1o vorify 0w sysecin s Lonctionng correctly ar Lo isolate a faulty
camponent. These arg wsed Far cnaiolenance oeposcs and ool 28 porl of 1he mornal svslom opecation, The
X X[+ diagnnsfic software congisis of a libeary of diagneslic programs designed to test individual syswem
components. Theszs can be chaingd together, dependent an he sysem configueation, to provide an overall
syspemn diagnostic. The dingnostics gpecifically nsed tor the KI1311-A madnole are liseed in able 9-3 and
are deseribed below.

Q-



Tuble -3 hIU11-4 LRapnistles

Mae Fimirlon

CERIAL P s

ZZR I A Mz manapamen fesls
CZRIIL A MMeazing-nainr rasre

2RIy i che rencey e

The HALT trap npticn must he diszhled by tnstadling the W3 jumper wken runmniog these dizsneslics. The
diagniostic program can he haled by asserting the HALT line. Thiz s done by pressing the BEEAR key om
rhe sysgem consale fnr syseems configured to assert HALT when BRECAK 15 kewed. They van be restaried
v addressing location 152 010 and pressing che O key an the systenn console. The apstenm moesitar .7 will
prompt and the diapnosoe program can be selecied by the tun command B Tollowed Sy e dapocslic
name. he name will be ecioed and the program sterled. The name of Lhe Jiaenosie s priated on lie Fesd
pass and completed tests are dentified by the avsiem consule printoge ERTY PASS Wlen an ceror 13
detecied, the divgmostic will halt and peenl vwl the erroc comdilicn as Lallowes,

Lrour = Specilic Funsctivn Being Tested
Lrowr = (Llmgue Erooer Number)

Ceowr PO = (IMC a1 Tine of Erroc
94 DMAGNOSTIC EXAMPLE

Anr cxampls of ranning 1he diagnastics is described helow. The response of the user iy nnderlined and the
svglenm respansc s ryped, The WE jumper must be insralled. Comments ans histed on che right hand sids e
Turther cxplain the exampls.

Diagnnstic Commcnts

el

START! DL-CRe- Bouled O devige

CITADLCE XXDP+ DL MONITOR EXD moniior

BOOTTD %WIA UMIT 0

MK UNWIBLIS SYSTEM Mav  be  LSIBUS  or LisIBLA
MEE—MEMORY S1FE OR 5TANIARD

ENTER DATE (DD-MMM-YY): 1-N0Y-83 Ll enlers <Jdalc

RESTART ADDRESN: 3210 Idenritics rostart adoress

THIS 15 XXDF+ TYFE "117 QR
“"H/L” FOR HELP

B AK DR . — BT TuTiLoT
R - EL'N command
CAKDIORIC CAKDIO - Digprosiic

<CRe — RETURN key



CZEDNO KL CTU Diagneslic

EMIIPASS & |
EkI2 12a5% 8 2
ESI Paky f 3
(77032

& 15200 06
KGR KO
CZKLOHIC

SCET BIT & — 1 T'OR 18 BIT SYSTL:M
SWE — OO0 NEW — wCR -

CZKDED KD Memory Mauoagement

EMNIPARS o L
FNI PASK # 2
END PASS # 7
NP PASS & 4
i3] 24414

i | 520 11K

B LD O CR

CAKDLOBIC

CZKDLD EDJ11 Flowiing Pwiot

END PASE |
END PASE ¥ 2
EMND PASS F 3
EM PASS £ 4
EMIY PASE & 5
21247

Al S 207407

R CERDMO-CH =

CAKDMOBIC

SET BIT 4 = 1 FOK 18 BT SYSTEM

SET HIT ¢ =1 10K CACHE RAM AR TAG
RLELIABLLITY TESTS

SWE — 00N MEW — «CR=

Hao Lest by pressing Dreak
Addicss an HALT

Koy reatap addrgss and
03 for {31}
Kun disgrnetic and -conem

Ser b & by 10000
Press rewurn

Halr fesl by uessing break
address al halt

Koy restart addicss and
(i for (3}
KErn disgnnszic and reoumm

Hebn by presing BREAK
addrgss an HALT

Becy restan addzcss and

(1 tor {H)

Kun diagnnstic and return
=t hit K by (0410

=t hit U by O 0410

St hits B oand 9 by 0074000

Pross RITTURMN



CARDAO RDFIL Coche Momory Systom

EMIY PANS & |
EMD PASS & 2
ENTY PASS # 1
WD PASS & 4

CND PASS £ 5
LND PASS £ 6 Ll test by pressine BREAK
010152 address al [TALT
ig-1 520 | 5 Ry reslarl address and
a Jio G0
R Syalem owuler and run

GOkl

%-3






APPENDIN A
INSTRUCTION TIMING

Al GGEMERAL

The execution ime recuirad for fhe hase irsimezsion el and (ke nating-soam asiu oo sel usad by ihe
KT -4 iy deseribedd ia this appendis, The execution Sim Tor an insteastion g dopeadent upan 1he o7
nf instructinn, the addreesing mode wsed, 2ad 1ne mepe o memery aoccsasd. 0 genceal, the torzl ciecation
time is the sum of the hese instruction fotehSzxecute time and rhe aperandizl address caleniatina Aoreh
bime.

The execution dme provided Tor all rend mslracions gesemes thatl che data s oacoesssd rrons Lthe madine
cache menzury, When the de i s accssed From the main menzory, the execalon ime provided muost be
dgeeraded. Memory wrile smzlrections. mdicated by the ™ ™ motasion, gwesl have Lhe memoery wrie nme
acdded e the listed time inoorder wo determine the wotal lime,

The Moasiog-psns insleaclice: exegulicn ming s provided as o range, The aciee, performance s daca
dependent and will Call witlan the desesibed ronge.

A2 HARE INSTRLCTHIN SET TIMING
The executier times “ne The Base insnmction o0 ans provided u Tabics AL heoua]n A6 aed are subject o
rhe menersi notes listed at rhe and of Tabkle A-G

lable A-1 Howrce Address Time: Al Duble Cpensnd

Heud
Somrcy Simree Prlicrucode Tiroe Memory
[nxFrsetinn Wode Komisles Ll {us) ke
AR 5105, 0 -3 U] i i
L I, | -7 1 Rk B |
BIL, 1ls, : 0 b s 1
RaleL) 2 T | v 1
1 n#& 4 10as 2
1 T i Al 2
1 n & 5 Al !
q T 5 TEOZ sk 13
3 11t 5 1753 7
) 7 . R 1 Nnle 1
4 =7 4 BT ¥
? ) ] 15112 1




Insrraerian

T8T, ML Y,
ANIL ARSI RETIR,
WUPL MEPIY < 50

Tabl: A-F Dwsilnafion Address Tlwe: Bead-Guly Szl Opecand

Ikt mmdinn Iexibmntinm hMerperde Tinw:
Made Romister [ S {nc]

| a7 I ]
| T 1 304
2 iR 2 25l
z v | 157
) (I-f i s
1 T 3 |
E| =4 i #ul
4 ; Lk
oy Li—4 h 1452
z ! ' 1103
r 0-7 4 Lk
? (=7 1una

-

Rcad

hrmenry
Cyeleg

H

Id 1 = — —

R R

I Mk 22

o 1

Fable A-3  Dhesdinuiion Address Lime: Bead-Only Doolle Operaad

1602+

Read
Deslimalivi Dhestimative Prlivwoede Tie ey
Inslrscliva Menle Kipis ey Creles {ns) £ agles
CxE. Hl | =1 [ i a0
1 -1 i a0l |
2 -k k| i |
» - 1 s |
k! - 4 1154 A
1 v | Nt = )
d n 4 1Nk |
4 0 b 1156 2iMme 2
i né 5 Tral2 2
k] T m ZRTL TNl 3]
f ns 5 LA55 2
7 -7 v LEal i
Tahle 4-4  Thesrimotin Addeess Tioae; Wridke-Tinly
Temiers Uvieles
Theekinutinn [Jesrimatiim Ielicriectibe lime
Instructine PrBimde Regimler Lcles (s} Rzl Wrile
PACTY, LR BXT. 0 [I-F 1 1 u "
MAFPS, SATPL YR 0 b 5 1352 - I
1 U-h z 33— u |
| 0 [ Ll H ]
2 =& a 534 O |
2 L La02 L |
1 (-4 4 LG L |
E] T 1 =0l | |
4 0.4 1 =nl n |
4 3 7 | %40 | 1
5 n & b | %1%~ | 1
5 1 il 24105— 1 1
4 -7 4 10ER= | 1
7 =7 4 1 1



Table A-5  Desdinglivm Address Time: Bead-Raodifs - rie

wlenwry Cveles

Dhestbnalion Deestinalion Micioewde Tlme
Inglruelio hlade Remlsrer Cyveles (nap Head  Write
ADD, 5B, LK, [ (=i r (] n n
SEC, BIC, BIS, [ 1 i 131% | n
SWaB, WEG. [, | [ 1 Lnl i
DIEC, CI, WOIR | T 1 | %l - i
BLCIR, RN, AR, ? O ] Ll - | I
A5 2 7 1 | %pd— 1 !
% i b 1515+ a |
5 T i IR+ 2 H
4 i h 4 TR+ | |
4 T L 236+ 2 (AL [P T |
z o4 & &2+ 2 |
=z T 1] 2T+ 3 | (MG 51
] - A IR 1 |
[IE v 1aath 3 |

Tuhle a-& [Fxeemrion, Frteh Time

Meminy Lveles

R icrusode Lime
Imsirucisun Lpdles frm) IRl Wrile
Dronibe Ll and
AT, NI P, | ZET n
IEF, THC, %1TR.
RICHY. [Ars
Simghe Ciperand
WA, LB, COR 1 a7 | B
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MR
MEPI. MFeD z 1532 | ]
MTPS b L T 1 1]
MTRI MTPR i ol 2 M
1 Nh 1L A i 1
F.xtemded Insiructim Scr
WLl a2 N 1 sules 3, 11
Ly
By overu HEEH H I Ml £
Ciher 34 WiTh | I ok B, 0
A5H | it | HO e (TS I N
ASH
e shill : 1342 | B
Lers ] a2 | difveres 301
Righ: T 1R | qorteeses 410 11




luble A—f  Exvcaton. Ferol Tioe (ot}

Twihle (hjierand Peli-mairy £ 3azles
ATicremle ‘Time

Insl ructican Lacles {ns) Reud Woire

Froprnm Conrid

Mk AT
M Taker N 3 1 I
Tikuen = (L z I
oh1IE
Pt laken A a1 - ok
Taker K} 1533 2 v
I, THA 2l EEL 4 2
EMT. BFT
MaRK 1 260 1 0
Wlemery o ycbes
Tirsfination Mestinekricon felivenede Tame
Inctrieetlan e Repisrer Cyles i) Real  Wrire
P n? 1 Nk % 2 I
2 n-? 4 ez Z H
1 n? A 1135 5 H
4 n- 3 1135 i b
i n:? % Lot & I
n I & LRE A H
r ? 5 JA3k L ¥
7 -7 ) _kEahw + ;
s [ Rate 1) | -7 1 LIRS z |
2 =7 1] 1B - |
3 i Il skl - |
i 7 1 Y 2 |
4 oY) ] Do i |
3 r | T 1 |
i i n T 1 |
u 7 Q AT 1 1
T w7 [ 10d- d 1
Wemiry {veles
Wicrocnde Time
Instructinn Cyeles {m3] Lead Wrrile
K1 -k 5 16112 3 u
F o 5 133% K L
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lable A< Exeewton, Fietch Time {6 wil)

i'.h_:uﬁ:-h- Oprrumd - trlemnry 0 'veles

wlserncndu Time
Lusciwcrlon yvrles iz Heud Wnire
Micccelluneims [nslructions
MEFT 2 w44 | M
ML, 3 =il 1 u
HET wr CLEAR
LR
=L JEE9 i fn
HaLbl TED
RESET TR
WalT TR

Larnerrol Ponles fo Tihles A-1 dlrough 4-6

I, Sobtric. 53 ns cnd one meal 30 Bndh soeeee and destasilean el sutsdesiemeat 925, ] WEITE-DNLY o REAT-
BACWANY WILITL mende 07 e 17 1% nimesd,

L0 READCGMNLY cod BDIAL-MOQLIFYWRITE deiogon e -

ol actuells peclaos 3 owd operancs, Far

Aeekkeepeng pursses, cre oo the roawds boaccounted Lar e e EXECLTE, FELCH TIMING.

G0 READONLY cand BEAD-MODIFY-WRITE destization cwsde 57 selormieaz sowally porfarm 3 pead opertizng Tar
mrnbbhocping puraoaes ane of Uee resds e geeeated Joole: EXECUTE. FETEOH TIMIWG

A4 Scleet 2400 ns a7 ch rcesea s P

N

Acd 264 Azl ke saree cporaad i nopatve,

G Siktract 9T ons iF g eoprce mgds s oned me

T oAdld UET e i the guekierd i svsn
Acld G52 = if averlives cksirs.
Acld 135

B Al 2457 s per skt

Yo Add IAT iy i smoree eperanees ] 506 s nol aer,

14, Swpobiact 264 o e sl oney.

Zoneoaned T oread il the PO sl s descimcion reeister, boo eniy o] siaree node A7 sr 37 ool ual.

1 Ade 1RE A5 aad 1 oreacZ the PC oz ueed a3 a deatiaavion semisles, bor ool f sacree mede 37 ar 57 05 et osedd.



A3 FLOATING-POINT TNSTRLUCTION SET TIMING
The execitian tinme rangs for the “Taating-peaat tnglrectice 520w descebed e Talles A-T heegl A- 12,

Table 4-T  Inslroctlon Exccution Lies [l Micoseeoids)

*om-muwdi

lasrrscrlon he] l1imaiien Twphenl M Tax|rum Sty
A R4l | fid I
AREr 5 A kY
AT I ™5 5.7 ]
AT LA I A7 ]
[ l.% 1.3

CIED 5T R Il
{1RD Lz R Il
P G a7 1
LRI o al ]
THY T s’ 15 1l
LY 1:.7 31 11
L1211 E.A .l 11
LM Fl1a | i il
111D £3 IL.2 ¥
L 1M 1F EM L b
LIM L1 3 JAn Y
LIMLE n S ¥
LEMY 4.3 4z LL
LEMEX | 9.3 48 Y
LD 2 s 1)
LIPS |4 I 4 L
ML eER A Tl Ir
MACILAF e 25 1.1 Ir
MLLLx L EN) | 44.1 IT
MLLF 9 14,3 IT
EGT g LA I
EAET 4R | I
SETN Ry 1.4

SETI | .6 1.6

H0TI | .k 1.6

HIVTLL l.k b -
ST q.5 S3 11
) [ | (| L1 ¥l
ST L B 1+.4 Wl
HLCFD 2l 5. I
STCEL il 9.3 VI
S1CFL 0.1 I i ¥l
5TD 12 L m
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5TF &l £ m
5TFPR 24 2. ¥l
5TST e e ¥l
SLIER 125 1.7 A L
SLITEE 9.9 .49 na L
TSETM e 52 n
THTF 2. 2.7 1l

A



Tabke 4-8%8  Floatluz Searee dodes 1-F

Micrurodle Time Hemry Ylemuiry
lilsrraerien HHaode Repisrer Cralew Insp Razail Wrire
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4 o7 4 1R 2 i
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r ¥
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Sinck Freclshon
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Takle A-10  Flonting Read-hfodifv-2rite Mades 1 7

hIleraeoe Timi Hemry Alennii v

[nsrrucrion e Regisler Cvies sk L] Wrile

Single Precizino

AREE, MEGE 1 n=s b o S 2 1
E: I & = | 350~ z A
= 3 | - . I+
1 13- F [ETAE A A
1 ] oy | 352 1 A
4 13-7 I Lau * a
z =7 Y 1560 i ;
I =7 i 14a0a 1 :
3 -3 s alg d p]

1Mimhle "recision

AH&LL, MECGLD L N g 2AN5— ! 4
1 B '-Tl 22hi— 4 |
2 7 n il | ¥
i - In J6T0= =z |
1 7 a2 24003— = o
4 a3 In J6T+ k| L
= a7 I’ 1T+ iy 4
It a7 In Jatd+= - E|
7 DU 12 3210 o] 4

e AT refemences pmly cozes simge wort wpenunds, |l ceocu o Sinse el hag s comipeasined inoarles dncenn:lely
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