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Lhe prucssser slatus word (P suochat enoy ene is accessible st 1y emven time. BO serees as the stack
peainle T 1S FY and condaing (e Jusation (address) of the Lo snloy in the strck, Begiseer BT soms as 0w
provesior s program coeiler (PCand conlaing Lthe sddrese o che nesomstruction o be exzomed Heg
eler B b normedly wied for addressing purposes only and nol gs snaccumulietor, Register aporetinngs
are interni. wothe provessor aod Jo ool ceguire bue vecles {exvept fur mstrucaon fetehd; all momcy
and pecipheral device dala Louosiers do reyuire bus ovcies, however, end longer axecntion time. Thas,
ermce] wegislore used Lor processer eperatiooe sesull in Josler eaeculivn LGmes.

42 Hes Cycles
The Bos zwcles fwith gspeat oo 1 peoncssen) aes as Iollows,

Pratrl Prary wrrd tranuter i LAl 0 A AL

FENNS! Vs word zremsfer awtpus Fguivelzn: 1o wrine wirrd
aprerating

AT Dl wird Lransler ounpet Foguivs lere tn write e

QAL

DATIO Dozl weoardd Lraneler inpud Lrguivaleat zoorese/ madiry
lollovesd by word Lransler WL Wirrd o tinm
OUipUL

DATIOR Draa word Lruusler lnout Boutvalznl v read fmodily/
Jeloreed b favie Lonsler wTile ovle unersbiur

Lo

Frary proccssor insnstion roguires one o o hes eveles The Cest apecativo cegquired is s AT,
which fetehes an instrzet'an fean the laeatior gddcssed Dy (e poogeiun cowntsr B0 T e mome oner-
ands are reforanced in memany orin an LAY devier, o addiloga] bos cveles ary roiudred lur insltucton
execewticm, IF mamary ara daviee & reforenacd, heascincd, ong o moeg sgdivemal bes ovcles 15 regquired.
128 A& operdziomy oay ccour bepwcern Dadividonal bnas ovales, sinag these opera e Jo wwl change the
acare of che proccssor.

Mate ke disline don belwsen inierrupts ane i2M A sperariona: frezempts, @hich jney chaoge L slate of
the processor, can peoer only betesen processor instruetinas, while 2 YA cpesidoy varn cover be-
leeeen bus cecles, Tor mome decaits on bus operetions retes to Craprae <.

143 Sddreesing Memery ang Pecipherals

The DU 11-BA provesior wess 10-bil dula paths chroughont, These data paths asg also veed wogoen-
slowct operaad and inslmuelion addisces, Ouial neiaiton - ased ta desoribe infarmation g by dats
pitLhe.

Aopeogessod word 15 dveided wle A lugl Beele oud o lowe Dele as shoven in Fgare 1-20 Woord addrecascs g
alwavs ovoibowbored, Brle addoesses can be eiller even- ur edd-numbered. Low bvtes are soored 31
CrCen Dl s d e s woas, biga byies ot odd-mmbered rermary locainms, Uhus, it is eopranicn
v view he memeaw 25 slown in Figoae 1223,
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Figare -3 Wurd ced Byte Addresses Gor Dirsl 4K Words of Memory

The Tull 16101 daca veth siews o peogram 1 ospecisy operand addmssss e, wirtual addresses] any-
where willig & d2k- I,'-.'h: ranpe or 33k L'rﬂj-:‘l range. Uhi- virtual addrcss sangs is fised by ihe LoElreetion
formal wnd cannnt e chamged by Lhe vge

Tor applications that reyuirs waoee than 32K woods of ohysical aodresscs, sech e o '-'-'ll3l'f'E-"“ mimiTg
andfor wwesharing apphcalions. six addirional sodressing Dils an available. These bits allow np te 3
I'I'II:..d.WUI.‘I'IE af memory v be physcally addrassed by the pracesser. This additional _deru.,ssm: cap hili-
Ly is pact oF the standard sueory management wichio the XIETT-RBA wrehileglure,

144 Memory Yamsgopest
The memnery manageweni has the Following thees ~wjor faacare.,

T Two sulware modes thet are wselul For rociiser I0mebaring) Systen,

d

Laleaded memory addressing (aeceler thar 32K wurde. wp 1o T megawares) Looalloe wone
Uk wm peo@eann w Teside fo memory af che same Lo,

—a

Menery peeteetarn [ur conloelling user program accees b SPEICT TosouTCes (8., SO0,
s

178
The Srsl Leavars provides a berne] gad nzer mode o ellow ellicen? scpmentatun o [ miz ey o mniti-
AEr sneiroase s, Karnel meds s oca -n'i.":.r| v the n::u|:!rr4l_u:|,u swslcmn v comts el syalern 1eEarens anid
ailewers LIl privilepes of the entice sysem. The wser mode is L.[[I["'-|"'ﬁ.’-.'“'.'| for sxecuting g pser pLogran anc
reslricls procssant privileges, boouser made, the processur ie whikited from Execlling Cortann ingTrae-
Gore {e.a.. e HALL inslrucliog carnae he execuled).



The second featurs provides & full 22-hit memory addeessize cupebilily, Mapping regmsters ere naed 1o
map (raicaie] the 322 R-word virtual address apacc anyahers o L 2 e paword physical address 1 O

The Lhizd Tealuce e llows reelncled acce-s o virtual rcenoer pages (5 peoe s delioed os 45 words lone)
Thiz perrmils Lhe opereling ayslem soltesre rathar than the nac propsam 1 control syelem Tesourees in
a multiprogramming environment. This featone ensnrcs that oo nese aperaling ouser mods cen cense o
lailare of Lk enlire svelem. Caupier b sontains o complete dizenasion o oemory wanagemenl.

LAS DProcessor Slaiws Word (TS

T proceszor status word 051 b o Lhe dele chip and conteing ifoemation on e cocceol sllas of Lke
sroeEsaz. A showa o Figore Lo s insludes Lthe condicion codas daserining she aviihune s er {ogicsl
results of (e Iase wsuastion, o trwee DI that Tozces 4 iran at che ond of instrustion aoculiog [ussl
dnring progan debugh e sooenl processur priotily. an mewdator oF the Rrevinis Mooy Wedrdpe-
mant mede, a1d an irdicaled of T Cursol wemory manaeemesl woede, The procezses staies word e
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Figvie L4 Provessor Soacws Woard (RS Foomad

Tdat  Conditisa Codes (PR bies = Feb =0 The condilion codee conluin informaaon v the cesnlt af
the last IR oparacion. "Fha hits ave ag0 aree excecut o al all asileoetic oz Jeeics ] single-anerand e
donhlo-oparand instrwetinns. Vhe hite are ses a: tolloes,

F. =1 ifthe reswlt was regacive.

Z — 1 i the resulf wes (0
Y — | 0 Lhe operelion resaloesd o0 an anthmctio overt.me,

e | U e opecation resull=c in g caety From the Y58 (mast signiticant Din)oea L owas shified
[ e MER o TED (leasl stenilicanl bit).

1355 Trace Bic (I bit <242 The irace Dil1s wsed m debigrems progrrans wivee i allows s cu-
inng 1o b singlestopped

153 Priogidy 1evel (15 bits T8y Theew Bl are wizd by lhe soltwers o determing which
INTarr N s W e frnegased
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"Hoohe: levzls ankncadedesi it

L4582 Suspended Tosiroctbon (537 (P8 Bir <o Hoey = Uhis bit iy reserved Gor wse by DIGITAL uoc i
interded Tur optione such as 12w comoncrsiat ingtruesion sez (O ES] This Biote recdwnie aod Das oo
procserion mechanizm. Felor o Faragraph 8522 for mers cedil.

1455 Proviess Yode (P59 it < 03002 =00 — Tcse bt are wsed vath memeory manageowal 2o
dicule the lesl mewary encpemaent mode. They are read fweie bl and are preseni eveo withoun he
TEMIUTY WAidEeii il e

1.4.56 Cugrenr Rode ¢ PS5 bits -0 1316705 — These bl Idicele e pacsond memory managoment

mode, They are ceadSarie: and are prosent sven wilhoul e mezery wmaogemenn spt .

LE TMSTRLTTH MY =]

The KIPFT-E& mwzrwetion sel orovide: gver d00 poweela! ingirncricns. Av s comparizon with other
s Leclion aera, cnmsicet thal test elher o excmpic. socoombaror-aricreed] 6000 provessory rec e
three sepasate intractioms o srec e 2 cenuon doulle opeeand ingtruetion {o.g, A 1230 The Tolluwing
iz vhe corvenziong | epnocach Lo o slmpls opeiaiaan,

- Touad centeols of wenwrs oot & Irmo accunlacr,
A L Add cooluzs of memney locater B ot scoumme aler.
5TA b Slors cesult o lncarion B,

Gv conlrasl. the SCDET-BA 2an -erch bnte oparands, eocculs, and slors e reeull [0 Oong s,

ADD AR Addd confeus of lacation & oo loeslen Boslere cesull al ocaon B
This arculer LFicicacy net oniy savas nrei oy spuct ool time, bul alsd omproeds praccssor waeed 3 een

(e nsiruciion folohos ars reawired.

Another major advantzge o7 the ROPTLLBA dosloaclion sel s the absence of special-aurpose in-
pulfowipa inarmctions, Special [0 mnslreelions e1e unweecssary since peripheral device regiswers o
auecasid 10 th AATHC WEY 48 Thain tetnory Juciiocs, TLis appieact -a Pandling 170 devices alluses the
aormal instrzetion sei be be csed Lo Lesloand for manip ate freovarious 170 device register bite, Tor
srasaphe, A U0 FAR T amstruction can Lest slans biig directly inche 10 device repisier withoul bring-
g, them into memory or disturbing acy of the geocral rogeters; contral hits sum De sel cleared. or
shifrad A% 5 el convemisols wnd peripberal Sara ca1 ke asitimerics. v oot logically alseed whan oe-
coivnd A the device reeisler and belows being stored 0 neiaey, Befer o Chepler 7 Jur o vowglzaw
dozeripzion of ae insiructon seoand e uhilization.



Adgvaszing hModas — Mwch al Lhe Meaabilile of e KDF]L-BA L derieed Lecm Ue wids reage ol addrsss-
ing capabilidee. Addrssing modes nclude sequeotiol Dorwacd o baclhowird addecssing, address io-
dexing, mdiect addressing, ubecluts [E-BIL word aod % b Byic addicsaing, and steck addesssicg. Y-
ahle-leneth instrie o forme Uioe olloss o mdcioooom gl of sarcs 50 e used fae caeb addeessing
mincde. Fhe result s eNcienl uee ol prograr sleeags space, £o0 moce detalls an addeessing medes pelir
to Chapaer f.

& TIOATING.TOINT QFTINN

Vorty-51x flualing-poinl Dnsleuciions eoe avadlally as & micrneodes aprion (KEFTT-AMT on the KDIFL -
Ba processor. Thess ioelroe Loes supplement the inceger arichmetic ingtraesions (ee, ML, DY, o))
im the b imsloocion sel. The flaating-peint optinn allows feating-pmint oparations tn e eycenicd
fas.er Lhar eguivelet sollsars poncings and peavides for anth single-precision (32-kit and double-preci-
sior { 64-Dily operands, TTis ontiar alsn conscores mer ary space, sinee floaatinp-pedne routines are oye-
suted i mucroeeds nFgad of antresce. Uhis optinm implicrents the same Loabng-point instraction Lot
found co e PO 1L, FOP-11,6000 and PP 70 For g eomplee desenplion reler Lo O hapier

L7 COWTMEROIAL NS TRULTION SET OPTION

The commizreiz| instroetion et 0TS s 4 microvude gplivn (RKEFLL-BEY What adds clracler sleiny
wslinetions ra the besic IR0 anstruclion sei. The characler siring cperalone convemielly imple-
ment mean of e oammen, a5 well w5 Ume sonsurming Dunclicos el ace eocooolersd o coremsreinl
Jaia aad rzrs nmocsakcn applications. The microcode uotion 15 cowplelely sompatible wil e s lindard
FLP-11 enmmereial mstreebien sel The O35 nocrocede cestdes inoaix MO 7050 chips mouoled oo s
single dotpic-width 40-pin carcier.

PE W EMORIES AND PERITIIERALS

Prigatal Hguipment Corpuration pruerdes @owide range of morarics nd peristerals vo allow moxiu
Flezililicy i comlguring svslems, & dewadded Lz apd desriptions can be found i ke Microcdnpuion
aind Menppeies feadbool and the Mcrocimpater Triortaces Hondbood,

19 ECLATED DEMUIVIEMNTS
Tuble L 1 3818 dacu ~enis containing additional informazion of pes-ible intorest to B D511-HA processor
USETE.

Tahla i-F  Es=iated idncementatisn

Tile 3 nicument Yumher
Elicroomputer Intesfaces Handlwonk dB-T00 TS0 R
IMigrocomputer and Wemarics Hendbank b= 1545 1-20 7K
a1 Maccezor Hasdbank B R002-20 K]
P11 Safvware Handboals b B ET-20 SR
PLRE-T1A 258 Maunting Box lechnical vamzal FRE-TT2TH-" TR0
M7 1238 Lse™s mida Bh-TT123R-LIC1001
E1HL1-B Hicld Maincnaace Print Sat el B=i11 2 54

These docamaents ca1 be srdered tem:

IMeital Tyuipnoenl Cerpuors v
Printing and Clrculation Services
444 Whitner Sireel

ot BIA GLES2

Ateniion:  Communizacaas Seraces [E2RT15
Customaer Sesvists Secloen



CHaPTER 2
PNETARLATION

21 PNURO TN

Thiz chapler discusses the hasic considerstions and reguiresets e sonfigmy ari] siclling tha
KOF -3 provesses in D111 syeleme asing an extended TST-1] us hackplang as well as eadsiing
L5111 wyaceme using ene nf the LE1-10 bos pacieplinze, The items 121 mnse he conslsesd Tall i
Cour DeSie Calepuriss,

I, €caiipacation of jumpers aad switebes e operaiivg of naerscloctabls Teainncs,

2 ®egenior of an TAT-1 sus compariblz backploce and mowoming bog
5. Belcetan of LELIL buscarpatitne antion: Lol aoccssorics.

4. Kaowledre of systew Sffeenees iF replaciag an L8200 LR E er LY 035 (KDL
A0 processor with en NI 72530 KDELL BAJ preccssas.

See Paragranh 1.0 Tur inlormation on ardering dovunents raferred Lo this chapr

11 JLMPER AND SWITOH P IGUTRATION

The b 1iF11-B4A cuntains oo D0 (dwal in-lioe seckeze] swicch wniie (C1C2 ard B714) and 4 cumber
of juspes thet ellow G vsor to sclzst Lhe moduls Testures desimed. Tue locarion of tre sl aois
and jumpers i~ shows o Fignee 200 The bool/dagrastic senlen unil (EL02) sonsiss ol gighl switshes
iat ot sl ser select Toot ard dwenosle prog-ams. Vhe szoond swilch undt (1747 selews the baad
cale for se corsele SLL teeriakline anil) and e seeend STIL The wodnle enmoas b wirsera)
jurnper stehes pnd soldeved-in jumpees. The jumpeers ars divided Do 112 frltvedng TLnwiivnal pronps.

1. Tesl jumpers

20 CEU doenrral mrocessor wiil] gprion 1 asrs
G Dewice scicot'nn [Wmper:

4. Bom and darmostic T2 jenpers

3. BLL characer foermal juompoes

. Lotevnalfevzarnal ST clocy mmpery

T, Bus grant conlingl e fummps

2.1 ekt Jumprrs
The tear uvmeoers desopiber 1 the follosine paraezapls are tsed lor o acriurmes] by ma rnfaciaring
an field serege,
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T ALY anefactoring Tew Jwpopers - Uhroe wireatan Jwmpers are provided Loc oaaodacmeing o,
The jumpers wre resseesd while s o313 are parfor-od ane must e desadled Tor pocwal operatinn,
Tablz 21 Hale Uie wanalaCluring test jum pers,

Tabie 2-F  Manefacturiop Tesi Joopecs

. I .-

Jumpir|

Fraom | Ta Fune iy

e n Conngets she sysram escillater @ the CPU and LELLL bus riming circuits.

Ts I Coaneors the PHASE sumal Le (e Lpul of Lhe K11 ehip elack drivers,

JAL 421 Cnancors the ewd rale covelal vssillatar soshe 8L hand race poneraior and the L2
¥ chargz oump ciseoil

2.2.0.2 LAWY Pest Jumper — Fur ooweng] aperasior the sus inivialiee sigreel (BIEE) will clear the
UART: on tha consols und second SLUs, if 2 charsetes isin eilker of “he LLARTS kutters and & KT-
SET instrucsion s execuied belore $12 eharacte i rend, che chreracter s gt The throe jurnper sLaloss
(33 135Y allve Lhe vonsole LART 5o be sovfigured so il wall be clecrsd D peece-up :-md_.t;:.-altm_ re-
sart enly, Currently Lids Nesluee §5 not nsed by DHGTTAL @omeelactioriag o field servics leslioag.
Tahle -2 describer e jumper contignration for the TUART Lest jumper.

CAUTION
Stzvdard fzld servive SLU dingoastics will AN
i reset dizabled confipuration i selected. Mormal
gvitem and dispnostic speraiiea regaires That this
feature it b seiscled,

Tuble 2-2 UAZT Test Jumper

Junper | Rowet M ormai
Frar: F'n Fumcting Doisaalaliad et ann
JEs d24d Conngcls LIKITED T H mothe R [

iovonmcle BLL VART -gact inpuet.

1=2 Iy oot PR CIR L o the comsule
SLU LART pose: inpu.

| P —— -

o memmecdd; | — nstallod.

E2 LY Piedd Horviee Tesl Jumpe:  This jumper alloos tield servics pereonne] o cleck cul e ca13nle
rermian and it cable mdependewdy of the progessar. When tae juripes foislelled o 1he test con-
Figuratian, che serial input Jrum the console is Tneped throngh the console 3LU comweeiar (N hack 10
e conzale, Uable 220 deseribes e jumper configaracion for normal opecolicn aed Deld sorvies festing.
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Table 33 Field Serddee Tost Jaopesr

Jumgmr Fielil Mo
Fram | T Tumciin: TETL IO Danerativ

— 1 —
127 1z Cnacets s cetpun el 1w K ]

eangels soeia] e doivee i
e capgole serial-guipar g

Ciznacors the serial-l e inpus I PR
Teram The Sanan e Genasetor 1o
ha consale cnrnactin e al-ling
nltT

J23 Fr

R = ramccesl 1= drarille:d

2723 CFL Trpinm Jumpors

Vo weirewTan stdd s proeetde wses-selsclanle Tee ures wseocieled wilh the operation of the ZFDL The
erond steke can be conmecied o osmy combimaiion of the other three stalee o sslecl the avinlable few-
bares, [ue pavwar-wp mods slabe: aslecl one of Tour vowsc-up o inodes, The lally cop sleloe selecls Lhe
hall/uram opiton,

2251 Fewor-Up Mode Selection The Joer power up modes are selecod T iestialling cr rowoviog
in v sIos oo i e wireverap quips s belween joapet slehos J: 7 and S1% and g geouo] slake
(1251 The juwper cowlipoes Weks Loe (e iodes S0 3led o Tanie 24

Caly e powersupomode s allec e, oot e powes-down sequensr, T Tollosing sarag-aphs desesin
L sequencs of eveats afler sxeoning somman pewce-un far sach ot che Paus maonas, The staie 27 Dus

eigial BHALT L ig significact o pavese-np meds apesation

Tauble -4 Power-Up Rlode Jumper Conficarations

Jumpor | Jumpmer l_
TR b 112 P J1& e 1T Fedaxde ™ ume
|
i bR a4, TE28

Coupteule DDT
Buclslrip
Caterded mnoroceds

[
[ |

Booocooowsd I - asaded

=i
= —
LD bt —

Fower-L1g Rdade = "This macde ceess Lhe imerocece to Leel b coaleas of mamary incations 24y and
b A lowes chair conzents oo Lhe FO and P3A. respeclively, The imiciocadc rhei cxamines BHA1T L.
If BH& T o de weeerted, Lhe processor entees comeole D0V anede, i D05 aan, the processer beging -
Eram execusiia By feching an instroction feom ibe locetier: peinisd 1o by the P00 Ths mods i wsefl
when power-lall e clu-reslart capabilite s desired, Bot s valid anly weher wsed wizh neneckacilz memory,
Fomer-Up Mude 1 - Toils mode cavses e processar io cpter aonsale (N0 (nm-hne debugeig tech-
migued weode immedistele aller posceun, cegardloss of the state of eny sorvee signals. Ths mode i
arelul in a progrem developaes ot o havdwars debngging cavirnmmetr - thoe geer has immediaie contnol
orer Lhe sysism aller powcc-up.
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Pewer-Up Made F — This mode causes (e processor G perecule wle:ns [y o 10- kit L*{}.:-l.:.lm »elary and-
elrems ol L7 30005 (the o veniongl stact address for IXOTTAL svatcimz]. This Adadress i Lo xllx-] incarha
P The proccssar scts ihe PS Lo 2405 (P8=0T:5 — ) Lo dzadi inforrumes :uc'lun- lu, [processn Qs
ready Loc e IF BHALT L i uzscried, <he ]'.-lnlr_i::-..w: spless congrls OLY D mode; il 3 par, thae pro-
cessur begins 2xcenten by (etcbing a2 instruecion from e loeatien samced o by the [< This mods iy
wselul Tos suen-key aoplicalicns whers 1he erstem sulematicalis heging operadun wiloul operaTor inter-

L.

Fower-Up Mede 3 2 This mods cousss 1aa mietocade W jutng b gpnianal contrel chip nuinbe 3":,-
wcasivz Tg. ond hegin muercools execution, Vhis made . reserves] Lor Frture micro nlt e iun S
DTGTTAL aod s noc recommended Loy custarer nsape. TTHL s eroeneonsly selected, e provessar wll
toeul 1L st @ coserved imslruclics rap 10 lacarion i,

2251 Thud/Teap Option — 10 the proceszar is on kernel wods and dococes o TTALT instmction,
BEOE 1T s -esed. If BEOE TT is aegated, the prucessus will coniions to teet for BROK L H'r e
wor will perfosm a normal puvser-up sequerce 11 BPOTTT beonmes asserted sumeiime L THECHL |
i wseered actar the HALT dpsiruction dacace, the Tudicep jumper £1181 1 lesled, 1T hu [LLITTRT T
removed, e processor entecs consols OEvE mede. I Lhe jrrnpe - is inaLalml. o trap 1o Ineation 10k wil

VAU

RELEY B
Tr u=er nande @ HIALT pusérusiiom axecution wid zl-
wavy rasuik in a denp Lo locatlon kg

This feeluce is picndzd for sitweliuns wlee seenvary Tram sroenecws ITALT instructions i desirelile,
snch ws umlended ancration. Teble 2-5 lisis the baluforan jempes Tuncuons tor karnel ang wser proves
sor modes.,

Table 2-5  HaltVrap Jumger Configuration

— : —

Jamper | Praccssur

J1E to A0 | Mode Furdtica

E | Wernel Processor cabers censols OIFD mierocide wheo D oxeenzs @ ILALT in-
| REFILCLIN.

1 Vo Eoernel U brneessor Lrape L0 Incation s waen il eseceics 2 HALT mscnelivn,
| | ‘

= Lse | HALT instroction decods cesults moa trep o oeanion 10y megandless of

i tha statws ul the 2001 frap jumper.
B remewsit; |- asglled; W= "0on’l zuse”

222 (h-Board Doeriee Selecon fumpers

i wircwran stakes on Uie KD 1-HA module ars ueed 1o sehoot whick va-borad periphars devices dre
lo b enghled a7 disabled, The gronnd stike cen be coanected wooany cembication ot the olher Tve
slabes tn alzwin the desired coafignradea The jumpes Ponetions are described In 7Faale 6.

1.2
Lan



Table 2-6  On-Raard ilerice Melovtion Jumgers

Bitako
RS0 LY

J:0G

—
[
N

| ik,

Mam

el

BUIK 1250 1L

L3 RNTT 1.

Tiymciinm

This wirewtan slabe provides o ground seures for the etboe five wiowreap
stekes in Lol eroup.

When prounded. Uis sienal d/aahles cha boot Sdiapmoenic tepsters, the
buol Sdiapnuslic BOME and che tire clock -cgiser

When grounded, s 37gnal facoes the ling clock interrupt gnabls (ip-Tlop e

L DISI L

2.2 DIETL

L2 ATRT L

be sel and allowes (e FS1-1T s BRY ST slgmal Ly Teg Aes. proETam inler-
rupls vosendiliceslly.

i When proonded, thiz sigaa disahlos the coneole sesial-hne segisiers, When
pagroupded, the device sand vectur addrezess [or the woneole 5L vre the
Telloweing,

Pevice Addroises

i Tnterromp Yoolors
|
KihR LT sh |

Hogelvar 046
T (e

HHi! BN
XOHER R
it 1Nl 17 TRhE

MOTE
O THET Lol arouded, the besnli-ea-lhali teamave it £lio be disabled

]' H
{Farproph 22,535

When grounded, 1hig signa’ disallas the scoond eoriel-lne segiviers, When
trprounded, e devies and weoror adercises o7 Lhe cscond 80T are deter-
mined by e stana of the [0 ALRRD | jumper.

When DL: ADRY L iz ungeanded, t1z sooond S device and dis veclur
addrssses o as follows,

’

Trevice Sddresses Tnierrapl Yeriors

L TITLEIR Becetver 3040
el CTTIELD Trunsuulle: 04
iy T

HHEA ¥

V% her 002 ARG L prownded, L devics aind voclor Gafrsass are a2
i foallowes,

Torive Addresies intermapt ¥ exbory

REOS5R L7785 | Weocivar G}
! RoLT yI7eE42 Transmitter 394
| HCER LTIT0524
! XEBLIF IR et
|




1,74 Boolsirap) Diammostic Swilches and Janipers

& Th-pin DIP swilel pack (L2023 und vwn jumpers on e KDET -4 Todule srovice aeritich-misloutable
hoertstrap wod diggnostic programs for hard disks and diskoeres or the cuslomer’s nsn bodlsoep pru
grarn. The KIF1T-Ba will bave BV Yunclionality enly if the B0V 2K 308 disgnoscic) bovsiea
20 or EPROMy conieiniag iMGITAL progreas are installed in osockets F120 amd TL27 The
switeh god werper Musions are described in Poragraphs 2250 aod 2 %47 and their lovulicns arc
shows Lo Hignrz 2-1.

2340 HoskstoapDiagnestic Conligaration Switehcs — Dol ood dingnestic con Meurulicn regiaer hity
w7010 e rellecy the Slatus of the eigin switches of the SLewitol pack THIUZ) Swiicies &1-1 farmuggh
G -4 are wsel to seleot 2 divenuslic wod fer @ bactstrap program. Switehes 51-5 Wleough 51-2 are 1l
in conjunction with switches 57-2 snd $1-4 t0 seiect the speeiils hoorstrap proeraw desived. "he wwileh
carfignradus when nsing tae BDY 1L 2K 0 & dizgnostic boarsorap RO (DIGITAL ) are hsted in
Tehlcs 2-7 upd 2-8

Talde -7 Viagmostie/ Boolzivap Program Selectinn

AL | Switch Eritih
itz U Swumher T gasl1om Lung Lo
|
; —_ —
] H1-1 Cn Toeguls R iapmoes L uppon Raer-Lp of restasl,
1l 22 Ay Cotigin = MMy GlLiosiis LDNT uewe-i ol IesLalm.,

(2 213 m _ DrECazs bool (31-4 twong b 5717 ure urgulenrs),
3 B4 in Consals test v dialagne {57-2 000,

03 514 I Tarn-key bow dispatehes by S1-3 (hwaugh 57 -5 configunien (513
(3.

EEL el ko anzimends e,

Snbinh Prwilias
Aot Thorice ™ 14 1-5 H1-4 N1-7
FTH %1 Lir u x X
[HI SR T {in X off
171 1=F iHI iin X £

AL IL-F 9N R = 130G
DLV T CRE — 17374
DUV R =TT Frbare e mdevioos T ITTROOTU L D604

& - 'Thov'senme”



S

Tuble -8 Dowlsicap Fropeam Sciceton

R | I
Dreviae: Suibches: 513 | =) B 51-T | &1-& Frareranm
Mucnyonic® Chal Bz 04 oS e T St Loed
[ BV LY L o o BEADS Lol
0 I M R [ MY LMY [} LY PO sy RS bl
e -7 2 L b [ L T hn TLISE TR a0 37650100

mant

PAnn = 2 i (EH) {im it CIFf | E X0 onnt

i i
¥ - 2 _ T {ia in LI l K. X002 it
e 1 i _

+ .
‘i — nnil nurher

All hesagarea pooseogriims ather than tie OECns boote 2bave are controlled By the hit palicros @switek-
c3 ALE feceah 18, The bu polteone urs cesenbed w Pable 22350 B the consale 10683 §s selected (814
Lan, % 1-3 AT, the Beotstead prosran b cuitrulled by o devics mnemonic atd vnit pomber supplisd by
the eonsels cperavor, Theae devics mueeonics are alio desenbed it able 2-5

The consols fest prampas 19¢ apecaton il

R
SUARTY

whiere KX % s the devimaal muoltiple of 1024 words of RAR Found In the evslem wazn sized from oo
mosunsecctive 10Z24-word incromaents. The firet waord af cach 102 word sepment i read end writion
back Lo el

Thes vonsole vperaior reeponsey are @ can-acier dovion mncmonic with a L-digil ovtal wnic numhber ar
ung ol Lwo special smglecharaceer mnemnmics If ne l-digii aoit gomler i specified, the anit s 3g-
lected. The respunse muse be lolloacd by 8 =2CKZ= {carciages oeorn). The special single-chatacner
UUICIURICE TS

Y sk swileln setliness Lo delermzing boot devioc
X IIALT  eoler JDT micrecods

4242 Deutstrap/THagnostic RO Jompers - "wo Z4-pir sockets (R126 aod EL2T ars orevided Tor
he iallubion of 2% 2 & ROy aor DPROMs When BEROIME A inscrted inca 106 1wo BEO suck-
gle. | 3V el be spplied Lo pin 21 ol each socset, Dor sl orhar BIOMe waed in clus ooiion, RO
sddoess bil 13 {BTRA 15 1) muei be apphied to ma 21, This 2in is a chip select inpt for 2B ROM:.
Teble 2-2 dewczibes e jumper conlewrstiung when ciing BOMs or BPRO s Fiaee 2-1 shiows (e
Lecalion ul jumpsr stabes 322 J2 10 and T24,



Tahie 28 BURT g RPROKT) Jwopersy

Jumprs Bfemory Type
From Ten EOM EPROM | Tuacuen
-1 - e
rii 123 | T R Copacers FiRA L2 10 pin 20 o7 the Lag O socaet-,
i
i
Jxz 1zi 1 R I Cenrcems 42 Y wpln P oot the pew TG snokens.
|

L — Lusrn el B — neaaed

2.8 Crmsele SR Swire aod Tamper Configurations
Four swireiies o) o [6pin 1P <wleh peck 081140 and Toor juinpers provide usgr-sclectable Teclazes
csvaciated wich e cperation of (ke cousely soral-line wait, The swinch arnl juinpess tunetiuns s <
seribed r Paregrashs 27050 threwgh 20253 anc Paregreps 277

FrE L Comsels SLU Hand Bates  Bwitohos 1= ol e 32 switch pack (TL14) 3eicer af 1R pessilbli
6l L and s i e internal baud rare ganerator s gsed as the clocs souece. 1 the KDTF L BA s
contivnred Lo vperate the SEU wilh an sxmerny. siock, 1l wetinns of thess switches are mecniagless.
Paragrapn 207 desecibes the pumper enrsiauradon T D nernalfecernal baod sate chick seleciion.

“The QUL ransmits and ceceives a1 The selecled e rate, Spht Seed opecatom s aol provided, The
switch cunlsuratian for selesting ap¥ one of the ceaileble bawl rales b disorihed in Tubie 2010

Fahie 310 Conmoie SLU Baawd Bate Selection

Sawiteh Famsilien

=14 =2 =2-2 2= Haud Tl i
L 2 | O LY i
i i | Cin L 7E
Cn ] orr L ! 112
iin Chn ST {n- | [34 3
i I £In D : L0
(T Ot : Chin L ann
oim OHf CHI L b [ &00
Om LrF Y I O - N S e
AT i i iin M
) i CinL I 20800
T 31 o | U 2400
CMT [in (N CHT LEHI
CHIT L7 L m 430
0L : (M IO i TAH
0 LI i ff in AT
oIl oir Lo o 9200

2-1



22582 Copsely BLU Churgeter Formaby — Vive wircwreap stakes are vesd L oselect socionzs for cyat
lishing (b conzole 3L characler Gormat. | he ground arase can be connscted we any combination of
the b e Lour slakes o cunligere the character format for tae fallawiog, oplions.

2 b @

Chc s vw slop bils

Seven Cala Ty
Fight dala Tyl

15 plue purily
3 owilivaul perily

{dd on evea J-lﬁ.lll._'

The Jummer stake furesianzs ae described o Telle 210 and the jemper enntTanrations g descoibed in
Table 212

Faile 221 Coumsel: 511 Charzeter Frimmat Lumjers

Stahe wrake
Mumber | ™sme i Fimstiom
. —
i 13 Ceronnd This wrivsarap sluke provides o grownd soorce for che otler [our wiresran

Dt

S0

BLICTTAT T

DLISTIOL

LLL TARIL

stakes in this groap,

Witen roonnded. rhis signal causes the UART o tranamic and jecsive ?-hbit
chemacoars. £hewise, the UART ix N ad Fo H-lviT o
LTI Sonrhegse, the LA 1= lormaleed foe =t ehalactors.

When proomded, this 2'gnal cavscs e UART o ransmit and receive v
ston ez Otherwise, i is fareatied Tor wo slun bils.

When grounded, this signal coakles UART pariie penersticn srd cheokiog,
Cherwise, parcty is diszhled.
|

Vi | 000G L Wien DL PART Toand D0 €000 Foace Dol grounded, odid rity 8 s

iected, I unly T PARL 1. gronnded, ovon pacily 5 sececled.

Table 212 {haracter Jumper Confiparations

| e
Jdomger !
From [ETEEL L harzerer Fnmnat {nban
g ™ T-bit vheraroarsy

LTI K-bscharastors
[ I | Trwen wziea bits

™ e stop bic

Ji6* I~ Fenly chech enabied

ST Purily check dissblec

Jad 1> | Cdd perily ai The ae .

T

Tven perily 17 136009 T

SLEL I aenit chimiclors G900 T rars salealad. pacie vaces

sl b Cesald ce TS OTITL



1253 lrewhevn-Hair Jumpees - Two juapers eandle and disable che breskophelt “exture. BT Chis
feature 1 enabled, 1he desection of a beeak conditon by e coranle LART causes the processor Lo hal.
anc anter Lhe ancline debeegng, leehrigne (OTFT) miseosode. IF this Tealune 15 dleahled, there 5 oo
responae b Lhe Droak condilinn, Table 2-13 lists che juwper eonfigurziives Lo seleeting the breakoor
halt, Tealure.

Tulle 2-13  Bresh-on-Ilals Jumpar Conliguralion

.Iump';; N I Breal I"Eutu.n.'

Erim T Funeibm Eninhied Txsulled

Is i 14 C:_;;;::Lx'cls ot ‘tl.:-_-l-‘-;:' IILT 1. - Ik - I a B
I 14 E Cunoeects BLTEG W e RO LT H. 1 L4

It sorgends | o 'in-il:-l.-”-\.':].. o B )

Ji = 111l FEH
Ja — RO ALT N
da o Graerd

200 Second BUT Swilch and Jemper Conlipurailions
The sceond 5100 5 configuzed in The same manwe: a3 the consols SLU exoept thara dilTerenl seoul
apilehies and jumpers aoe vsed tooseicot the weailaiie 883 “extures. The seuch and jumper Firne s

-

oz (e sceond STOT wre desorihed in Paragraphe 226 1 and 2.20.4

3261 Secand SLT) Baug Hates — Swiwles 3 hrmgh 8 ol the 52 swich pack (10147 select Lol 14
bed raras fur the second S0 07 tae inlernal vend e generalor 5 oz as the clock soeree The
sgeond 10 will lrapsooit and receive al (e same sccetec baud vate, The switch conlgur Leos ter
seleoting any of e available band suies ure lsled in Table 2-24.

Tahle 714  Socond S0 Baed Bate Sclestion
ibehn Hasilion
518 | RE-T Bl | RIS Band Hate
i Qi Lin Ly i
n in Cin L T
i Cin i hr 1
I In it | AT 134.5
12 T ( iy i
11 O Lir L El A
Cin CHL LM ey gl
i O | Ot o Lo
T i i din e I A
ONF i in S M
QT T CHT D 14000
QT Lin 13T a1 AnkiL
i I b ' WA E ]
CHT LY i (Y A
T LIt T i SN
L | Ui Ty i i s A




A eF mpeand =1, ChkEracrer Poroenis

Five wirewrun stukes are usad to aeleed aptions Lor eslub-

tishing the weoond S0 charazier fopogan, The ground stake cen b conmeeted ey enmbinaion of he
ather four stakes tn contigira the chavagter foinan Jor the Tullowing ntione.

& R oA E

e or twi Ao iz

Seven dute bics phee paciny
Fighi date bics wichoor pa<ite
Ohdd or even oarits

The jumper slabe ‘onciion: wre decabec o Uable 2205 aad ilw Jomper configuruloms, are listed in
Table 218
Table 216,

lakie 2-15

Regronl BLLU Clowrecter Dermad Yampors

Siwhe Eiake
Humler | Mame Funzbcn
154 Gireund Ih wirewrap wmabe preasides o ground soucve [ur the uther S seircesa o

DL2 I L

DL25TId L

B2 FAR L

[P35 L

slekes im this weenp.

When sroended, this signsl eansss che UART Lo Laoeodl end receire 7=
cazraoleTs, Crtheraie, the UART is termaned Lar 3 DLl coarecters.

P¥When erounded, thm sional eanzes che DIART w fooasimil and receive one

slop pil Olkerwise, 10w Frretzzd tor oenaras hits

Wher grounded, this sgmal snables VAR pacts goneeplivn and checkoag.
Chlierwise, pacl.y s dizaoled

Witen OL2 PARY L wad D2 0N | ez onth wronnded, odd parity i se-
woted, IF eoly L2 FART B o5 prounded, even perity is scleoned,

Table 2-i8  Churacier Jumper Configurations

JEnmer !
brana Tu M} Chargeter Format Ciprion
13 [ I T-bil charecbers
LT E-bit cheracier,
J24 ey T slop bile
[ O alop b
Fia - i Tl Cociey chiech enablec
o Farity vheck dizszbled
Iaz Th Crdd poaity ) JES b in.
oLy Faen sl 3228 b dn




27 Imiernal/Extermal SLU Cieck Jumpors

T se18 of jumpers cre provided to zcleet an inlernal o cxternzl elock for Lhe eengels 100 anc Lee
sevond SLLL if the inlecaal clock jumpere are instatled, 1he SUE clovks wre obtainsd fram e mlesn
baud rate gencrator, Whew the external clock jumpers ase imstallol, eseroal clocks aze reatted Lo Lhe
SLUs Lieoneh por 1 of te DL aar 02 5007 conneclurs, Talle 2-17 lises the dnterag Jexferal S clol
Jurmper o Fimranune,

Tabte 3-F7  Interml/Lxiecoal 5700 ook Tumper Conligirations

Jumper selecied ool
¥From To Funetion Tnremmal Lxtermnl
143 M2 Clomnesols ieteenal hand race I 13
i apmeraior Lo The aonsale 5101
VART. (Murme] eonfguration} |
[
Ja Ja7 Cennecls exlerinal Slock o K 1

Lhe comeoie 51 L LIART.

16 J15 Conreets internal Baad rele I I
peprelof (o the seonmd 5T
UALRT. i mnrmal conlgeratiacd

Ja4 Tas Conneets 2xzernal clock 1o : It |
the geonnd <10 TTART. Ii
H Do e e ———— e e —
B o— repywed: | — nslatled,

LY Bus Granl € solimeary Janpers
Two pompers musl be justalled wren the KTFLL BA s usec inoen LELLLLEE) s weckpane. An
L5151/ 1 bus beekplane fape, en FI9275 o II9270) is one that sarmivs (e L3117 b signacs v

backplane rows © and I3 as wen s rows Acand B The sumpers provide cgalimity fn the interruypl

acnmw cire | TAK) and dircet memory nocess geant (RIMGY TEL-LL bos signals. 1he jumpers we
deacrilved in Teble 2-15

Tabie 2-18  Hux Lrant Conlinaedl§ Jumpers

|
Juipert i Homction
Wl i Conmech backplane pins CM2 and SN2, peoviding conciowly Tor BEAK 1.
W3 | Connecls backplane pins CRY cod U8 pravidimg conlizwity for BP0 L

Fhdust e s lled whon U 001 -RA s e fnown LELESLS-00 s Brckpuane coacrwiss, Te
Juinze, ihstat kitiva i ilbanal,

I dhe KOF1-BA i installed f&oan T51-171700
paclploawe (HS2TH or HOETEY wad e WL oand W1
jumpurs ure insssllec. pin $31 3o shorred #n 0]
wnd pin CE1 i shoried 1o T51 0w 3ot X

13



L3} FPACTORY SWTITT! AND JTURFPER COYFIGHREATINING

Lsers ooy recoulZgure e modols jumpers and sweteken fooaefeet the EDFLL-BA oplions required for
e jarsiculio systean application. Al sedleaes aad all jumpars 2eecpt those jompees cesereed Jor aanu-
tacturing, aad Cizld service teating oy be reconfgursl. Therefore, the tactery cofigoralion we skioped
is described Delawe e ae8igl vsors [ detenmining the jamper cni switch ahanges <hal are regquired o
seleat the mannle eptions For cheie sveloms, Taboe 2-09 lise Lhe Tactory jumper configneations. Tebles 2-
Zand 2-21 Han the Fantaeap s diggaostie swich and SLT bawd e canted confignratiang, respeciivels.

b

dmopear
From

T

|
|
I
[
[
111
s i
Jts

14 | .

I3
I3

J1

Tl

Fumper
Sy

‘able E-0% Factory Juciper Conliguration

Fomotion

£ he puannfasaiog aed fodd seevioe fesd Sumpers are s o bt
rit Seerctrand 220

E.

E
|

E

Suster clocks snablzs intzrmal ascillyvor,
Flose: surnects stamal w1701 chip cleck deivee.

HXUAL coowee s baud race aacn ater.

LISETE D Hy g Gls reesl s civtanic b AR

Irstiellea? reser disaliled Joa Teatere Conly o foer ramoviag, e oer
J3a-1341.

Connects console 8L e al mudpan o conmeclus 10

Frztaloed Ter el sorvice serapasened (esiing conly aller removiag
Juiapey J2T-JiG).

il d0PL wprle pumpers ave deserihed belave fo Porozront 222
Foraer-np idrl 2 umper THY-1T8 installed; inmoce JU7-018 rememezd)

L uses the mepegssor Lo bewn execunitg the oot rmp code o start
addreus 73000,

Progaanar enters enranle ODT wieroccde when it cxeontes a b rnal
e 1ALV rnsnrmsrion

The con-fonivd device selaerion fumpons cre desorfbed In Parageoph
223 )

LTC ERE L BEVENY can wequess insavraple ouly 2 the procesagr
progiacm bue sel il & of che lire elnek register (277775480

Tha weacin SLL oenalled vath sn BOYSKE sdcess ol 7778510
A intermpn W addreeses of 300 and 304,

PTERe comsale S0 0s cnaliled

W — rempval; | o= imeis s



Tabie -1 Factory Jumpes Conlipusations (O eni)

Jumipsr
From

Juger
Lo

Ji5

ey T

L Lol

ety

13t

14

43 |

e —— ———

125

T

T2

i JIG

147
I42

————.

I+

I

I

H.

T
|
1
|

Funetion

[ Re BDY ROMs and 1oaistors, agwell & 2he line clock reeisler. ure
enaaled.

e Booy cndd diagocsrie A0 fumpers are desoribed in Pavagraph

2242

SOFTE: Wlion BB a0 nsed, pomper T22-720 s leled and juwgpr

T23-T12 0 s prereci,

NOTE: When ESROMy ate wsed, jumper J22120 15 coowrecd and
| jusper J74-027 is inute lec.

I
THe eoneade 54 claraster femin (s wee deien v i Paragrapd
PRI

Crnaela ®0L00 panily chesk s disebied?

Cremge ke 30000 charse ler copials s one stnp hit.

Cromsole SLL charceles eoreairs sighy hirs.

Moer e T b ooneale pacicy atready disan ed

The Break Ga-hadt ieraper s are desoribed In Paeageraeh 22,7 4
Tirepo-on balt Feaare s disshled, e break ke oo Uee consale SEL
dote el Lalt the proessanr, hig Cenoars may b encDied By romoving,
Jumnper J5 03 and then installing jwsper J3-34.

Tk secowed 5L eiRargefer fovaais gre degorien (oo Faragramd 24002

Heovad 5L ety check e disabded,

mocond 5100 cheracier conlane cuc suaE T

Sceond ST chyracsr conlaiog cizn nirs
M el Teel; secend SLU pacse glicady disshlec.

Vi Re el cieroad SEL ek fumipers are deseribed i Darsigropli
[ L27

'T'h"-'. I.l L.I'L.l "l" - . [ |.|J. |: .1._ﬁ1_.;:;|||

The vr-beard Daud ate gencranor = conmecled b b coosels L1
The exlernal cloch inam “ram enriseror 40 disebled,

B — reevavecl | ows jnsiclie.



| -

Table 2-1%  Fagioey Jumper Coufpurabinns (€ mef)

Jumper Jum e
Fram To rare Fimckine
134 i | R Tl an-board band vate generstar in eonnacoted wothe speomd B0
46 LS Tl exicrnal cloek pnt froam aonneemn: 17 is Gsahlad,
T i s pradr cont ity fusipers are dexoribed in Pargaraph 2208

W 1 Pravices bies grant conzinoity fur the BTAR signal.
Wl I I Frovices bis grant cenzinuily Jor the BDAD sienel.

i | S —
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L-|.'IL-..L-IJ Location. The ¢ produses thes resolt anly it = is cnteced umurnnul_-r eller o voumnt charsoter. A
S lssucd Dinnedialely wlles Lhe provesior enters O1Y 1 mads wit” cquaes OB Lo Lo be pranad

becise o lovaiivn has noi vel been opened.

Exaalc A DG AT wrAPACT e 1230 U e R e L

Ce/ 01254 < SPACT

gt =

where: Tiet Tine —  aew dale of 1233 antercd inre Iecarian TOOD aoned Loco o clesed with
[t O [

aeaond (e — 7 wue entgred wichowt v locstion specificr and she previoes Joc lon

wak vpeied uorevenl Lhat the new contents waz corroely colerd oo
LU LI

3-4



337 OB (ARCIT 15 Carvisge Reioen

Tis cewnnand s wsed 1o eiese an open locat om0 a loearion’s conlenls a0 bo clopged, the wuser

sbunld progsds the <R 2 with the now dara. 17 20 clange i dlegized, w{IR - wnll close Lhe Tacation

vathoul alering il oot

Cniple: fb | DR arBPACD e e U R e e

i

Troccasor Teciler R wis cpensd and no change was desived, sube wser sl = CR 40 respone 1
the ot Boe, ODT prirced 0O o Fie, amd G

Cximple @R L0432 < BPACH s T2 IR S

PR N

[F3

I this sase, Leg user desiresd v change B The new dacy, 1204, e antered belore the <7 CRs . ODT
e prsitea e pew daze sato L open iz and T1en priried <R s en Lo and de CHGT echogs
Lhe <R emiored by the usee hofore 1L priots = OR e, 2 LE-. andd 1w

AT e L (ARCIT 81 - Qe Teed

This coremnd o5 wied Lo okoss 31 oosn lestinr grd then eper the neal contignens ooaios, Bus ad-
drmeses Lad Arnecssos reglgiers wll be incremerted by Lwo anc nme, Teaped e 1 the TS b apen when
wn e LE: 5 issied, o0 owich he cliged and <o OB, < LFa ewdl be priotea, ne new T e will b
apered, 1 1he open lecation's soalenls ave tn ke vrenged, the new duly shod procede ke = LWz 0T
no data 35 crezred, Lie logation fs closed wizhon belng sileeee.

Totuple wRI 1250 cHPACE R e e e

R840 o SPACH:

1t 1hix case, Lie pser entered - LE = with no dele procedine i Lo cesprose, CODT <losed K2 and Lhen
';J[?':ll"-'-'-' H3 'Ill'::‘."l._'::l ooNiger hil‘\- l]:l':' ]::lﬁl. i:-lf.:i?;T':T. RT‘ |_|I_'||':r1: ﬁl]{i 'i;-\.;\a.l_l_::. "'.-_] .I"._'.l-. ':.-}I:'T '-'.'.ill. el | -'I'I-":T:‘ H I.LI'\.
lies: remsler. RO Whan (as wser has the lusl bus address of o 32K-word open scpment amd fasues
e i Ve OTFT will cnen the Jiest loestum of i segmen. I ke wser wishes 1o cross the 22K -wand
Paowndary, he/shc st reenter e addess for e desired 27K word sepmenl die O] i modula 22K
oy,

Frample:  @RTOU00 < SEACHR: < LFe 0H Db

k125358 o SFACT

ar

I<xaimpl: FETESTROMIONT < SPACE - L e sl DR e T

A TTE AR AU EPALE

Tnlike ofher conrnds, SHY T @il pel geho the < TF 0 Iratere, Wi apar o R e, then =
erder 11 relotype priic s wold vperale properly. Tooardo 16 make Lhis casior o decade, €007 coce
ol 2ot ASCIT O 2 g 10, bue reeponds 1o these Chres characiors willy T oen U, =T LE e e



R4 B (ARCT -G or B {ASS 127 - interna! Hegisier Degipnplor

Lilker churavier when follineed by o regiseer me"aere 00 1o 7)o B desigas Loe 783 will open Lz proces-
2ur regieler speciiied. The § charceler i recogmired tn he campacilble sy ODT Ll ol the © chasac-
e wis wbrdueed Tor als being one key siroke reprosentative af s faaciianl,

Esamples:  g@EsG GO0 2S o5 PAC

G 7002 W SPACT s s LT

—_

ali0s05437] o SPACT

It mare a0 aee elaracioe 1digit o 30 (olluws the T ooz b O1FD wall use the fast ciracio) as e regiy-
Ler desigeraier, Ao caception: e lesl hres digils egual 077 a0 A77, CO0FT will oper tbe PS rather Lhan
Larp

AR5 RAARCH 125 - Processor Shulus Woard Dhesizmatoer

This desipratas iz For cpeiing (e atecessur slalus word ane mast By oosed eller Woe user s entorcd an

Boar b oregiszar designatol.

Fxaraple: el S TODATY S PATE w1 o e 0T R

i SO P AE

Maote Lhal Lhe Lrage Bie Lhit ) of the aeeccssor slilas word canmot ba madiice Ty Uoe usee, This e in
orier Lhal PINP-11 prog-ar dekaggiog wiillies feg., ODT-1 10 woaict ase the 8 B Jer sioale-sleprime,
will nuw be weoidente lly harmed by che weee, U the user bisues an =D F while 1 provesser stacns
wir 15 upen, Lhe weord i cinscd and ODOT will prinl o 2SR 0 L= @ ne new loeatian s opened
b vnse

sl GARCH T - e

his comrend (s e 1osiac pecasnn sxevulion al g lbeahion errered i mediawdy belors che O, This
function is cquivilent 1o e LOAD ADTREST and 5EART switeh scquence ou ulbsr PDES 1 con-
sitlze,

Txarnple: G N e MU

The ODT weyuence frroa O, atter celeing Uie commannd cheracior, s as frliaes,

Lo Print beomlls ASUI 0] so0he g i talice el Sullews will net Jusn che Gocloraeter from
e cuchle aufered LARY ahip in thae srial-loe inlerlece.

2. Luad R (PO with she conzred date IV oo data i enlered, U csed. |10 the ahose cuample.
T will equal 2000 ard that iz whore progrim caeslion wil beer.)

Lo

The M5 wund TP Clearing-pair stetugy vegisler will e olsazed il

4. The L5111 bus s immaadived by tte scocessor asserting BINIT 1 Tor 126 s, negating Bl-
1T L. oand Lhen seiony For D30 g

il

The tervice slas s enbered by the praccssor, Arelling e be serviced o procssacd, D0 the
BIIALT L bus sierel iy assertec, the precsssns recolors (e cunsele QU state, Dk foair
o ueed o dndiielee @ avitemn wtons starring @ peogiaug (BT I allered) IT cha nser wem s w0
siapleslep o prosram, heSshe dsses 2 G and 2hen aiccessiee TP ceanmands, ail doame eith 12

BilALT L Ges signal wsserled



57 P ARCIT 13 i*roceed
Taiz eommand it sed T resumes 2xe nies a1 prograes sod coceespands o the COINTINUR swish on
ainer FIXP-L ] consalcs. Mn maciine slaie visihle @ithe prugearmer i allersd esing this cormmaad.

Framnpie: 1

Program esecilisn reamos ol U placs aorced o oy BT Afer the P s echoeed, 1he £ 00 stale i5 el
and the noocsssnr imredizlele e tre stace Lo feteb et instroclen, 10 a BEALT reyoesl 15 de-
sarted. L s ceonen Ted at the engd oo the rsmracdion (duging, -Im service stasl aod the provesser will
anter Lhe 30T state. Uipon entry. Wie ennvents of Le PO 0R7Ywill be nrnled. L 1133 teshion, ©ouser v
singleslep thangh @ prograen aod got a2 BO irace™ dizplayed on Tixsher lenwdngl.

3EL8  Coplrol-5e-% 0alhOI 21 Binary ilemgp

This comumerd @5 nsed | ar e laeiering test pursoses and i3 L T il cacr contmand 7L e o
rended Lo display 2 perten ol wemory more efficientle than t1e 2 emd < LE = eomr anids o, The pru
ool s oas Jollows,

1 After w promol cheractsr, CHIT receives 3 coitrelshll-3 couunanit @and schoe: iL.

2 lhe howl syelem af Tre otker end ol thy sevizl line mesl sead 1w s-hit htes whicl OLET will
irrzrpres ey 4 slesting address, Thees ven hyzs 2re nel echeed Vhe r|n~r bwis soscilics #lar-
img gcldrese o 138 2 ad the secund by speeities slerling addrsss 07000 . Bue sddress s
=31l & s are elwavs forced o 95 e PPLIRE commans] s st i-:Tn'.-:i o the [zl 32 worcs o
Address ::j:un:l.;

3. Alter the socond adiress Dets hag been recetved, GOT outpurs "0, byles 1o Lag seeial line,

Ataring ol the acdeess previously apecitisd. When e ontpit is Dinthed, QIT wi® print
Sl W |- B i 2

T 4 aser acciderially enlees 1his command, s resommended tel in wnder e exin Fram rh
v, ten o chareeless (G501 1005 S enered 585 4 startry eddeess. Alwer the Dinary
durnp, 1he vser will gel by prompr chanacler i,

359 Reseryod Command

an ARCTEII (LI 8 reacrved Tor Julure use # I}r{'iTT'.-‘-.i_. B it s mecidentelly typed, G107 will echa
the M and print & meampe caeracter macher than w2, which i 1 invalid sharieler eespnase, Poalaer
apeTiLie i poifermead.

e KDEL-RAa AUSUEESS SPECHHIA IO

The KDFL1-B4 micro-ODT aveepts i-kit addreses, cllowirg it w scoses 2255 hvres of memory. plus
the 8K-bite 1700 pape. AILL/D pags addresses mast be e redd ov wiens with o full | % hits specilied,
[Foar H;-..mll,l:: it a weer wishes wo open the BCSE cf e HEL (serial-ling apith, hessbe must enter
T AA0, ot TTIANE.

38,1 Pencassor 1O daldresses
Cerlinil privcesant and M vepisrars eve 700 addicssed essipnsd w thew for programmimg pur puseE.

I relerenced o Q7T e S will resi IT.J. L ils buos addrzas, .""'.: FB Dracgssor reoEsieTs ?" b IEH

TTTG

ET will nei respomed S diweon will necor) o b acd cosses TO0NO0 Lroegh T Sl relereoacud |
OnT

The Wikdt conldine slalns registers and TAR M3E pairs. Theer 1gistes can be acuzesed [om G300
Ly crcariag chair bus addiess.

Exampla: G ETEAQO0N T R AT

B



In this Sase, mamary magemeont stans register 1is epaened to shos the mooneey anascoent sonabls

niT Aot

Phe 1@l 1 avewmelators, which are elson the B0 chip, canmet be socosaed from 0031, Ol FE_L
INaLrctions can cocese these opstes

20T Ntaek Poirter Selestion

Srccssing kernel amd user stack pointer registees = aconmpoished inoche fellowing wei, Wleoeeer Ta 0
referznoed in C0F1, in soeecises cha smek noumer speciticd av the PS5 coevenn oo Bils (7% L5400
Tz is done for converiznee, IF 3 program aporating incerazl mods {F5-0105 142 — 000 js halted. and
Kfis openee, the cerel stack painter 5 soocsaed.

aimilurly, 10 2 prowram = eneraonz mogesr mede (FRa0 130140 = 117, the RS eommand acocssss e
weer strck poiter, 10 differsnt smek pointer o desined, #5015 T4 must ba sot b rhe nece Lo (e
pporupente valos, aad then the RS comemend can be swed, H an operating proges m a3 bego Daled, (e
oAl value of PS04 must be mestored inerder B enacinie sxeetion.

Lxample: Pa — 140

i Re 12345 2 EPACT &

The vser ode siack pololer o booo epened.

w0000 STACE D O TR m R T

wlos 12556 whPAUE O wUR s L

EERNMGAM < NPATE - 12000 U R LR L P

Lt

tnehis ciae, the karmel modz stack pointer was desivred. T e B was opened aod e [l wos sel e
M1 i kernal meded. Vhan o owaz cxamined and cloged. The ceiging D valuc of BS -0 5id s was restured,
anrd then the prograns was continged wsing the P commea .

I Faer 1504 arz set to 01, anochar wrigos regiarae wishin rhe processor = aoocsacd, Tols regisler is
rasceved ot Fofars wse by [T AL,

202 Entering of Octal [gits

In generl, when tac wser s spocilving an address ae daca, O will nae thz last siv digitg if wmore Lo
s1% have been entered. The wser need net enter leading 05 for citbes address or cata; (OIY Faroes Un s
Lae defaul s T an oldd address s entered. the low-crder v s pnored, and g ol Teebinowars is displayed.

Aha DT Timouul
Il e eser cpesilies o pueesiclenl address, DT wdll resoond s the bus bmeowst By printing Y, - 00K o,

S RN 1Y

3.7 INVaALiD CEIIARACTLRS

i general, e cliorsa les thad 20T dogs nol revoeiize duriae o pariicular seguence 15 echoesd {wich the
caowplion ol ABCLLD cedes 0 20 10, ool L2 s poted saclier! and QDT wiall print 7, = CHL, =00,
00T bas 10 eroal staee, will ewcie slane bavizg it o eel of vaidd wpol charac ers Some com-
e s oo wllweeed Cudly wliusn i cerlidy #aes Or sequeasss: Lies o1 aticmpl bas bBeen cnade o lower che
proba izl of 4 vde™s uooonsciees]y destedving LimeIl by pressiag s wrons key, Table 3-2 delines
U GDT crawe: oo «alid lipul chiraciers,

-
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CHAPTER 4
HXTENDED 1L51-11 BUS

1 DNPROCD I

Tl pracessor, mamary and TAC devices comnuonieaic ¥ia signal lines that conyticote the extenced [L5I1-
11 us. The extended L3101 bue conluing 4 addilicos] eddess lines (BDA L 21T =) in addizian o
the 38 lines of cha argginal T.5T-11 bux, The four additional add-css lines extead the 236R-Dvte physical
adrress epaca of the L8111 bus o & megabyles. Addecsses, 5-hit Bytes a0 f6-bin datx wornds, bus syn-
clwarization, end conerl sipmals are seol aloug Wese 42 Jines Addresses may be cicher 14, 14, o7 22
Bis wide, depending on Lhe wldressing v pabilily of 1he pracessor iq3ca led in the system. The To-hic
dara and the fires 1o address bils are e wollplesed gveer the sane 10 data faddresy Fnes, "Dae addi-
gional adidress Bite =001 b and (e ey parits hits aie g lzo time-moltiplexed aver Lwo-sicnal
linca. he sipnal Bnes are Cune Eenelly divided &5 listed in Table 2-1. Meter te Appendis 1ot o detailed
lize of the excended LST-1] bus sigoal Tuiaciins,

The 1.57-11 bus lioes may be congid zeed rranamissinn lines thet wre lerminaled in their churae lemislic

irpedanee {Fa) al both ihe ool and Fae crds et the bos, Fhe near emd of Ue bus G delioed as the st
By inlerluce slol i the backplaae, the far ane i the s b interface slul.

Tulde 4= Sanmenary of Signal 1ine Funetions

ruantity Tum: Licein Buy Sipnud Misnsciic
i Dratan fodddeess Linss BDAL - L5002
2 ey pority Saddress lings BDAL w171
4 Address Tines BDAL =2l #i-
6 b Addrgas and dats cramsler BlW ™SO, RPN, BRI,
L concreal lines KWW TRT, BRST, BRPEY
3 Idircct memary aocess DAL Bl R, BITAMOT, BRACK
caarral linas
|
= R . 2
3 froarrupt comtrel hmes BIE}, BIRL)S, BIKOG,
BIROT, BIAK
I i
i | wszem control lines ORI, BICOK, BTNIT,
; | BHALT, BRUD, BEWVNT




Wlusl LS1-11 s simade woe Diditectional eral wse o lerminstitg resistor astwork coaneeted Bataesn
15 ¥ and ground w provice poacgaied (ighl sigaad leeel. Deviess may be vunnected Lo ooy peint alarg
Ul ks 1o reecive sieneds [mom e near or Ter end of (e s viz highampecuoce ug rgccivers, oF tn
iransait sigrals s e peur on far end throwph gated cper-enilector bue drivers, A3 driver asserts a
signal by causng e lice o po from a hgh level Japprozimatesy 12 ¥ L o low svel (appeesimaely
13 %5 Alchowgh bidirecusnal Vines are elecinically Didircetianai, cetluin loes Saury signals that are
[upetionally wridicecliveal Tae fanctonally coidivceriarat lings sarsy sigpnacs 1aad $o¢ soquined o wrnvel
in eoly anc directivn, Foreaample, when o device seeens 3 s recuest sigre] (BIROY, 1Te signal alwas
awels Frone ihe reguesting dovice to the srocessar and never mbag reverse dooelion.

The interrupl avhacwledge [BIAKY und Aol memary accses grazl (BRMO signals wre phvsically
pridireeronal sipoals thae are wired Lo eack LSS0 bus shonm g dessp-chade sehome. These samul- urs
gencrated be e processor in cespense o Dileeen e and crecl mermoey 900CSS SoqUesTE ANc 2T ITANe-
rirrcdl to Lhe bus via anrpns sipnal pins. Bach ot the eatpue seaas (BLAKC ar BRI 15 Teceivied un
s device inpul pin (218K or BDRICL ard earditonally seirensmined via a device wuepul pin
FRIAKD or BDBGHYN. Uhese sipnule ore ceecivad Sromn higlee-peimils deviees atd relramsmiled Lo
lower-priorily devices enothe bue. DMA and 170 interrupl privnilics are discussed in Perparaphe =4
and 5,201,

BGars Mnster Slave Hefaiivnshig

Comennnicatinn hetsesr dewices oh 118 508 Gs sspichronons. A master Sslave releenskip cxsts
Lheeugheo cach bus wrensuclion. At any time, there is one deviee thar has conleel of he bus, This con-
lrelling devics in ~ermed the bz master” Tne meeler dovics: coitrals the bus when commuticating
with apathar device v thie a3z, termed the Sslave” The bos master (ovaicelly the KDE_L-BA aenecssaor
or i IMA deviced feitiatss a Doz rranzzeten, The slave dovies respoads by achoewiedging the fransac-
Lica i prograss and by peceiving dats i, ot Lranswatling dars oo, the buy masler, The cetendad 1s1-
L1 owme cannrd signals lroosmitsed ot received by thy bog maste of bl sl device st complzic che
sequence according Lo 120G freotocnl cutablished Cor tanafzrine addrees and data lersacian, s pro-
cenant controls bue acbitration Coe, “decides™ whicl deviee is tn be bus masier a0 any given timel.

A typical exzmple of o mueter Sulave relationship has the provesser, ey oesler, e =R T T A R A TLR A Ly
Fracs Tnemaory which i alwaws @ aluve) Anctber seample is o disk drive, we magicr, transferning duia L
mamary, deain, 28 (e slave. Any devive essopl (he processor can be wastor o shyve depenciag on Lhe
cirenmaiances. Canmnication on the estended 135117 bus is inlecocked: ihcretors, for cach control
siamal fssued By b masmer device, thers most he 3 respense Jooz (e slave in arder o complete Lhe
cramafer. TLie the master/slave sipred protocal that mases Lie extended L3-11 hus wiynchronouws. The
ssyachronsus anceatinm allows botk last and slow devives woese Lie s and climinaies the need Lor
svnchrunicng cicsk ko belvesn the us maszer aad slave dewce,

Sinee bug ovels complelien by e Tus masker requices responss Dom the slave device sach Des aser
sl Tpelede A rimenut error ciccuil that will ghorl the bue ¢vele 11 1he alave dedoe dues nol reapons 10
the Ts e neastion within 10 ws. The K10 T-HA e o bos iioee that reszaths the cluck whien na devia
responids o BRI Toor BOOLUT 1owithin 11 we An nwediane trap to Ineation 4, cocurs The sloewest
aeciplicral or memory device must respond 6 dese Cos 00 08 20 provent o bes Lmeow! coas

20 IS SIOR AL NOMENGCLATIRE
Throwshuul e Gollowing nratounl soeciliculions, bos signels ate relerrec ol several difforent ways,

1. In geieral discussiung whees Loniag, polariey, sl phyvetcwl luculicd am wnimpa-tant, the hasc
sienal name withool any prefiaes o suifzes is wsed, Tur esampls

W WTRET. ORT. DAL 00 o e TNAL dnes



2 o signaly on Lhe bachplane slch ace asserlod low cod sotorred roowith o prefis charecter
B, and & swilin Gioeced L Por example:

BEY M L, BWTET L. BEST L. BIdAL = 2L .
FP0T TT and BEWCZ3L L1 acc azscited hish.

Recelvers wut drisoes arg consideiod nart of <ha s Signal inpeis e drvess aoe relered o
wiliv 4 prelix <hacoacwel T Eoc transmit, For exemple:

]

TaY SO TWURY, VEST TTRA <0200

4. Gipaal entours of reccivers are roferred o owith o prefic churacter B Dow gossived. Far

cEEME
BS¥ SO R VRE, KEBRST, RIDAL 21460

Whenever Loming, i3 impartearz, fc desipnitaens i tesms 5o und 4 above aee pesd 10 refemenee siming woa
reeiver culpur or deiver input, Do example sfer rsveiol ol e peagtion off B35S, the sldve negyces
s TRELY o ns minimem, SO0 na maxirmoem?. 16 cousi cmobr el deta walid onoivs VLA Dnes andil 1
s oy ater the neeatiom of DTN and mos oegacs is THAL lines TH) ns {maximus) alter
the negation nf i | RFEY.

A3 12T A FRANSTLR GUS CYILES _ ) _
et s tran-lferred Bstwees o bos masor acd slevs dovice rooaconmposk vienows Tunctivns. Tle data
transfoer hos cyoles and Uieis Cuoslicos are doseeibed in Taklz -2,

Tablc 4-F  Thats Tramslor Hus Oveley

biwsi Lyl Funetion {with respant
Fdmormmic Frsoeription L e T masileer )

ATl Trele. wund inp s Erad

DATD Dby, weoord anad s Wrile

DATOR Cra e ovle oulpid Vrile byl

DATIO Cra wvord inpul Seutpual Erad-peodily-wriie
DATIOR Draia weord iopul Sy e culpul Bead-unxlily werits Tigts

These ks oveles, cacculed e bus maeler devices. trizslec Le-bil wonds or 3-Ial briss o ar Trom ses
acvives The Jata v be woilien o the destimation byle durione byle owlpil operation: oo valid en the
apaecpriate BDAL lines, For esarnple, BDAL <2 1508 0 contains the logh beie, wod BDAL <0700
corladls e Iow oy, Tabde &-3 deseribes the bue sigoals vesd inoa Sata leoesles specalio,

rata cransfor Ims owelos can Do peauocd oo Dasic vrpes: DATL DAT G0 E) and AT N R These
tranaactions ocour Borwccr: U Des was e and ons slave devios selecled Soming (be edizessing poriioc
of the bus ovels.



Table -3 Fhata ‘Fransfor Bes Signals

¥Imemomic Duservipelion Furetion
BIAL 2000 22 Dade feddress liney B2 e 21208 Loase sed Jow 22 b cgvroded addeess
L ine, ERAL w2 L7016 Loars wsed tor Hhi-hit exteaded -

dressine, ey parily socos, ard momeary ity oreas
enable Muactions BRAL =) 00 Loare wsed for 10-hit
eddressinzg, word and baie transtors,

BEYNO L Synchronize | Sirabe sigoals
BLIN L rata input sirobe !

BT K. Urata nutpud slrube

BEPLY | Kzl

FWwlHII. ke by le cunlral Conleal sipnacs
ER:T Hiurhk 7 selecl

431 Bus Crale Pratocs]

Hefora initiating 3 bue coele, Lie previcoe Des leansaelicn o hawve heen completed THSY RO ne-
aated) anc the device musl beceme Bue master. The ug oyele ig divided ineo tan 290t an addressing
porsinm, and a dete transler porticn. During e addiessing partion, the bus master aurputs the addraess,
For the desired slave devios [memory lacetien of devies regiates) The selectes wave device respendy by
lntekonp the address bils ond Leddiog this conditioo e the duration of the bus cecle (unnl ey RCL
bocuries nesca il During Ui data weansfer parter af the nus eyele, the eperations perfuzmed will vary
larhtly, depending on e vepe of data teanstor deairec. Paragraphs 4.3.0.2 thruwgh 45004 deseribe Lha
Uare transler portiozn of the varions hus cvelgs.

4301 Deviee Addrossing — The device addressing portion of & data tranefer bus cycle cuzimrises an
address setun;deskew Lmae snd an address boldsdeskow time. During the sddress vezup/ceskew dme
tho by mester does the Tellow s,

1o Asseris TDAT 21000 with e deaieed slave doviee addresy bits.

2 Asrerte TBYT il u devies in ke LAY pags ‘e keing addressed.

3. Aswerte TWTET I the ovele i3 3 1A TOLRT bos oyele.

4. Asserte TEYIWC 30 pe (enlgionm] atter gating AL, FTREY and TWTHET vnlu the bus,
Diuzing hds tiwe 10 addeess, BESY, and KW UHD siprals are aeeeried al the siove Tus cecciver Toe al
leusl 73 py belore REYNC Becomes active. Doviess in the A pages jpnore the 9 high-ceder addecss
bite BOAL o211 3 and instoad deonde KBST along wich the 13 Teseorder eddress Dils, Ao aolivr

LWTET signal wdicaeea tapt 3 133 TOK) operation Tollows, while an inaclive RWTET indigates a
DATL ar GATICHBY opeinsion.

4-4



The dddress holdfdeslow tmae baemy after BRY MO awserted. | ae slave device nszs che aorive
REY MO elock RiTAL addrass Dics, HBST and KW PR, ineo its ircarnal dorie, BI3A 10010000
REST, and KWTHI will remain active Tor 25 ny iminimem) a7ter the ESY SO booomes active,
KoY MO remains accive For tae deration of the bus evele.

Wlemnury und peripheral devices ure wcdzessed similerly, sacepl Tur the vay they respond ta B BS7. Ad-
drovaed perinheral devices trwse not Jecolde sddress Bt on BRDAT -2 0 e Addressed penpheral de-
vices muy respond b bus evele only when RBET 16 wenerled duning tke wddressing portion of {be cyvele.
Whet weserled, REST indiceies thal the device adaress cesides in the T pege (ihe upper 2E-byle
wildreey space} Memory devices generally do nol respuml o addressss i the 770 pupe;, Tuwsyver, some
sysiern appliceiions may perenil coercory Lo reside i lke TAC page lur wee gz TMA bullers, reed-enly
memory boclslenpe ur dingncelics, el

AR DATE - The AT bus cvelz w w rawd operation that inpucs dete from che wave device wo the
bws ravzer. o he operationy performed by the bus miester and slave device dorine a DATT ere shawn i
e -1, The TATT bus cvele Loz w shown n gare =20 Dats congests of 16-but waord transfens
ever the bus, During the date trensler portion of the DA T bes eycle, Lhe bus masler assesls TR 200
s Imimmum? eller i assecle ToY MO, The sluve device responds i RUTN aclive by asserling:

. TEFLY aller receiving RO amd D25 ne frnasimen) befuze TORAL bos dnver dals bils ace
valid.
2 TDAL < 17000 Lowill (e edddressed <l and sroor tdaroidio,

Wien the s masrar racsives BEPLY, i cres tha frlloeing.

1. Wity at least 2080 ns deskow time and Then accepzs inpzt dacy at BI2AL -2 15000 = bus re-
coivers, RIPMAL-1T:1 00 are monitored for & possible paree eeear indicatinn,

A0 Nepmaces TDTN 130 ns (nunimumy after RRPLY booomes active,
The sleve device respondes ta BINN negeton by necacing TRELY and remevinge read data from TI2AL
bus drvwers, TRPFLY must e megnzsd 300 18 {maxmmoam) prioe i remawal of read date. Tae bus master
respiaids Lo Lhe neseled ERFLY by newgetiae T3Y ™,
Cooditiogs Tur the pext TEVNC asserlion wre ue Jullows,
oo TWY™NC mel ceeoadz negated Tor 200 e Coieoaoml,

2 TEYTNC muel ool become asseried witkin 200 e of the previous BERFPLY negalico.
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4313 DAL - DATO(B] i3 a wrire aocration, T s Canslerrsd e Lo D0t wards [EATDO o #-
bir hvrca 4104 L0 Froom e Duz pester oo the seve device, The data Lzoosher mecpant ear aeen: atrzr
the sddressim portion of @ bus ovele wher 1w E BT has been asserlod by the bus mastor, a0 immedi-
stoiy folloedng an inpul wansfer part o© a 124 FIOCTE bes cyele, The apoatinas pe-fio rmad by tha s
raster and slaee device during 3 DATEHH) bes opcle are shown W Figuse 43, The BATOURD bus orele
siming i% shown e Fogure 4-4.

Lo RANILE Hi T
e -gitan 03 LEVICE: kRl = O DEVICE:

A ZDRESS DELI R w5
EIRCCHECHER B B HI TS et D sl e LR |
HDEESE &% 3

ASSFFT AN F L 1= RO RESS ' =

iDLt sATE

= ANKLEG SWTRT _ WAL
[ iali| B
1 ARSIET WNTHI -
™ LiCGOE 4 IDFESE
= ATIRE LI VLGN
- arsAAT oY
e
OLTRIE e A
e RERAOGT THE ALV s L HOW
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oAl et o LM SEE ZATIR
F PLACE OMTe O NUAL 015000
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Uha it tranefer aottun of 2 TRATON B ous oyce comprises & data setup/deskew time ard a daa
hodd fdoskew time, Trurine the dacy seiop/desiss tme, the bus mester pacpats the data o
TERAL - 200 W0 s frminimoem aller TEY N e wesecled, T2 5 2 word transler, che aus masesr
e bes TS TET while cating data vzie the bes. TF L translsr is a by s iransler, the bos muster zsazrm3
TWTHT while e ling duteeonle e bue, Durize a b ransler, e condilion of BDATL OB T doring the
udilress ovele selesls Ui bigh or low byie. I5 gzsecisd. the nah byle (BDAT <2 1508 = L1 o selocoed;
vlherwise, s Lew bole (BOAL 070002 L) e selected. A assesied BDAL L6 L sl Cute Lransler time
veill Torse o perity ecror W be wrilien wle wemasy e memery 0 pacily-Lepe memory, BDAL 170,
B orob wsed for wiile opsrations The Dus mastc: assests TIMGUT L L0 pe yoioimoom) o tee Che TDOAT,
und TWTEBT Bus delver iopess eow sable, The shave dovicg regpoods o BOVGUT by accepiiog the input
dila and assertiag TRIPLY o8 w3 maxioowm to avaid s timeecth T eoomplsles the data ss-
LapSdeekew Time FPrucing o data hald Sdgskew time the hus maseer negases TIHLT LE6 ws Cmin-
cevuszsd alter 1he asaorian of BEEPLY. TRAL 2T 002 s deivers remain stahls foc ac leest 10D oy
eler TiMALT aggacion. The iz master chen regartes "THRA L inpuss,

uring this tome, the alave device sanics B I2H T negacion and nzeates THPLY. The hus mazier re-
spaands by negacing ISY SO Howewver, the processar waill mot negate TSY MO0 far 2t leasn 195 0z ge:
negating URCHLT This complersa the [ATOCEY auw eyele. Before che nost cvrcle, "TSY ™0 nwal
main unasserted for at least 20 nee Alsn, TSYMNO may not assers witil M0 ns {menimnm] &gy
F.EFPLY nopnics,

4314 DATENDY - The prosce! Tur o TRATEOOEY bue~ oyvie s idenavel fo che addressmg and data
tranaier merbiens of Lhe DATT and DATHB bus ovcles. Alver eddressing e device, @ DDATT evele is
retlormed w5 esplained in Parapraph 4302 uwsves, TEYNC ool pegaled, TEY MO remeins active
lor an wtopul word or byws ransler [DATCHDEY]. The bes master udnadns ab ieuel 200 ne belweer
BREPLY newation duriog Ue DATT wyele aod TOOUT teeertion, The cvele e lermioated when Lhe bus
masler negsles TEY O, which lolluves (e sazne peovoc] g Jeseriled Loe DATOCRY, The opsteliung
perforoed by hee Due moeter wnd slave device durciag o DATIC of DATIOE] Tus cwcle e shuwn in
Tigure 4-% The DATIO aod DATINE] bws cocls 1imtiag i3 shown jo Figuree 4-6

A IMRECT MEMORY ACCTESS (DRdA

Tha dirzct memary aveess CORMAT cupabiliey allews dieect Jula Treasless belween L0 devices and
mc ey, Thin is nasful when wane avess ctoraee devices degn, disk drives) Dl naees largs blocke of
data tr and foom mreowry, A DA device only needs 1w know ithe staciiog addoess ooy, e
starting Addross in mass ~torage, che lenelh of the tressles, and whetber the operaion s read or wrile,
When this infermacian 15 weatlable, te DMA devies cun lraosler Jata Siresily e or Inomw sy,
Since mose 82 devicey musi perforom Cuty teansless o copld sueeesaion o e data, DPMA reduesls
are assirned the kighes priomey Tevel

Talkd & 15 wecomplishied oliec the processo focemaliy Tos maser] bags pazsed bus mastership 1o 1 ligh
csit-prioriyy A device thal s cequestiog e bus, The proccssor arbieatcs all requests and geps e
bus o the DA device located elecuically closest e processas. A DBA devics remains s master
until il relioguashes 118 maslership. The following, coatrnl signals are nsed doring bus arlbtraciaon.

BOMOL L Ddis Crpol laput
BOMGD L Lxda Gream Ot
BOME L Dxis Bogquest [ae
BiaAalti | Eus Cran; Ackimeteoge

d-100
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A DM rprsaation e divided inlo bieee phascs (the s mastershin coonisilion phase (e dila eaassior
piese. wnd 1ke s mastership relinguizh phase. The aperatiors perfurmed by e precessar and s

msler during the 1A reyuesifgrant seqoenes are showt in Digare 27 The DRIA cequossfgraan hus
cycle tinirg 4 shown in Tpuce 3-8,

Lraring the b maseeeshis acquisiion phase, a BedA device meguesls L bus by asserting TSR Tac
proscc3ans arlitrarss che reduesl aod injtiates the trans=ler of bus maslerzhip by csserung THGUL Tae
prsimum time bevaeen BDME L ascoriion e the oA Cevice cad BEAGC 1oasze-tins by tha oro-
cossar in 13MA [etenoy, This tme is processor-dependen. The KDFLL BA assorss THMOD 14w
fmazimum] alter the ceeertion of BITRR

R8GO T BDRIGL L is one of toeo signals Ll aze dalsy chalied Shiaugh cach madule in -he beck-
plane. The signal s deicen out af the processor on e BDMGO L sin, cnoers cack module on Lae
BIMCT T opin and cails o0 the SO0 L pin, Tais sigoel passes chrongh the modiles o descending
srder of privrily uotil 0 ig straped by e requesling Sevics, The requesting devics blocks e v pal wlf
BRETOO L and asserts T8AUR IF no devics responds o the DRA prant, the processar will cleer the
eranl end ceerbilzale the bus

TR
The RUT1-BA wses & “SNO-%A0 'R timer, which
cleurs FORAGS L il BSACK . is oot receivied Fram
the TIWTA deviee witfin B s

Druring the data remsfes phase, the DM device continucs miserhing BEATK LI nlliple-dats rrans-
Cecs are pactarmed dummg this phase, cousideraian mmst he given be Lhe use ol the Bos Bac ethor sestem
Cugee Licaos, #112h s memory celresh (0 cequired ) 1he acenal data iransler 35 peclormed inbe samse man-
ey a3 Lhe dacs cran=Cer portion of DATL DPATORY and 12271 TEHTH bus cecles dosnclood in Peragraphs
4.3 1,2 chreagh 43514,

The DR A doevice cen asserl TSY IO D For o dae tramsler O e Oniciooo aticr it reecives KRG,
280 g Cmimerrm) aller BEYNGC is negated, and 306G pe Coiimu) aiter REPLY s negated,

Izring che bus maslesship eelingnish phase the DWLA deciog elinguishes the bus by pegeling TEACK.
Thiy noowrs aller Che Lot dala transtor oyele {RRPLY pegased) & comploted {or aourtedy, TEACK oy
e negat=d op o 300 08 [mawioouy before neee ling TSY S

a5 INTERRTIFTS

The intertupl capability ol she TS1-11 s zllows any 770 devics wosospend tempatarile lnlertuply
Arrrant propram execulicn aod divert procssanr operalivn Cor service af the reguesting dsvice. The pru-
Aossn NPl o veclor [eem 1 dovice o start the serddoe reviine (Landlers &s wita a devive reeisles
addrass, the nerdware Uxcs 1T device vevsor al locolions willia o designated range of cddresses be-
torzan D00 and 77, The wector irdicates the frst of 4 paic 37 addiesses. The content of Lke Jirs. a
dross s tead by the peocezser; it is the soarling addeess of (he inarmpt handler, The conlenl of e
socond adidzess fsowu pew proceserr statas word (PE) The PS btz - can be prograzoeed uwoa
pricrity leve] (roz: @ 1e Ty Qnly interrupis onw level highe) than the e ter n the priocity Levol Cicld
of the PE are sereiced b rhe processur. T1 Lhe ervupt priceiy "evel of the new P332 digher oo 1221
ol Lhe oripinal [S, (he ae "% raises che inlesrupt peionity lovsd and thus prevenls lower-level olc:pis
from beeuking ole 1 current inzerrapl service coutins. CRnorn. 8 returaed o Lhe interrupisd program
when the ot nmpt service rowsing te cempleled. The erigira. dincerruptedy progeen’s addesss (00 and
its wssociuled P oare srored omoa Tsleek” The aciginal PO and 25 are reetored Uy o zetuen Froin Tinei-
rupl istruesion (B ar 1T al the end ol (e seryee enting, The wse of the slock and the TR1-1T us
inleczupl sohorme can alloe nlertupls 2o oo within Sawerruels (nesied oleonpls) JiF the reguestiag
ialecrupd has a higher priorily leee] than s intesmep currenty Jeing secviced.
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Ciauce 48 DAA Reogquest/Oivan: oy Owels Towiog

Taterrupls can he cansed by LET-13 Les aptiens and can zlso origndle 1o e processol . loleeod D6 070z
Metlitey in L precsasar are called “lmaps”™ aod aee eanszd by programning ercurs, bipdwirs sars, spo-
cial inslopetiens, and meirtenance Ceatures The fallaring are 1he LET-11 bas sigrals vsed inintesmpt
AT PETAERE:

ElROa 1. Tnlezrepl sequest prinrite -cvel 4

Eli®is 1. [oleznopt eequacst priarity el s

ELRO 1. [cerupt raqnast aroemily Level 6

ElRr 1. [ocerupt regqunast oty evel 7

Kiaki ! Tntcrropt acenos ledee inpul
FrAKD i, Interrapt acenow ledee oulpul

ElAl 1300 L iz adomess bmes

BT L [dawe inpul steobe
LBRPLY L Henly
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451 Iketvice Frsmty
The §.30-11 bue suppurts che Relleeang Lo oieloods of detenmining Jevice priucily.

1. THstributed erbitration  Prioriy levels aee topleweoled oo the Seedeare. When devices of
cowsl priviiy evel regquesl ao wlerrupl. priociy s aivei 10 e device electirally cloest 1o
1O PITENIBSOT.

I

Positivn-celzwed arbicrelion - Friocily s desscooioed solely by elocieical posiioom on i bus.
The devive cloees wo the processes hos (e Dighes, peiosily while the device au e Doz end of
Lhie bus i the Jowesl priocity,

The KOFLL-BA uses both methods  drstribnged arbivraion, with fape Jevels oF avinnity, aoc sl
defined srbitraion wilhin cael kevel, Loterrupis nr these oeierity leve’s are cnabled Adisalyied by bis n
the processor stavus word (P50 795 :. aingle-level ||1T-:~rr|:|p'r rpn-url-nn-dn:’rlrc-'l] devices thar inter rum
on BLEA2 caztalzo be used in KIDFTI-EA syatems bt must ba ]'Il"'h.-..-'l'.' in a buy slan frellowing the lag
s slat inowhich & pgitinn-independen: devies 5 inal o,

452  Lueruapl Prafocor

Lotce:wpt protegol hag Taree phases: o '1'rn:~rn1p'r ceapuest phase, the intermpr acknnwledes and poiaelis
arbitravion phaze, avd the m'rr*rn]p'r veetns transter phage. he operaziois pn:rtnrnh_,-rl by The pl:n:rq-:m
and infermipting devico arz shown in Higure 4240 Inters upt procooenl tirnimT s skowen in 5 e -1

The interrgpt ragqiest phese bemne when a device Deets e specific conditions for Inoerren regesns;
fnr axamle, when the doviee 5 “rescy,”™ “dome,” o1 when an errar has cocwrred. [e inzesrops enaale
inicin 3 device stetus reeyiter must be et The device Eren imitaites the imoerrupt by sssercine e irnae-
ruat regquest linegsl, BIRQE Lods the lewest hardwars praomitye level el 5 wsserted Tor s mearp
requasis for compacibilioy @ty previeos LE-11 processors. Tae leve. ot which 2 cevice 15 coficured
must Alve be owsserted, 08 cpeoie] case exials Tor fevel-7 devices chao muosl alsy weere level ap [he miter-
rupt request ne cemainy seeeried wnn! Lhe requesl i acknowlecrs],

Imiereupl Lerel Lioes &sseried by Dhevice
4 BLRO4E L
o

BIRO4 L. BIRGS L
B BLRO L, KIRCH L
7 FIRAOA L, 1R L, BRI B

Druring the wlerrupl ackoowleces and privnily erhitration pivase, the R1I2ET1-HA w0 aokaawled o o
Lerrupls undec e folewinge cundibions.

L The device inlecrupl prisarcy 5 kigher then the corrent princity Jovel stared S Paes 0705 0=

S The processor bas compleled inslzucler saecoten el no additonge] b evclas 2re pending,

Fhe processor aeknoe ILLf;.:a the intermepr ceouest by gracening TDIM cnd, 225 e Cooindeourn) e les,
wssarting DIAKAOL The device clectrioally closea: n the araecssar receives e ackoowledpe onoils
FlaEl bus recoiver.
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O the leading edae of B304, each bus oplicn capshic of requesting mleccuple decides whether mo
AccePT of o pass vr che REAKE signa, A device Whal Ao aan s r.n:-:i_'.li;::t-iu;h‘|J-.'J.-|'IE_’|I. il Tilessl
interrupls wil ueoepl RIAKE AL 3= requesiing an “vermpt when i{_]}_TT\ sl A |'I|:“.'+'|n.':¢ that rlr_u'_t:a_
suppors posiiiuaindeperdent, molulevel itercupis acceprs KA KAl 35 reguesloag an infernpe 4o i
there s o lgler priarioy reques. pendiog whel RIS asserts. This decision sl he alocioed inte o
tlip=lon, whicl seitlies within 150 s ol TEME,
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Previcer Lhul suppor, position-independent, muolilevs! inlecrepis asseet feosr o 1o thees TR} Lincs
wien Teyussling wu inieeeuprn ablz 44 presenls e TR Tines o devioe &1 caeh level mman agsern in
orler e recuesl an vesupn, avd tac lines 1 musi mecitor e detecmins Whethes a higher-pricrice do-
vice Te regueelulg an st

Tulble 4=4 [Mosilioc-beiepeiciend, Aultileszl avice Eaguirensent:
L3 . i

Intorrupt Lesel 1 IR} Lines Assevied TR Tines Familong
4 TERA ) RIS RIEO.

5 TIRE, LIKOS RIRC

i TERLIE, EIROE RIRLT

7 | TIRGS LIRGE, TIRQT

Dacicg Loc aerrnpt veolor lransler plase, e sospending merrupl devies reeelvies RiAL amd then
ysserls TRFLY, The vectar sddress must be stadle ac 1 Ue&D <0ddl= 125 ns {maxinmm] afer
TRILY i= sssarmad, fhe processor receives she assertion of RRPLY. and 200 ns {mint-mm} ater ic
inputls (b veotnr address and oeguales both TR and TTAKL Tae nlerruping doevses regaras TRELY
aTter (e pegation of KTAKT und remeves the vooror sddress from TDAL 0802 2 190 na (mas:mum)
after TEP Y regices. Since vevlur addresses aqc constramed o be belween 0080 and 77405, rume of Lhe
remidning THALL linss are uesd.

453 d-Level Isterrupt Ceafigirations

Llsers whe have hiph-speed sceipnerals and desre betler soltwers pesfrrmance can wse Lhe dlevel trler
cupt seherae, Buch pusilice-ind esendent anc positon-depeadval corcignrations con be peed with the 4
lesel interrupl sclieme

| be pusilivo-independent configurzion 5 shows Lt Figere 4-110 This confligiration allows apherzl
devices Lhat use Uie 4 lewel intermnt scheme Lo be _'_'-l'.-_q:q:-cj i e i'!-.'il’.':{]".\-|:{|'|r_' mn ALl wrder, Thsse devioes
muss sengd cul Inteeruon regquests and munitor bigher-level regquest Bnes, as descrrbed o Paragraph
452, The levcl-d request is always wseeried by o cequesing device, rersriess of priovy, 10 allas com-
pelibilive i an LEL-T1 ar LS1-11,2 provesser 3s o1k same svsten, 17 Leo wr mrs deviees ot equally
hizh priorily requess an incersupt, Lhe device phvsica’ly elosest Lo Lhe provesser will won arhitracion.
Tievives Uil vse the single-level interrupl sehens nmst he modifisd or pluced at (e <od of the hus for
srhilralion fa fanetion properiy.
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The posities dependerr configeration w5 shown o Figure 42120 Thos conlisurelien 8 sanple w0 npl
menl, with 1he Lollowsing constrame, hoeweeer. Periohece] devices mos Beooedered @0 1hat the nighes-
priocily deviee je loested o esesn to the procssser willl the rewsiand deviees placed inohe hackplane i
decreasing order of avinrite, with this configuzation ach devies must anly 2820 13 aoen - evel and leved
4 (o comparihility witk an LR or L3111 720 Mooilesing lughe-keeel requsan lines is anreccesan
Achitzarion iz achicved throweh Ui physical postiowog of 2ack device on rhe by, Single- cvel infes-
pupt devices on level & shoaeld be positiened et oi e hes

vt e |gae [ rrwl | ek | LEYE-D | B as | LEVE.S
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o ; I
[__BIPdHILEYEL & WTERFLPTEIDL o i ¥ ’l

HNTERHINT Sk el 1= |
|r-:|||11 | BlAk TNTERALT -

L

W 51wl 5 -HIE<ELFI EEJCESTI

o BAQEILEYEL HI5TEFFLPT FE00EET F
| I rge w1 s -padP T RECGUEET T

(R LTy

Figare 4-12  Pesiton-Drepeodent Cooligoration

d6 CONTROL FUDNCTLIOMNS
The folew ng L5311 s signals provide systern coatral fusstions.

BREF L Elecicry rofresh

BTIALT L Frowcesser el

BIMNIT L InitialiFe

Bl L Prower (2K

BIM GK H LT prwer OIK

BEVEMRT | bBxterrel cvont msrrupl Tecnesl

4.0.8  Mlemnry R=fresh

I BRFF s assevted doring the address portion of 4 bue data wansler erels, it canses al cynamic MO
aemaries tohe sddressed stmullaneously, Toe sequenss of edesesses required for refreshing the mama-
rice is cctermired by the specific requiremenis of cacl ooy Toac enmplece memory relrosh oyele
coraists of o seriey of Telresh bus lransaciions, LA pew addeess is wsed for cach tranasction. ) T he eatire
evele mnst b compleled within 2 1z Blulliple dete vanstors b MA dovices must be wended since
thoy emec delay memury refresh cpcles. Toe KDEL -BA drez nan perform menmory relresh.

die X Hall

Awsertion of TETALT Losleps progrean caccution are ferses 112 processar unconditionally inte conzole
ONFT mode, The processor docs 1ol azseet the BHALT L bus line when 12 comes 0 o prugremmed
HAT.T.

4.4v.3 Indtilizaiion )
Devives ulune e Les ave tnidaiized when BIMIET 1.is assermed. The provessor waserls Lthe BIWIT L
sicnal under toe Jollewiag conditians.

L. Ducing a povwsere-dawn scguencs,

1 Dsing a passzr-up sogucive.

e )

Puring tha cvzeution of @ RESTT mslzwclion,

=200



4 After derzecion ol a O charscter in OGDT amodu G e peoceaser feamrzs an O s ade and o
£3 commend within i), wnd belore eazcution el 10 code 271 ting ot tha addrews chac precedec
ras {1 comnnend.

da.d  Howvar Miare-
Maaezr statas protucol T controlled by Lwe sinals, BRCOK H ard BFODK HO' Rese sigmale are driven
ber an extermal dewice fusuelly e pose: supply) ard are cofired as follows.

Aa6.41 HIXNGK H - The peertion ol 1105 Lo wodicasss that e power has been siable Jor ol lecel 3w,
Chnee asserted Las hing remaios ségcried ualil the powe: fatly,

G643 OPOKIN - The ueeertion of this lins ingizanzs that thore 15 at Dewel won 3-me resprve oL Ao pdwi
a2l TEOHCAOT TT hwe beea assoresd Faeoat oase 70 my Onee BPOW 1T bas been aziceiod, oomust
Ferain weses el loe al lessl 5o,

The neaptive ol 13 line Trdicazes char power s Galing sl that ooy 3 ms of £ power reserie remais.
I he negation ol this line during procosant aperaiion Silalde o povec-lall Wap sequenec.

46,41 Power-1.p - The Fallnwing avenbe ooear during o poece ofp Segusnss.

| Logie asanciacad with the power supply neslos BDOOE H oduring pavear-up and aesecls
BLMICK H A e imaimemiam b aliee do poeer s opesioed So valragas within speclicalion.

3. The precessar asserts BINTT T alter seveiviug taiaal pewer and naeates BIMIL 10 ny
roiodimum atter the wssertion of BDOOE TL

3. Logic associated @it the power supoly negatze BPOK I1 during powsr-ap and asaere BB
EL 70 ms [animm oy attar the assertion of B0 T IN poscr does nan ramain stable foe 7
s, BLHCOK Howill be nepazed: thereluze, devices shovld sospend critiea. actions unt
BIMIKE A iz asscrzed.

4, BIYE H muat renior aseerbed Jor ooadgwco ol 2 ms, BRCOK H mest romain esseried 4
mE mirimium o after che neeution of BFEOK TT

The timing diagram for the power-up; powes-dow soguenee is shown in | Soare 4213,
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] e

dfda  Fower-itown — The Mollowine evestle coour Carlag a powsr-down scnsno

1. 7 tae ae vollape Goa powse sepply deaps Delow T35 a8 e morm . waloige b onc full ine
eycle (2524 mes), BINOE M s acpawed yoche power sappoy. Omee BEOR H o5 negates, the
enlire power=lown sequines e he camplensd.

Adevice that regquested boa tasicrzhip hetors the meecer feilore that has nol beceomne b
Maslar shousd osiolado 1he request wrnil Bidobl U is awseriod or te reguesi = ackrelsdeed
{in which cess 1cpuier tus promocn! is tfollwed)

3 Procezssar solvwarve shomld excciote 3 KBSR instrweton 3 me imimmeang aller the negaaon
of BFOE H, This asserms BIMIT L for From 3 b 260 s, Processur soliwase execules o TLALT
mstzpction imnwediazely “arewing the BUSET malnwciiv,

3.0 BIXCOK Homust he napgatod o mimmuom sl 3 e aller L oesaion of BINOE I This 4 mws

allaves mass soorane and <milar devices o prulecl theemeelves agalosl rasurts a0 ceooueous

writes fduring 3 powcr felore.

A, Uhe corvcessor asserls BINTT L1 ps (oioiae ) aloe the aeaaton of BIF00K H.

[0 puosesr miuel mermain s-aole for oz ol s alter the asparion oF B3R H.

gl

0. BICOER TT cowsl reowedr scgawed Ior o minimmir ot 3 s

445 DOEVERTL

The BLVTWT L sign] Is an external Lo cleck vivermpt regqnest 1o the procossar. YWhen Sbvins 0L s
aeseled, e processor Drernelly assiens naacon 14105 a8 the vectar Address for the HISY N servioe
routine. Beiwse e vecior & inteenally assigned, the prnossany doct not eaccute the protucol Jor reed-
M-in Uik drlerc ol woctor address as i3 the case “nr ather oxtarmal inferTiene TegussLe.,

4.7 LU ELECTRICA CHARACTREHINTI =
TLiz paragraph containg iofarmation @ ot the alectricy! chamaeterisaes of the LET-01 bue.

47,0 Mignai-hesvsl Specificatisg

Enput Lagic Deoveis
T Lgmca] Do 0.8 Yoo {musioums
T Lzl hgh: 20 %3 Cudeieo oo

Chucpul Logie Levels

TTL eaicul low: O Wil [anime)
TTL ivzica] Liglu B I 1 T FTTTTTTIT

472 AT Buss Towd Defiaition

A0 b Joading s he arseunl ol capacivanss oo module oresenis oo bus signal e, This capaciience 5
measeted beiween cuch modele signal ling and gecund, AT bue leadiog i espreseed iooec unt Towds
where ench woit Lowd 5 delined we 553 pT.

AT.3 LT Gos Lowd DReNoition

L bus Joading je the amcoos el Izabage curcent o cooodule presennts 1o g baz sigaal line, A de e Load
i delined cs 103 08 Towing oo ceodule deviee wher the siapal Lias i e wngssericd (highl siafc
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7.4 1I0 8 LSI-01 Bas

The slecirival condegtors intereonmovsing the bus device slolz ars wecalod 3z fransmission lines, A une-
Sarmn Lransmilesien (e, termingted in il ckeracterisic s danes, WO oarnpagate anoclecorical sigmal
weilthoul rediegtiors osamar as bus drivers, recelvers, wod wicing cnnccted te the bis bove Timle e
Lamoe pnd genvers reactaace, the lansmission line opedaree beesices noneriooem, and e in-
Lrudaces Gosioslines intn pascs propagaled along i Passive campanznts of the T.51-11 bus Qsech we
wiriag, culling, and erched signa cundaclersl are dosizoed tn bavz o maminal choraviensus inpedaoce
ul J20G

The ~aximer lenech of ine ulerceorea rp caklz in multple-bachplane systems Cexeloding wiring
willip the backpiancy is miied o 388 m (16 11

ROTE
I Fhe BI04 processer (s well os ol st5mi=
ard AHGAIT AL -suogdied LSI-11 bedselaces) con-
nects by the by vl ospecial deirers and re-
ceivers, desceibed o Pacagcapks 475 2ud
4,76

2 Thy EDFLI-BA pencessor pretiden mesisiive

(120 0 wadl=up fon all bused imes) fo 3 Yde
jur Lids wired=00R fukeroomzzbng seicems

4. L5 Dus Drivers
Drevives doiviog e L2005 L1 Dios st have open collec on oioputs ced mest e specilicniione ol
Tusllexwe.

I snecifications | Thewe condilione mest Beoenr &1 wnrat-case sapply v lige, emperaiors, ool inpw
simnal levels.:
Yoe o vy fmom 475 % o 525,

Olotput Sew vulleas when stobdog 70 mA of ourmens 007 Y {Tnasioao.

Cutput hich lsekeas cucient wien cnmicened o 38 Vo 22 pA (even il oo puwer s opolisd
tov Lhemr, sncepl [or ZOCOE B oand BFOR H)
A0 Bpacificetinng
Mus driver oulpu. pio capacitaces loed: Mot e ceseesd 10 pF
Propezee Lon deles: ™ol wescoed 1308

Lirives abew Gillerewse o poopagaiicon rims beopcer slowest and Swstest his deives) ™o 1o
mriesl L5 s

Rise s Il wimees; Teapsicion time Frae T 1o b far positive traasicien, and from Y% o
VO Tor nesalive Wansitio, wus? b oo faser then 8 ns.
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AT Hoy Hegeisers
dewices trat racarve sipnals Croze e LAG 3 LS 1D s st mazr tha focloanmy seguisesenls

1 Speeifications (Tiese coapl IS war he et ot worss-cose supaly voliseze, smperaours, aod culoul
siprsl condibiv b

Vo vnn very oo 4 75 WV An 3725 v,
Teeped losr wndrage: 1.3 % fmeximum.

Tuput higs wvaltage: 1.7 % {mimemawes).
RAzcimmm input kewsags currenl when conssted Te 508 Yoo 20w Ao wich Yo emarcon 000
ana hls Y

AL Bpeciticationy
Fus recaiver inpul pin cauoaellanes Ioad: et o exeosd 10 nif
Fromaraion deley: ol wexceed 37 ons,

Focwives dhosw (illerenss [ propagation timae Sceecer slwesl and Qestest receiverds ol wo
excecd 25 ms.

407 Huy Termingtivn

The 120082 1ET-12 bes st be wrpiirated a7 cack end by an appropriace test=Oee wrmmiialon, & peirol
resiszrs 0 eeries Mrom - 3.0 Lo geoend 25 usad toocsmnoosihoa vallage Tus each bidicewlone] Lline when
that hme 3% nol being Griven fpesatedl The paralicl moapederoee af Lis paic of resetors 5 120 9 The
teTTiTl iy Cesislors aee sl jn Fignre <-4, The b D 1-T0A Sonlaimes e rrimaling, 1eEiin nlwis ks
m Th-pin dual-indine pachages io nrevide the 12008 werminaione fur Che dulafaddrzss siochronization,
and conlrel Lo at L processar cod of the by,

Sume syvslem conlizucatiens do not roomre ierminalicg restsiozs al e B cod of (e s 1 rhe syanem
confipuration fovd requice such termination, s Leoicelly provided by & M3403-%A cahle conneetnr
mudule, Bulee for soaligering ainkg o= gnl muleipie-back plane systeoe ae dosceined inifa-agraphs 180
angl 82

ALY
—_— Gl
TEF =1~ =

TR ELD
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04 Hos lutercnmncoiion Yeiring

This pacagraph contwms che slecimoe] choravtersigs of e s indertaee, The hes intaifaee for the
racddnlz connectorz 1= provided by wns, v or e beekplanes, dzpendiag on the syszam ennfignrazin,
s sach backplane vonliigs 2 slote, o syslem way ees &ceaxomom of 17 modole mrerfaceys to tha
ShLH .

47.%1  Baskplane Wiring  The wirlag (o inleseonneets &l davies rezrfaee =los o che L5111 bus
skl mest Lhe Jullowiag specilications,

[, The comductors nest e aganged soihat sach lnz exhibie a charsctori-oe impedenoe of § 20
CEreneisted watly cespect toothe hs encsvmwnm ramom),

B

-

*o Crosslalk P a pozlsc-driven lins tean wadnves ine beowhich a comsanl = ¥ e applied oot
b leas than 5% of the 5 %, Mone thet word-vese crosslh s mamiesied by sienolianzousiy
driviag all bor one sipral ine and meeringe the eTsol on ke undnven Jine

1 10 resiarance o £ bus seoment somal palh, as meesured belween e cesd-end Tenminilod
and far-cnd termena s modeles pnclediae all incervening conpecloz, celies, Dackplane wic
ing, conneetar-module etoh, ele.] muosl ol excesl 25

4. 10 resistancs ol w2 bus segrnenl sooereon ceurn patly, as easeied D iesin g AgE - ter-
minator and fer-end lerminator modules (ecioding an wlewolrg eonncetard, 2ables, hazk-
[Hlanz wsing connecus-madule eich, elc ) must ool eaeted aocquivalorn af 208 por sig 1a
Fath. Thus, the somzosile sianed relura patlede resisiancs wns, pot exeeed 2 0 dividad by it
s hvss, ur 540 rndd Mote thal altbough Ui souwian coloen g neminglly at grosane -
tercisl, The condustance must be parl ol e bue woezig; (e speciled low-impedsnee recorn
path muel be provided Sy the Des g oz S510ap0iEbed from coniman gvstem o ower
croeund puath.

ATHT Irtrabackplane Dus Wining - The wiing 1081 incceoraeers the s ennmeesar slety wvtain ome
compcrows bachplane b opart of e ovczall Bos tranginizsinn line, Dna to implamantetion constmonts,
the nonunal charsolerielic mpedance of 1208 may aar be achiceahle. Distribnted wirnpe capaotenee
n oewcess of e amoond cequiccd e achicvs the nominal 17U impzdanes may oot esceed dUoplopes
sipmal hine per buckpluue.

4785 Power saod Ground  Bach hus Darerface slot has conneetar pang sseapnec For Ui Tolloving Je

vl
Fowda  Theeo ping, £.5 A fmaximuom? per bes deviee slol
+ 12 wde T pivs, L0 A& (mRax T pet bus device slul)
{reonnd Fighr ping, sharced by power reoarn wnd sienel celurn

; -

The maxiconm allmsar'e current pet in i~ 1. A The 4 2 Ve musl be repcluoed e = 35 and ik
maximm cipple shanld not exceed 1O MY pesk-coeneek, The 12 e sl be regoleted 10 = 3% and
the masinin Cpple shonld non cxeeed 200G mY peas-lo-peal

Ma¥LE
Fower is act bused bebween buckplanes oo ey ioder-
commezting F.51-F1 hux cablos,

.25



4 784 Dluipiensaues and Mpsre Fins

Blauintens aee Pws — Uhare are Tour MOSTARE pins pes bus device slob gesigned W gralnloriso: (b,
AL BKL BEOYL Dae maintenenee pins on the hasic DRI avslery ars pel Lescd Dearn madole 1o
maodule, Instcac, at cach bue device sel, the maiarenznoe pors ge shorlied logeither 28 peirs, Thess pins
sl T ehoired teaether Tor some weadules ooooparsez, P allee o meodule e gge thess ping dering,
trdbial leeting as teeo separule poiols This feamrz i ased by TIGTTAL Loe nonufasrering tests anly.

Sgnre 1Ming — Spare ping et clloceicd on cha hackplane as Tullows,

NOMPARFE - These Lour pina, AR, AHT, WL, ATLD Ceith the sxeeptinn of ALT m sl 1]
ater reseryed Tor e parmicnlar wae of a moedale ur sel ol madnlez Vhey may ke cied a6 we
paints o ler wlermednle conmectun, Apprupciiie wircs st be addec ler intermedule comn-
municalion sinse hese 2ing gre nol connecled Wowany wa¥. The processer wies A i sla |
ae gzt aulp oo the SEUGN sienal % SEARE linza camned be csed 25 bu- conneetions

==

T AFARLSE  Thess twn ooine, ALV wod BUL fee zimilar o che 5 3FPARL plue excep 1hed
they o Ioonted ina manmer thal causes de vafages moaprear on Lemoil 4 moduls i s led
bockwards Lz of chees pios de nol cocoroendadd,

4% SYSTEM CONMEIGURATIONS

L&1=01 bus erslerms <1 e d wides fns Leo tyoes, The Flirst tepe coimprises Lose sysiems that use only
eme backplocz, 10c sacand tvpe comprisoe (oes s¥3ams trel uwse ulliple backplacies, Two scrs of
redes muesl be Gl ewed when confewsing o svsler oo acenmmedate e dilTerent clocuiesl chaazrer-
Lk el the taeg 1epos of Ky-remse. Tlhese cules aoc Lismad in Fargmephs 403,10 and 4.8 2,

Three chiarasteriztics of eavh componeol 0 a1 LR Bus eyslem most Do Eaawn betnse earigoring
dfly Brsloss

Pamear comsapaon The il amonnt of correnl drewn Do the — 5 Ve and 412 Yo
prwar surmbies by oall pedules " the svster.

-

AU bue leading  The pmenrs of ceoecilance o mesdole piasents s bue sigoal T AC
liading = expressed in 20 0ait Inads, whers one e uil nad aquals U2 ol ol cepaciance,

1 T bue Joading The ameunt of do leabape cocrsal o module prosents Lo w bus sigael when
Lhe i e Lipl (uodriveny B0 loediny s sapressed T terms of doownil deads, wloes one de
wril luadd equils 1035 as {neminali.

Froser comeumpticn, oo loedicg. aod do lnading apecificatinrs Tor cach module are mcladed o lie A0
arpecinter Tnterfuses Slomdbowd,

IYTH.
The s aned e leads god the oawor consumpiisn G
Lbwe processor nndnie cerminater meodale, aned k-
plome st e incloded in determining the ol bas
leagiing of 2 hackplane.

481 Hules for Toatlaming Singe-Baekplan: Sestems

hex Tolluwing reles mpole aaly 1e zingle-meknlone sysceme. Aoy exlsosio of the oz o™ the baakalzne
1 commide rsd u wediiple-hackplang sywtam and mst be conligpesed cocovdmaly, A single-backplare enn-
arwre v diagras s ghawen in Figuorz 413,



The bz can accogoadate madiies char beve op e 20 a0 Toads (eataly Toelors an add sl
iererinalion (5 requioed. The processor has en-boand leczozecivn for oo eed of 1he hes, 17
rovsre bt 20 a0 Tnoads are incioded, e other end of the Des moost B s eerninaed sach AU EL
Awcrminared ks can aceosvrodate modales cuanprisios o e 35 80 Inads Jroral

ac b can accommody s modwles wp e 20 S loads dosn
Thc ! d dul L 20 Logigds aznl)

The: s sigeel hess ar the backolons can e up 1o 358 am (14 in} lang

A FLAAEWIFE -
|" R B EN T L LR

_ | -4 1_i_ | —
l P06 CR | Znle GiE CHE MeE
e Hi~ TR 1] ozan
3 ' i ool ' LR A J PO | &
L

M AL AN
e ] e il 1 3

=EOlEATGr EL

L |

Firwe 4-15  Sinsle-Guckplaus Conligerauon

482 Rules lor Configiwing Yoitiple- Buckpiane Syslems
Mulliple ackplans systo =g ey contain o maximom of thres Lacaplanee, A conligaral or diagran fo
omultiple-hackplanz syetem a5 shown o Tiroes 4416,

1

ad

Lm

Ihe s ] e oo eech backplane can beoup ot 233 g (L0 ) lng

Bch Backpleie co acveemmmedats modoles al lave #n on 20080 Inads rotall, Loosed ac
laaeds Trom ure buchelane way nol e added o enatres hackpbiae it the seeenc hackplane
loelorg wall eeceed 20 ue Jopds, [0 e desieelle 10 Tead bacoplanas aqually, ar with the 1ghest
av lowds on the Tiesl wod second Dackplaods,

-
1

B loeding of all modules w &l neckalsnes canmar execed 15 loads (el

The Lrel bockploos must have ar impedance of 120048 tobtained vie che arocessor module .
The second backpling i3 werminaned e 12000 ~osietor nesworks conlaited on the cable con-
e Loy cesel led i the rhivd kackplane.

The @al:les carnaerirg the beckplanes mwse obseree Lhe Zolewiog rules.

The cableds] eaancetirg che forst fwn Rackpleies sl be 61 o (2 10 ur sreaier in
crelh

b, The cablels) copasoting e socond Rachplaas wiae b backplase aowse e 22 oo 04
(i) lupger o sbocter thac Uie conlels) ol cun g 11 fise and qecond ackplares

oo The egsiasd Leagth of bat cables muysr sot eveced &4 8510 m 41y £,

d. The eses uzed e have s charsotoristic impedanoee of 7410

C b
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Figore 4-100 Mulriple-kaekalare Confzneatinn

A3 Pover Suppéy Loeading

ock | oot teguwireszente Jur sech bockplooe fan b dstcomired b aboaining che coodl prwer reguire-
ments for sach roodule i the Dachplaae, Ok separass vomalz ‘o =5 % ard +72 Y power, Paower
reguireszents Jur secl module are spoeificd in the Wiveseminputer Jearfaces Hanehoalk,

Do oot allempt o disocibute pewes via the LS0-0 1 bos calics v ool iple-hackplone sysleme. Proade
RE[ATALE  EAPrUpIidie pover wising (rom cach power supply o cech seckplane. Bach powsr supply
showld be capeble of weeerting BFOK IT and BDOCOR H sipeels accordiag to bus protwcel; L 1 re-
cowire] i swlommalic power-Tail freslert progrens ame wonplementad, ee i speeifc peripherals reguirs s
oridecly power-duen el eeguence. The propee e of (he BPOK H oand BI2COK T sienele o: sioecgly
regamnneisd.



CHAPTER 5
FLMOCTTONAL DESCRIPTION

1 TWERGRHITIIN

Taix chapter deseribes the vontrul depic and data flow of ke RDELL-BA Figa 5 pmhoets 1 and 2j s
o Tune el Rlocts diseram Uil shoves Qe oo joe Ingics | aubiomls of the BEEFCL-BA and thoir relazin o
the Linl-11 s and the Bree joleria] processar buss- The thres iniernal bosss ars tie chip/data ad-

dreas Lines 00 R&T 51 Che miceisl=netion i O3 18, and e [nlerpal data/adcoss mos 1T13AT ]

The (onetinng o the logic subamls are deseeibed ar che n'ack diagram levzl Fhe Glock caerams maey
T wsed in conjumetior, wilic L KDFLL-R Ficld Sainteratce Print Bec fo locate che delsled cimewl
logic for the logic m'bunils, Dach Bleek i@ diagra = containe the letter Ko Tullowsd by @ muomnber |
tarmngh 100 1k alphaoumeric desigrater rateia woothe specilic drewimge aumber of the DT LD Tisly
Marrenance Priml Sel thad copiairs ihe detailed circuic e Tor Liel blocl.

The I T-TA venlral poeseazar wain s contained onoceo LET chipr dconloel aud dadi) which reside a2
a simgle 40bpin carrier. The aaional mamory meragemenl wnil (MU ocontised oo e TN e,
whied also resides o 40 pin esrvier Tha K120 1T-138 has societs Joe these can earrizes and three 2o
sockeis Toc the cawmereiny inzmruction set (TS or (loulog-peic, (EPY apions. The eenern and diata
chips, Ue BIML chip, and che aptional CT% and TPP (Lo liag ol processer) shins are wefermad e in
Lis discussion 33 the FY1 enip sen Phe T chips ceuwncicsie arnrg fhomsclves and wilk essmmi.
EDFLL Ba lopic nvar e BT o D0 ud COAL <2000 s, KEPTT-134 Loy inlerfuces the
F1L chip sot with the otiernel TDAL <2 13002 bus and the axzamal LA bus, The KDTFL-DA ol
ciaap and diagnostic line cloch and seciallioe wiits resice on the AL bws Memaors and additonl
periphesals interface with the L3110 bus  Hidireotional interroee ICTRALTDAL Lrinsecivees and
CUrA L SBIRAL rensceivers! un e KD 1-BA madwle connecs Lie COAL < 20000 hus wah 1ha
LAl <1500 bos and with the LS00 daca faddress o HERAT 020000

I 1-BA loew supporiiog (e E11 chiposet includes b master clock eontrel egic, WU decols loee,
Faed deta logic, seraiee logie, reest Ingic and QT lopie, Legic perlaining wothe LS1-TT bus mewdes
the bug comtrol logie, bus secbronizer and the CDAL/BLAAL vansesivers. Logic periuming Lo the
4], buy periplierals inclodes the hus ceavrol leple, CEALSIAL transceivers, the AL addeesy
deevde, bustslzar  diagacstic sadd line clock loeic, he console aad seeand UL Dgne, the bawd cele geo
erator, und the 12 % charge pomm lugic,

=1 nArs CHIY

The dete chip containe due TDT1L genceal ropstens, the processos siams word (RS0, sevesul worky
regivzers, Ve arilbooeic aid Logic unit (A LTI and condilienz] Tianching lngie The data ciip does 1l
ferllovaniry,

Ferlurme wil anllioeie and log aal funerions.

kd

Viwndles all dula and sdaress trarsfers wish the TEL L bas (oeeept relocating, which e Fon-
dled by the MBLL 20c Parag-aph 3.4)

3. Deperatos o of the wemaly weed Tor inlescbip coraronication and externel syelem conlzel.
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A tepical micteimatTeclivn svels slurte when e date i mceives A Do-bic microinstroction from che
cotiral chip en the sime-meinpleasd. bidivectonal 8B, Dving, e fiest 207 of the eycie (pheasc tima)
e reginte file e precharged and the selesled cepistor(s are read and sont part wix thecuek che Al 11
chain {ic., onerands ere wtched jolo the propagacs and geaerate latchas]. A lse dunimg the firse 1alf of
the evaiz, contrel informe Cer e Gegoded Loonn he micesingtruetine ane surpet on the 118 for e by
arher chips end external lesie, Dering e second hal? ot tae cvclz (phasc-bar tiracy the ALY aperation
is compleed and the resucl owelien e she appropriate regster,

Crueput vperalions ovcur Queiag e Firsi Falf of che oyele whon che content: of Lae eleclsd sowrce reps-
ter ere bused sround e ALL logic rlii'.,ml}' T 1 outpus pwiers, [npwd dala e sloebed oo Lie dae
chi during the Trsi ball of e eyele, althongh it is nok written mte (e reeisler Tile unlil U seconld
hal?

5.3 DONTROL CHF
The veircel ship eeneaits fae micrn: PIITAT Sed LT loedy and 332 wards of wlcroproaran sLoise
proeraresi il leeic arcave (PLARY and read-oniy memuosy (RO crravs,

Diering 1 course et 3 normal microinairuction seele, the vonirol chip accessss the appeapriats micey
inslrue Lico i 27 PLA ar KOS, sonds at alongs che MTE v the data and 28U chips Foo oxeeution. oo
ther genciates the addnzas for the e st micTeinstrustion e e aocvesed, The neet gdd ress i canst e
Crom ciaer 3 ner-pddress Meld sssocialed with e curoenl e eotseastion Ge, iF @ misiapeagea g
braoch i3 10 be cxcontod, the targel addrese contaiasd witlae e cieisiostruction wasdf, The ool
chip sperasion is pinclined for Setler peclurmances so it cle pesd stersnstretion is heing accessgd
while e cnrrent ane iy being executed. This neal addeess s 1l wsed o eenjanetian wizh varions inter-
ual stats and extormal sereice inpuis fo determins Wby michopeagra T acgueace, The coniral ehin ae-
coases nnly its lecy . worewe. Tlowever, mullipie chiss (o in 320 cen ke cascadad with external It ring

i previe additiona migToprogram skurs e,

£ kin Seleet (USELy - TECL 15 an opeu collzewore Jive wich 3 pall=ip rasisnor, C5b0 s routed ool 0900
chips on the ouard exvept the MMU. The active eontenl chip ialds che o w172 aoneslent caroad
chip is selecied by the miczecode, (e ling is omiled igh. This cowses 3 contrel chip ermos and a rep Lo
ication 10k,

s.4 MHIL CIHD

The WML whip selves vao purposes it aravides the mamory management [enclion and slorags oz e
TP Mloaling-goiol accemulaiors and acans wegivzers This chop provides dweal moode fuser and beroel)
address reloce lion of 22 wits Sigrcen-hit virtuzl addresses sre recseed Drozo the Sala <hup via Lhe
CDAL bue relocased 1o Y1 apprapriate V- or 22-bil abvsical coczes:, and e senl o e CEAL bue
e replave e ozigiaal wirtual address for fransmisor w Lthe external LE1 L] Bus, The MU S T T
e [he slates repiscer and sctive pape remelers (PATR PO regialer pale], 25 well a5 aocess pro
eviivn wnd glrar doetectinn caphilite, The RDAL chip cleo arevides S 36 16 -bil reglizicts teeded Los
gpericd stovags, sarsrchpad arcas, and stains informe Lon slornge dering Loalog poml 206E L

The KL chip iz contralled by infacme llon reveiesd unbe pucraiazimstion b (MIF) frar fag dajp
chip and annteal chip avd e several disereie control Dpats, Cowplele doigils of memney managone
capihililics am deserihed o Chapler &

5.5 BASE T NG D00

The haze timime For the DT -TA e perlormed by (e gastes ook eanenl ngie, Figare 3-2 showy
the wajor e alecks ol Lie mesler clock cootzel, the aorputa ot the maseer clnck contrsl lagic, atd the
interface to the XDT-BA loeis.
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Foanre 5-2 Kase Tiring, Ineorface
£ 26868 MHe covetal ascillavor tooglez a Lip Tep wleoes Dollered oo lput 0050 L deives b Uating

Togio Lov b BLL chip set, 1he conmeos ez Dot (ke D501 Bos, and il LEAL os, O30 [T s a0 period
ol TE g and a kel pociod of 37,3 a3

The chip clacs dviver maes the PHANE [T H flip-flep cacooe w peadnee the +12% FLL ehiposa oleck
sigiis {UHEIF LK A and CHIF OO I BY Fach cuposer clack evole congists of & phase s [PHASE
C1)H serlanc  prasc-har sime |[PH S5 (1) H elesr] Tee FL eFonoser is sconarane and kass ofoc s
sinm if 1 romnaing in phaso-bae tine (PR Fae langer thaa 300 0z " The Fil ehinoaes car renain ' pigss
sime {F1Y indefiriczly.



P abATL resters [PT2 410 11 engh 105 410 H oand FE1IZ 070 0 chrowgh PUTS 01) T uperale o
state muchimes, duriag phase L and phese-har e, reapoorivalv, IFFITAST {13 77 i H-:'l bt T'F2 111
H throwgrh FT5 (11 IT ure clc:l, i Jogic i3 7r oase timne one 1P PLLAST 000 TT cnd PT2 7100 1T are sl
hit B340 TT Lerougs DTS {25 H are alear, the logie s 7 phise Limae Lwvw. Sirnilerly. Jf ""I*u"'E LTI s
cleer and PBT2 010 E ibrongn PRTE 011 H are clear, II'.-_ leoie 1z in phuaee-bar Ume ooe, L PRTZ i Il
throweh POT4 010 IT eie set, by PHASS (10 H andd P03 000 LT are clasac, thes ogie I o b T L
[eaur.

Ehe PHASE (13 T flig-dlop and the swo shift registers aoe clocesl on Lhe leading edge of O5CO1] 1L
Wwnen FHAST (I IT Goclear, (lee Jogis 1vpical v advareoy sromy one phase-bar ames be Las nedl, Taelly,
i advances [em phose-Lur lizae 1s0 oo phase tome ana, Hosover, Lers are Lew eaceplions.

. During cddaess celoogrinn ovelos [REL GO0 T nega_ed]. Le Jopte enters plase e ons
uiles phase-var sume five.
2 Dhrina resel evelos (ENH HE el che o enlers phess L one alles paiee-lac L
H1A.
VWien PIIASE (11 H is sef, the erice typiceliy advancse Crua oo pliose Lo wotbe gext, Blowg e,
there are the Jullowitg crorptionsg

I, Tl lagic pamzcs ie phasa fome ome il sereeyele gnably [MORIES (0 ] 0z elear

Tre Ingic panaes in phese lrae ome 7 the Tt phase te was e pddress aye’e [P ADCVE (0]
H] and che addraes hars nul vel seiled un L 51T Bos [<7F BDRAL 3400 HL

P

1 TTe iegie anters phase-bar Lme one aller phase oe ves during a chip acn micra-MOE ovelz
(SHORT P,

4. The logic saless phasc-bar vime nre after phase ome chres 1 bolh BIED PT ITane TDEY
ToD 7T are ceecriodd, BIFIY T H s assartee cdweirg an F171 chip sel addrese cecle azan T
chip sel dice ecle that dazs aon refereree the 51201 ous, Lhe TDAL bue. or en MMU repgie-
ler. Too Llese T gazes, WERIT PTH b amcrted, —T D0 EWNT T G aseated ducing @ Fxed
dule evele.

L

Dractng oo Lisl-L1 os DEAHT evele, che logiz pauscs in phase cime Fowr unts KEPLY3 0T H
clears, This aody aZfcess DAl-17 bas DAY timing.

8 Dwring ot LS b, DR boa, or RUL DM ceale cha g pausss 0o phaee Lze Tow
wital it rccejves 4 roply sigas o It then proceads oo phaes Boe Nee,

P Doring an DRI-1T s, T2A bus, or MR OGUT vecle. e logic poeses o 2iose Lo [vs
witil §i receives s ceply vignal [t the procesds o phass-bar time eoe.

The PRV CRE L osignal elzars flip-Moos chas pate dele vowo e CDAL Jwee Juzing pless Lo Thel
Aata st reain T.hr.' re ot ane-hell en O50 penod oo phise-Tar leoe, The T LR L sigeed elcars
Fip-tlops tast pate dae ontu the COAT Bner during phaee-bas Wioe. That cala ccust s theis 7o
nnc-hals an O35 poriad dnto phase me.

Sa4 MAEH ERTONE LO5)0C

e Ta-nit micrsensoruecion suy WIE <0 1500z b cepnnen we all data aod esitenl eriza the MIE is
timc-mnleinlosed el o wsed Tor dilesenl functiane duing, Lhe elnek oveis. |:'1 ring the clack [haze-her
fimne, the BTH corining Uhe currend micreinsiime Lo |"|k'rll'|“'l'| v atc of the Fi1 envirl chips. Durirg
the elock phase ime, ihe MTD lues contain soateol inforimation previded by <he F11 daze ekis Vhe
EOIE T1-84 locic monilere sume 3B loes dering phase ime, sema anthe end of phase tine, ad some
at the and of phase-ser o, The M1B decede logic is gehnwvn 1 Figre 5-3.
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igure 5-3 0 BT Decode Lol

560 MMIB Eovonie Dowing Phase Fime
Truring plase tiore, WIE lne = 1205 050 coarnels the sddress Sinput fodlcul sigoals Ay <200
while MI1B lines 205000~ conizin the geaeral purpase antpits DUHPG <06l L

The AT birs are deended <o delermine whsthee 1he curerr cvele 1w an sddress Svslo (AL OO Hia
Tus-v e dara-in oyele (LTH CFC Hl or A Bos-rvne dac-nit o 'n'l'_-ll'_l UIJT‘ CYCED Bus-tepe Y amed
DOLT eveles ame cecoed vl v il BUS CY O H s asacrzsd, The wrile Movle sigaal (W K HY s 8o
dooaded, A2 are teo sienals kel delzimine whather the kyric eniers phase- i 10ne cicher afmer r.nIH'a-_
1 o [SHOE T FTEL, |'_'-|‘|13.|: i 1ece (MED 21 H]L o phase e Liee CSEDONET 95 H and KETY
#T H heth elear], Table -1 describes 1he deceded general-purpase outpud signals derived from W TT
=IO when RATH G2z negaied.

The assertion of M1E 03 i nsed wo ser the read Fxed duta [RD FIXDT (00 1] flipflaa demimg phiase
trne Lhres When (e BDOREKITE (10 L fop-lop de sel, e juwper-sclecnzd  poveerun mods and
PLALT TRAT cplicn nferaation s gaced onta the CDAL bus al (e same cime 1AL <IUE = 15 ne-
eled Lo specly oot addvess 173N



Takie &1 1dzended Ceoneral-Purpose Tholp
B - —_
GEOR2 LM G D Owtpat
(MIB02; (LB VTR Waumc Fuoe tion

I L 1 Dot L Loads 1z 1w higacet ord2r adorass hits oo
alareaowhile in micre=-0d2] - Thess tesy Rits

| arg neassaary tor TH-bit s ddressmg bocause
T oMoy manareTacett wnt 1~ di-e oo
wrie i LHAL

1 I 0l DS | Clzaes tha power-rual Mip=Tlop aller he
praecr-fail sagquence has beer e el in
micracode.

1 8l L L Cllzaes the evens Thp-Tep elier L eve
intermpt hue been serviced inomicnocad e,

0 i L AR B Cierorates © hove-poing pusse Uil s oo el
direcuy Lo ecuas Nopers AL ARIL This
sieral can be Lsed Lo cause a s leady R
mcwcation while thes precsssoe 15 [oeehing,
inslrueLivs, and o Dusbing indicatenahor
Lvping chacslers 2 oansals CHYT

562 MIE Docode af the Frd nf Fhass Time
The Lallowiog, BB lines are clockad vt Thp-Mlups by FITASEA (1) 1 oot che end af nhase time.

L. RUE 15 H s elecied into reloca oo vvcle [KEL CY 400 (0 HI.

T MR IR H winvertec w produce wddeess cocle AR OW O H], whieh is chockeed it L e hed
addresy ovele [1Lali C%C (1) II).

1 MIB BT M inverted woprodoce 3Y N, whict i eleckod oo LEVHCT (O TE LEYSCE
(10 H s sed by the bus control Togie wopgeaseate BRY w00 L

40 MIB 141 3 clocked e LINITE (D) H, which i inveried o produce BINIT L.

0.3 MIB Dedode i the Tnd of Fhose«Bae Tine o
PILASEA 4 1) 1T wlovks Cee ODT CYC (1 11 dip-flap ot cha snd of phase ber time. Dae OG0T CYC ()
11 iLip idop sets o RIEE 07 IT 3s cecected and MIE 0 H iz olesr.

£ BL% CONTROL TOpGTE

The logie deseribed in Uhis section coulzels the trarafes af wninrmation beoween the 11 ehin secand the
LSI-11 bus, the iransler of Snlommalion sevweer the F11 ehip st gnd the IDAL b, and the transfer of
FX1-11 bus ewnership Le DA devices Figoes 5-4 shaws the bos coatrol logie wle-faes to the LEI-TT
ks and the intermal ETE | -BA Lopic,
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3571 Bus Syocheomizer Clocuils

ecast nlecie] opecclive of Lee KDEL-BA be svocbmooous, asvoclooous caleztal spiels must be
senchroniasd belore Uiey can be uesd be e KDFLL-BA logic, The BRPLY L BSYMOC L BSACk L
el BOME L osipnals recsived (oo ile LS-LL bus aes twer crviee aod goost be oeoaiuered &5 L
yuenliy s passible. Al whe socoe e, e cegisters (ol veecive Lo st Beoallowed 1o seuls for as
lenet 00 gis 1o sozoree reliable Tus opesaion, Fhe oz syoehronizer contzing $accial ciqonitz that cloack
these Lour bus sipnals cvery Q00 11 perjod £9% o8], o plloswes hein ien (800 H parince (150 re) o
senlle, A LS1 LD s sieanl BODOCOE Hooand she mieroesale enable signal MOBSHE H, are net as

-

L friliealy ey ars shecked oyers fwan Q800 H periads,

50



.71 BREOLY, BSYMNC, BRaCK, BIDRE Synchrimization — Tach of LUie four bue gigzads (RRPLY L.
OBSY W L BYSACK |, and BIRR 10 s apphed 5 paralle] oa paic of T vepe o ops, Theee -
(s wre culled 1he A and B syrnenremorer Fp-floes, The sutpols of the A and B Ilip Deps ace conogeed
wihe A oapd Boicgmrs ot a malopleser. The aelec . pal of the muluplessy & abtained Do e SELA
L Dlagy, whizh is toegled by the leading sdee of GSCTL The SELA LY H et iz used 1o cleck the 3
Liptlaps #nd alao for the selecs :zpal ol the medisleser, The SELA (O3 Fompas is naed enly ra cinck
the A FlLip=Flagss.

The BERFLY L eipnal 35 clusked o e B olipeflap o the S EEA 71T H gigne and inta the & flip-flop
by chae Sl A (0 7] sipzed The SELA (L I aipes] conneated 10 ha multipleser seloets eiter 110 A or
1 Tlip-Tlop outpel w produce BREEY 2 1T When SELA CLY H iz acn, KEFLY 2 H cyoals the A flip-flop
outpa:, wich, by the peal G5O I legele, wil! have setrlzd for teen (3500 H poriods. This deseriptinn
apphies o the BSY ™0 L BSACK Loand BEIPWE 1 signals, waich are weed to pradace the BSY w02
M, REACKI T end RIMED H sipnals. respoctively,

5713 DBDCOK et ¥OENE Synchroviration — Vhe B0k H signal i apphed o owe T syachre-
rizer Clip-Tope. which are elecked e BEL O H e owepes ol ihe second 3 Chp-Tlop RICCES §17
IT1) i psed oo Lodd ohe KIELT-Ba logic in the cleer comdsdon wanl TRDACOER Y £ 1T sete, This zenne
il 1be KDED-BA Ingic will remain in the clear conditien Tor teo O50 T periods (150 el alier
B0 H s azscrtod

The MOFRE H signal i- aoplied o vea Aosrocheonieer Bip Loss wbhich acs elockad hy S5EL {00 EL
The eeipnt af tha azennd A PHp=Cloo WTCTONHS OLETT 6 sent b e plioss Goe peuse cernoal lozie of e
saarer alock ermoral, WOLNTEL (D T] will clear tow O8C [T oeriads (150 ash abier MOERE H s ne
gated. Thiz wianal i@ negeisd lor manfaclenicg est puzposcs ol

S7.% EMrect Wemory soeess (DAE4 ) Controd

Pk on the K2 1-HA mod e alluwe o periphecad 1o gain eoofeal of the T3R5 has fram the proees-
wor and transler dele direc Iy between thoe peciphece] aad coeoroey, ' this way, cats transfors can nc-
eut at (ol mermuory speed tathier han v 1hG proccssor 1anster date words anz at & time between
the percadesrel and mercory, Pacugrapl 4.4 prescoa: e L5011 Bos socctfieation for graaning (364
reguesls,

Eebda Sas arane Onevaiion

A dipesi ey aceess (DA devics reygueets cotmal of the RET-11 bus by eseerune BDMR
KDF!] BA giants contnl of the L5110 bus te o coonestiog device by wiserting GO0 L. The Tol-
Tovene cvenls acene duc g @ K1FTT-HBA Dus mrant sequence.,

. The

1. BIPWE L s ccecivad, inverced wo KT3ER 1 senchromized, and delaeed Dy vwo 0500 11 perd
nes -o issenmne RIRTRZ B

200 after the Rl 11-H4 has moeleased he TET-00 Dus (OTB0AL L0 P and HE L BLLS (00 H
ot asserted], EDRMEZ 1 wseerte DRIG TNE L

W

O 1 el s DY TG IT o e DMT 3 11 ip Hep, which asscits BiIMOHE L

S DRTGETY H sl cipeers the 3-5ACK lneoul cecuil w1le ag syacarmizae, IF BxACh
fode Mo serled Dy Lhe ceguesling DRELA desice wilhin LG as after the KI2F1T1-EA issuce
WRTOID T the WO-TACK losout ciecuit will acgarg FME RME (1) 1. The acgation of
W UOAR §00 Lopegeles BRI wbich leads 00 nggatinr ar BT

3. DSACE L s received. Drecrled o BYACE H, arnchronived, and dalaved byt 050 peri-

uids b beoeie BEATKI L REACK? B i clocked ireo the BosaC K3 Thp-Tlup Cecaced 17
Uhe o cuntesl logic) Ty %40 H 1o negate BHAa{ W5 (0] H.

Al



{0 The negadon of BEACEY {00 11 by 80 1 aanaes the sepation of BRAOC0 L w ernuinats
the bus erant wequence.

5% Address Rliernevele Condrnl

Phe KI210-HA mey ser’orm either a oo addeess derorecle a0 relecy ed-addesas inioredycie,
deaending er whether the memery mansgezws vt i3 caanloed ar disablod. §le miemuosy managzingol
wik s enabled or dizabled under program coaliol

A norm -address micreeyeie 15 e La-kit diceet Pyre address shae refzrences the Gt 328 woids (64K
hyros] of memory and therelome, daps ool caquacs 1Fe memasy 0 ne geate w fimeticn, & relocated-ad-
dreas roerocyele 15 ane Whal wees e MML fo convers & P59 pengram virms address (YA tnoan k-
o 22-bet phesical TRA) addesss, Wheo e MBLD s snallad, fre normai Th-hit civeet byze address i ra
lewrres imlerpoeled ue oodirsct plovsioal addrass bor ag a vimcal aodeess eareaning cafrratien oo he
weed inocomsiructing o opew LR osr W2-hit addrass tret w0 ocaoe b of refeerery addre-ses moa 4 ntee
byl memery.

Micreinstwetier, bes bit (VT L3 G e apciioey maaagamant cnchle DT LY igne] thal jodalze
0 the processor lagic whaether o selosaled-address micissyals 2hnn’d or should mol be perforzied. The
Jerary mandgernent Lni eserls MYE Lowhen & oo cearsd-sddrass micricy cle shoeald ke pezlermed.
MME s alan guserted low oy the KDETLBA QD7 Ingic during corfain Q0T addrees: crcies.

The K12 11-HA loeic sores (e address provicod by tie 111 dacs chip during plioee U i o ol
address ricrocvels 5 1o perlorwsed o 3Fan CH¥E aye ¢ hay heen decoded. Torving o celocalioo addesss
“rieroecle I weeerle MME L), the address provided by the WL s slozed by b KOFL-BA
urre durine phaes-ber twe, The fadlow g avetrs teke place duming an cddress microcyels
1. Thke LD GDAL (LY a0 0 12 BEST O1FH signes Trum e boe conliol Joese eirck the €314
wealeess o Ue BUA L reoistets of the end of shiase time o,

Zo The LIF 1AL (1Y H sipnal from the bue conerol Togis olocks the 013AL address infe the
li.lehed jitceaal address rosters of the TRRAL decode logis o the ¢nd of phage time three.

3.0 I a0 DA dovice s using the [S1-17 b, che ST BR2AT 01D Losienad Moo the bus conl
Togh: gales che add-cas in che BIZA L remsters onte the BOAT anes al the end of plidee lize
ece Dosle chat daring addrese relocetion cycles, Lie 00AL repaiers du nul couiiin o vald
adldress vl the end of phage-per tinte three.

I

FE s P A device is using the LA bus, ke ST DAL (0 IT clpae] Ly Cbaligad wndil 1Te
P A dovice releases the hos by necacng BEACT L Wiheo (e Bue 5 oacleased, 0600 H sets
31 RIALC (1] H, which gats- the addres in he BERAL cegisiers aals she SEAL ek,

5 AR RIRAL ) Hoand TR OLS Y 010 T8 clock ihe 20AL addesss indehe BIAL registerns os
she end of mhasa-ber dnre three when wsing the plise Tar tom addiess frelocatiar address)
from cha MWL

N LI LATE O 07 clocks the CDAL adddezss iotn che Istched interea | address remisiers ol tae
HrAt decode logic el L end of plose bes Lo Lo when nsing the phese-bar dime address
rumn Lhe BT

Lo GTODALL (1T serzmine $ob um s s he resognizian of & b 200 cyeles (BT decede oo
windtls TITN C%C ITh oo Lo wwd Gl a s DXLV avele [UOIL T 2 011 H nega ).



S0 BRSSO Mignal

The BSY IO L sigral s asscrzsd on Lhe TE-LL bus wher dhe D enroral Togie asserls lansmil sy meioe
i [TH% S0 01 H]L Al address cycles, excopl ose 1hat precedz am interrupl-type DT wvile, aesecl
TAY™NC (1 HL Accerding w TEL-1L bus specifleations, sy P T D omisl beosel I30 s oo
arier the adercss 1 mated anbe the GOAL Jees O8O0 fram tae maser clock vunieal olocks T M4
(13 H secf heth LSYNCT O IT and 5T BIZALS |11 H are sew The MIZ -.:-:a:uﬂa; Logis will asscn
Ly ROk (10 H AP BTG 07 1T 1 togared as che ana of phose ome, The OT BOAL 2 01) H sfgoal in the
s control logic s set 130w alter 1he addeess i3 gatec onte the 30AL Lie., [T GT BI3 AL il H s
clzar, tie logic panses in phase s sl it sory, this ssseming L -m-ﬂ cag hiedl oscillazas periad= he-
twee the time Lhe cddeess is 2apted ar the B1ALL lnes anc Lh-: destrilen o] AMYNC L MY NOEF T
H is cleas, the lopic continucs bt docs not, sot TRY NS

Crmce sel, TAYNC L) 1 eprsing set unt: che VLT B (1 IT siznal in e bas conteel e clears and
the save device negaccs BRPEY Lo B S0 000 0T deer ool dlepn oot D 45T BIXAERR 711 1 and HUIS
YT ol clear.

TS5 Moainterrvpr Hug DB 2 eles

A nonintercupl ws DI oyoe (AT s w read operaliva, Doing, a0 BN microeyele or 1 DATT bes
secle [T <lava 3 inonr te tha 171 ._h|p sel [zom (e 100AL Bog via the CI0AT STIRAL ransceivers or
Froms L LSL 1L s vin the €7034 1 7 BNAL lransceivees The MER 13 H (13K H signai is nuel asserled
during 2 sgcioleimgt sus 20 rcrovvele. and thes peesens the assertion of B |AKG Loz the LS
bue. The lellowing cvanty fake place durow o oaorzel oos DS evels

I, The 1Sy S0 0T M osignal Too the ous ooningl 1r~i.li¢_- iz 5ot one-hald pecied beloze (e cud of
phase sima one and 15 eeerled e assoe BT N

T BN anserled by DEXCYO H fear the MR decods Topse vae-hall peoad mfa plass
rima three.

T 3T BDAL 1 IT s cleared &1 Thc cod o0 phage tins Chres becease 1he M decode Dapic ras
Rt AT R I ¥ B

4. T che TADY SEL H signal frem the AT mddoess decods eaie iz assamad, BRI RAL T H
ey Lhe docs oo che 1AL lines onta the CTIAL lines af e cod of phasz tome B

S, T e 1AD BEL H signal is o ear, BRI BRAL (11 IT gates the data anothe BEAL lines anio
the DAL Does an she end of phase Lme Tour,

&, The wasier <dock eorrral causes che lowo Lo pause o0 phase time fone wrcl of recsives 1
diculicg than 120 daey craasder b5 cempleted. The completior of the dete crensles 5 om-
dicated Ty the seaertion of the BRPLY L osigid, e RLY TI2AL {07 A signy From Lhe bus
cenloed legie, or the AMEIL BPTY T sigral (row $he memery manigement oL

-

The CDAL dna is cincked o Lhe THE wlip sel 21 e 2nd ot phase time Ave.

S8 Intepvupe-dvpe How DN Oyl

The KDF] |-AA Tay sosant mnersunis Jrom either she v boerd S o from exterral deeces. 17 1he
brwterru st pequest iz Fram an en-keand devive, the inercasl wector acdeessg iz inpus o the B chio sel vig
the COALALAL rransceivers. 1 the interrup! reguest b5 Do an cTteceal daviee, the inpel veclur
cidiess 13 inpnt 1o the S0 chip set Trom the TSLUL Lus eia 1he O HIRA T sransceneers,

311



Tha 1911 chip sel weeects MIE 13 HOLAK Hycuacirg interropt tepe bus DIN ceclee, TAK TT cavses Lie

Augertion of che BTARD L bas sizaal 10 soknmwledge tha banoring of anoesternal or nlsooal e
regua-t The Jullewing evepis ke place during an inzzrrgpt-tape ] I

. The KOFLL BA S Ue regqnesn an interrunt o wesesting DL T T one ol 1hee BL1LE @5 requeal-
ing an itpeopl, and iF oo higher interrupt regwesl & pemding (BIRGH 3 L oaad BIRO @ L
pegated ), e o3 cnneeal logic asserts Lo DUTATO O TT an e Degioning of plhase tome ene

[

Buocauss TAY™NOF {10 H o clear, TSSO 000 IT daes nod 361,

3. Theasaertinn of (310N CYC 0 Trocn the TR decods Joelc caages 3R {11 H to set ene-hall
poving inte phase ume chres, Wher DIW (10 ID ses, i canses 1he assertion of B30 L

4 FURRALT {1 Hoan Lhe bus control logis s clesred at the and 0¥ pphase time Lhree by che
assarrion nf 1219 BYE I

]

I the BN L TAK (10 11 stooal i Lwe bas corend ee’e iz aee, BRI DAT 410 1) w5 ssl une
paring ko phass ime Teus Wihen RD T2AL (1) H sers, one of the four KTT 1-BA SLU
veotnT dldresses placed v tle IDGAL lines is iepot tethe B chip set vin Lhe CRALSTDAL
TTH ROV,

0. IT T DLTAT 410 11 b cleas, 2% BITAL 01 H s set one period inlo phase lme Soaz aud
TIAK (T e ciocked ol v porind after 001 HEA LS 015 H g cloched cleer, When TLAK
P07 sele, 31 cepses —he azsertion o BIARO Lo LD veouor wddress inpe, [eom 1 cateoeel
device s e read Dom 1he BIZAT, lincs oo the CLAL Bnes.

T The mueler ook control eanscs the logwe w oeese inophase Lo Toes anlll G reecives an
indicatioz 1t 1ke vector addrass itanafer 6 compieced. The comple oo o2 176 weerar trans-
Ter is ndicaicd by the assertion of the R PLY sianal oo by ile negalicn of the BRI D3AT (0]
IT siganl Feam the s contrel epie.

3. The CIkAal data is clocked ma the THE chip sel at (e cod of pase time five.

7T Bus DO Cwele

A Lus DT cvele s 2 write nperetinn, Darry o DOUT ciciccvele of a IRATIHED bus cvele, 160-bet
words [RPATON o 8-hit hytes (IVATOB} cre outpul by Le FIL chip set waan 1AL repisier via the
COALSERAL transccivers, o7 be wn exiernal device vin (e CLRALSBIVAL transecars, 1he fellowing
eeenls talke place doring 1 OUT cvle.

F. L3 BIAaL (1) Hocloche e CDAL date e 1k BI7A L registers ot ths end of phase me
thice.

o]

Fhee CHYAT, dile s alse gated ot g XA ines,

A Uhe by control legic clocle she Gaeenal address wreice (180 WH 1) L] sigoal er ar the erd
af phave tme o and Slocked off one periad inta phase tme Gee, 10 e PLA inoche TEAL
yeddress decede logic hes soleoed one of the writable repzler, e LAT WH {1 L. signal
pates the lond stunal fep, LI PO LA ED oo the selecled TRAL bus copiarr.

4. The mester cloch oopirsl cavses 70 hggic wopase o phass Lise Foue nintil tae bi- coamorn,
i newules BEPLY Y 001 Ho This ocewrs only during DATLED ceeles.
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L

Fle DCGLUT O C U sinan” tenm rha MK decoda logic s clovked o OV T T3 0 af tha bos
cetcral Iogie ane povind Tamo phase sime Fee, W ke DU T {1 1 sets, ot croses the gseertiar
wl BOWWLT L,

g, The gasor ooy coneal canses 71 e o pese in phase Gme Dve unal che ML azscots
RIS RPLY B ao crtorns | device assets BEEPLY Loor, iF 1A 5T L0y esserted, annl <he
Lus costeol logic aegates PAE WE (1) H.

=

The aspatian o7 (05 BExAL (10 14 i deleyed by LI'Il:' selang exd clewring of THOTT2 12571,
LG (10 H s sot one period afer 0T 000 LT sete Cafrer BDOUT L oo ey
LRG> 01 Hoelears one periaed e lier TRSUT O TT clears.

R OLivAL -HI'F AL INPRHEALE

The CikAl SS08L crenseravers ransfer inlormasion belvesn (e DA Bos andd the FED e5ipozen in
vespaase too ead, gate, and read sienels oblaingd Leom b Bes contenl Tegiz, The CIVAT F2AT hag
inte-facs s skoen o Tizure 5-3.

Fha L BIAT (7T amd LR BRST (L) H siznals ave nsed oo load the infermazion ae tic CIrAL o
intn the transcet ver recislers during a éoloout Paritey bus ayele, Uhe ST Rizal, (1) fosieme | zafes the
contenta ol che transesiver replslers coto e LX]1- | Fang The B3 5IAL 1) 1L wignal enebles the trans
woive rorsiers during a delo-ia Cead) s oy’ o oraestor the information o che Blirad, o180 1,

lines o Lhn: CDAL bue.

The MTB devde lopic -J-.wd-.n.- MUB =Tt aad sots oar ciears che CO00T O8O Min-flop al Lhe snd of
ph;-m:-b_r Lirne Lo Ldivase wog e TR p— cvala wow norma! rodress L}'-\.-I-\.- of wn DUT address
gvcle, The ODT S Qin-lop is clear daring a nerratl address cvele snd sel during an SO svele.

Crurizsg ol addreas cveles, BHET L0 assorzad iF BRICF I G asierled by the Tl date viap or Lo
MI%EL clip [Muging €Y acdress '..-":-l'.'llli". the €M T logie performs an CRT relovelive vyode fu <lear
GBS7 LA cither CHYVATT UV H or COFFATO (1011 5 clear, The ueeeriion of BEST L adicnivs 1hl oo
addeess romronsss the Bh-borte 0Cr Daere,

The HWTEV (105 sienelis badec i the CTALBDAL {rousecisaed and paved onta the TS1-1T s
Auging the addresa and dacy pordons of Lae dele-oul bas -:_-,u'.u The MIB decode lagie desndes MR
<% Hoe 10 et or cloar the HOWTET latch. The ITWTI‘-T L3 I sipaoal s sel during the address partian ot

a daca-nus oz ovele. Dhermg te daca poraazn ol e Sula aul crele, HETURT 00 H i ser roomdicete
a wrire bite operetion and clear v ehicale o wei word oporacian, Tre state of BW7TET w5 et gated
civtn the P30T bes during o dulu-in evels,

The HIDAL, =106 L obis e ueed Ty il sorvioo logie for anoaddrzss pasite chock. The bty are
transforrad as I_-LEI_:I AL 1Tt IT e b svrvlos logie e B BIDAL 01 1 dering & data-in bus cveele,
It Lozh KidAT. bils are ael, o d_l]-;]]'-,_._.;;. orcily seeer PAR FRE (1) A i penerated by che seovice logic
at the end ol phase-bur tme, PAR EBR (1) M i ‘1«-."|‘| Iy the reset Ingic o st all ol the TT1 chins
cxcopt che MWL chip, PAR ERE 11 H alzs causes the peagram oo trap bo lpcelium 114,

2% BEIVICE RLSET, AND 0L G.38a0

Ihe sereice ol 2alss lloomalion 2 -Iw- !‘I)-ﬂx o 1207050007 Bnes 1 Tespones i variies esler-
aul end interne] LDFIL-BEA condiziats. i'he service logic ops r~'1|-|r i IJ...,'-I.-FL_'ll"l_ i Porapmapl 5.2, The
senel Jopic gcatlarg spadous eiror aignal |n]'- s amd penerates o Tesel stgnad foc Ches boe coolned loegis snd
che TIL ghip set il oo cerer I8 derseted. "Vha reset lopic opevalion b .lt..pq.-l.'ll'_“:d i Farageaph 232 The
servive g 1oEsL lagio intertace wo the 15011 b, C12AL bus. and ulher BDE L BA logae 5 shawn o
Fleww &G
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Eiouze 349 Service wnd Beeel Loee Truerlace

The THAC e mates the QUFT addres oot the TOAL 2200800 hnee during DDT address orces.
he operation of the (XY Ingie @ deseribed in Parsgraph 50400 and the byos moesrlace 1e shown n
ipawre 5-7.

3890 Ecud Nerrice Uperation

The CDAL <1200 lincs cariait serviee Irfaessatien chzring ahaze-nar tima iv a celneated address =
ol on L €20AL Tws The read acevice BE 5% 00 L ogipaal fram the reaes Iagic pates the sonaee
tebcczaalion colg the 1AL = T2000 hines at the ord af phase-lare e enc, or when an SELE Al
g ¢1 1he boeginning of prase-tac fime foor, KIS0 00010 v eleared Dy prhase tome clzar BT OLR
L ooe-hadt poriad into phase vime nne.



Thirlewn sorvics information bile ane placed on the Ci0ATL =2 12002 e hy trisitate covers or i
siole registors, Five of Lhe COVAL lipgs = 06002 G0 are doiven by wi-state dnvers when BD BVO
(11 Lo psserted. | e st wuncs aad feredons fur bs CDAL Lines are deserised in Table &2

-

Tauhic =-2

Serrice bagic Hits - 0804002 0 -

LR B
Line

Sipnl
Fs e

Tingea Fiven

e —

(PN T |

el 040

ChAL 0} H

Chpnt 2 H

CIeA1 1 H

{7rraanit
T O 4 S D

ARHTL

pal ERF (11

TR L) E

CoAl 00 M is alwwes sreected,

Tre asuetiom of Jbie =i dndieaies thes rone ol the T voolos
ol ns awserbed eiither CSELA |1 ar 5L 1L

Foggation of
ahort.

thas bl woeleaces rhes occorrense ol oo BRI

Bewridon ol (s T indieates o pemily eTror.

Aot ol 1hiE it ind eares thel the LS1-10 buos BEBOCOIR H
sivnal hue besn valid for ot woaes thvey pliies v pheaz-h

L Lacasy

The vemumnge sighi COAL lines - 1200 0 Bl ary diiven by o PTi-sLale

realster, L0 signa s de-

e

aopibad in Dable 31 g clockad o the rewis er by PEHANB O] H Gt 1ae beguuitong F phaso- ET Lo
ang placed on the £DAL Hnes when BRIV EVC {1 L s asserazd.

Tanle 5-3

SEnral

e Pt

Senidee 1opic Birs <1200

T s daae

CIAL T

AL 0 IR

DAL 0% [1

CDhAL 9% H

CDALOT H

EYVHEST FLA 071

iR H
IR 5 H
PG H

PR LT

PR DW™s (1) H

ITALT 11

TIMEM T (3] H

Mz wseerlion
regued,

croeTred.,

Tl assarcion ul this oo,

Al s

Tl azsarrion of Lhs b, posiz

Tle azscrrion of Lhie bl posis
Tha aaserdon el s Tl posts

.','I -

Pucls

]'II"i:‘iT!-i

The wsasvtivnr of T10s Bk pusts o llie eleek internoat regusesl.
woopiel-d interowat teguesl
4 ersl-%ointerrieal Tec eyl
a lemmcl-rinterrepl Teeesl.
A lewzl-T inlerrnpl redesl

A cmeeer-duwn Ll ernpd

Inis bin pellocts 1he srara ol The T57-10 Tes 85241701 linc,

[he aseecton el chis e vdice bes thel a s lensns ks




.7 F1Y Thig Bese: Caceation

The resel logic rensreles an 701 chop cesel LCTI1R BET T2 sigoal Ter e one ol Jive eccor cundilions
fnel regorse innmediate silention b e chip sl The UL BST IT slamal 13 covled w2 odl ibe F1I chipe
exoepl Lhe BROU clap, The CEIIM B5T I sznal 2 azsaced fied Lor acy oo ol e Tive Dolloveang
condiliuns.

[, annen areer = & aonzestern comtil chip e seleced by che micoonde.
2. Buz oo AonnreEistonT memsry Incation is accessed.
3, Paviiveqorar A parivy oiras is derecten o a currant read from memery,

4. D] powwer-up - Lnon pever-up che processer Geces Lee reset g to aesere CHIEF Bal H e
initialize 21l ineernai ohip reesters, e de power-up line hen clears end s not resenivares
whole de poweer 5 on.

5 Widti, ahot = [oe MW hee sherted o mappes metsary retforenee The B chip will

wasere ABOET T Tur aav ol the (piewing reusonm-.

v The memory location relersoced iy pul prsseal i e currenl usee™s protected address
5 i

o At omads o wed i s wrie protested Loce Len.

& CPhe wser s cxeceding Ws s lontod page Do edac

The reset Buenc inmiak sanc outpil sbmals are shew o iimarz F-n. The CHIP RET H signal is ol
From a KIS Thn-Clop taat 45 clockad set 2t the beginming of phasz-lar tima foar o any nve of Fage
erron sy Tem bae service e o seesrosd. Uhe service lgic arm sigmals soc epolizd fea NOR gaic
b prnduce an ennboe reses (ENH RET L which s apphed oo Pre 1 inpet ol the BESET Hisflam @ rd
Lag cmieler cooch control Tag wseertion of LB S L extends phoase-oor vime through phase-bar fime
kS

The AHOET Losiena. ceneralel by Uie ML chis ae o cesull of o mesmory error 5 applied ta che sct
inpus ul the EVETY (hp-llup when phase-oer me chres beeing, The menel name- cnd lunsoons nf the
werrar soomeals that v weesrtion of TITTP BET I are Cesenbed in Tuble 24, The BRESEUT Mhp-Tlop is
sleared by PT CLR L (ewen U wasier Jlock control coe-lull peciod alter plase lims one.

Taide J=4  F1F Clap Reser Sinnads

Szl

T T e v
D GRS G B Agertion of 107 b dodieawes g g D51 CL Dogs BECOR L siaal Iis been

v dicl Fow Joss tTan thige pese sime-ro-phase-iar rea1sidings

PAR HER[:1 H Angectine of this hit indizates s pacicy aeens; a trap ea laeatien |1y aceis,
El:= BRER (1] H Aguoctinet of zhis it indicazas 3 hes cimeouc: @ trap tn Incation <5 acenis.
MO CSELLH A egertion oF chis bl indicaces thet none of the TTT contrel cheos asserted cither

CHULA or CRTULE: a lran oo Bawce e [0y aoonms,

ADNDRT L Acservior ol this bil indivales an AT aborl; o otrap e lecation 2308 oo,

o . e e e e e - e e e e B 8 . e e - e e . e . . e B . e e B e e e e



.20 00T Address Lagis
Puring DT addressing cecles Lhe processor ressoids oot s aud daivne ey cetsved via e
coneole terrminal addeesses 7773600 [hooeab 777580, The DD Logie dotwclage v e PN L s apdd

other WD L-DA Jogis s shaoww o Figurs 570,

The CHT Lo conlens & p-Mos IPT2200 Ll e oused beoagle e COAL 22100 aad AR 75 H
drivars, FUA s clocked sel duniog every adldivee ewcle ol b Begiromng o phass fine 7o aad eleared
onc-hall pertod 1l plese-bar e goe by PRT CLE L The QI lagie aisa conaims an 02T AR
Fhip-Fep oasl gaoes the ODT addzese bils < LT85 G CIRAL <1000 H, ennceais 12T addresy
teloczliun by weserilvn er neaasiol of MIB LT Hoand cnaghles o dizables the MBLE By assertion or
miegabion of DEIBLS L
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Dring O T address cvoles the GDT Al Fliptlop is o ncked set o O5H5 D at the end ol phese tomne
oy e cleared one-hall period inta plasc-sr voe, BEthe O 1 &1 Flipop i set, the PIX2EY Tp-
Flem negez s CTRAL 22200185 M oaod gates £071 zocrcss bits --'.": Flose wna CTIAT < 17 0as 1L
idwang nermal addeess eveles the QDT ADK F|1p 'FIZ'-]'I it cicgr end the PT2D |||p—- lexp nsszales STIAT
<20l TL The remuiniog addeess bitg (=07 50000 ere gared aneo CDATL < 132000 TT By Las T

Clatla CRLR.

[0 e 1w 20T address it S 1017 {1 v A DTS (LT e bodb s, Lhe [*lm:-l.. L adelrses sl
BEND IT signid wre corrsct and faere is no noed o prevent the TRAT and SR chips Do cesposding
o thedr IO paac addreases, However. iF either of Lhe ODT wddeess it booles, e O0T logic ol
apgrancs 1hal the B85 1oregister Bt s negatsd and el vhe DAT wod 3L chips do ool loesoroeeLly

respedd v an assccted BSI0H dunmngg preese Loes, Thierstors, i1 eilier SOTL? (1Y ELeg CGOFT L {10 [T 1s
L:]-:;u'. thos CFE ALER Flip-Flop asaers TS Lol dlisable (e MU repiaes, aod gesstes BUIE LS
D10 fores an AMXT addrosy relovetien cyole, The desecion of DRIMUS Lopreveots the ML Tow
doondirg O03A L 12000 Tur an Wk repisler addoess

The 3710 wodress relocalion cyele nepatee BalS [ qed DAL <2190, |"11 Fresss meaningleaz
date nn C12A1 <01 300 This celecation vycle porlozms sws “unarions, Fiest, Toprevers the AT ehip
frivm "1|.,.|*1".e;;l|_'r' resputding s phioes Lme &3 addiezsar "T80T8 oo (00 L =0 [ S0 Fhe 1A' -:hlj'l
socs A telncated addreee with 350 1T nepaled bBeonad, it inads the nn:;.._a-‘.:rl et :—| tenal into the
AT T, register kil wili e load sisnad LI KRST 0y B boete tiat [0 BIDAL 1T H ¢ 5o upidates the
EUIAT. o218 Lopeeisler 008 oves though they were orrncet by negsted dunng passe time.

S PIXED DATA DIW CYOTRS

The fxed dols logic shews in Fogars 54 gares the jumpersclected power-up mods cnd LIALT/ TRAF
oplione onte 1he €0AL bug during 10N ovelos, 10 WEE 03 s weeerled ducinge phase e, e BRI
FINDT M Lo i3 3ot ar the cad of phave dme teeo 2od sleeoed urs-hodl oeciod inlo phaee-bas me une,
BD FIXNDT L coalles tri-state deivers that mate the fullowiae status bils v e COAL linse.

1040, Line Inpui Mpmal and Forgesc
AL 0 H o Cirennal When poveer-an mode 235 selecled (DAL Bus QL 80 Selow, chis B spesilics
hosat. scdress UV A000,

CRAL OV

LPOE2 (01 L The asserlic ol s Ll indicetas 101 the F 51210 hus BPCR H alznal s
AAnbr e,

CIAL 02 1T TERAD G0N L Asecrion of [his sigap) ‘riiestzs shas vhe trap aption punpae s heen
insta]led,

CDAL D] IT| FUE GG b Assestien o7 this siens | wdicetes chac the soweraup code bl 21 jemper
Lie sawega installed

ChAL DD B PUE e L Assertinm of Bhis sicas rndicees chal ke ooewesoap code bl B0 jroipes
Wes een inetalladd,

Sl TIARSTDAL IVTREFACT

The 11 TIAR frammceivers lansler addoen: nud dele infenmation v 6o Desw o boazed p,-.'p tecul
dgsrioes |.':|'“,.I.'1.“|.'“r-.-:'| o the TI2AE. ous and ocher internel KOT-BA Jogic aood Sor Lo 2501 Dus vla Die
DAL bus e en-board periphers] devices are Uee cesele ol secend sepiallios voaile, e Duooi-
eteap/diagnoatie RO S and the hne clock, The TDALSIDAL inleclucy bs shown 1y Figurs 55,
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Tac CIad AL transceivers ure enubled by ihe ERN LA O1F T gignai. The H‘- &l flip-flop is
clocked claar one- I'..II”rv.nn._ ‘v phase-ber e oo s dsatles che G ADAL tranaceivers, The
LA A L fransceivers ere enubled wlhen (Le EIv 10AL flip-tep is chocked see nne-a1 0 period into
[liasc- -har three o ons-nall perivd iole phase Uime one, whicteser ncewss first,

The direclien of data trersler wough tas CIAAL STIAL transcsives i ennerabiog by chae B TIRAL 010
[T siprne] obigiced Tow e Dus gontoel lagic, The B 1Ea1.40 0 H aignel 1= rimmallye e, ceesing cha
Cramsler ol data Ueozs e C5AL sus wthe 24D bos, When an HzAL by reeisler or veswr address 1=
reed, RO 1DAL 1) 11 goos Dl ar tc ond or phass time S end G clearsd at chs end ol phase-bar
e cups, BLY IIRAL 0Ly H o canses the transtor of dets From che TTRAT. bos W the DAL bus

5.32 IDAL ADDEESS (YOOI

The 10al addacs: dogads logic cooodes the TTRAL < L5 11 addeces Tits and genorates read and
L sipoeede Tor G secial-ling unite, the bontstrep Sdicgnoetic RO, 1he bowsiap/ diagonanic regiaers,
and ke line clock remisor, Ve DAL addroess decods Jegw s ehown o Fisure 5-110,

The LIy iA 5K signal fxom the bus contru] L J_.':-.' Cloglbe BT i and 1E2AD -0 100N H inte the larched
inleriwl address sopister ac the end uf r‘hua... bk Lhree ol o woriea) addiess ayele, or af the and of
el aar 1ime fe f o a mirmnal address relocation, Becanse BST 4 reflenss BRI H garzd hy the asser-
o of NYE T 01y H oed DTG 0 TT OOT seloceiion oveles doonor npdatz the intormnal o
register. The auepete of the lashel intsrnal addesss coplsten are sent oo he progratnmable lowe srry
(LA BOR read decods loeic, uml e Toad and read deocdors,

The Pia decodes addres:., conloel, wed juwper sigoals tnpradinee signs s that cunornl the heding 2ml
reading of wariows TDAL bus cepisters, Tho PEA fnpuss may Bz sobdieiced as Tolloe.,

1. Four wirewrap Juioers:

a2 GDW DS L. wher pssercd, cizallzs che B oaad dagoeel resisters, e Lol
ard diapnuelic RO, and the line ciock regisler.

v J14 L. s L, when sssertod, diseboes the consele 5L jcaisiors
w1153 D2 B3 1, when wsseried, disebies the sevoond SLL regisiers,

AL b, when weegriml changes U base addross of the second S04 tromn

21
T Emr.q 1o 17 FTEA,.

I

voal
z
I

T HWIUI L o - This sianal 8 always eloar doring read data tranelers. clsar Tor wrile-wusd duta
braci-lers, and sel Loz wille-Dete daza mran-sers

I IIEVHCFIL This signal iz claar when readimg a0 vector wddress oad eel low o pocmid oead oo
wTile
A Vhin sinal fe asserled (low) iF LRST 00 HOLATZ (10 00 anc TATG T TT are all cseerisi.

“Uhis wmal i gseecied lor o]l IDAL reforonees. Hrwever, 121s noi decodsd Tor veclor addresy
relBrencts,

A0 ki sipnal s asserted Qo a0 Toac® S0 08 and Laos I.LI W IT are Bolh assecled wlile LAOT (0
H is romiced. Vhis sienal i: -;I.:-:-'l.‘Tll‘.-l.l .u: ull FDAL cegisler relvrvoove. LU je uol dooosded If.-r
aither ot ad daenuslic ROM relersncss o o eoctor address melvrens,

(TR -l I I E R LR - These sever addeess sizools ace ldvdually docaded,

T LA = T D0 IIWTBT LI e gescrted, thiz addegss B determines wherher tie high g
et Tow Byoe fe melereneedd.
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The el Fil& aucpiats are senl oo the loac snd reee dececers, Las ST selecl lugic, Lhe 51000
wootnr assertinr e, and the ser bl asserbon wrie, The senel names snd Teoctions of Uie FLA oul-
puIrs are 4y Fol oeows,

1. SEL WATREO LB T - Asserted Coz kowe-Dele celemences W wesweory mond@ewenl slali: resis-
Lol {SECM Al addrese 1770202,

L SEL DL LB L - Asserled lor low ele solercnees we dovies aod voousy addressos seiectod Ly
Lhee Telloweany juenper ceul_guralions
= Device addresses 7777580 bougdt LT7T0AG0e 100 1 IMED L LA i wrgeminded
¢ Deviee addregaes [3TTOS0y (hrang b 13370500, 00 1202 THED L OIT37 and 1212 A DR
Lod22) are Bach ungronnaed.

& mwvice sddressa TTTT05M themuzh " 77705 S0y oF 1212 BXilsl 100730 o5 unpeeerded
aad VR ATIEL L1220 0w pronnced.
1. MHI. HE HBE H - Asszrezd St odigh-bate references teo wddresses 10707070520
[FI7752% aad 17777547 0r BEDK L3150 106137 o5 wne-canded.

« tiragrh

-
! ]

il BE LB . — Asserted Tor bew-bree references woeddeesses 1777
TTTE2 o anad 173775 ehn 0F BIXK IS0 101150 i wngerewaded.

1. 8 320, throuch
1

A-ial 10 = Asserled Ton ell repisoer relerences Junowlicl, wlhen read. resisler bBie
R b IS RIS RN [ITE AT o3

]

. FRH-EE L - Asserled lor all vepisler celeceaces Do owluch, wber pead, cealsier b
1) are wlwave weno,

Yo ZBIE-2 L Assaled Lo oall pepisicr colocences for which, wher read, regisioe Bz
el B30 are alwavs zeio,

3. ATREEL LD Asscoled i SEL DL LB T, 5ED EK HE H, of SFEILBK BB L s assaread, slae
aeseried Jor volid DL Ligh-beate roforenecs and valid refzienaes tootha loas and disghosrnic
EOM 0 ases

Tho vordovs Load and zead coauol siznale aee prodyecd by chres 741 B153% decodars ard assoc’ated lne-
e, The Load sipoals arg seol wthe S registers, the page control register, che read aritc maintenance
realyier, 1 oot Sdiagaastic digplay register, and e inc cleck kngic when the [aFy WK | suanal from
the e cogreol Leaie 3 assaried,

The rend gigaals are sent toorhe 5L registers, fae hont configeration regiscer, the SEVCLE vactor
asgertion Tngic, and the read fwrite maintenanee ragister wher the RO HIAL H osimal fromn the bus
correni ngie is asscrted. 1M1e BOM read cecode loeic assers K EOM Lowzen the BTOIDAL L signed

iz assarted. T he RELE seleet logic nsza the BRI ERUI & siznal from ihe load and read decodsrs 1o reud
the conteats of cither the 51U recoiver balfor B HBLUCT Loor BD BOUTZ T

5.13 BOUTETRAF/TAAONOSTIC ANWD LINL CLaCK LOCIT

Tigure -0 1 shoves Ui bouls rend dapnoeis and line clock losie,
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The boot ang diupnosie DM seckels uoospd pioecoziaiinle 2B 45, and SE BOM: . These RO are
addressed be TTEA [5-08 and by lelohed Doerpal addeess blis LA <0000 0 A wicewsag julper azt
replace BTRAIS 11 will: | 3V Jur 2K EPRCRGS. The EO daa mogawed diecody ool [0AL
2150 by BD BOM L The KDEL-BA uses 2B FAM: (Lias que gompasille wilobe 20% 1L

The ol and G680031ie pead SR R inTENANSs PEIATLT Songiars of Tan hyras iecAansd iroa pair af 5Tl
viversa] st Selodage copisteis, Those regisrars are waded fraoon BRAL = TS0 by — 113 RW IR HI
iand LI REWR 1O R R BWHR H gates their conteirs aren [H2AL, =01 50000

Fhe haas and dirgnostic wrinc-only displey ramster conwsts of fowe bats lecausd moa owed regmisier, — 101
1P MY 1O H lnads thiz register with data From DAL 0053000 Clearing one of the funr disoley
repianer kits ligh-s a corsespending PHEI mawntec gt the fop oo the 20T 5-DA moalule.

The hoor s shinenest: read-only seabch reglaler consials ol gigh. switches hal sre pated wnwo TTAAL
SUTTN Dy B S AT L The remainingg TIDATL Hnes ere peeeled by Lhs cern bil logic Sotven o
the PLA ourpiets 2002 15312 1) wrad ZT 11— T C5ee Tigure >-1000

EI0RE T Cloek Register

Lhee e clock repwsier conlaang @ osingle reedowrive i K% TE O TT This b s loaded feo TOATL Ga 1
by — LI KW T 00 KX TD 000 7T e held set svhien thie LT BN L sipoel s asserled oy o wirewrsup
jumper, Thae TAT-10 bu~ BTVENT Lostonal ix received ae EYVENT TT I KW LE (111 G sell ihe lead-
my edee of TVENT I wew: E¥THT FLO (1111

The Iaei Ter readiog the Lo clock eepizier couzistg o0 a quad meMiplezer 10 gates KW LE (L1 11 cale
(DAL 98 11 ansd pegates 10AL CT, G2, and 00 LL The seapawicg LRAL lincs are negsted by the reoe b
ool drieens Iy e PEA oupets Z8 L3 L2, YR IT 200 and FEF 34D L {Mec Fignee 5-110.)

S A4 SERIAL-LINE LNFUS

Figure 512 (8hggts T oaoc 2 ahaws the Ingic asenciaced with the serial-line wiics,

s 4E  oviversal Azyackromnuas Beceirer Yrzosmikiers

Fact scoal o ain iz hazed on o3 oniversal asenehecnens reosiver tran~micter sirowie, contsitod inoy
aongly dikain packaee (Higite. Part Pooo 21213937070 Pacr VAR sontaing & receiver seotion and o
Franemit=2r sa2rion,

Toae rreciveT Aot conteins eceiver e iy bulTer Bite U7 - and recetver sialas reedsles bil o7, Semal
daze cnERIAT IRT Hoaor AakHELAL NI B s clocked oy e recotvar shio remsler aod Lhen tran-ferred
toche dese haffe, Posdip the data auler sets the sbovas b TR TMONT T er BXZ DO 10, The
roec contal sipnal TR BELT Loor KU RUUT2 L)oo e the dele oulTer ome TOAL 0000 47 erad
clewr- the states

The tranmemitles seclion solains Lanermitler Jda buller Bils 57 00 o] looieoniles stalue replsler bil
T ae wribe control sional (ED THUT T L or D TOUT2 L2 Jowds TORAT OF 00 IT oo e di L bulTer
and clears the slatus bic CTERIT I TT or TORIT2 I The cozwents of the delo buller i loosded i Lie
Lrarierribler shail terisles ue sovn us thal ceglaler eoeoopls T amd en coocked aun as seeil Jdata (SE-
EIAL GUTH T or SERTAL OUT2 100 The statue bl s sel wehen die Sava ool 55 croply end abls o
recelve outher chaceyler.

Cor g TUART the cevedver and trensmiler clocl zpuls acc Sedveo o e same eleckicg sisnal (BT
CLAD Hoer AT OUK 2100 Tae clock rele 1 13 Lozes e secial dol cule

Charocier Tormae are seleced Uy welreerap weepers sid oo cooedad ol seven ar cigls gy Big, ong ar
Laeta wlidpy 20 @arily or mo msily, cnd ol or evei paaile,
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5142 The DXC0GE Inderconl ]_«u-p,’n_ L ircuiis

Coctrzeriad-line uni. hos we sseociuled TR interrupl fogis circwnl thal sonelse of wno 18- |'.|1n PeLicho
Lach Tro00 Y provices cwe telerrapl cluinneds Tor recsiver sad lramsmitler interroels. Tos receiver o h:-.n-
el bes e Bigher praoeiey e Wie wacsccc e r <o)

Vil ar BEZ TRy b hais

The ceverers clanel sooiais 3 pead et Zoeerups el o [RXTIEQL L
Hit2 H lpads [ad Bas H

1
soaessed oy ot 08 of e eeorieer status copistel LG ROSE D L oo LI KA
it e Jnzeea concale hit,

The wramsmitic: chanial containg a rescwrite imTorwpn enehle bz [URT 1501 Haor T RZ TR0 H|
s is accessed a5 hit of the cramsmireer stamss cegisesr, LI TUSHD Hor 113 I{ SE2 H inads ki
(DALE O6 H jnco the inter-wnr crihle bin

if the recciver interewan cnable bt and the recever dome 200 (R0 RO L and XD TXOANT AL e
ach z2r, or if the cranamitter iierrupt enehle beand the transmitier ready bit (TG T EL end TTRATZ
H] a-c horh s2t, £z sapen collsctr imtermupt reguest culmul 1 dasses el The inlerrup. regusst aulpels of
The, oo VRO Sirewics are Bed topelher a5 T IRO T

The 111 chip sesand KT C-BA g reepond o an S i FUpL ceyussl (DL TRCHL sesecledd oy
redeliter thes wectur address. PT2 010 L drives the DEOOY BOIN inoule ol avlivates o]l channels ze-
guoshmg an merrupet at chal dme, R0 YO E ool enly gaces Lie vestor addreee onle TDAL 0F G2 TT
huat e ey asserts Lre consols TR0 BIAKD inpue, IF aeither of the dnscoupt eluanmnels o s DOO03
were acbiveted by FT2 000 L, the DOODS weseris ve BIALLY cvvpr, wiici drives (he BLARL lopos ol
the scher DO The actue:] vector address eated vneo FDAL 07 00 11 l]i:l.-':'ul]:i L DL YECE 1L
(¥ TAKGTT, DL VECB T, end DLE ADE] L. The seleced ovorupt chucwel s clearsd.

3145 Eﬁ,':si.'.r Ecud Operulions
Conlzel slgoa] RE BBUF] Loov B BBLEZ Logates coe ol 176 coeciver data Buffaes aees HAT 07 06
T Bl lleueeusly, Gie azsartions of ZB L3 1700 and SR DT 06 cavse the meen hit asse-tinn logic =a

nepats DAL 15 06 1L

Comrel gignsl K12 BOSE L gates cither EXT DUNE A snd BRT IR O Hor B2 105 Hoane B2
PG 0 cnte EDAL 07 06 Hoaad negates [AL 02 H oaad T30 HF LA 08 (1) My asaeread, e
cepsols cogeiver statys repisner signals are scoected, inoether cse, the asaorion of A 23=12 [, X8
I Dl and KT S5 AT L causes the zorn 27 asserter Lgic 1o aspace the remsining HIXAL lines.

Carren sigral B2 TOSE L oaees gicher VERTT H and TS IR Haor TEMT2 H azd T2 10 H
aato TIAT, 07 0% H and negaczs TEXAL 02 Hoans J00A1 o HL LA OV 070 H s a-serfed, che consolz
LeA 15T HRr ATALIA register sianaly ot selocted, Inoeither vise, che weseraom of S 15=12 0L Z15 11-181T,,
pad BT A S=3AT L causes the merm Bicassertion looic o negece e remarming T8 L line-.

S04 Mzad Hatz (renerator
A dual hawed rate generator arouit contamed noan [ a-oin 1 prodwces Lae BT CLED 1T and BT CLE2
H clocking signals for the teao seridl-line wmits of the J42-145 end 345020 jempers ace inslallsd.

Vhe boad Tae peneraler and =12 T‘r'- Charze Pump cre showo o Figuee 3-8 The baud e geoscaior je
driven by a wzral prinided oy o 54682 "u’i..-. ervsli] osciiuler, Tu:' el rile peuesior ﬂur Jes lie
hasiv crestal ﬂ'.u”m:r reguency mly one of 16 poestbole SLU peceiver-traneot ler Degueengics, Four
switches For each sevizl hine celecl e desired BT cluck Degeozey, olich o 16 wowes the dosined SLL
baud ute, The svitch cenBewrations e selzciios U ‘.'l."\--.l.l]..l. ol Dad sakes qee Dsled o Table 2-10
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Fooare 213 Beed Tale Censralor cnd 12%

Chargs Pump

145 Charge Pumy Ciroudi

The serisl-line I7A  rensmilisc-cecciver deivers require —12 % and —12 Y apereling power. The
eharee pump citouil supeliss e 12 Y, Derer climinaing che need lfor buckplane power oloes than
the standard 2 Y oapd | 2V,

The inpui W the choode poaog Sicenin iz 5 307 kHz sguare wave signal oblained from a divide-by-16
coumier driven by e 50888 MH2 covstal oscillator, Ve 377 K signal drives o paic of RIIT0026
—12 % RS cieck deivers 1hat alieraanely chavpe a G47 ol capantor e - 127%,



CHAPTHER 6
ANDPRESSING MODLES

fl INTHOGUCTION

[ the L3 11-BA ull memary reference addressing is actrnplishe? weing the sigh, geoecal ourpose
reaisters. IT apecilying oo addrow of Lke data (aperand addreeel cie ol the sight reeslers and oo of
sovera] acotessing modes are selected, Tach momery referenss insloeclion specifiz: he IR

Funelicn w he performec foperafion codz).

hd

Creneral-pironse register Lo be veed when loceling (e souree snd o desiimalion ap:renc.
3 Addiessing made, whick spesities how Lthe seleclod mglsters ars (o be used.

“any v pliilit es are provided by e eombination uf the addessing medes sml the lnsumetion vet. | he
FIAF11-BA s designed o handle stzaetured data elMicwally anc with flesibiily. Tas pencral-purpse
reisters woploment these Tuocliong in the follweang wiys,

1. Actasaveanuleles  ther hold che dele o e maromlazed

3 Act we poinlers  Uhe corent ol Uke repiso ie the address of U epernc mther than the
rperand ilsell. @llowing antemalic slepping, oonga memory lucalicns.

I, Aol we indes ropisrars — ihe conlent of he cegiseer is sdded 1o the szeamd ward ol L lostroe
tim Lo produce the address of Ui operand. This capabilily allews cawy zocess Lo variable
e o s,

Litliration of e regizters for bull dula ora nipalaoan el address onlevaten tesulle oo wasiable-
bt strustion foervat o repisters alooc are waed tospecily the date source only voe memnery word
iz regwred Lo beld fhe irseruction. Ly cez1zin moces, Lo or Diee wards wiey be utlilized to held the
basic msl-ection comparents, Specie] addiessing mode vombueeiionrs ery ble Llemporacy Cats sterags fr
ermeernent dyuanic nendling of Tequenthy accesmel dasa, TLig ie K aown ae slaih addissing, CHragr-
staming Lecligiques utilizing the stack are discwssed o Clagsier 1127 Hamsler 6 de always nacd 25 the
nerdware stack princer CF) Regtater 7 is used by Lue processor 48 18 QR voulr () Phis, toe
ssisles urriApCmere to be considered in eanjunction with instractinng and will codressirg Thosdae ik
Temisless O 5 §re gensrnlpurpose pogistons, regisler 6 i L S rdwa e stach puialer, aod cogister T o the
v copaeen. Phe frl KELFIL B inetruction sen oed estroetion furmals sre cxplainzd in Ohapler
7. Taillnszrace clewdy 1he nae af the verious addressing modss. e Falewing instractions aod symbals
arc wied o his chapler.
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Bigure 82 Dooble-Unerand [atrostion Formed

H.3 0 AN MODTES
Lsipuering ity -0 557 specily 190 2 rary cods ol e addivssing meds chosen. Tae Tear dicec]
drzssing modos are we lellows,

F.eoisler
Autolncren e
Aulodecrezienl
Trdas

L

when bil 5 ol the instruction s sel iudireer addrassing is cpecilied aod (Le four basic wudes oecoeme
deferred modes, e a register-deferred wade e content of the selacied register is mken as Lae address
af the vperand In The ther defermd modes the eontent ol ke e eisler apacifics the address of the
"|'|'-"-"H.I'I".:| rackusr than he :ruund ileell. Pretfacing the repewles upnuﬂ[u WiTh ar i s oor olaciog Lthe
reaisisr o oelehthases indiwates lu e MACTROSTT awmerazler Wal deorred addreswinp muece s being
el The m:‘l,*n-::'r Adelresiiny rmudes are as follows,

Fegisler-doforrad
Aupbslarsment-de wroed
Aintedesrement-celerred
Lanzz-deferroed

Bl

Pragiaot enwater (90 or regisier 7) add essing modes ars as Lellows,

Teewcnedinic
20 Absoine
3.0 Relanivc
4 Eclative-deforrad

The KIF11-#4 addreesing m.;_..j;g A m.;l"l'qin"-d_ d.l'l':.:l shuwn it cwamples v the fuilowing peacs They
are suzoavized in Parsgraohe 8.3.10 hrengh 003

.31 Repister Blode (Mode () Fo

Blepisler o pravides fester msbrostion cacensing since thars e e need o celarenes memnory 1 re-
miewe el aperad, Any of the perera] rogisiors can b wied @ socunt s, The nperand i- coniained
in ilie sclected rogiscer. Assembler syag cequires that = genesal reaister b defined a5 Salloes

R — %O

Rl = 1
R = %1
——

eosing denles epister definicinm.
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wules Lhe seal weslruction, TTALT.

T4 Doeble-Opernad Inslowctivn Exsmple - This routine priuls oul o pocive el o payzell pooacein
lor reviesy Ve e sepereizon 1D de kewen el 79 locatiooe ace oo De priced aod e Decations stac? al
adiliees SO0,
NI MO se00 e
MOV ¥#70 R1
STakl: CimTh LG
Bl STTART
RFVH (RGO — 00+ 0
[MECD R
BNE START
HAl



Progomn Deseviptinm
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tor eslract e pawes of only thse er-pluyess wha reculee @ weckTy pavehecs Dmpluyes payroll num-
hers c1e assisnsd ag follows: 8t 3 — weapre slass | Geeokdy b 2 107 wape class T moenlhlvl 10 L 12
ware cleze [1I douertoriy

The saciing address o0 the meemors bleck cosaieiog “he smplves eyl inbuzmativr s 800, The gl
alidress of s dara area w1284, The Tellowicg program scare ey through the dole wrea and Jiods 2
nembers poprosenting wiege class T Buch flwe one i founc, the progran slores e caapleros's badpe
aember (just the hizh ovted ona “lest-dog Lest-onr™ s72ek that beems al Jocation 000,

N B BTN $a00, [0
RICHT 200, R

START:  ORTRROY w0
GITT COWT

ATACH:  &HOYERE (801, —(#1]
CiaT I B0
CMAF# e, RO
EHis STaR0
Haa

-1



Croprie Fescription

RO becoses the socress pointer, B the siach polriee Cempare the comteate of ihe Drel Lo Dele wilh
ihe rerber 2 and @t e [esl aigl Dy, 19 he ommibar is more than 3, branch o cuntinee. [0 oo
Bearch coours, the nember e 3 wr less Thevefare, move the hizh oete conlwimng b eanploves’s oo
fer nto The cbacs s indicoled Be slack printer @1, R0y ovancec o the peal low Dyle, 171k lag
address (726041 hae ool been esamined, this insiroeiion orecuces o cescll ecaad o o0 grepdor than 2o,
If the reselt is syual e o greater 1han mern, axammine thas neal memory ool

T INSTRICTION SET
e RDT-GA dnsloucan 5o s deseribed be vw, ot sase of relecenss 1L i0s0mctions arc prraacrite:l
a.phebelically, A pumber af spemal svmbole sre weeild L0 Ceseribe certaw feacees of incividual instre-

tonz, The venunen]y veed svmbol are eoolomed a0 Table -0

Tanie T-1  Insbroclion Sy mbals

Symhaol Pdes ning

Y : Singlo-rperand instroclun,

(T U L miccperand il s e

P | Pragram contbral amslrwe s

R “ievsllbneuns tosirus L.

LK £ ondition eode.

] Todicates e coarcals o or esae ale, (R3] maans “the eonzenis of S

e e ik,

5l L PreszinArion adeioss,

— . Bocomes, ar meves o Tor exaceole, (sl o (5200 mcans that the source Dscumes Lhe

dowzinaciin o thac bis soarce moves o e deslizasoe Isasan,

Fopped o remoeed Ure the qerdweere sluck.

7
T
o
J

— (5F) Fushed or added To il herdwogs sack
i I Lozics] AL
Pewieal ineiwsres GH (erther one o boeth)

Ingical cxclinsive €36 (cither ute, hot nol aulal.

- Laogical N,
Heg or B Repisle:

i B,

T
Canditicn ool ls v consideragd co ke clazred wn-
besod thiy ace sgpecilically liziad as sal,



Abd AL

Add carry

(155100
THEEIA

Crperalian;

Cepdizioe Oodaa

IFeRerain:

il
Codac] - - el O

R nel L resull o 0
Zoosel il reenll — 0

Yeowel il (sl I 0T TT
Cowel il dsl) o5 1397

™oTa
-
o o
—_ -
[
—_

—_—

Acds he coasings ot che O bit o the desanacioa, Thiz perrmls the vaeey Lrazz Lhe
scdidilivn ol by low-oedes werds Shores too2e carmied ot the Bipb-order zesull,
sucl as o porforming docnle-preciiion srithmelie.

ADND

=1

AN

[ [ ch “th Ly

CHraratism

Lomeditinm Conde:

Dreseriplion

LI

plsll o rared b oidedl
Woosel il sesell < O
Ziosel 0F osult = 0

¥ooact it there % anthmela over/low cs o resell of 1he eperatine; thar iz, hoth
apeeancs warg of the same sien and e cesell ool e cppagite sign

Coent it thare is a0 carry ‘rum Lhe sosl sipnificant b cf e resnlr

Adcs ~he soree apzrand e the destize v opeeard ad staces che resuln at the
desvinacin addres.. The eneine] contents of the desvinatinn are kst The con-

==

zents nf the wource ure nol allecied. 2% complemen addivien iz perlormed.

S =




A%H

At lomeric shirt

RS

! — o e rh »
R ] K ] 1 1 . ) - H ] = z -|
L 1 1 1 1 i L [ L

b - H

L wpe:
Ciperulion:

Curiipan Codas:

Dgreriprion:

I}
B Boshilisd arihomeically N places o the sigator [ell whess I — (300

R BT I =T | R
Foosel il reeull —
Woowel i siga of repisrar changod derirg shifc
2 leeeded Coodn Lest i shiftecl oot ol replsles

T couonns of the repeter wre shiled siaiu or Lol 100 on ~rber o7 times specl-
fied b the somree aperand. The shill sound s taken gz e low-nrder siz biis of
the source anceand. Lhis nembes renpes Treonr 32 10 4710 Segavve - a neht
sl pad pogitivs s oA left Sail.

AR

) ) .. ) R
Aritamene =Jio ook 07 AR

i Wow nom (]

| . | i C | | H 1 Il i k2 £ : £ )
L o 1 L L _— -
iy

Type:

CIparatinm:

Lomailivm Codes:

Drescriplicn

o

LRSI —EK.®RY
TLe deuhle word i whilled *W places Ll Vight o left, whoere W — (arol

Iveggn it reanls =2 0

Fomet it rowait — 0

Yooget iF sim Dil chanees duciag the shift

€ eaded with Lhigheorées biv wien iotn shilt; loeoed wille lovw-oedor Tt when
‘ight w20t loaded wilh ke lag 05 shifted ous of Whe 52-bil operacd]

T'he contets ul Lhe register cad the register OHesd waih |aes weaied &2 ane 320
hit word, Foo% Tabdate @ 137 aod B (hits 19=217 wre shalied pgat o fe7r rha viam-
ber of tmes specilied by (he shift comat, | oae sl count 35 Laken 22 1he Inw=araer




it birs nf the source eperand. This number ceoges Joom 22 00 | ML Megalive
i5 d4 right st end pusiiivs e o lell shill

Whon the registar cheson i st odd Tumber, che regiszer and che regiszer (1K
with 1 are the aavie. In this cese, the nehs shiic becomes o wotate, The 1a-ir
word i3 ratated righe che naasaer of Bits specifed 5y tre shift count.

AHL/ARLE

Anitbwneiie shaty el

Crpoetacion:

Clondiven Conles:

Brgsaripui

LI
[NGIY

- b o]
a 4 | o C | u : 1 12 A ]

. : | . 1 1 1 A

LERRE ]

=0

(edsn) — (et sheleesd nne place w the left
o acr 1F high-order bz ol the resu . =0
£oowelaf Lhe cesull — O

Yo lowdded with Lo canlusive DR ol Do ™ i cod O G st by Lhe complelan
al e shiln vpecallom

O lopded witl the higr-arder hit of the destiaatian

SLil1s all B of b Sostinet o Jelt oo place. The Iew-nrder bit i aaded wula

0 The €0 ic ot che stamsz werd s fnaded Srao the high-nrder 26 af 171 destiog

tien A& performs a signed molciplizazion o che destinatiar 2o 2 owich owgflow

i cATion.

o —

ASE/ASRE

Arirhmeric zhitt righs

HE PN
1G22 DT




Trpe: L6

Operdlis (st — Cesth ~hilled one place Le e fizhi
; Copdinion Cades; W:osar 10 the Wigh-order Dil o 1o veanlh T8 8ot (resnlt <2 1)

wowisi L e oesul, —
Yo lowded [roce (lee cuclng’ve O3 of the ™ bitand © kit (ps sel Ty Lhe eamipleniar
of Lhe elull aperatien)

O lapded frooe le-ordar biv ol the destimiliog

Tewcripoium: Shilts all Birs af the deszinazem sight one place, Tho high-ordar bicis rephicsed
The £ it is oaded framn the love-order biL el e destiratinn, ANE porferms s:am-
e divizion ka2,

REY

Branch if oy Slear 1413030060

Tvpe: [
iperatinm: PO M2+ 070 oatfaety if 0 — 0
Coondizion Codes: M wnptfeeted

2 unatteotad

¥oounaffoeocd
O anaoeted

Dhenirl plic Fests the swate of L O Biond cavees a oranch if O s clear,
1 — — ———————— EE—T TN
BCS
! Braach i carry el L3400
i3 6w "
I
i i . rox 1 ) 1 LEFEET i
Il PE— 1 1 — | L — 1
Ll
I T8



Trpe:
L raiion

endiimn Dardes

Iheripuio:

o

P L (2 leel) i) 0 — |
Soonnatlesied
Fonmarteored
Woounatrecton
Cnownasreoted

Toyse cho aeaes o0 chae U0 BRIk amd causes o heansh 0F 7 09 a0, Used Lo Lesl ot a

cHTry in the resnlt of a provioons oparaion.

BEG

Vranch 1oyl

QgL 2in

T e
[ 2 C 2 A a 1 1 =STEET
L 1 .
SLELE]
e

Fenes
Lieratinm:

Condizion Dodey;

Lreroriplian:

PED— B — D Mool £ — |

v nnattecton
ZoounArrtaons
ooamarteczed
OownTeets

Testn Lhe stule ol the ¥ kit cnil canacs a branch if 2 s ot A an capmple, i s
wsedd b Lesi sguality Tolosw:ne a CGYP oocratinn, @0 tes? chat ne bits sol i he
dectinulivn wers wleo sel m Lie source Tollvwing @ BUC aoeratian, asd, pencrally,

Lo teel hial the resull ol che previows upetation weas 1,

HiqE

Hranch il greater tagn o cqnal

Q02000

HELHL
i

S0

SR S —

FHaEs



T i
CIperaion: P [ 2 affsersit v Y =0

ovnellecicd
£l
Weoounatteoiod
CounaTeeTod

Carelininm Codse:

Cavecs & wanck Y N oand Yoare sicher botl clecr cr bachoset BGrF s the com-
plemantary eperation e BLT. Thes, BOE elwiys canses 2 beanct whon i fol-
Inws 2 operstor, chal cawsed addilion o fees posiviee merbess B0k alw causes
a branch om e 1 resull,

Tremurinlioce:

BT

Branch il grester L O HUN

Tupe. 1%
Qperarion: PO — PO (2 0Tl T2 6 (N 5 V) — 0

Coadition Codes: i HETH E TR

£ unulTesLled
W ounallzond
Crupalle ot d
Camacs 3 bepach i7 the exelusive OF of the M oaad v bt s 1. Thues, IOT alvaws
branches alize an apzratinn that added teo negslivee aumbers. even 2 overlluwy
aceured. Lo pargicular, BOPD abeayy veeses o bronezal e fullews o CMI estrug-
Linw oporating on a negative sourcs and a positive destination ieeen W avgi o
aeeirredl Furthar, B0 never cames: o branch when it Falloes o CME nsicec
Licn cperating om @ positne sousce and negalive ceslinacion, BOT Goes ool ciugs
a hranch If the rowulz of the previoos operaion wae 0 Owlliou] oeerilong,

P FeseTipLion:




B

Granszhoal higser

(I RN

L N .
! ‘ 2 L o o | 3 RN J
1 1 1 1 1 ! \ L

Tops:
Crpera il

Ceadduw Cadies

DeserpeinT:

IS

M P — (2% rifset) iU 0 = Dand £ —

o nnstfocto
ZounArfeczed
Woownarteetol
Cooane-Teeted

Crwses g boanch il the previoos cpesulion covees el lor @ cacey nor o D oresali
T will happern nocompacisen COMEPY operations o lone as the sours 22 a
hicher unsiened vaiue Lthan the Gesiioalion.

Granci il hicher L Lhe saine TR0

e R = S 1 — Ll
' q| H . 1 [ [ S I
I 1 | | 1 —— 1 1 L )
¥H 17D

Tvpe:
Cperalion.

Caandibior ©odes:

Prescripiion;

P

PO T | 2~ ullseliflC — 0
Mowoal e Led

Zomnl e

Yoouoalleaed

Coupalbeered

Vaars the state et (he £ Wit ol canaes a hrangh 940 05 cioaned

BIC/BICT

But cloor

IERSIH K
L3500




T In
Ciporarion: [rary — -- Laroy S (dst

Crndition Cioales: Soset il hisbocder bin of roanlt s
Fonenil resus. — D

Yo olearel
¢

rnt oleased

PyomoTintion: Cleats sech Bil I L Geslicielion thay en-resprnds tnoa et wivin the woucce, The
eririnal venlents of the desiination are nst, e enrrents of Lhe source e
wnallected.

TR

(S

Hit sl
LE5R1GEY

h : 1 1 h _ o
e + 2 o | S S 0 R T J
] i 1 . 1 oo
AF 33
Trpe: 1)
Chprdinin: (il o pred = (dai)
Conditing | nodes: M s I high ardes bt el zesull sl
Loouel llpesmlt =)
Woclearcd
L uel atfeeted
Prcicription: Corfrrms an molesive OR opeatinn berween Lie suuzee pad desination aaerancs

and leaves the resull ul e destinazian wddress; Le. cozrespending hits st in Lhe
aonpree ave selin Ui destinatioa, The omginal cunlenrss of e destination are sl

HITE

N3551 0

I3l Ll .
11551312

10 * _ iy [ r
I
[ " 1 H £ a ] ) H 5 L x] L n I =
-l 1 L 1 1 i 1
HE= 712
N 1]
CImeralivg: plstl n [Ric)

-
1

'

]



|

Caondition Codes:

Diese rip i

P osen 0 Tdac urder Dot ol resuly sl
Foomel Woroset — 0
Wooolepoed

{.- 1l i".ffl.'.l.'.ll.":d

Forferims a lnaicel & 9102 comtparson of che seeree sl Jdesanaiion operends and
meditics conditnn eodes secordingly. Meither the sucree nor deslinalion oper-
ands ars atfooted. The B caslrosiion ey o weeld o lesl whe ber anye of Lhe
aorreapanding bics that are seiin e destinelion are cees o -he seuroe.

BLY
tranch if los- than oy ey IRELHY
- 5 i 1K
it oo - [ SEFSET -|
1 1 . - 1 | S | 1 1

Type:
Cdperazinm

Coendiziom Codas:

Thesriplio

PO e PE 12 3 allsel) 0 4% 1N ¥ — 1

s Tecto
FARTL ) FEEE |
Vol Tecieml
Counal el

Cawses o broel: il cxclesier DR of the I aod ¥V bie b= L Thus, BLE alwase:
Dranches eller o apereticn Wl added Ted pepsliee puwbers. even 10 wverllow
cocunied Lo pacicular, BLE alesavs canscs & Tianch f il follees o CBIP siouc-
Lt apciatiag a0 3 negative seurss and a pecidive desiiogilon Coven W aves]low
cocitered ] Burthoe, KLY aover canses a Biaac wkee it follows ¢ OMD o
o0 GRerating on A Waiive source 2ad negative dosrinarion BUE docs ool Sause
a aranch *f che resule of the previows eperacion was M dsdarhee? sveerfow],

11530

[ i [

g

Chperativi

TR M

P

PO PO gz owalfsepalr e =1



Comdition Codes: oAl e
FoounnlTecled
Woounal ez
Onounalteccd

Tes.o tlee stare af 110 € ot ad ciases 2 bracer 07 O sel Used b sl o s

Dlea 1l 2o _ :
carry o the resait nf @ previvws apeetinn

1

.. .
Braroh i, leser e sem T 3k

1 H il I
[ " I - H a I 1 B |
1 S 1 1 1 |
LT RFERh LY
e e
CIperaliot PO PO e atet) il O £ L
Conmdieon odan Moo T

Zowpllesed

W anallerrzd

CoopnaTented
Dreszeription: €oascs 1 hranch 0 the provions operecion vaused sildee @ @0y or 2ol reil
RLIY iz the eomplemeniory apcrptinn 1o HH Ths branch acees T compenzac
operalions aq lomg ey Lie sovros '8 eque | coor has @ losce unsigned walue than Lke

cestinacian.

— e —— £l

BL.T

Boancl of loss thar 20K

5 0E _ x
" i 3 i I : i TRy ]
] 1 ] el L ) . 1

Type: i

R T PO PO 2w effsettir b FE W - ]
s e Led
Sooana[lecizd
Bz dTecicd
srneTesed

Clondilien Codey

™

i



Pezzoripticn

Bl

Grazcioil rrry

Cansas 4 branch iF the exchosive ad o the Moand ¥ big iz 1. Thus, BLT always
branches after an nperation tfaat adaed two neeative noumbees, sven i oveelew
nocnrrsd. In particalar, B gleaes canses £ hranch iF it Cacmes s O P msliee
Lol operssing 01 A negstive source $0d 3 posicive dessination (esen IF o prlow
soccurradl. Further, BUT never cacses 4 branch when o fallews 3 £8F instrpe
Bion soershine omn o posalive sowree and nepative dessinaoon. BT dnes aor censs
u bramea a7 che cescll ol Lhe previows operelion wes O Cwithont overfload,

[REAR T

Tvpe:
peralion:

Cozdition Codes:

Eresc ijilicn:

L
FC T | 02 = od=e il ™ — 1

i e el
Lol lecled
Vo onouilesied
1 aoad e e

Tz ahe s of L M B aed cavees o Traoeh M 5 sel Leed o lesl he sian
Cinesy sipodficant o o he resuli of Sh prueious operalioon.

H} 8

Bzunch il mul syl

(LARN AN

K

Twpe:
Ciperacian;

Crondician oodea;

Descriplion:

- 1] i [ | [ LrrseT J
T

RIS

M. — P — (2w il b & — 0

*ounegitocted
¥ nnatteored
Y¥:ounatfaorad
i unaffaerad

Vol Lhe gz ol the 2 Bel and cawaey a oraneh if the ¥ hit 5 elesr. BB Y 13 e
complementary epetation te BECL 't i msad to west incoua lite tollnwiap o ORI,
o e Lhal some bils selin the destinabion were g iso in tha souree, folloairg g
bil, wnd, penesally, e Lol thal ike resole of che orecicus epevarion ey not 1



- b .

HFT.

Branca il plus

1O

K ;57 ol

‘Type:
Chperation:

Condivion Codes:

Dresppidon:

i

e IMC AT Fot B ) B IR |

s wgaller Ler?

Foounallzcied
WooaaFeeiod
nraffoctod

Teste cha state af the ™ Bcand cowses o braoeel 3 ™ 1 clexo, BEL @ 0w com-
[rementare apzration o BT

B{MY

Hroaksuns tran

(IR0

ih X
1] 0 ; 1 1 1 i H [x ] . 3 L 1
1 1 L N I | 1 | I
[TERLFT]

Tupe:

Cperatio

Loandivia 4 od e

Prcscripiom:

LM i

P — B
P — (1)
B — (16

S: baded Crom Lrep vecoor
o loaded Trorn Lrap veslor
Vo laded Trom trap eeslor
U Leded rons Lrap vsclor

Perlorme o loup sequeace =il a frap vector addross of 14 Ceed o call Jdebope-
eing dids. The wser i3 santioned against componying code SGUGDS In progras rn
uniler Whese debogeieg aids, boninformation s rensmed in e low bele,

b1}
Aranch

h

A0 00

a c k] '.l " n 1 =EF5ET




Type:
Lsration:

Condition Codes:

Dieecoiption:

o
HL

.
e

™

P 4E e alTsel)

il Tested

2o e Led

ar
0

sz T Led
oo T e

Meovidex a wae of transfarriag progsam coerl withes e mange ol — 126 tn =7

e

words wita g [-eord instroetinr, Az uscondilioss kranch.

HYie!

Pranch a0 % bt slear

[ A0

. K e R
| 1 il - ! 1 i Tl errsIT !
L. P 1 1 1 }

HY et

Tvps:
Cperatpan:

Condivian £oodas:

Doseriplion:

W— BT — 03w il Tt ir % — 1)

",

Wl Tocted
AT, FRE
o [T Led
e e Led

Tesls Lhe slate of the % ke and cangssz a beaacin 7 the % hit is Slear. BV s 10

cunImesenlacy aperElion 1w BYE

ovE

Branch it % biL=sl

L2400

L

T
Ciperacian:

Cnmedicisn Cods:

Dreeeriplion:

(g

B PO = 2w Tt il ¥ o— |

oumelTecled
Zoownal Tl
VoounaTec wld
CnouoiTecled

Tests the sace of the % ot (evaefloned and zanses o sranel iF e ¥ Ul s sel
BVS 5 oaed o dotest arithmetie ove-f e in che presicas epe i,

-4

=1



L

Colesar all conadilivn smale b

IR ST

-0 iH
n [ a [ ul i 1 1 ' 1 1 1 1
—_— - 1 1 1 b ——— - __I—!
.
Type: L Iy
Lrescription BelE and <lears coudilivn code Lol Selsoiable combiratioms ol thasss bits moawr e
Clearsd or »el logeloer, Conditen cade bols corresponding te b3 0 the aonditien
code cperator Thiis 3 3 are realilied soooreise v the sznse of hit A, s
st olear ol 0 e operatur; Les the progrem sl The bic ~pecilizd by EO, 1, 70
g ol bil 4 a Ll Clears corrseponding bils i, il 3 — 0
T
Clewr 00241
o il
:- (R S B S S R R N R B B I
1 1 — 1

Twpe:

Leescriptinr

iAo Fleacs cooditzen eode Tits SBeleoable combleaiones of heess bl ouax e
clearen o ser tegetaer. Candition ande s erecessondding, o Tits (a0 ke aondilog
erda sneraror [Rita 1=-3) are rocifod scensairg tno Tr aense af hit 4, 1w
uct Selent hit of the aperetnr ic, the pergeam sz the w77 speeifion by i G, 1, 3,

ar 3, 00 hie 4w e 10 Clesrs correspanding hits f Rit o= 0
CLN
Clenr ™ G250
. L.
) h] C v a ] ] 1 ] 1 1 I f Lo
1 ] 1 1 L ] 1 L L L ___J

T

| Jemori[wion:

Sots anc elears cordirian code birs belootahls corbinarbaas af thase B ey e
clestad vrsat sgether. Concting code Bire corresmnend 19 tn s in e enrdinian
code ooerstar (ks =30 are moedificd secording o the senee af o4l rhe
st foloar bt of the operator: L. tae prgrea=s sots the bicspecificd be hit o, 2
of 20 bLl & s | Clears corresnencng oo 1l 2 4 = 0.

fr
L]



CLECLRE

Claas (=TT
LE3ATIT
i (1) L] I:ZI___
-1 ' a | I 1 w 1] [ = n i I a u]
L - L I L 1 1
i |

Ty
L tion:

Condition Cedys:

Cicsoviption:

(ds) — 0

P lov-oo
Aot

Vo ocledred
 oleared

Cuonienls of spocified destmelioe aee peplaced with s,

YOTE
As w perfermance aptimizution. the last s eyele of
v CLE (or T LEE} is a DATO qor DATIEE)
Poovions DRE-T proecssors performesd a 1A
eyobe tor the lasd bus cvele s g "ot care” for
hiardeare mimimizalon

242
1= -k
i} ' n [= 1} C n I a C a 1 ]
I_ ................ -l 1 1 1 1
WH I

—

e

Do pipiion:

LU

Se o] cleass coudition aoda hits, Seleclable comboralions of These hits may be
cleared or s wpcticr Cardition code bl curresponding 10 bits in the condotior,
cole vperatar (hits =33 zre medified cocording 1o The semsc of bit 4, the
sl ey Bl of the aperator fe the progzam s2is tre e specified by bicd, 12,
ar 1 iEbivd s a 1. Clears sorzespucdiog Liss 11 hit 2 = (0.

CLE

Cloar f.

124

1= e L

H a o 2 0 o I 1 a C 1 C nJ
1 — —— 1 ] 1 1

[Ty

t-Zh



s L

lauriplive: Set and clears erncdition code il Selecluble cambinarions of these bils may be
cicancd or sat tngether, Condilen code bits careapondig w e in Lhs condilien

[ 3 e 3 .
crac aperater LRk O-31 are modificd aceocding oothe sense of bib 4 Lhe

actfzlar biz ol the aperalur; e e prozram sors the bitsneciBed by bicd, L2,
ar A, 0F hit 4 is a1 Clewrs corvesponding hitg i- hit 4 =

CHT/CMEPD

Cumpare EREIMG
TERE

HGas A
Typs 30D
Cineratinn: Cared) — (dsil L detail (zees + (dstd + 1]

e

£enditinn Cncdes: Boowel ol result <0 0
Zoosel i el — 10

Yooaer (F the o s avizhmetic everlow, fe iDL aperands ware of apposce signs
aad the sien of the desonation is e song 86 the gign af the result

€ elearad of there 3w ocarry From e wost sigrisieant bin of che resull

Drescniplica: Comagres the amuree wrd desination oprrands and sers the condilion vudes,
which may then ke wsed Tor aclbuncds ard Tegicsl conditional brancies. Bedh
eperanes dre wnefTecied, The oonly action is st the condiiion codes. The com
para s customatily follewed by o cenditional brareh scroction.

COMCOME

Coanplenicanl Q05 D0
(RN &

h . iz LE . n
vy 1] i 1 1 ] H i 1 L: n] n] u] = 1
1 1 - i i i - !
Lo - H -+
Tyoe: L1

Crmarstivme fodit) — -— qodsth



Coomdiiioe Codles:
5
'lru'

i

aetrogn’ - =l
cleaned
a0t

Dzscrinion:

M oact iF mast signfeant ool resw. —

Baplacees the viatencs of che destination addeess By 1hele Jogizal complements

peach hit cyoal e 0 sel aod each

il egui] L oalea-ed)

LT H LAl

| yecremen.

Coaann
LoainT
12 kK il= __I
[ HE! . C n ] 2 1 I~ 1 I 1 .]
T | - 1 1 L —_ | I 1 1 1

Ty
Chperelic

Coidiloe Codssy

Paacriptine:

50
s« tds) — |

Soomer it remulr - 0
oot it roanlt == 13

Wooset iF qolatd wes THOM

Chornt oo

Cuhtract 1 from che conlente of che desoination.

oY

Lijeid:

DY LRSS

Ty
L) I

{oinditinn Codoy:

P

AR L U Y

Sowelal guulisnl < 0

Z sel il yuulical — 0

| ]

L

Vreet e



Deeeripiion

¥eosel ol seurce — 0 o7l the abschote valuz o che regisier iy larger than the
whsolute value of Lhe inetrustion in the ~owrce, Oin ths case the instructinn 5
wborted because the yuatisnl would exceed 15 B

s dl divnds e 0 wtepley
T 32 Wil e coeaolezovent dleper oo Boead T% D as ddividsed by e source opsr-

poed, T queanie ot & el B e rewaioder ool Wi cacoe sign oe the Jividerd.
[ EAV R AT N A

FR1T

oo alot (HE T

10

% 1" o Ll

Twpe:

Liprzaion:

Condition ooy

i
i

Vigsooiplivg:

1341071

Fi

(5F) . IS

PSPy — I
PET— 30
P — (33

M ligzedodd rron teap vootor
A loaded from crap vecror
Yo lowiledd from oep voomw
O lewiled From rap veotas

Adl operadon codes From TOHI00 to 04577 sre BT instroetinne and ey be
whedd by bransmit mlermacion o the etieatme rootire (a0, Junction o be e
Goomed), The wrep wecter Tor DO s at address 300 The rewe 20 0= teken tram
Lhe word gl addres:, 10 Lthe new processor stelus (PS8 tuker Fom the word s
alileesy 33,

CAUITION
ERIT 15 wged toeuenily by PLGIT AL system sali=
wire amd B ecelore wol cocomended Dur poepveal

A,
Q0N
LS
o [ . 1 " I: i ' n ' I i B 1 J
1 I J A e
RIS

T-2M



g

b

Condilicn Codes o umal Tecled

Proseription:

AounalTesled
W MTee Led
o ounulTeeted

Crizes prograroexseution W veass and anfers consols ODT. T wewaey i
AECIIE (5 PERE T, PrETam esxsculion weases only iF in kernsl mods:

loezesiug LD oocurs i in w-er mede].

a4 irup v

INC/INCE

focrenmene
n, i i
[0y o 0 u 1 n ' 1} ) 2 H I K] il L ]
- 1 1 1 1 1 1 1 1
Twje: S
Cperariar: [dald «— {5ty + 1

Clamelatiom Sodes

Prescnplici

: Mo i el <o
Looapt it rosuir = 1)
751

Yoot iF dst weae 00 ST
onnt asreceed

Adds 1 to che conlenl: el (e destination.

(HAM 1N
K1l HIX

e

0

1/03 wrep

Ty

Cherasinm

Y
L.

— =P =
1527 IO

PO 1 20)

s {230

T

AR



Cundiliog Codes: o loaded Tzem Loap vl
Aooimded Mrom Leap veetar
Vooloaded Jromm teap vesio
0 leaded Towam teap weater

LCocanziptinn: Perlurms o teap saquence with o trap vsoor addreee of 200 Uscad Teocall the 170
execulive poutiog X in the paper cape sullvace syelom cod Toe 2renr reporting
i Le Jisk operating syutem. Mo cnlforoelicn s lzapsmiled inrhe s bete.

NH
Jeanp M DT
Z s ¥ 2
- P |
n 1 n 1 H 1] 1] [ ] L 4 C In I H
1 1 e ] 1 — 1 .J
Lhsf
Tymc B
Chpcration: B idsl)
Coondition Todes: Mroupartactod
* o nunatfooe
Vi nnatfocted
i unalfocted
Irescriplion: JMF priovades more Qeaible program branching thao provided with che brench

wsimetior., TRIP e not Lmited 10 177, and — 200, words 28 are hranch -
srrnctions. (WP doss seociats 3 second wiod, huweser, wluch makes ot slowes
than hranch instouclicos Contral may be wrensleczed Lo e [acaticn in memery
ine eergme limitatien) and ean be accomphisied will Vo full flexailice of the al-
dressmpe modes {willy the ewecotieon ol regisiee wods 9 Freention of 4 jussp
weith mals O will canas an illegel inetruction copditian and a trap s location 4.
i ¥rovram cuntee] caannt ke translermed o o regisler § Rewtster-delesred mods s
cery” und will causs pragram comirol @ be wanslooesd fathe adires held il
speciiiel resister.

I
Inztoig licns are Ford gara and therslore mst be
Teiched ivom 57 smer-mumbered. addiess.




B 14

et snhroutine

IR TR

P

T RS HL

Copdiio Loz,

(Y e A R

[

wel oo s flmpois an internal procossos remislerd — (57

LI sy {Lap iz an interns] proccsos remsien) = TELE
[push 1eg coantoes ontn rroccssor stackl
v, — 10U hnlds Inewtion Doclewing T5T0 Lhis addesss pow pet b oeg)
M — (oo |FC now poanls Lo subroutiog addreessh

“woonnalTected
oo iTecied
3w [T tel

-

Come e Led

I execution o e JSE, e old conteris o che specificd rorister {the Fakags
roinler! are auloma sy pushed cntn the processar stack and new lakape ;-
Formalion placed ochs 1episicr Thos, sihrontines nosted withon sebrootines o
anv Ueptln may a3l be called with the seme linkare repster. Thers 5 no need oi-
ther o olua (e mazimum depsh &t which ety perticular suorowine will be
called or W melude wscmeiions in cach Toutine to save and reslore che linlags
pointer. Further, since ol lirkagss sre savad inos recntrant menner on e proces-
aur sluch, escontion of & suhrontite mey be neerrupted, snd the same subrooline
reenlered aod croontod e anintermupt service sebline, Baeculivo of the iniliul
subcoplins can then be reswoned when other reguesls ere salislied. This process
foalled neaingd can proceed tooany level.

SRR, dab e special case of Lae sulioning 2all saitable far salraucine ealls
that tranamit purumelers, TSR PO savcs 120 080 07 a0 cxnm rapister.

i both JER and PSP che addesss 05 vsed vo kad (b peageam connter, 7 Thos,
Forr cocarnmle, » 13T G desiinulion mele 1o gersead rogistenr B (sheez (R =
IO will wicesy & subrowtiine ol Iocudon 10G This is cifectiecty ons leww] [ess ol
deferral than cperals nstouclions sush 05 A0

A CINE wit1 nwle U all reeull inoan ilzeal insireclien aod o uap ool the
crap veetns soddress 4.

o



hARK

-

o

™
b

-~
L

ot
™

Cratn

Conncitinm o

| ¥ascTiplive:

P

1 P LS L R

PO RS

e [&I7 +

= aeiaher of pEramosiers

oopreficeTed
£iupattostod
Yeonartecrd
Coairected

—rna .

QoE4T ™

__fl: L5 41

1 i J H . H H » o
SIS P DS
g T

Ilsed as part of Lhe slendand subeoncing return convention, MARK lacililales the
siack clea-up provedores eleed inosubeouzing exic Acesmbler lovmil ge

HARK N

S —_— e —

RIF £13 VIT

wove [Tomn provices cata spacs
Move Mrusn provlels JHsTricTion smue

LI S
[ O Sy

ik L]}

[ul
(-
-
-
-

Twne:

CIpetalion:

Copdi o Leedes;

Dwareistion:

M

[Trm) — Terch
— [AFY el

Wooselal the souree <2 6
¥ooael il ithe sopree — 1
Y oelearad
U unalTeeted

Pushes o wort ot he enrreat sy Troz un 0ldiess in rhe previens spave, The
sunrce sidress 38 cammrted asinge the custent sopisIers Ao mamery map. Since
i g spuce doss ao; oxist in che KDTI L MEPD crcontes in che same wiy cxoai

SEPT does,




FAFPS

JRALE
1 Ch s a0
[ 1 1 a 1 1 3] I 1 1 z D z L u] u] -|
- —_———— L 1 1 1 L
H=r n

Ty

Lincratinn

Chomelihen Caces:

Dresoriplici

(15 b

(et — P
et lvwer B bty

Boaet il PR b T — L
Fosel il PR oy -0
% clearsd

2o oumad Tew Led

Tle 30l otz uls of (e PS are oo o e cfTeey s deatimmbioo, D Jes e e
reveie ds 0L P8 obic T s sipoecatended (heougl: o cpper By of (e cegistec, The
desiination cperand s Uvaced 85 & bele addegss

The BELELL-BA implemenss he PR oacdcss "TI7T770, which can b naed 25 o
anbier oo liod <0 ageeseiog, e M5 This wethed can he wsed an all PR s oy
copl protines LE-LT processors,

MEPT

Meove [roim processar Lyps

L

T L L e

annao’y

Py
Chera tium:

Cumeliliem Cuodey:

Creseriplio

Pt
i Ly

s unalTessied
watil Tee el
vk [Tec Led
urak MTee Led

s B

Aouznigue nwreber sesiened W eash PDE-1 ] procsesor meds] = keded intn coner-
el oregialer RO The TDE -0 poucezeor number 45 QOIS and ewn b wscd tn
ndizacs which orucessur o program 3 being sgeceted v TR and TH-1172
provessors el Ve op sode ce o resereed Insoruction oo

-

14



Eh SELR TR T

i

Y

s ratinm:

L ondition Tl

Ldenoriplivn:

0
[dal) — f3r2]

™ oset it fersl -
Lragn S Ared —
W eared

-,

O oans affestod

HE

(11 =51 H2
TS50

woned the source operand o che destivgtun lcalion, The peeviaus crntents or
the deseimation ace lusl, The souree dperend 1= ol allecied.

Hvie: Rarme we ROV, Tae WOVE oy repisler Goede 0. which i emigue amemg
Avte mscruciiuns, cxlenss The mest spmcFeanl = el e ew-ordsr bvte {sien ex-
zemsion futo e high hyre of T selecisl] replsior Oilerwise, MOY S eperales

am byler exacliv az MUY aperetes on wonds,

NOTL
Ag a performance sptimiztion. (he a5t bus oy cia nf
w BACHY (o RIOYHY s ow TRATON (or AL
Prevtonz (&L17 processens perlormed a AV
cycle Tar RIOVE an o w “doa’] eqee” far hardware
nindsiratien

MTID TR

Blow e Lo prcwionns data

spare

Beliee L Prowions instTeeliun space

[N . [y - . l:—\.
(] i} ' 1 [ 1 1 i u D z u} I 1 J

. 1 ] - i 1 - 1 1 1
LI ]

Type:

s tien:

Condition Codies:

WS

HCITTTO R B A
ilul ) —

oset it the Aaomrez -7 I
&3 it he sowree — 1
% clearzd

o freens

44
A

IUheSE
nkeass



Theseripiion:

This bgleuction ppops @ word oft toe enrrent stack cetermired by B 273 15 fnd
L aoid steapes that waoed intr an addross in che provions space CF3 bits 13 and 170
The deatingtion addocss is onmpueed wsing the cerrent regiawers aad meomoey

LA,
Hinoe dara vonee doss ot esiscoan che KD 1T 3TPD srecoles in che sams was

s MTI dacg

WOTL
A5 u poerformianee splimizalion, the las! bas ovele of
g PP and ¥iVPL is o ZATO This insirucdion
crus naok innplennenaed on pooviows LAE-11 procossens,

L3 et
[00d5
o L x ]
] 3 C 1 al 1 1] clow H H u y
1 1 H _L 1 1 i
UL ]

Trpe:

Crperalivo

Croadiliens Cades:;

PIcacriprian;

[ TSI TP

Y1,

“fulianly

|_ﬂ " 1 1 1}
1

T [mRL)

Mosen aceording v glleetivg sio gpgrand bas 03
AR TR,
Woosame
CosAae

"1 zight hits of rhe effeotive oporaned replace che cirment bea-hide contonts of
e B ¥ 0 kerne] mede. Cnly FS hits O chiougah 3 are affeoted B0 in usee mods,
The saurce aperand address v treszed as o byre ccdoress, Mote zhat 25 hit 4 4T
RitT caraan be st with this instruction in cicher <ozl or saser mods, T2e s
aperand remaing wne emmed.

Vhe KIMFN-BA implemients the PS address 17777776 which can be wsed a5 an-
other method of accessing the PE. Thie mellhod cern be wied on all FUP-115 ex-
cepl previens LET-1 ] procsssurms.

FFORNS

TN



-

. Tope: i

Onkralion: R, w0 R (aed

]
Caandiiion Cads: M:oeei il orudact «n 0
el il prudugl — 0
Vo pleared
Coeasl 10 Lt posnle b5 foss chan — 812 or greater than or cownl w 212 ]
Dicstriptivn: The coolenls of the destime o regieler a0 3o waen we 2 cowplomenl in-
pepers acc raltiplied and slered inohe destinaton regisler and L sucacsting
i register, o B8 even. T fe odd, only 1he iavanrcder producl s stared, Sesemble

! svalea s MU SO K ule that (b aereal destmelunz i R, RS 1 svhien redue-
ks Lo juet Kowhoen B wll)

LR RN LR R T
[ ] 4D 0
10540

1z_ _. . . = 150

SR~ S - :
[ iy 2 2 | I 1 i H L i u = ] H I

[}

Ty o

Linarazion: [ds1l — {cst)
. Condition Codes: [wiser it rzanle = il
i et it reselt — 0

sat if rosult — Q0200

.
oolaared iF resuli — 0

Presorplivo: Haplucs Lhe custeuls ol ihe dessingcion address by ils 25 complemerc, Sale
toat TOHOM 15 reolaced 1y isalr.
EESET
GOrEIs
: I ]
i N —_— - .
: [ I 3 I 1 I g . 3 r s i | i | C |
. el 1 = L 1 |

Lim 274y

Ty Pl

{Opere Lo FEOSFY
PR



Cundalien Codes:

Dieccoaplion:

Movni ] Tectied
T 1 N O Oy
Vi unalloeted
Crunat e sd

Cayzce lma sigral BUNUU Loto ae assertec Tor 10 w8 wnc then umasseroed -nr 90
wi, Lsed 1o initalize 100 devicas atrached coocha bs, Inoadeicinn, memore ms -
apement status egisters SED and SH3 are closred.

BOL/RCLE
Protans loft HIRTER W ]
D&k
1 - ! l\ ’- - - - - - :‘:
(o] ] 3 | ] o 1] [N 1 11 H 1 Ir 1i
1 —_— ! o 1 1 1 ..

T pa:

Operaliv

Cond it Corde s

Ircsoription:

S0

Ldal) e {510
conade lell ane plas:

Moant U ke high-cwder T af 1 reanle waoed = et {reanle = i

¥oosar it all hits nf cha resalt wnrd = 0

2 leadad witn che sxelimsive O of e W licand © Wt (s et by the eoemplesiag
of the rotate eperacion]

o lowsded will (be gl ooder Bl of e destine Lo
EoLates 1. bl of Lhe destine liva el eoe ploce. The igh-order bicis loaded inbe

Lhe bl ol the zlatue word cood Uie prsvives couienls of e © il ace leaded 2l
e Toweordeer il ol the destioatio.

RO RORE
FaoLele rizhi T H
TGS
__'h e 1] "l .'._
&l a0 I 2 ¢ = a8l 3 ©p r o D |

Ve

Cperliun:

=i

LCHET I 1 3
rolule righl e phice

-1
"
o



Condilioy £odes: Foooset iF high-order B ol the resalo s sel

coseb ] all by el zesc Il are 4

o laaded with the cxcluziee OH of the ™ bt amd Lee O il as s20 e BOR
s leaded with the lowecides it of the dastingtior

Ty

Tacsariation: Frulwiee all ity of e destination rigr cine place. e bw=ordes i loaded into
the © kit und e preevions eontents of the O it are loeded into the aigh-order i
o ke Juslinaciion,

Q0rko

I — .t
S T T T O T U T S TS SN’ B SO
...... S S E— — 1 1 R e
L LA
Twpe: M
ComeTaliuL M — =P =
PR — T 4
Condiiiog Oordes o lecded frem procssser siack
#odneced Mror processar =lack
Yo oaaded Mmom processor slack
0 leaded Toom procyeass slack
Ciegeriptinn: Tlagd Lo exit Leown &0 7anerrnpt ar tran service ool The PO aod PS ace restor-

el (popped Jrom the peeccssar steck’ 70 e TFT el (e T Tt i the BY,a trace
oo will eceue prinr o esceuing the negl elracioo.

1 o
HBelern Irvuy seliroutine IO,
1 1 [H Al
|_ - T T T I I L e
1 N 1 1 - 1 — 1

Type: M

D peatn: BT iresl
Mreg) o S5 —

Condizinn Clodae: ool foored
) suosllestes
s ynabteored
s pnacfacrad

o b

a=,
-

G



[Fesovintion:

Loads the aonteres o the regisier e e PO oand pops e iep ele rear of the
processds sack inzn the soecilied regisler. Retoin drem @ nerrecorrann sip-
ronlipe in ivpically rads thocegh the siwee Jegigtoe thar was naed inoms eall
This, a subrontine called with o MSE TN, da exits with an K755 PO ana @ suh-
spnting called with w JSE RS dal iy plok up paramasters with addressing
sopdes (R4, AR, o fed (BR8] and STy exit, witn an BT HE

B

GO0

Lo
-

- i o o
| o C i i H] i ] L 1 i 1 e 1 n
I- S I i 1 L 1
R LFE PR |

Ciperalion:

Cundieon Codes:

Dicsceioian;

ik

' - - [0 +
s — s —

e loaded from procisser sk
7 lnaded ream prowessor sluck
Yo Iradad Trom processaor slach
Lo ewdad From processor slack

Pied tooexil frem u loeee lap (T By servics rowsing and cxcontes i the sems
way g the RTT imsteaviion dees. witle ane cyooprion. IF the B 1 scthe U hitin
the P&, the asal insoractiva will be cesonred and then the e trap will B nro-
cegued. Moveeser, i an BTL s 1he T Bt inthe PS5, e trace trap will cocar baforo
the nsw. insluslion & exccnosd

SR SR E

SMultraet ety

TISNER
[ESRTETI I

Ty

Uit

(et rdat) - L



Comddition Cniles: i N MR N 11 [
Soselal estdl — 0
Weoael il Qdsly - 100000 cnd © — 1
Coosleared 06 0dsth — Doand O —

Preseriplr: Bkl 10e sotenls of o ki From the dearination. o his por1'es tha carry
Ireun che sobliaciion of the Jeeecider words/Ietes o se spbrracnad foom rhe
ligbeorder pari of the resalt in rrder th perform oethle-minzcisinn sibiraction.

B

et gl candition code hita 0177

IV 4 o a a C 2 ) i
1 ] 1 ] 1 -

[
=
[+

Type: CC

Stz and cloaes crnditian ende hite Salzetable combinacisns of chees Biis may be
clonved oi set tagecher. Condivion eode bty earrespondime: be bils in Lthe condilaon
godla npevater [hite 1-3) are wuodihed scoording wo che senee of b4, lae
act fel2ar binof the sosretor: te., the progzam sels L D specitisd by bicd, 1L
rr 3,00 kit 4 g a 1. Clesrs corresnunding by il ol 4 — G

Dreseriplivag

SEC
el N |
12 ihe
T T T T N - T R - I T
I.,_ [ 1 i 1 1 1
Iy N

Prescripind. Sitte A CoenTs condilion cude bile Selectable combinatione sl theee bils may be
coeared ur el logether, Condilivn code Bils curmespending o bits e condilon
cocde woerelor dbits O 35 ace mesdilied cocording ol sense ol Wil 4 ke
s elear kL ol e opeeaton Le. (e preaci sels b b specilied e Lo 2l 1, 2.
ar 3000 b 4 a1 Cleass corpcsponsing Dils I i 4 — 0,

b

SN G20

o i

1 1 ' ' 1} L 1 i | i | | by [ a1

i N T 1 - ] L | I B
[EEERE |

Y



Tope:

Vigsorintion:

—
-

Sels and clears vondilion coge wils Seleotalle sombinaciong of these bits meay by
cleered vrsel lesether, Copdiion eode hifs enccespending o bics in the eonditinon
pole yoeculor [Lile Q@ 30 are maditied secording o vhe sense of hit A, the
sl Selear bib ol Wb apsreaians e, the preg -am sots e bic :-:]_':i:;.;ificd R L i1, 1, 2,
or 3, il 4 s a L Clears corrasponding hity it b4 = (0

Teper

Trescriplion:

LN R E

o

Sete and o cars comdicion colde Bie, Seleclable coewebinaiiens of thess g may b
glearcee At set together. Condilion code bits coccespanding o bits in tie cenditior
code aperstor {bits 0-3) ure modilied aceiding, o the seree et hit d, he
sarfelear Bt of the operator: Le., e svoscam et the kit speaitied by Riv (0,1, 7,
ar 300 a4 1w a L Cleass corvespandiog it it bic d = 1.

T

Paseriplivae

(FI0Za4

Sers and claars conditen code bils, Seleciable cambinatings ot theae bits may he
cigared or sec teether. Conditioo vodle Lils coneaponding to hits i the candition
g eneracor (it 0-31 azz mwedilicd ascardiag ta the wonze of bic 4, the
actSolent bit al zhe oaeruler; 1e, the program seis the bt wpeciTed by bit 01, 2,
nr A, 4w a1 Cleen vorrespondiog hits @7 hitd = 100

-1
=
=



L.

Sulstiact oine and smanch = nel egual oD HETRIE — it e

| 1 . 1 1 1 I QFFZET
1 i 1 1 1 . 1 L

Twpe:
Lporatian:

Cardiziam Codes:

Desanpion:

SLE

Subiraet

Foee Boo= Lol tine reaull doms pol = 0 Ueen B PO 02 50 allzenl

W unmaliecied
FounalTee el
Vouns[Tegled
C:ounallesled

Tl cogistcr s deorgmented, 110 is nat coua tedl twice toe offsct i snhbtroctes
[rom e FOC (now paincing w the following word j 1 he offacn i intemroeted w5 »
&0 peative mber, Thin imsrracrion provides a fast oficent method of Toep
contze] Asasmbler syatax i SOE LA waore A B the addrees weowaich traneler
i o he made if the deetemnenoed K= not caual bo L Mo that tas SOT8 mslrwe-
1oen cannnt Is3 msed o transter continl 1 e forward dirssoon.

A a—

(RN

1= 2 ! A [ kN
I ="

' 1 ' H - - H s D N ] L = L
1 1 — 1 1 —

[SIPEE |

Iy
Cmeraiun

Cundilien Codes:

Fegzoriprion:

Tk

el e dsty sl

Moael il gvgull o 0

2 osetir reanln = 1

Wooset i thore w aritamenic soverTew sy a resuly of wbe opsralivn L. e ooer-

ands wers af oprosice signs aad he sipn ol the wvures s e suws a5 e sizgn
af tha resnlt

Lt

Doolzared 7 there 5w cermy Mrom e aneel sigoilicazt b ol e cesull

Mubtraets the sowrce dpsrend Toem e deslinacivs eperand aed leawes the resas
ac the deslinaion address, The origln] couleuls 21 e destinarion are inst. The
sontenls of the suurce are ool allecled, For doukie-precisian acvichmetic, the O
Cit incicatlet o borcew wlheo sel.

T.43



Sab

Bran e

Typs:

Crpeculiv

Cepid o ol

[descmiploon:

AT

il .

e 17 3t 1}
bt 1 ot

Moset i aigh-ordsr Uil ol Leeeowdar Byzz (hiz 7)ol resull 1. sel
Foosel 1l Luw-order bale al pesult — A4

Vo owleared

L ocleeaed

Cinchanges the Dish-arder arte ane lew-order byle ol the destization, wlich must,
be o woid addross,

HAT
Sier. oxtead ooevDrD
1 3 "l il
" T D B T 1|l o on
1 1 N 1 1 |

e

Caperaiva:

Cundilion Code

Deseriplion

L EH Y

idslh — 001 ™ s elear
fdsth — — 1t I kit owowe

I mnat¥ecto
Loosct if Mobitoeloar
W oalearcd

2 nmnattected

Frhe cond i vude B0 2 s ses, a0 — s pleoced o the deslinalion vperad: i
wimis clear, o Uis pacsd i e destination npere Chie tnslooclion is particoala
v ouueinl o mwludele-precision arnluneric bacauye 1t pesmils Lhe sign 0 Dy ox
sended Lhreueh muluple wwoeds.

744



NOIE
Az g performance aptimization. the Tl bee cycie of
a =X s 2 DATTL Froviows TELTT processors poi-
formes & IRATHY cvele for the kel s cvele as a
YAt care™ for Kardwane minmicalisa.

ThAP

1004400 G 777

Tvpe: P

LIS SHTTIR (Bl — [
Chly — I

I - g54d)

s — e

Costdinion Cooddes: M leaded Srem Trap vsemr
Foloaded from trapr eectar
Yoo lngeied froe TR voctor
U0 Ingciedd Trovss TRAD wasior

Prescriprion: Choeryaion codes Fom 103400 o 104777 ore TEAT lslevetmns, TEADMS ood
Bosatis e Dlentical in oneee en, excent Tha L eep vecior fog THRAF i3 ar ad-

driee a4,

HNUTE
Since DIGITAL zoftware waites Ffraguent ose of
AT, e TRaF mstruction is reconnmended Tor
uppperil s

TST/TSTE

™

HEet

Pl _ e ES —
1 a w a3 a 1 1 = 1 1
i 1 ] 1 1
Trypa: il
LiporatinT: pdsll e el
-1

OIETIEE
TS0



Cromailion Todes

Crezcriprion:

Foracn i resul. e G
Kool il tesull ]
Vo ooleared
Couleaced

Sels (he cordizinn eedes W enl £ oaccordiog e the crntents of the desanation
aldrsss,

wall
D00
W _ ()
i ' SRR TR - T - T o o 1
—_—— i -1 | -
Ty X
Operulion:

Conditinr € ogdes:

- -
ACET :'l Il

~anallesied
&oumalTected
Vool

' unatteeted
Dravides a way et the processer e relinguisk uae ol Lhe bus shils 10waits foran

copets Far the inelructions oz opsrands sram memory. This geruns lugher
Leanster rates beoween device and momory since m processcr wdoeed Salcacics
will [ ancountered by bus peqrests from the device. To WALT. as do all instrie-
inas. the PO pednls e the nesl ingtruecion Following e WALT aperaiinn. Thus,
wehan n interrupl caoees (e PO and PS e ke poehed onto e suack. The address
af the et rmavruciive [ollowing the WATT wsaved. The exil eom the infer e
somrtrne .. gaeculica of a0 BT instrwctun] sl ciuse pesumplinn of the infer-
pead process ul he Distouciion falloaimyg che WATT.

XOR

LA

[N

fleth — RO dse)



Candician Codes: Mg it che resnll = 0
Ziarr 1 roaul —
Yoo oo
¢ ouaarfaeosd

Joecriplinz: ke sxousivs OR ol L eepister and destima oz operand s sieesd inche destime-
cicrt address, The coalenis of cha remieler are doac e ed, Asscmblar Turmal 1w
XOME R, T2

E.
-1



e e e e e e e r s M s e ff e rm e e e = me e wmm marm n s mers = e me e



CHAFIER &
MEMORY RANAGEMENT

w1 INTROGDUCTION _

T K -TA oreeessns I erei £ 2 meseeurd plivsies | addrzas space. The napoing o 173ns-
latinm of 16-B00 virlgal pddresscs o 18- or 22-bi0 plyeice] addresacs is implemercsd o oone 20 pli
WS LA ateprated cizenic Phis chip iz desigoated (Lo memery ateregement wxil (RIMLUY. The
memay mranaeemenl Deretionalicy i soltwerecompatible with orher PEXP-11 pooceseons (g o DI
P13, BRI AE0 and P71 700 Figal prognwmuable celocation registers ars uatd Lo geeampliz
the toapping function, These rewisters are added Tothe 800 v rmal address e for a L8 e 22-hit
physcal address, The aomal phvsice] addeess Danslorsation ocours ransperently W cweguiing pre-
pra. The MMU chip alsa eomums some of the Dagticg-point ~cgiswers in wdditon b e relezatian
1) EAR

210 Ioogmoaing

The wewary management hardware Las oo designed for g multiuser operatiog system envirmment.
Tie prucessol <aa aperace in owo modes (weensl and uses) tooprovide meowey solaeating and proczeuon
wt o wnlijuser snvirenment. When it &erocl rede, softenre has compleis coausl and can exeoue all
trslrn et iona. kMomitore and supereisozy programs are awecubed in this coode

tina rmlemser environmenl seecral wser pragrams Teside It coemmozy 2t any given time, bae seenel zuli-
wears noimally does Lhe Tulluwing

1. Canerals exsoution ol (LG YSRGS A0 TTOLRTLTLE
2 Allacates memuery and pecipieral dovics camrccs.
1 Sategmards che iniearils ol the svaram as o whole by carelul conliel ot cach user prograo.

Wl 0 nser mode, sollsare s eaeeried inoa restrioted envirunmeui and i3 provented From exsculing
cpcteln inwrinations that conld be desunictive tochae snbre softwnre systom, This restriceed environmeal
priveiia the b loemg

SodiZicalion el e kaimel pragram.

Halumy Uee cooypuler

imitiahang the svilem

lsing merery dpacs a3z gned oo the kernel or o ol neers.

B~

im o mreliuser svslem Ihe memnry mandeemienl uoil aans pagss [refncalable ey 2 gmentsy 7o
pser’s proevas: wod prevents the wsor Trom mabiond iy vnanthnrizzd Access Lo papes ouigide his her
wisioned erea. Thus, a oser can affectively be proveaed from accidental or willlul desteoetion of any
piher weer’s prugridn of of the swatom exsculive program.

iTerdwure-tnplemerred Faames enable Lhe oporaling svstem te dynamicaile allocal memary npoen de-
mend while o poeazam is being run,
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207 Basie Addressing

Tive PI2P-11 Tamily woerd dcrgll s D6 hits; oweevoer, e exlended LSE1 L0 s aad the KT -BA ad-
Apesaimg o are 23 bily wide While o 10-bit woerd ven generle up by 32k wards (0% bytes) of vis-
tual accress relerences, (e CPL aad extendod BSE-11 bos can delerense wp oe 2 pizieesedy 04 mme
gahyzond ul physical 22 kit addizases. Vhe extra sc bile ol addezasiag lagic prowice che basic fremewnsk
for sapandig ey sterenses.

The uopsonss 4K wocds of address space s resceved B 170 deviee registers. The L megawerds o
rhysical wuddicss spaae that can be telerenved wilywe ooy masgernent consist of 2000056 vords ol
wesr rovezpousy and 2000 waords of TA2 device repisicrs.

£1.3  Achive Page Hegistor

The cogrery meneremetl unil uses Leo sols of cighr 520 sotive page egls ers CADRL) (s Flzog &
1A AFR s wetuelly a pair of 16 DiL e gisters: @ page wddress regisier (TARY and o page derevion:
cegisioe (PIIRG. Vhees tegisiers are always nazd as 3 oo aad cenlain all e wolecgaion aeeded o
descaibe anc relocale che correnlly acLivs memory mopes. .

OIne aor of & FE- 15 wied 1 keceel mods, #rd tre etber in weer mede, The sel 10 B vsed i3 derermined
ki rhe cnrrenl CPL rode (R contained In the processer sialus word, bog 13 and 14

[ I'm SEOral LA IGE YIRS I
1 . 1 1 1 | 1 1 | 1 I

l l

LIRME L i Z5ES I
aF - a7
A APE -
A nd | as: [ _
2733 T WF3 3 SarE
AT L | a4 FEZ 3 FF:
ERE ] R R ]
LANTE ] REE I
Y e TS
—— ] L T .
- LI -
L [} - .
- ’ I. 1 i h -—
- 1 1 .
1t - [ 14 I [ R |
a5 -| ————— | FOF.
£k & JOSERS SEGIETER TEGE LS3CH °T o NulklE
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Prarure 8.1 Al fage Hegistors



s Cupwbilities Provided by Mesgry Wanssemenl
Memery Ziee {words) 2 wegawords tminws 4K words Tor 17O Page)

Agilvess Space Yirmal 16 bile}
Fhysical 7% or 22 114

befumdes of Laporatinm gornel end veer
Sluck i*ninters 2 {ume [uz gugh Toded

Sheminty Helculiog

Fumber of Pages & (8 Lor cach mode]
Fawe Tergll: 1 Ly 096 wnrds
Mermory Page Procectivn ™ atugss
Mg only

Beed forrics

A MERORY RELGUATIGN

When WD memery mazaeemenn Uait s eperatiog, the nerrnal Te-bil doest by neldress 1 oo L.u gur
|nL|:1'|'_'-|,_.I_q._-\._| as a direcl phyeaicel qu-rl. an (PAY but as o virte ] address (YA coniaining mlurmation e e
el Lo oo SERIGtiT & new 18- ar 23k —,[-. -.-H-;_.g_[ addvess. Imfurms s cocta ned inthe virtual address is
combioes witn reloculieu apd Acser aprium dnlermarian eemoained o the asive page teeisler L vicld an
18- o 22-hit phsical addess.

Deconae addresses ase telocarsd aulozsatical s, the compules may be considered o be uporatiag in vir-
lu;.] addrass spave, This moans that regardicss nf where o prugeas is | aaded o pheeical mamary, ic
will mon qmes e be pelioked; ic always appears to ac al e s virtal lecation o wemory

Tha virwas eddzess stace s chvided o cight 45 word pages. Fach page b5 relociled saparatels. 1his e
& nacfu! [r-u.un. in il siprogramied LneshaTing aesless, L peemits o nes lerye preogam to he adec
it scontinuans Hocks of physieal imemary.

A busic Tunetion of the Taemary MARAEET e LT i Lo perlormt mamory relucalion and armvide exiend-
cd mherery addressine w..-Ll."uI'_'-llll._'r for ayarame with moce than 32k wards ol physical memary. T sels
nf mape addeess regisbers. wre ugdd O relocate virlual addicsses t ohysical addresses in memory. These
goty aze used s 1;-:7:11-.«.:.-_1-: velocatinn ragiaters ol pernit sevaral wiets’ proarams, saer slarling ul vic
el wdd zess D0 tn reside stollanconily mophysical sy

£.3.1 Proagram Reloonlioan

The page addrees regizless are naed o d“l-:rm.i.uc tro ararng physical address of cach relocaed poo-
LTaL i phy-.ln.:-ll musimary, Fipnre B2 shows o sanpl Fed example of the wlacation convepl. Fragram A
siariing dcdress B cel seatad v w comsluol b peeride ahyscal wddiess S0,

1 ihe nexi progeaze virmal address is 2, 13 eloccten conslog, @il then cawse phyeici] addrsas il
[vhe sconnd ilez of program A Le be accessed. When prugrian B is runaing, Lhe relacalion carszeat iy
cnangzd e (000005, Vhen, program Bocdrtes] addroces slacueg, ac O e reluculed 1o Acecss PovEIGd
PO roaade slarliag At 0NN, .l:,_:-|1|:|--=_ (g actiee page wddrese repisters to provide celocation commni Les
rla meed 1o reliok o program euch G it s aded inle 4 di7Tocent physival memosy [oestion. I'he pru-
gram alvays appears to slarlal he samo sodves:,
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Figaer 220 Memury Felwatn, Simpliticd Black izgsam

A proetam oy relocktec 0 peres consi-ong of fom 1 o0 7 28 hocks, Fach Wleek 13 12 wards o eTyrih.
Thrs, the maximom lenpth of o paee w4006 028 w0 330 woeda, Llzing, a0l e I:Lg].ll available actiee
THLe FESiseery 0 L Sel, o maximur pregeeam lengih of 32,7602 words caa be acaompextiled. Tack of the
elwal pagrie can be relocaled smvwhere inopheics | mermore, 3w lang as 2ach celacatod page besine un o
burndery Lhel de o roclbple of 32 words, Hoeweeer, For pages amaller than 36 wnids, aoly e oemmery
eitally slhecacel Ly the pape may be aceessed. Beler to tae relacotien 2eample showe i Figore 8-3.

[ WIATUAL ALD-RELS paze| RELCOAT 24 \‘ FHYElI ZaL mazwney |
RahZIs ki FHRS AT it

CWAXK1ITITR '-'_1|r | —_— /.r 13720200 1393057
RETTH EW DR ] [ e ] o oTIEWHY UG

| 0 12T ] H 2T : / A .'Fd:l:i.'!:lil Lo

i g : ] (L L I {_ -r DOEGEIO00D Q217G
ALl K l IHPT -— ."':—"5-4:.::; "'i XS 0T 171G

| a0 mEITD z Ll 7 . d e B
WOMI—ANTE R e f,f" T .
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Figare 8-3  Relucation af 1 320-Word Frogream s 2 Megawords o Presical Mecery

Figure 3-5 lestrules severel points ahout mzmore re’neatias

I, Aldougl the program APTCRTE B Phe (raccssor e fe in contigeeue codress space, the 32k
edird phipsical wddeess sowee i acloally seartceed thraugh several seearaie arsas of pssical
ey, A loag we the lelal available phyasice | memesr spaee 3 adequile. o progrem can he
o,

)
1



1 Papes may beorelocaicd o physieal addresses higher co lwer inorespeer to cheir cisluel wl-
drass ranees. Tn Lads example, page 1 relocated Lo o igher carps of physcal aldeesses,
e & 16 relovaled woa lowes range.

3 AN the peaes showa in the cxanple siart vn d-vword Tovndezrics.

4. Vash pace is relocared independeatly, Thers s oo ceason oy sen nr more pazes could ool by
relucated 1o L same physical memory space. Uslug vore than one page wldress cegislor
the sel le cocess the sanie space world be wae wiy of provdding differsnl menroee aecess

rchis Ly the saone dara, denendimg en swhich peil ol che sengramn wes relerenving Lthat daa,

5272 MMemecy Tloils

Hlck 2 owords

Fupe Do LEE blocks (37 o AN wards)
Muwb=r ol pages 3 o made

Hiee of refncatabie memure 32785 eroids, masirum {x x d0%h)

B3 RIEMOREY MANAGEMIMT REGESTERS

The remnry ranacemen, unit uses bea sol 0 nege aderese repislers | FARSY and pags dzseripoor ep-
Bters (3R referted o as PARSPDE pairs. e set of PARSPDR reglstce paire is vaed o1 kemnel
made and the other set ol register prics inouser mode, The chuive ol which 521 75 fa ba usen is deter-
mined By the curmenl proceesol meds sontaincd in provesser slolus woed (B8] hiss =015012% 0 The
WML, 2 lso conlaims [our siaius segisiees (SR thrones BRI thal luplameat wrims memery Tnadee-
mient functione The meuwrr managament register Mwne lees wre desvribad o the Soinwing paragraphe.

MET Paze dddovss Regisier {PAR)

The page adleess oegise comaing Tae 1e-bil puge cddress Jicld (A F) which spzoifiss e slaciog
adedzess of Uhe page a5 & Blac’c mumiber on physcal weneory T page address repmster is shaen o Flges
L

|H . il

bl HIT MY
Finure 54  Foae Addross Heevler

The pags oddioss regizer may be Lhawell ol vs a 2eboearion eastant, o 45 u base sUISLEr cneeacing 2
base wddress. Biiher into-premation indiveles the basic function of the pape addvess register (PAR ] IR
the selosniion scasme.

83,1 Page Descriptor Register (PR
The pags dezeripter temser oo LB cegaster That containg wwlormalion solalive e page expansion.
cage Jengih, and access eontrol. The poge duscliptor register ML asignmeals aec shown in Figore 822,
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Figure 85 DTage Degecipror Roeister

A.3.2.1  Acewss Coateel Fizld (AL — [hin 2-hit fizld {ois 2 amd i) of the PDR Jeseribe: e access
righle Lo a paciiculas page The acosss codey ot kevs speoily the munner in which o opege may be oo
cessed azd whethor oo nol o given gaesaw should resuloin an wbort of the curcenl operation, Mmooy
relerence “hial Sanses a9 alwarn is noc completed and s csremingesd ocedinlels.

Aberis arc cansed by strampt oo tocses nonresidenl pagss, By pagy longill crears, o e aoecss veali
Luns. sUch a9 attompra to weee infe o rerdony pupe. Trupe ame ased s a0 pid i gathering mentnry
IO RCIAG T Insnemnation.

Lo the eomtest of acecess conbrol, e ez w2t 18 uasd 10 indicate the aetion of any irscrwecian chas
rodifics the comtents of eny addeessable word, A wiile Js ssnnnrmess with what s wsually calles s
Uapore™ or tmodiTe” i omany compuler sveloms, Table -1 Tists the & CF kays and chair Tunctions. | he
A iy wrilien oo Lhe TDIE wider pragrace santral.

Tahle B-1  Aceess Lonbroi Fieid Revs

AFC Koy Descripting Funetica
(] 0 Manreaider Aburl ey liempt To aoosas s

nonresidenr page.

Gl ! Ha-ideni Aborlapy glrmpen 1o i
T d-nrly | Lol 1hs pags

L. 4 T Aot ¢ 1l fecessen.

11 fy Fesid ez i Fead nrerite alliveed:
real fwrile | MNorrapor 3000t Aoours.

OTE
A menviry managemeol aloch e5uses e prsara o
trap by lscation 250

E.2.E2 Fupansinm Direction {EIN - Bl 5 of the pege descripiion cegister (PR} specifics mowhich
dircetinn the pape cxpanas. [F BT — 0 Che paupe expeeds vpwaed from Binck aamber 8 1o Saclnde
Isbacks wich higher sddresess «f BT — 1 the puge expands dowrwacd from binck mamber 1707 toon-
clude blacks wdth lower addresses, Upwoed expassion 2 oasmally used for pragrem space whils doan-
ward sgpansun s used for shock space. Aneaamble of peac cxparsing np@ard s sheen in Figuee -0

Syhen the expansion direction s downsaard [RIT — 13 the paga lengt b wmensased by e addicion of

ook with lewer reuative uddresies, Downsasd cxpanaine iz speeiied for stack pages so thys more
stack apace can be eddéed. Ao caamphs of page cvpansinn dowraand oogvven on Digore 5270

Bt
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Figure b Faemple ol an U peacd-kapancabls Prge

%303 Wrie Access Bt (W (GiL ) This bie ridiveles whotber cr ant this pape has beein modifcd
§i.c. wrilien o) 3orce cicher Lee PAR or 2R s caded, (W — i3 aftirmative). Thu_c- L ‘-le_ ‘g pactnl
in anplculions that svelve dick swepping and memury overlays 11 7s wsed s decermios shizh peges
have been ntoditicd fand henos o be saved in their new Lope ard which pages have ot hezn mod-
Fied ooud con simply e everleid, Dot Thar the % il “rexo™ 10 207 whenever eiiber PAR or PER =
madilied (7 Tren intod.

2304 Pape Lenplh Tield (FEF) - The 7=kt PLT losawed in PEKR -2 1808 5 gpoaitiog the pethneed
lenell ot the pags in 3 %werd Bloccs, The PLT holds Wlock mumbers Trom 0o 177, ehs allewine any
pass lenath froce Lo D28 Blecks, The PLT 25 wrliden inmo the FOR uada pragram conirol.
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Tigurs 57 Example of o Dovareazd Fapandable Pzee

w'han the pags expands upwerd, the FEL e Beosel v D less Ui W ooomBen el docks gulboerieed Cus
thar page. Far the sxamnle shoven n Figare 346, since 32, (42,0 blocks are anbociecd, 1he PLE 15w
it {dl I . 'l'h“ hardw:-' ra m:mp:-'.rt-—.. hl: 1-1'1'luu| "r."drv:a.a b'L:-:k JJJ.'Z'.."'L'-E (WA N0R ] with e PLE

Wohon YA T 1200 s leee Lham oor equad toothe PLE. the virtua] addeess wowillos (he aviborized poe
lengei, A5 b s greater chan the FLT, o pape-lengih Cault Goddress oo Ligh) s detecied by
the havdware wnd an BRI aborl ocowrs,

" hen the P is Lo b dowe pwacd- l:':'.r.u[r]a"*ll; e PLE ot Bexomon b 2080 (2 25 00 minos (e Teogil ol
the peapge (in boechsl. For e exemple showo e Figuce 3-7, ainee 325 f—i".|r_|.- Tileeckes are cut=ario |'|. L
FT anosel Lo 268y (86l



Wolien % A-n 200 is prealer Lhan ur eyual o tie FLE, (b victoal address iz wizhin the antanrizesd

~oppge lergth W A Zilbhs e Lews ihun (e TLF, o page-lengih Fandr (address oo low) is dezected Ly

il hardwsre and an AR shori o urs.

The dowran-d-expandable exnmple i Eizors 37 uges the same PAL 3y the cpeard-sapencable sx-
amjle in Figure B, This b so te emshasies (bal e Basc addreas prints ta the lewess possible address
of the 128 Rlocs pags, whether the poge 15 upreard- o dewraard-cxpands ble. A shown n Tigpure 827
the hase address omey nel even be within 108 auiborized page l2ngeh of @ downeard-eopanduble pupee.

BAR PARPIE Addrose Assigomssals
Androsscs are sseipned w the kecrel end wser aolive pape rogistors as FAF SFUR recisier pairs. The
PAR PR rewster wddresses are heted w0 Tabls 3-2,

Talele 8- FARTDR Addross Assivnone!s

Eerne! Active Pago Hegiziers L'eer Active Tage Registars

N | PAR I'DE Ko | pan | EDR
______ I PR S A
) e Eian L3772300 I 13777040 R R AT
1 Ieiriics Bk 17772502 ' | 177T 0 IR PRI EE
> 1T TEiad 17777504 I R b b T R
3 1T T4 17772304 3 1777 R4S N R
4 I FT7 2350 1273000 ) 177 7TR5L LETTE )
5 LT7725352 [ 7772317 3 [ N N Y
5 17772354 13772314 P rretens L 1T
7 L7737 25546 13772314 T {1 ITTe I L377Ta04

BAA Sraoes Hawivter b {5R0) - Address, ITTITA ) 25

MRS containg alvwt ermor Daes, inemers managemsnt chakls, and ather infnrmation esssniial for an
aperating syszem ko Tesovet o ag aborl oo 16 2ervice 8 0mem 0wy mansgetnere tran. Tae lormal ul SR
i5 ahown in Viagrs 53

£l

f' i
SROFT MOb _ !
b= LERT L |
ARG ST Eanl
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SECAT EPEDIHE S

LT TR TR B R ;
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Figure &8  Tormael of Slatus [epister iSRG



The eruile manag:mant 207 CSEN RO el and cleased vader peogran eontenl teoenibie and dizabic
memaory maagsnent The zhort fleg bils 13RO =2 15:13 %) cenalso he set and slearad undar progran
control. bt they canse a1 MBI soorl enly when sl automasieas by an B chart condition, A-rer
an WML ahert has cocurred, the poocram maed clegs SE07 S 132+ in ander to resame momtering

Loy CLRNE EETICT STH LA,

The ehart flags ame in priocile orcer oo ags ta the right are less sgniloens el shoubd be gnored
when ¢ more significant Mlap s weeecled, Sor exampls, o romresident abiort service reuling sould 1emume
-

ibe pagc-longeh it 40 and recd-only acoess vioiation hit (13} & page-lengh wbucl serdce tuling
wonld ignnre tha read-unly sectes violatbon b,

The mnce bits (3RO 0605 1 and the nage mumber bits TSRO=UE00 =5 wre looded ao i Lcally
wher an YT short wecurs. The atatas of thess bics 1w Mroven whenever oone or e ol Haye
(SFN= 131370 1 sen The SRO 8 oleared by che BRSO maraetion, power-un or restiol.

341 Alwort Mowcwidentr  Bi0 <0152 e the g aarl nearesidenl Bal I s ool by alicugpling e aceuss o
pame with wn aesess coeal fichd [ACH) ke equel Lo U or 4, or by soabliag sleenon suh an il pal
made 0 Lhe N5

8342 Aborr Pepe fengih — Hit <214 e the abort puge Jength Ti I1is s by actempfing mo access &
Incalicon b1 a pags with a bioce number Cerrlus] addeess Difs <0 ]2 DA that i3 eutaids che area guthaoe-
el Uy the page-length figld {PLEY o the FDHNE Lor Lol page

8.5.4.5 Abart Hezd- Omiy — Do o0 b the atoog] cead-onis im0 sob by atmempung o wrs-in g
cead iy page. Koad-anly pages have s access conua’ fald (ACF] key of 2q

LK
Thece are pg fesbricbans ayainat ahoart Bk Ieing sol
simud isnecwzly by the same access attempt.

W48 Mode of Qporation Bl =65 = indicara the 2L mode Tusse or bernely desuciated will:
the e cawsing ibe shoct, (Rerngl = 00, wser = 11.]

M.345 Pape Nowhber  Bits 0000 5 refer to Urs witlual poge nomber 1hat caoged & ooemary oo
waremenl Tuull. Fraes like slocke, are nuntbered frem O wpeearnd, The pags ool Bits aie uded Dy the
error revovesy conline o identify the pugs beonp wocsesed 1 s oot oooues

344 Enzble Relocation and Protection — TiL <202 (e erablc B0, Whea v iz sat o0 1, all addrass
wy are selecatod #rd protoeted by che oeemory munugement chil, W hen this b s set ta 0, the mzmory
g sonent nnit is disabled and wddresses are peillc: celocsted nor protectad.

B35 Stshe Megiter 1 (8RE15 - Addeess: 1TV 78 g
SR is a read-nnoy veriiter that elwuys reeds a5 soon

B30 mbades Hegmier X8R - Adideess 17737506

ST Qs lovcded wba a La-bal virteal addecss (%Y A0 duri ag cach inscrecosn Tetsh, oul s nel updatsd i7 Lhe
inarrction leleh Taile, SE2 & reed-oaly) o wiios arrampt il not rodily i conlents, SR2 0 e virtaal
address  proprasn couoler The coptent af SET o Froesn wieasver coe ol ke abort lags
PRI 1301475 1 3y sel. The formar of SR i samen in e 2252,

w0
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Prpate 800 Fojpal of Siams Regisrar 2imd 1)

RLAR L

BAT  Statws Hesislor 2 5R3 Addeess: 177725 iy

MR T i 4o eneboes or disables (e momeiv managemene 22-B10 mappice. [0 oeoey Ranagorony -
ped e noed (ST 230 0 de clear), it 2 iz Jgnored enid the Webic wddress 12 ool wapped  f memory —zn-
apomen. sy enaoled (BED il Qs ser] and bit 4 s clear, Lis computsr pses LS it mappoae. 11 metnery
ranacermenl iz capbled and kit 4 i= sec, che compuler wses 22-bil mappoig.

SR bl 5 s o reed Serive bit fiet ks no elTecl on KDEIL BA operation. On systery tast contan
an LAk qas S gy, (e PPIIESTT 7240, Bt 3 0w sel e eneble 100 map rolacatinn and is slovred Lo disable
relucalicy Hunns erpister 3w cleared by the RESET lusteus Lo, poweiup or restare. The Termal of
SR L slown in Figurz 2-1H1L

SEE_Z Tl WA e
WRELT TSR v

Eigare #2100 Torowul ol Slalus Begister 3 05R3)

%4 VIETUAL AWND PHYSICAL ADDEESSTS

T he memory Wna@eotent it iz lneated Detween the cenlen] processor mnit and the 15117 bus scdzess
A, When the weaey manages et Wit % operaing, e norel 1a-hit divect byze address s no loxzg-
ot irLerprated as o dives phvsica | address (FPAY bul ae o cirteal addisss (¥ A contaming tnfoccalun Lo
he w1 cosieuciiog o new e or 223-bis physival addesss, The iaformation enmiained o e virieal
address (¥AL 5 combired with seloctien infurmation Lo vicld an TH- ar 22-bit physcal adiress (FA)
Ling ihe memofy managsnant untt, memsery can be $vpamieally allecazed nopaces. gucll page cohr
pused of [rom L owa 123 "nraeral blocks ol 52 words.

The slorliing, physica? address of each pape s an olegral musipls of 32 words, wnd eacl page s &
Treptlonut SiZe of A words, Papes muy be locaied aopwhere within tae physical eddress $paoe. The
curreds, ficds of the processor (kernel ur userd delczmines wiich set of 16 PAR/TDR jegisios s used
o consunst the physical addres

#.4.0  Constroction of 2 Fhesical Addiess
The basic infrrmacion needed for the constmaetion et a physical address (DAY comes fra s the virtuzl
addross (v &7, which 3 Dusiraled o Fipure #-17, and the appropniate ADRR sel.
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[

Fpowre 8-11 Terpretation ol o Yirtoal Addres.

The witlual addrsss Sonsieis af e Ballowing,

L. Theactive page Neld cAlF)  This 3-bir ficld detcrmines wonich of cizht active paga repisrcis
(ANEG APTT] will Do wsed ro farm che phvsical sddress Ha].

The digplacenien fizld (k- Uhis 13-hit field containg an redress reladve o the hairning
ol 4 pags, This permizz pege lengzhs of wo e b wares (207 — SE betes) Dhe 1070 divided
g twa fields as sheeam in igure B-12

)

T L . 1]
|
"k, Z s J
S| 1 1 1 1 I 1 o 1 .
B _IC+ MIPMBES CAPLACERACE T IR 5L DK
u=

Figvre 3-1% Deplacemeni Thsld of ¥imival addesss

The dizolucsmenl Neld (DF) conslels of Lie Dollowiug,

[.  The Dok number (IBX) This 7-Lil Leld b srpeeted as e Toeck mombre wilio Qe cus
Tenl gl

i wodepleacment i ack [1FIEY O Vhis n-hit Fels eorminsg the displaccmoent witkin 1he
h The displagement i . k L
block velerecd oo by the Dlock aomlwr,

The remainder of the informatine needed oo conatmer tie phyaical addrass comes from the 12- o D6-hit
fags address field (FAFY (contaited in che active paga cegisrer), specitving tha warting address of tha
ey thar AFR deszriias, The FAE is aemal iy a hlock ez e in tie physees ! memnry;, For cxample,
FAF = 5 indicatas a starting addresy of U6 (3 32 32 = D& in phyaice ] memare, 5i'ha formation of <he
nhyaical address in illuscrated in Figurne K213

The lagicz] sequeass invalved in farming & physical address 2 a3 follaws.

1o Melecr aaer F active papc registors, (Selaciion deassads an the coerent mods gpesified Ty
| RALEERN BT I PR

1 CPhe active page fisld of the virtial sdelrews s ouwed oo seloot an active pege cegistar
[APE--APHT

3 The page sddrees Teld of che seleced APR containg che starvng adesess af the corrently
Active Tape ws o bluck number i physica! memaes
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g, The block member Srom the virloal address o addesd vo Ues Bleck smber Mrare the page ad-
crewe feld wo wiekd the numbser of the Dlock in phiysival sy Gt will comtain e ploveical
atddrssy boing cuzsrwcisd.

3. The displacemest o Dlecks Do (e 2 splacawe ot figld of the victoa” address b= joiced v e
phveice] bluck number 1o vield a 22-bi0 phosical addesss

Bd.2 :J-;'lurlﬂjln_"l:.g_ the Pronemem Thysicnl Addeess

A E-Dil wiciuat addeess cam spocily apz ve 328 wovds, e b vang s ot QOO0 0s 177378 Panerd Tuandd
aries are sven nembere], The (b ost significant « .1HI afrvess its designare the (14 Ll LT
e b refersnced during pege addesss scloentior. Tables #-% liars the virmal address ranges that eaccity
wace ol e PAEFDR a0,

Tablz K-3 MWelsbug Yivhua) Address Hanges to PAE PR Sets

Yireal Addrasy Hange ! FARFOR St
=175 h]
RANN—=37778 |
CIEHE == ey 2
=27 G 3
T 1 7776 )
T2 37776 &
(40001 37776 f
[&00n0 177776 b

PAFLE
Ay wse of page lenpths of lesd than JE wordy
canzes mnaddresssple “hales™ in the virtuat sddaesy

apace,

BA  PROTECTION

A Lmesharing syaem porfar s muisiprogramming zhas s, it s llows seeeral p'wrr:-'m*i 0 TCRIEC 1T Te-

ary simulanceuzly., cseuring cach sequentia iy, Acecss 1o those programs, snd the wemary sonee they
SCCI Y, st he aTricTly definced and controlizd. A tmesharing svster reguires seves :-1' h']'.l- s af memory

proAcetinn.

1. User programs mast nol be g llowed o gaopand bevond Wheic allovaled space uoless authorized
o do so by the swstom.

4

2 lsers must be prevenced Mrom moedilfving cozimon subroctines and aigocithoes Uil ame resi-
dent For all wsess.

2o Wleers rmiusd be prevented Feom gainigg sonlmol of or oediyviag 1he apecaning, svsten selivare.
4. Tlsers must be prevenied Mrom aceessing or mesdilyiog memaey eocnpied By ol usels,

Memary managmement provides s hardware "eeibves woimplement wll G tvpes ol mcman sy proleslen
hsted above,

814



.31 lmacoessible Rdemnry

Fagh page fas 5 200 aooess corinrn ke sesovialed silliil Ehe ke is pat of the pege desorislor 1eg2s-
e (PER) (The soceas cont-el key Dunclioos are Cosarihea in labls 5-1.0 Lhe sev o5 aesipned under
upesiling svslerm onnzenl. When Uhe ey s sel a0, 1Fe page is dofined as monresdenl, A cllezng by o
Wsks prOAram tn focess 8 nonresidenl pege o peevenred sram dior g so by an dmmediule cbea L Uk, this
Teluze to peevidz memaery proleclicg, only ihese peges associaed with Lhe urteil progra aos e i
lepal pocess kevs. | e sooess cunteol ke vs of all orher progmam pages are sel e O, wloch peevens illegat
mnOlY FHETCE.

X575 Reud idnby Memosy

The necess conlmel ey Dor 9 pesc can he aen oo 2, whick allivs read (Teich) memnry referenecs o the
pags bur immesdiately balis any attempn tooarite o thal page. This pead-pn'y oFpe af mamory
tectiv can be slurded o pages 1het entrin commin dula, swbrcullncs, o0 shared alporithms, Tl
allovws the movess ciglis 1ooa given memory area Lo be wier<lependean That s, the access nghs oo

o

reTory ated may De ovaricd for difforant whiers by aliering e acocss comtenl laey.,

A page addeess copisrer in zach af the sets On kemnel snd wses modes) ey Do seoepoe ceferenec he
sume pliveical page Do memaey, and cack sy be heprsd Tor dilfecean access sk, For crarpla, the
waer accesd colrel ey migks b 2 {readeonly aceess (ue user prepzaoms], and e kool feczsa conrral
Lo roizlil T 3 {allowring complote ead Serioe dveess “on e oposiiing Syilem )

£5.3  Moeibple Addvess Bpaee

Toeo camplers BAR PR set are provided: ooe fon heesel eode aad one far usar race. Uhis 2 Foerds
e cperaring sestent softwars anuther teps of ooy proation e mode of aperation i= soeefed
by 10 orneasa statis wards curesnl moede 21, o peceions mode Field, as dezermined by Lhe currsnt
isnmerion. Bach mode hus e cwn correspondiog stack princee CHA) for proceouan gy well e soloeare
CRRRie rations.

A mer oade proeram s relocatod by its oan FARRDR el as e o kernel prosrion. This wabes i
impeeible Tor o program cuodng, oocog cnce toorctereee sotee ailscaied woanather mede aceiéer
pallv. when Lhe polive page wegislors ame szt corrcotly, Tor smampls, o wser canocl lounsler o serned
yonce. The keroel wode addeesss 3pace may he reseread Dor resident sysoem menlion Deeclone, such as
the basic iepulfooipul Coglpal sootines, mamory maasgement up bhaadlere, aod Smeshaziog echoerd
alime rreoduies. By dividiog the typess of timesharing svatern progrenms Juncliooally Belween L keroe)
wral wier modes, o juildsnnm of space controd owsekseping o reguired as U limsahared opezating sys-
e seguences Lo e 0ag0 frogram te che et Tor soemple, only the gesr PAR TN g2 needs 2o
be upduted o cacl pew azer nrogeam s serviced. [The FAR and PO regisier foomals erg sheawen i

Tpures 84 and 8-%.]

8521 DMade Mpeciticagan m the Procosaor Stains Werd o L5042 spenid ihe sarient mamorsy
rucagemenl mece These w0 wra ised te select L cucrespendizg PARPTHE sci 10 he ugec fir the
curcektly cEsenting nrogram, FR-T 130025 specily the previous menory macagemert mode. These hits
arge uged b the rcrnory managesmenl ansirec ey e comeoenicns e beiween korazl and uacr dddress
spaces When an imnlicic mods chengs vovurs the previous mede Bits (PRI T B2 L ave lowded by
lagdwea e with the conents ol the cursenl wode Bis (PSS 04 0 Vhis change can neeur wheneeert
an infermpt oF trap 15 prucessel. FEa 150120 ape clearsd when prower is spplisd. Clsanmg Lasse bils
sploets kemel mnde, Fheo 250 20 ure eoseded as shoeo Below,
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R I e [ AR PEE et Foahiod Sbeck Poimler Seleciond

[ Ecinei | boerns] (TSI

i I nac e for futwee D01 AL Supereisor (s,
uiin specitios auparvion I rererend Tor Delea
Congde an some FIRE-T Ty ey CLOITAL wse

vl CAanas 3 1l

Lo Hleral: coes no celse Foozarved foo surirs
it ML e,

11 lser P LERE (158

Eicl wiody selemis s owen eorrespoiding soiek ponaer, Taws a2l progrem relemsoves Lo rsgisler TR ose
a dillerzal pegistoe ag soceificd by PSS 13145 Sack poincer eoisoton oours whather ihe SR oy
enalled o1 el (82D i 2 is 4 1), The ditforent stack neinters ars imitahzed by loading e eporupriate
mdle valee o 3 e 51 d -, and can ho examined by consols 43T,

.53 Processar sosons Word Protectien —  There are vemiows sollwnre melbods of allscling
PS5 L 5000, =i1er kerasl meds is defined oo g lvw sodoears woogss el nerdwense Teaiures, ree go-
cefs 1 1he PR s allovaed, Since wser modds i delined for aperuling user progeaiss, aodd e, poolecling
1 ety sestom aofmwans, cortn P8 D suck as e code anc poionity eved Delds uce protecied.
Talls 5-24 gaws hoea gl BS hivs are afToohec.

$.5.3.3  Lser Rode Hestrivtiors — TTaer mode 35 intsnded Tur eseculing vsei preacams, Lo vaer o
the program s reitnicted from asing thuse hurdware Cealuvse Lhil could Sdiscupt svstem iniggsity The
followaring harowsme Pewures are probscied oo nser mxls.

—_

. Hal T imetructicn — Toslesd of enlenag console QLT 3 HALT instrustinn cawses @ reapora
keone. lovcation 50y, The oteat o5 oot o ellsw a ser poeeram o halt che aporaring syston.

2. BESCT mmstruction  lostead of causing o BLs jnia7ee, o BEFSET Marotion iz cxected
e an MOF inziruclicio The el bere i& 00 proeen? s user pragean Feom initializing, 170
devices.

A Acress o MR- D300 anle AN nther Psobing are witel 1o seitemn oneracions anc cannot be
ulTesiesd.

#5304 Imtecrupl nod Teap Processing — Al intermpt and trep vootum are Foresl by nardware o be
ures? wlwavs in berne] meds when the oew 20 and P arz farched. 1 he processor' [0 sien M procete-
ing Lhe inleroupl or Wap i w feicl the news BS wahe frons the interrupt o wep lucaoon plues 2 Thes
deteriines whicl mode (and sonsequenchy, whick stack nointor) w wse for pashing the ol PO und 75,
The KDFLL BA copics che ol PS5 ointo a fempoerary rerster wnd ihen loeds the new PSovaloe
Faoo 1304w are oaded from rhe nremary ncation to ~zleee the new currenl mods, PRS0 L3120 (pre-
vious mead el ace Teaded with the nld wilue on PR 5142, o cssp o record of whal (e previous madu
wig, This = tag anly place where the P previows mode Die copy Le currend mode bis,
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i proces allaws commuomedion betwesn mode addeess spocss using the memary uddieaneni i7-
srrpesinrs. e remaining FS bils aee lowded Ceozc ibe wemenzy Baeacioe, Thas, oleroupl angd frop ser-
vioo rlnines sn be execeled oo eitber kaioe] or veer iwod, dependiaz co the soolenis 9 e ves Lo
phes 2 locatione.

g MEMORY MAMACERMENT IMETRELUCTIOINS

Yemary managemenl srevies cosimnnieslieng heowees: can spraces, As determined Dy the oneegps
MEMUTY  mdniagensnl 2cds bus (P8-I1%0d =0 and  previous memory. management meste il
IFS = 1302 b ol b proocssor statuz weed (PN The fnllowicg irstruetions are clireot by applizcalde e
TIBITIUT Y LILLrLa g i,

LA oermdgniv ll. fmstruzban
]

iy Cade
MGG EHE
anad e
104355
LGas iz

W1
WTTIE
WP

MAUPH

SRS RS

Floma From previuns Delrs o space
Rlrmc b arewiois 105 LD 50 space
Peloive Fromm presions Wikl -pace

Blaves T previcus dald =pace

Fetor to Chapter 7 Gor 2 mers deloiled descoipiooc. These g boeelioos are doenhy compaciile will:
lavgor #1281 Compiers.

b-.48



CHAPTER 2
FLOATIMG-PIHNT ARTTIIRETIC

97 INTRGDL Y

Viear Ly-si Llogting-pesint instroelivns ag aveilable as o misrucede cplion 1RI-'.5-'1 &4 for wse with Lhe
RAMET -BA proccesor. The KTT-AA i complecaly soltwrre-oompatible wbihoohe FRT-A el oo the
PP L3, e S0 wsed on e FDM1 160, and che BRI -C wsed onohe #2P-117700 Bulh zanele-
erel duplile prozision Nowiing-poeiol cagakil wv are avalable will ollber featu e, includome Thalmg-o-
Aleper g intepar-to-Moaling ceavelsin.

The KEF11-A% comaisis ol Lea MOS TS chips custained inoore 300 packege. G|Jc':;|lj-:n[| af he
WLF. L AA rcoittes the MBI chip, it peditinn: Ui nise SO SN ehins, bevsnese all e (loating,
puirt acenriulgture and sains registery reside in e B

B3 PLOATING-POINT BiATA PORMATE

Mletitematically, & Flosting-poini romber iy he defoned sy baving the Term {.3.', R where Kodsar
g and - is oy I"Tu-_l.x.r Fuor o oaonvanishing rombaer, Boand T ase amguely determinsd b imprsing
tie eondition 172 0 o 1 The Teaclional pare (f1 00 the number i theo suid 1 e rearinalived. For the
pmker 1, ookl L-: asstaned (e velog 0. and the valoe of Kb indeleciziaan:,

he Flaatme-poinl data Tormais are derived From this e e lisal copessentation for floating-peint
i aees, D Lypess of Tocliag-poing daes gre arovided. Tnsingle-peecision, or floacing moda, the dats 1.
3 hits ona T deolle puceision, nr dimbic mode, the doic s 54 bils Joog, Hign I11H,1!1IT.ldu Ticstation ix
HELN B

w2 Moomsanishing Fleating-roies Sombery

Tre fractomal et (0 i gssumed sarmalized, so thet e mosl sipnilican s st e 1 "This 1 s the
“hidden™ biv i iy not slered caplieity in the date werd. bul he u:uj-:ﬁ:ur.’_lﬂt prAlnres 0 hetfore crrnery
ons arithrmelic opsraioes, The faating and dovhte modes resesee 23 and 35 hits, respectively, Tor T
Theue bite, with the biddea bit, imply offoctive wond lengthe ol 24 big and S hits.

Fighi bits vre ceserved Cor trage of cha expenent FIn exoess D28 (20020 wrickon Ge as B 20040,
oiing a bicsed cxpanent. Thue, exponencs rum 128 Lo | 127 could B repreaznted oy sl 207 et 0
= 255 For reesous given helew, ¢ Bised gaponest of G 0le ee exponenn of — 20800, 15 Teesrved Jus
Muaiing-polat O, Theretare, cxponents are testeiced e D vaspe — 127 1o #1127 moinsive {177 1o
— ITT b ol I cxgss 200 notetiem, 1w MY

The remaining hit af he floaung-coint woerd B ol sign i e mom het s naative 17 his sigs B e o L

9-1



925 Dlowtinp=Iaiif £ers

Dzcause vd e Lidden bin, the fractional parsis not avalable (o Sstrpwsh 2elween i and nonvanishing
niinbers whess Tractional pav is czacehe D72 T herefors, she | PP (Tnelinp-poinl proce:sur] seseryss o
Biieed] crpeaume of 0 foe chis porpose, end ey Moz ing-pom: number wich a biased sooonznt of O ccther
tratps o 15 Tecaled g it it were &nocxact A in avichmelic eperations. An exact or “clean™ s Tepresenled
b o weeed wliog Les acs all 950 A& dirts” O a Mo tong-peine nuazoer witl o bissed exponenc of O eml a

b e

ot lepclicral parr. An arithmetic nperation o which the cesulline irue sxponentl swceeds 277 1.

regarded a3 producing 2 floaring overfow: 00 the ttoe sxpunent i less e 17T the operalivn i

ropasded ae preduzing @ focting eeder o A brased expunent of O ceor Qs actee Troon acdlienetic
aperalionts a5 & speiad case Hr overlow {iree sapenenl - 208050 (Hecall iba oaly cighl Bite wee oe-
acried for tha Biswed exoomend.t The freclona] pasl ol cesals oblags Do seel ovc:Pow o wader
flaw is correet.

SUEE The Dladelined Varhible

An vndelasd vanaole ooy 20 pallern will o sign b ol Loand & iased sxponcn of 0 The wenm
“rridelred vemabls’ G used For bustocice] igasone, wo wdenn Tt cheas Dt pateerns are nar azsignee ¢
sortesponling Moatng-puinl acilkees calue, Sotc tiat 1he undefined warizhls i froguently referced o
ay — U elewhese o Lhis chaoter,

A desipr ohjzclve of (e FPT was 10 assuss that the wadefinea variahile wonld not he storcd as 1he
resull of wy (lowling-podol opecadion i a progea momn with the asrfloea and undarflaw inforrpts dis-
abled. This is aclieved By sioving an exeet O enooverting god nnderflow, if the corresponsding intcrrapt
i disabled. This Cealuce. lepothey wilh anabilicy 7o derser refererce to tho undefimec varmhble (msle-
menled by the FLOY DIt discussed later), is intendzd to proveade che wies with a debwngng aid: F —0
oucuTE Deoome: prcscnn, it fid aof resalt ceam o a previous Floeting-point anithmenc insraciion

8324 Vienthg-Peior ilata
Fioaving-point data is srared in wards o mamory 25 @ oasorebed an TFgares 8-1 aud 922,

The 5P provides for eonversion of Ploating-zuint o eper Szl and rice-versi, The procsesur rovog-
mircs AmElz-procision inzeper (00 and deeble-precizion inlegse Jong (L} owmber:, whick are slered o
standard 2% complement Jurm. (See Tigwre 3-30
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Comdilien Cuoces: 00l

[EL I

bl

TR B |

O R

"

Lia

Divarroaliun

ooy s

e L

FORST a5 FE conduaon woede wnd cleas other condilion cods bt

Mo wwlerrupns will oocur, Creorlus and wsdeslow cannel seeur.

Asoiracy: These istruclions are sack,
CMPT ACMED
Compare teating, /douhls Pi5ial | 43T5RC
1" 17! 1 ] n: u: s 7]
. - —
1 1 1 1 I i 1 1 an F5F
H 1 =L | | L 1 1
[l LT

Frvinar; LI o5 B Fob{ Al

Crperatinn: CFREL — (AL

oncition ades: Pl
% — i
FA e TANTERCy — 0o ele TZ -
B e Tl (FERDY e ) wlee T -

H-15

i



TrescripLian Caomspare ~he contems of PSEC with L accomulatnr, el Lhe sppoopaiats Dot
ing-puint condition cndes. FERC aud (he acoumulaicr are eIl wusbaoged sxecpt
wy poled Below,

Lolcirepre I FICY = enatied, loup o 2 acowsy boefore sxeculion

SACCnracy: Tluse LIALMICTION- 8T8 2XA0,

special Commenl.  Aa operand thel bas o biazed cxponencul s treated s if it were an exaes i, Tn
iz case, whete buib operands arc O the TPT will dlor: an 2xact A1in &0

DITE MY

i tostinge S dow ale IT4ALT | 4)F5RC
L] L o5 I S _ fid
1 i [ 1 ] I L an 1HlL: |
] 1 n N [ IO RS N |
TRk
Farma IHWT TSREAL
Crpration: TI ENINESRL) = 1L fACS = (AC) wnd the inetruction s aboried.

TTEXEAL =4, (AT Baact O

For alt orher gases, lel QUOT — (ACHFSRCH

it nndarflow goours and FIL 35 nar craalod, A2 wiua B
It overfline aeeare and F1Y j= ant enahled, 40 exacl O,
For ail achers sases, A — QLA

Condition Cades FL— L
IV o— L overlow aggues, elae Py — 10
FE— Tl Al — d, clse B — 1
Y o— 1T CACY D e FY =1

Drescriplion. I either operesd has @ hissed cxpeneal of O, 0L weaded 28 anezacc il ot ISR
this would imply divisian b Al in thiz cese the msumechon fs ahorted. the TLS
regialer s el o4, aard an incerrupt ocurs, Oberwise, (e quaticni s developed L
sinale- or doewlilc-precision with twu paerd bils Loe sorreet roonaing. The guolient
1 rowaded or chopped in aceordance with (ke valizes of tha 1 wnd TT bice 1o the
FPE ceatster, The resnlt is stured i Lie AL ¢xecon for

CreerlTooe with intarrwat disabiled,
Loaderflow wich interrupl dizebled,

I
¥
£

Fur whsse swecprinmsl cwies an saad §ig stared in AL
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Lt rpnis:

Bt alud } | T

mpooinl ol

I FIZY b coalbled, trap on —0m TERC cotues before cxecution. 11 41 5RO —
0 inlesTup, waps a1 a1 atempe to divide by B L0 evecfion or amcder Mow veere.,
and i (e covvesparding interraplis snabled, (e oap oceors with the Daolly resul
in AL The fractional pavie sre sorseclly stoced. The exponant par: iy oo small by
400 [or ceectlow. Inis foo largs by SO0y or andcitlow, sxeepe for the special vase
el O wluch s correct.

Bronrs due o averilow and underow cre deseribed above, T1 none ol theee eodurs,
e crrar in the cuctenl will be boonded By | LXE in chapping muode and by 102
LSE in roending mode.

he nndefined varizble 0 gap oceur andy in conjuncion wilh sverllve o unde--
Florar, 11 will b stored in AT colv if the enrresmonding iniscrupd 1 coabled.

LD D 1D H D

Laad and convere From Gowble fe-floacing
and ’rrr:-m Flevaanpe- Lol Ll IFha—dbsad
1 — 17 1 N HH T |'E. N _"ﬂ
1 1 1 1 1 a G _]
S i 1 - 1 1 - 1 1 1 1

Tarmel: LAsCs I'SRC,AL
Coperation: Ir BRBTSROT — 0, AC — cgan i),

IF0T) — U, FT - 0, F1% = 1} and rounding cawses overllow, A0 — exact 4l

Conditian Oodies;

I Racripoisn:

InlerTupls:

In el other voses, AL — Ol VSHCT, where Cap specilics corversion from Tloat-
ing mods £ Lo [loaiing mncc y.

w— Doy — Fif FiY = 0 (singie) LT
v Foy — INi¥FIT = 1 (dowklel TDCTD
. i
TV . converann produces ceerllow, glie FY —1l

L
TZ: l.IJ.I:"-."_:I=I.],C|:--..-I.r.. ]
P o L Al =1 clue TR«

I the surreat mase = fluulirE tode (EL — Of, the source de wewmed 10 by
double-precision number end 35 ceaverted to singiz-preciswa I the Ooilleg hap
Wit (#T] is eot, the number is chappsd; of I1.,|w-=m the number = cennded.

1 e eurrant mode s dooble mede (WD — 1), the sowrce 1 assumed 1 11"
single-pracisinn number and 15 loadsd Iv’r+-J1:|r..'r|F|...,-:i in AC The Jower ball of AL

clgared

T 35 enabled iep on —0oocone before execution Boweser, the conditinn
ences will Tellect o Tsich of 0 separdless of the TTUY il Orvezlow cannot no-
crar For 130T L.



ot Ak

A trap ocvers 0 TEY Leocaabled, aod 07 couading wivh LINCIIF canses oveg o
AC o veerllovesd resull Tows eesudl oongi e 00 ar — 00 Loadeatloss cananl oo,

LDOTD 1 en esac] Lasteucian, Fxeept for avorfiore, describad abee, 6 DIE
meuss an ereor benpdcd ke | 1SR i ahepping moede and by 757 0EH in rmndTng
mde.

LRI LT LD R L D

Leopd and convert infogor or ong musger
1o floating ar davbhlc-proe gion

TTLALT SR

T urmeal;

e ralio:

Coend tinn nces:

[ descripuan:

TalecTupls:

SN Y

- 1 5l i - [ 1
—— : -
1 1 1 0 L H | —|
1 . 1 ] 1 1 1 ]
A

LI sRO AL

A0 — OIS ECL where Cix specilics conyzesiar from daceger modde | o flaating
e v,

=1Ll —u ) —LuFL -1
x— b T — & a - DL FIY —

I

I

[2 . 1arial) - 3, clse BE — 10
IR Dl pAw) = 0y elsn Fis — 10

Conversion = perlormod an the aontonts of SR Mo 2 s compleooeni ioleger
with precizion | 10 a thating-point sumber of precsun a dole Whol §oand 1 are
celermined by the slaic of the mnde Rits 71 and TTe

B0 22 5dt inepor iz specifiad {0 moded wnd 1258407 kee an addreseing, made a2 0oe
immedicle addregsing rnde s apecifisd. lie i6 bl ol the source peaigles ape el
Juelilied aad e ramaining W bits aded watl Je elure conecssion

L tae eage of LY the fractonnd parct of e eaiws pont ceprescotating 13

chopped or revnded w0 24 Bits Jur TT — | oor 4, regpecivegly

Fong, S50 e pon floating-poenl, se wapo e 90 CRIaL ooy
FApecit, 01, and TOOLDY we wxan dngteuctiane "Uha ormr mouerred by

LA s boerded by | LSB fo choppiog, medo aed by 172 251K 0 rounding
rncce.

-1



LOLXT

Load cxponcne

Llaiac - s8R

[ n 1 | ' 1 " 1 I C
—— J L S — —

| vrimak:

el el VTR

Crnmdition Codes:

TreseripLion:

Iulcerupes

ACCIITHLY

LDEXIN  SHO, A
MOV T T and 200 appeariig Belaw, are nctal numbers,

1= — 210« BRC w0 200, EXNMALT — SELO — Zand the realowl AL S a0
chaneed

THATS) = 177 and F1Y i enabled, DXPIAC) o [ERC) + 20Tl

THIRTC) = 177 and F'Y s dischleo, AC . ewan O
IT SR - 177 and FiVd v enabled, TXFAC o (5RO 4+ 00 = Tl
TSR = =177 and BIV i dieanled. AT« vt 0

[ R

Fo oo LiF ISR o 70, elee TY n
e L WIALY = e T 1)

FM oem D00y - 1, el TN <

Chanee &0 a0 thel ils crbivesd] eaporenl — (SR Phat s, comvert 15RO Do
s complernene lu excess 200 noaiion and Dreect it the 19XP Geld of AC This
i7 a meamnglul vperation coly 18 ABSSEC] R 177,

RO 10T e result olreeled as ovarFlow, FSRED -0 - LF7) L sesell 05
rroeted as wnderfloe, ™ote Qe che KEFTT-A doss nol reel Whese cbaoimal eon-
diciomes the sarne as the FELI-C aod FRT-E oo, bicl il doge Lreal Wieas 220G $an as
cha FPT1-A aod FI'LL B do

o trapon 0L A oooes, ween iF LY meneboed TESRT = 177 and FIV 8
eneboed. loup ea vverilowr witi noanr, (0B R <0 < 17T wd FIL 5 cnabied, rap en
winderlow will e,

Trroors Aue e oo amd underTlivg are described ainge . 17 ERIMAC) = 0 gl
(TSI = 304, AL changes (e o Tlialicg-polol bumber treated Az O hy o
Loating eriilmetic operationy te w nend oumber, Thais happeas hecase tae m-
sertica ol the “Fidden™ baitin ihe roicrocode woplias alztian ab aoitanieu nslrue-
ey & ripgorad by & nonvemshing vulue o EXTP

For a7 arher casee, DRUEP dnpleccns cxacily the transformeation of o Mealing-
J_':r\-__in'_ rorihar (2 1 '_F-."} * [ 1nlu |__: e I:_':'.[?_[_::I.I F ke 177 00 3‘|.[|-‘_‘1l|i-:_: AT L.




L

=]

T/

Luud Deating doukle

=1

1720 AL dIHSRC

TR
Ciperaciom:

Comdicihn Codis:

Dheseriplion:

Inlercupls:

Acouracs

Spccial Commant:

L1l 1 RECLAD
AT — [FER)
T -0

T -0

TZ: 1ACY — 0 elie T« 0
EW e baldAlh 2 0 el TN . 0

Lowd single- er double preciaion wuwber Do AT,

BLFILY & enabled, trop oo 0 9cguss Beloce AT 6 losded. [lowever, e curde-
toon eoddes will rodlest a fereh of — O repardless of 1he BELY a0, Ohwepllaw wzud
wadzeflasy cadnal Gatur

Theae insrmezinns are axaet.

Treue tnacructinme parmit wee nf —1F in 8 anbaccoant Flnating-peint instoiction if
FIHLY s nec enaldlad and F 5SRO = —IL

P

L

1I3NES
Toad THF'S program

5

sl by LML SEET

L

H1Lw

-
=]
-
-
[
-

Fazmane
Cperatio
Description:

snezial Lamment:

LD SRC
EMs - {&RL)
[opd HEY: s g Lom SEC

Leanrd Ace cavtinnod rot tnoase w15 1A and 4 fog thelr owr purpuses, since
thaae hitz anz ot reemeralle Ty s STEINS oo,




WOl MODD

Rlultiply and sepavate intcper

and (eaclion Qeannp,/donke 171 A0+ 4 FERC
1= 1 1 b i o ] x
L ;
' 1 i 1T o0 g 1 1 ZRC |
1 1 1 1 amd 1 I i I |
URan!
Format: MODE FSROAC
1 Fescription
and CIpetaliv Thig inatruclion seneccates s prodact of ils e oaring-paint eperands. sepuealcs

vhe wrnduct inke dieecr and fracdonal perls, and thon stores une or boil pans as
“Inating-nonl outcrs.

ot FROD = (AT 5B e kel o
|-||_|u_|j1:E-|_'|c\-_|_|_'|_1_ ~ HF;[FH‘:ITJ] — {2 R} ¥, whemo

ATLEE LT, el
CHPIPMRO = (2K 1 Ky

Cixed-powml Hioare: FAOTD — ™ 4 g, whene
Mo 1T PROY — fpeper part of RO, umd

g — PRI — TNT{PREOT) = fractiona. parl uf
Pk with 40 LT F LT, 1.

Bioth ™ anc T have e same sign as PROT They aze vemmmed 25 Jullows:

it AL i an even-mumberad accomuolaior (9 o 200 N s stored o AT LD o
Ahownd s stoced in AT

If A 3% wn odg-anmbersd accwrule lor, I 8 oot starcd and g 35 sboged in a0
The twu slatermeals abmee can be sombioed a8 fallews

Wb relucned to A0 T oand ook peinricd te A0

Crve special cages eccur, as indicated i the fellowing Turmal desceipian with 1. —
24 or Neadng mode and T~ 36 Jor dowd'e mode.

1. 10 PROD aeerdlowy and TIV i coabled, 20w 0 M, chappsd 1o 1 bite AC
- gEAc L .

oce that DEPIN s oo small by #0000 and chat O cin beostered n &S0 L

FEIY iwnel enabled, A% 1 — cxagt 0 A0 cxaot AL amd — 0 will never
[ stirod.
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Condibien Codes;

I srupls:

Arenracy;

Applieatinns:

-4

'

185
Ty
Ts

.

Tr 2 #= L L AREFRUHD and na ooverflow, &0 % 1 — M ehopped 10 L
bits. AC  =xucl 0

The stgo erd EXP of N oace cumrecl, bl low-ordsr Bl indormetion, sioch as
pacily, & Juei.

L LT ARSIPROD) IT. 2 ¥ L AC % o W AD ce o

erorounded woaccardence il FT Roendiog mey cause o relarn o 1ogmetys
Ter e Leacticei] part, For L 24 the eoror in 2o bounded Be 1 1L5H in
choppitg mede and Ty 172 LEE b rovading e, Fer L — 36, the arrarin o
vrereasss Troon by above s o8 ABSIM cereaess above 3 because only 64
bivs ot PROCY ave goneratod.

LT e D E ARSI LT 2% = 1), witl poze Tobe wow onder po Y bics
at I mAT o in srenr,

T ABSFEIY B 1 and nooonder o, A0 % | — crae Sand AC D o

There je m 2rmor in L ateger pare, e ervor inochs fraesional pam is boonded
by | L&D i chopping mods and 172 LAl in rounding mace. Koonading wpy
wcause 4 relurn 20 = anile for ke Mrachional par.

It FROD undesTows ool FID s enebled, AC S 1 o pxact 4w AT — g
B are 8% 01 case & escepl kel EXPCAC wall be e laree by 40805 (iFEX R
= Il iz s eerrest], Tnesrranl ol ogeur and — 1 can e sbored in A4
IF 151 L. s mint anabled, ACD W 1 — gran 0oand A4 0 esac 0
Tur ihie case the srrur on Lhe Treclors: pars is oss than ¥ (=128
— 1

120 PRAOTY averlloves, wlse 7Y - 0

coLTEACT — 4, el TF 0
|36 (ACY o 0 elie T 1)

Il FICY 5 epabled, cxpon Bl TSRO wecurs belure execuliomn. Overlow aad
urlerllaw e dissesesd el

iizenasod al=avc

Biaasewedoounal cotverseon of o peaper [ractiol: The Tollewing aleorithm.
naing SACHY will gereeate agcimal dughts Boly 13023 00 Teoe: Iell o cehl

sl me I —.
Mo o— muevaee o he enavected;
ABMIET = b
While ®x 7 (1 da
i, FROHD — X F 10,
1.

—1 =1
I PN RO
Mo PR = INTTRECHN:

Tody

R



L

Tais algecibin i3 sgann, 1103 ease 3 in the deseriptinn bocaw.e the number of
monvanizbiog Bi% in rhe fractional ow e of PRI naver excesds Tooand henee
wzilher chapping nnr romanditgr can inwrodaee et

Tn raduce the aroument of o Logoneme 0 Duos Lo,

ARG F 27BN — ™ el The luee vwes bs ol M idendils Qe quadean, and g s
the wrewrenl redoced Lo Lhe Diesl quadraol, T aocomes of Mo g5 limirsed
ty Lobils becuuss of the Tustor 2001 The aceovacy of the -educed argnment
thizs depends oo e slee ol Iv,

Tu evaluate the vapooe il fanatinn & #% x nhtain s * (ag o nse 21 = 5 —
o lhiep e * o — (24 BT e M Y Lo AN

The rediced sretment woa * ia2 o0 o aod he Lacior 2% RO an caael powes
ol 2, which miey be sceled oo al e exd eia BTEXD, ADDY oo EXP 2pd
LDTEF The cocarncy o X000 2 s linked] e & Bis boegusc of the factar (log
e bise 21 The cooucney of the redueen aig neat rhis dapands on rhae siae of
M.

EIRRTACI RN

Wi tiphy < nacing Sdookls

TTIALERC

5 "\ 1 5 ' [ 1:- L
——— —— i
1 1 I o a C an: | AL J
1 1 1 1 S N | NS IS N TN F P H
R

Turmal: MUTLD  FWRE AT

Crpera o Letl

TROD — (A0 ® (ESiR)

ool rocnes andd 000 i not enabled, &0 - amact 1

Wonveeflew aconrs amd 108 5 ol enabled, A0 0 sxac

I¥oar

Condicien o T
v
'z
F14

all atasrs cases, AT FREOL.

N

o Dl e Do aeges, plve BV — 0
o llEACY w0 el FE 00D
o LAY w0, gl B o= 0

Digrcripiiow 1 ke baased copencny of citter aperand is 0.4 AL — axact O Vor all ather cases
PROMY B8 generanad o 32 Bivs S floscing mods rd 64 hitg For doobkle made, Uhe
produat is roonded o chopnod fo T — Ooor T, meepeciveny, and 5 aiored in AC
CUCCTT The

-

Cneertlomy with intorTupt disebliod,
Londerlow wich mneriupe disabled,



Litesrupls:

."I.EElll'f':ll'.-}'Z

spcoml Cummentl:

For (leese cxceplioral cosee, aa cract 61 ie atored in AT

IT B @5 enabled, trap on —o i TR ED oocurs belore execution. T0 averaw ar
saderflaw aconrs, and if the corrcuponding ineerrupl 1 enabled, he orep oooars
writh tha fanity reswle in AC, The Mracaonal paris are sorreclly stored. The expoe.
aent part is tan wmall by 40Uy Tor overTlow. TU L oo largs be 34005 Tor anderllos,
cxaapt tor tha special case of 0, which i correcl.

Frrors doe te ower[low snd undezDew ace desceibed abovee. 10 pettber vocucs, he
crroer mentrad 15 beunded by 1 LED o cheppicg mwode and 172 LSE i moandg
mide.

Tae undelioed cariable 0o oocur only i congooetZon woul crreetlaw or uoder
Mo, Te wall b slored o A oply W e covees peid g Lo rimepn s enaolod,

REGE, ME G}

Hegaie Noacing dowble

17 B IR

B 17 1 _ o -] il

1 1 1 o [ [n) 1 i l [ LEH

1 1 1 | 1. e b e

T urmut; NEOF FORT
Ohoeralion: (EL¥ST) — (HIR1] it (13800 2 0, else (TDET) + mxaut O
Copdian Cades: R —1

EY — 1]

Fofo— 1 OIS0 — i eglye T8 0 1)

Drezeppoion:

Foterrpes:

ATCUTHCY:

Specin! Cumment:

HETD

e ——— =

W o— 1 (PRS- 0, elea TN« 0

Mepatz the single- or duwble-precielon peesiboez siare st in same losadaon
[Fi3EI0.

MM TV 15 enszbled, trap cn
LHATIOL CAsLT

0 geeuls alter excctian, Srartlow s nd nnderfloar

Theat 1l udons dos CEACT,

ITu 06 pececot in memary and the DIVGY hit s emabled, the KTTE-AA stores
an exacl O o memory The condivian eodes refloct anoeact 4 177 — 1)

Bel Noelig donhle mede 700l |

Mo

9-1%



Formas; HLETT:

Cioerulivn: F» - |
Drescriplion: Settbe FI'P o doulile precisicn nods,
SLTI
Sel flaaling mode 17700 |
h] 12 1 ____?J_
l 1 i = 1 " I; 1 i 1 I3 1 ¥ I i 1] . |
SN ISR BE— — 1 1 1 1 1 L T —
wasgLz
Farnoa: BETF
Lipeealic: =1
Fosoriptioi: H21 the FPE in gingle-nrecisien made.
b
ST intzger modsa 17770012
M 1 ! — L]
I
|_ 1 1 | H] al i u n ' n 2 C o 2
1 1 | 1 1 - 1 1
L LE-
T nrmaadt: SET
CHeTaon: li.—10
Tieseriplion: Set e TPP lur shor-mteprer data.
=ETL
el long-interger made L T70] 4
z 2 o *
T O L T T T o 3
1 H 1 1 1 1 i 1 1 1 | 1
R
Formme: mRLLL
Chperadion: M. —1
Dhaciriplive Tel tie TPP lor long-anoseer Le b,

\I.\,".l
ka2
b



STCTD/STOLT

Slore s converi Frem Floating-ro-double

aad Lram danbla-so-tieacing el LTS TH by
. : T
1 ;1 n:_ 5. x>
1 1 : 1 J [ Al ] (RTEH
—_. i L 1 1 1 1 1 1

TForonat;

Opecelion

Conditien Crdes:

Tesenolivn:

| T ITHEH

A oA

NTEE AT
174 A0 = 1L CHTFSTTY — eneel L
01y = 10T — 0, FTY — Qund revediog caoscs e cfloss, (ST — cxaet 1,

In al uther caees. (FDSTY ¢ CawelALD), whore Oy speeifies conversion from
Flosting made £ Lo (ueling oede v,

5 — Ty — Dl FO - O {eing o) STOFID
2 — Dy — FUED — 1 {doable) S000YE

r<. u

EY . 1l geeversion preaduees ararflowe, alse [y — 1
FL - 1A — 0, 2l Vi — 1

Ftoe LAy « O clae B —1

L7 the current modz is single-orecision. he acoumulacor ostored Jell-justified in
FDAT ard the loower hulf iy clenmed.

I7 the carrent made = deoble-pracision, e coonlewis ol e aoseialausr ace g
rarped ta sinele-arceision, chopoed or rounded Jdepeadiog oo e stade af FT, aogd
storad in b 151

ranoom —0 will ool vecer even: 1D FEUY g cnalled becawse =SB 5 Aan aceon-
rolator, Uoaderllow cenool cocor, Oez Do canaet acen s far STOFD

& prap veours D TTY 5 epubled, and 12 eouadiog with STORE camses aecrflow,
(U ETH e weecllowed cesell, Thiz omst he —10 e —10,

ETCTD b it eaact inslieeon Hecept for overt ow, deseribed shove, STCI in-
cure an errar Douoded Ty | LESE In chapping nce and by 172 LA in rounding
minle.

STCLI STCIL  STU L IO L

Sivre and convert oot floatug ar deahls

L dnteger o Joog LAl gss [FaiAs JIDaeT
H ; _ L L — e i x
1 1 a | Al : nw
- 1 1 1 i | — J__ ] 1 1 1 >]

IR



TForone:

D peralion:

Comlnion Codas:

Pdesurplivi

Frerrnpts:

A CLTES

Y R &0 DET

s AW JL - e Cajralsp e I 1. else TDNST) - - 0, whern
Cjn speoiliss conveeion from Flaating mode § e inleeer maode .

P—TiFL —aj—tithl.=1
- FUED — 0w = 13ir (13 — 1

JL s e Tacgesl Tnssger.

G Pt 11, =1
¢ 0 — Ttarli. — 1

[

COFC 00 = — 1 e Cal AT < L | L else O D=
V.V — 0

ZHA— 10 (1510 — 0 ele £ FL. - 0O

MoFs — T (1381 o Ooele W, FIv . 0

Canvargien da oerformed Crom o Teadng-point reprasentation of the dels in the
AoauEEL atorT b an inleger represcalalion,

I tne corversan is o0 L A2 s wored 1Eomodz), and an addeessicg wads o Do
immeadivee eddoessing meds 5 epectficd, only the sl sipmlicenl 15 hits ars
srored inbhe desidocion mepister.

T Lthe gmerullen B oonl o0 the integer mngs selected by TL, T s 80l 00 1 oand tac
vartenly of Le DT are ses ol

Mumbers L be cunverted g alwaya ehoppad Crather ten roandec) belooe Uy
arc converted. Thiz s Lrue oven whon tha ernp mcde Bit FT e cleared oo che: FIMS
rarister.

These instroctions 4o et interrupl 1 FIUY is snabled, becanss the —{0 i presenl,
SetooAads ol o mernere, SFTI0  eannled, Lmap e corversion failore wall oocur,

TLese instruetinng store 21 sabeger pacl of he Toating=paint operand, wiich may
wr e be inegss mast closely approsiometiog (e opgrand. Vhey are exacl i Lke
inlegr part iz wichin che range implied by FL.

Slure exporsnl
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L e el T e
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b
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Limdition Codes:

Desermiolivn:

Lo rrupes:

Adcuraey:

O
YW — )
Ao bl == TAM(DETY — ), s A
A P

. [ — )

TAFCRST) o e se M 0 —1)

Comvert A exponens Jrom excess 200 notation e 2% complement and st (he
Tezuil i O8T.
This tostevenign will wel wap o 00 Deerllow waed videc o cunnol ovewr,

Tlhis iEumauan (s saasl,

STEMRTD

SLore MNowling fdouble

174 ACIEDET

Fazimal
2 peraton

Candition {nedus:

Presoeription:

Tnierrupis:

Acturicy:

Specian] Cumment:

[ 1 1 1 1 . 1] ] 1] ey Filil
L 1 | I I 1 1 1 1 1 ~

STT ACTDET
(FD=Ti — AL
ki — 5

EY¥ — F¥

E+ — EX

Flh — F™

R singlc- ar doubic-oreeigion aamber foem AC

I hesc wascruezioms do not intermps iof FELY S8 caahicd, Because (e
i in AC, nor it mamory, Cserfloar s nd urdeelow canmsl accur.

0ol precent,

These instraciion: ars exyct.

These mslruclivms permit starape of a —10in mamory fram AL Thees a Lwo
conditions in which —0 cen be stored in 20 0¥ the KBFT-A One aceurs wlen
anderMew gr overliow s present and the corresparding inteorupr I3 caasled. A
semi oty when oan TG, LIHDY, LiBCIHE, or PIMCEEY instrieton i3 executed

amd the TTUS Yt s diseblad.

ol e

seore FERS peoaggram

wtiois 1702 12571
= 1 1 i p %] [51]
i 1 1 1 [H N} i ] 1 H] 0=~
N 1 1 ] 1 S 1 1 1 1 | I
tR1m
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- Tural;
ROl 0

Crezcriprian:

Bpecial Cnmnmens

ST

Store TP L sinivs

N1 HE

ST

AT

| R

Dlure FEF: stams register in (35T,

Dt 1Y 12, aad 4 ars loaded wich G0 AL ooher bz ave the carrerponding mls

Lhe TT5.

s 2 w s
_1 1 Lu 2 iy .__1 [ Lo,
| ST TR Sy DET
f LI raningn (ST . RO
f (5T | 21~ FEA
Premeriptinm: Store e FEC and FEA in 25T and 125T4 2 Noe the Tellowing,

17075 DT

1. 10 the destioathon pedds speeifics a peneral repsler or Dnnedicic addressing,

oy e FEC ig sancd.

b2

The iformation in those regisiers s currenl eoly e ol reoony cycenced
Moaling-point instmation crwsed o Cogling-poinl excepiiy

ELIRE 5L B

suhtract Sloaims S doubls
=,

LE

L ih

Troauai;

Dperalinm

S B

FPSRC AL

Tl DIFF — (A} — {FEEC

T woderldos ceseriee and BV 3 ool enaled, A07 — evaer
0 wverllaw oecirs and TTV iy gol smabled, AC — exunct 0

Taz all arhers casos, AT «

[BLH
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Loandivion ©ondes:

[escripoom:

Liseroasle:

=

A LCILESN

Epecial Comment:

D —10

By o— 1Y mcnfloes noeuis, cose B oo 4
Bt — 1Al =0, else FE G
Bfo— i (AL e 0 gl F o0 0

Bubrracet the comrenta on FERC Sroa b contenls of AC The seotreetor iz car-
riced oot i sing - o dowkle-peccizion ged soonded o chepped in sccordanee
with the walues ot the FIZ andd 257 Dits i U F2% eepisier, The resull is -rored in
AL excont for

1. ©hearflow with inteorpt disahicd
"1

2. Undeil ow with inczrrupr d sallad.
For these wxcoptioms | cescs, an cxacn B s soored o A

ITTIU e enubied, orep on —Ii1 i PSEO ocene hefore exaeuiion 17 oese low or
undecflow vecers, 2l 10 the corzesperaling cwterropt is 2nahled, she wap oceuss
with ke Fauliy reealt in ACL The Treclors pares are coreetiy appres The expo-
aenl parl e o senall by 400y Tor overllew, Tris teo large e 400 foar gpd e o,
catepl Jur the special veee of 0, whock = corre

Frvars dag o cserllow aodd visleellow are descnibed wbove 1 azirther secues, Tor
Tike-gZgned aporands witl espooent dillerencse of Goor 1, the cnwwar retureed s
cuacs i3 boss of sipnilisancs of oo er mwre bile cun ovcer. oz that these o
sheenly cases for which loss ol signilicancs of mwere Lhan ene bit cer oo, Kar 2]
nree cases e susedl b doeancl with error boemlds ol

1. Lah in chappiog uesde will vilier single- or Soerble-precizion.
Ao EES o pownding el wills sither stogle- or duaole-precisian,

The nndefined warialle 0 gan acce:s ouly o somjuostion wih overTlow or undee-
Flova, it wi . b2 storsd 0 A0 ooy JF (e cozeepoud ey deteroupl is enabled.

THTF /T

Tesl Moeimye s donhle

1] ] Ml . i 1! 05T ]
]

Foruar:
CHe s o

Clnmd o ad s

Presoyipriicn;

LT
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iFDSTS

Fo- 0
V.0
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CHAPTER 1D
PROGEAMMISG TEOCHMNIM RS

HLY  INVRODLOTTON

The €120 1-0A elfere o greel dead oF programming Slexibility and poeer, UliZving e combmation of
tha inetructum sel, the wdéreseing crodez, and the programming echmicues zmukes i poseible W devclop
new socware o Lo ulilies old programs cffeccively. The pragr wrarmin lecihrgees o s clapled sl
the capa biliter of (Le FIRLI-2A, The feo hrn.lu..a IJ.IHI. WHHEC .1|w--..]'.-1: pueilion-ndepoadont cod ng
(P slathe. subroullnos, Intersnmes, reantranay, COFOULTIES, TECUISION, PTOCESSEE JIEPs, PRagrRalning,
peripherals, ol cunrersion

Wi TOSITION-IN O EPES TN T {0

The culpot ol o MACEOR D assembly & & relocatable bl modute, The task hudlecr o linkes hinds
e or s madules sgather tn creace an eneculuble lusk inuge. Cice Tuiis, a wsk ean anly he fnaded
el execuled an 1he wirtual addrzas specified al ink Gme, This e 20 becauss 11e linker has had womedi-
e sewss insumerions to reflect the memoery lucations o whicl the program is toomn Such a body of
cule 15 considerad position-dependent (e dependent vz e <rlual addresses o which it was bound).

The itk 11-BA processer alfers addressing modes thal make 3 posaible roowrite instrnchons that du
ool depend en the vircal sddresses wowhich they ace bouad, This rype of code is cermed pestionomde-
peadene and cen be bided and execats]d at any virleal addecss Posttine-independent cade can smprove
svslyry efficieney, both in oss of viriead address spacs and ia ecnssreation of physical memory.

el tiprogramming syeleme lihe DEXCLDM, s impartant chaz many tasks be oble e sbore a sicple
physical cooy al cutamnen cude {a libeagy coutiog, Jar exampla). Ee make the uptitnum wie ul a tusk's
wictnal nedres srace. shared code she enld b praitian-independent. Code that s nol posilion-udepemd-
ent can sl be shured, bul il mosi appear in The same virms! loeetiong in every sk using i This
reszrives e plucemoenl of sucl oods b ohe task baildar and can resle in che luss of varlee] addeessag
apue.

1R Do of Addressing Mades o the Canstroetion of Poasition-Imbopemioni C::dl.,
The consiruciion o postlin-indeperdent code v clwely Bnesl Lo the oroper gee of addressiog, mocdcs

The resnuinder ol 18 cxplaaacinn asswmes you are femilar with the addressing J.LLC-'.‘IuE deseribed i
Chapler &
Chapter &

The Jolloxiog adareaing mndee, which meelve oncy restsler relsrences, sre pesilion-ind geadenr.

[ Repiztormnde
{5 Ragister-deferrod roede
(B4 Avrtoincroment Toue
By Aotoineromoent-deerred mods
(1) antocdesramant rmoede

foe— (0 Arteddecromant-de feored meds

11



Whon cmplovirg thase addressingg modes, the wser s guaraneesd soabion independence, providing tha
aonterrs of the rcristers beve been supphed independently of o perlicuisr virtual memory loceben.

Twn relacive addressimg modes are posiiop-andespend=nl wheo a celosaiabie addeess s relecezicel Mrom
a relocuteble instruction:

M Toelaiive ol
&, Tee ulive-dele reed weod

Relative moder 21 wol positian-indspendent wien &an aban ocz scdress [that iz, 2 nomrclncatable ad
dreset 15 refersnced Mo o relocatatde mslouction, in snch case, abanhcte addressing e, @281 may T
ezolured Lo make e relerence positg-independznt.

Index modes can b= it pesition-indeperdant or pesition-dependent, acearding oo their nsz in the
PrUSCiln:

KiE) ladex modce
R Indexr-detor reod mnde

IF ol basa, X, iz an whsciote valoe (e, a contrul Bluck alfzel), the relsrencs = poeilion-tadependent.
The tallawing iz an exaniple.

LAY IR FLEY POSTTUON-THLDTPESNDENMT
o =1

WY MSPLERLD FOSITION-[MOEMESNDENT

IT, havesewrer, X 25 w0 melovutable addeess, il elerenes i@ posiion-depoadsod. @5 the fallowing crampls

ahsres.
LR ADDRITE) POSITLEGM-DEPESTRST

Teoweesed e le cezode San e cOher posiiion->aoepondent or nat, socording o its nee, Immadiane moda rerer-
enves are lormalied ag [ellows

¥ Bomediat s oo s
When an absalure cxpiession dafines tac valus of &, the code s posdoon-imdependeni. Wien a rslncu-
lible capression defines ™, the onde s pogitinn-dependens, That w, cemedizle muodes relerences are pusi-

lon-dependent Goly when ™ s ar alwnhite value,

Absalyre made addressing is positen-independenl only o Lhose ceses where wn abeolule wirtual Josaion
i boiag reforonocd. Absnhote mode addresine relerences ame Juzimulled e Tollows.

A A bmobhnte awace

il-

I



An egample of @ positian-incependenl abeoleis reterencs 14 a telsrence 1o L prossssns anames word

.....

SR Trom ocelecatable instowclion, as ioodis cxample.
ROy e P R RETRIEY F =170 5 AND PLACE I BFGINTRE

UL2E  Cumparison of Fesifion-Peosndect sind Postion- indeperden: {ode

Tha REX-11 Hbrary rouline, FW R E 5 a0 TORTREAM-ca Hablz subrouline [or esiatlshing or remeovinge
a weer power [ahuse asvreiirnmans system trap LAST) coery paint address, Tl dded wichin the rentie
iz the scluwl AST eniry point thal suves all repiseers, ofoess oovall o the wees-specified entry ponl
restores all Teelslers on reur, and execules an AT evicditechve, The following examplas are civerpe.
Fram Lis rowiine. Tie Frat example hus been madificd foillusirate postuoa-dependont references, The
wroomnd siumpde 18 rhe positiun-clepeade o wersinm.

Posilio=Depentent Code

MY RLIE

L | ARSUME SUCCRNS
ALl A EAA PUSLLEAYEY

ARGUMENT AR ESSES
ST T AR
SYORD L.aPshy Aol EMA Y PR, AN
HET &l —Rase
Pl SONINY H CIET AN IMELRL
ARES POINTER
WV iNET— K2 KFET AT BMTRY
TR ATIMRTSS
[T £153 dF b3 SFLCITICD.
MPEECHTY MO POWLER
CLE —I5F) RBOOVTEY ASTHERY IO
BR EH ;
i :
MOy R T PFIE4; SUTAST EWTRY Mk
B0y <B4, (50 FiISIT ART SERYICF
(ADDDRE

AT MEXT TSSUE DIRACTIY R, LRIT,
BYIT Loe .o, :

HA: MO R, —(5¥) PLNH R Y RO
NV R —(5H PUSH (54t /1
W R —ist DURH [NAYIKZ



Positiva=i nfdenendert (el

| ERETN 0 I
N = F) SRR P UL E NS
CALL nEAA JHUSH ARGURERNT
ADDEBESRER CGHTO
SATALK
SORD I s CLEAR NAVY, -‘:- '\ [*
":-I:fl Pl—? -5
MOV e THY g T ET AT 1 I'L.k F
;ﬁHHhIWﬁh?EH
O [ R (e EETART ENTRY
R Al K RS
BE [0E i NOINE SPECTIFTS,
;HPHEHW’WiiF‘TmH
LI —imit HECUYREY AST SERYICE
BE 2N
L0E: :
IGEEEY G e o ) R AR ENTREY PO
SEAEY Pio, —Fh PUSH CTTE VST 1O AT
Al HEA— (B SUORIPLITE ACToTAL TAYCATION
AT ART
0k
Calll. M LET JdESULE DIRECTIVE, EXIT
BV R 1,2,
AACTUAL AST SERVICE ROLITIMNE:
P LISAYE REGESTERE
; AP EFRFECT ACALLTO SR TFTE D
R BROGLITIRE
: 1;3“?Tf1!F'EHfiH¥FFH%
AT SR E AN T HETV IR EOTIY E
| N Oy iy — {5 PLSH gsAY ST S0
A 2l —{=i% PLSH{BAYER K
Ay 2 — =5 PLRH{SAYEIRY
Ty l'b-:l'\lrln.'ll'l—"ll\. pendent. version of the subrocine containg 3 wolative referenes tes an absclurz avmmhrl

CROTSYp and ¢ literal reforonce oA relocatanlz symbol (BA)L HBeth refercaces are boord hy the tesk
beilder to fiued mramiory locations, T hencfore, the sootore @all not caccute properly ws pert of a resident
libhia ey if it ineation inovirss: meniory is mot e same a- the locslon speafied al link tme.

Lo the position-indenendent version, the celereacs o SOTEY has Decn chunged 10 e ebsolule refer-
engys . Inoadditinm, the necessary cods has been added o cempuis the sictoal tecatson of BA Bosed apon
1t valie ef the prggraen ceoncer. To Chiz cise, the valoe s sbtained by adding 1he viloe of e program
contes tre the Tieed displacemznl betwecy e Cwlreol Ioconioo and e 5|Ju,-:-t'i-.f' svodbel. Thos, eeecu-
fion oF tha medified routine e ool allected by s locolicn wothe Dnage’s vioiual addesss space

1. SPal'Es

The soack 5 oparl of the base Qesten aochaleciors of the KDTLZ-BAC D s an wrsa of inemore oei 2side
by Lhe presrcmmer o Lhe operoling vslem Joc Temporcrs storae wod liediage, I e bandied v LTT0
{last-in g Mirsi-oul] basie, wivere 1leims are relcieeed Do ihe ceverse ol \he order o which Liee weze 1-1!.!1:'-;]
.

A vieck starls at the bghesi bocuiioa vesereed Do b cd expaods lineaciy dovosesd W lower addoesses
e Tlers ace alidsd,

Li-4



TLie ol igeseasary o keep louck of the aces lwations e which dara s heing slecked. This i den
auiomatically throneh a sleck poicler, To keep track of the lust ilem added to the stack. o g
reeisles js n3ed tostore Lhe ooy address nf tae laet dlemn e seacke Any register saeepl regsior 7
{l_h_l: [ ey he uned as a slock poiner ander prograc conlel; howeser, imatTie oy -u.::i'.il.'#:‘i.ﬂ.‘.ﬁlj WJ:T]J
subroutioe linkage and inlecrupt servics antomatically use pegister 0 as a Rardware slada peioicr. Far
Uhis reason, B6 i freguenlly releresd to s the seslem 3T Stacks may be meincainsd i either Yullwo o
or hets nnits, This 3 true Loe @ sae’ pointed o by uny regisier cxeept R, which et b arpanized in
full-aord units only. Byle stacks (soo Figore 1010 requite instrictions capable ol opuraling an betes
cether than full words.

MOFE ZTANS
it s EETI
CIRmG 1 =W -'l__’.‘:_ .
cmmA TEKW: & 3 i
cmm2 ]’ tkbrad |e—gp [T Em H
ORI .
GG
cirnza
B-TF GTEDE
e T TEMS
ST, ITEW a +
Aae [ T rmed )
e [ Imrm all— N i|_ JOFOTE I
“CTE.

2VTES Al
ATl IARII D R
'‘WOF 2Z A5 FG _LSAWIHE:
Wy | EvTE2
IV TE L | uenn ol

L ——— —
[ eh[H

AF ‘W

Fiaure LG Ward and Hite Stecks

1031 TPushang wnto s Stack
Tlems are added woa steck wsing Che autedegiement addrsssane mode, Adding ioms o the stack s
called PLsHiqp, aad 1 sccomplizhad Dy ihe following imst=weaans,

MOy Souree, —(5Fj MUY comients of suence word
woniter the stk
ar
MW R Sourse {5 MY T sourss byle culo

the stach

Praca i chos FLIA Ted vnla 1o suack.



pih3.2  Popping from s Swck

Remuvinge dafa Crom Wbe stack s called FOPping, Vhis aparation is accompliahzd wsing the antainere-

meci creode.

SO (30— Mdcstinarinm Oy destiretiom word
ol f the staek
or
HOVE (S + Nrestinacinm SrA )Y destinatrn oyie

aal T the sinck

After a4 itom has heon paoped. its stack lecation e considered Jree cnd availoble Jor ollier vee. The
ek ointer poirts te tie lasi-wsed losation implying Dl che pest Jewer location is Ires. Thue. asluck
may repreacnt A poal of shareble emporary slomaee lecalione. {See Flieese 10-2.)

HIGH MENT 5> e

L WEMDRY
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m
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LIMITI THE 5 als

EN

Ei

F2EFINZ ANOTHEF
DA~ THMTC THE
TGS

£ F?

1

i

o

1 |ﬂ

wlmi=

4 ANCTHER F_EH 5 FoF H

1 A
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Figue 10x-2

.33 idelebing Yems frem o Stack

P

M=t and oy Lhperarions

ag— i1

A1l

The following techmigues may be used oo delete Mrom o sack, To deles one ilem wes:

M4 SF or ERTIMEFY - Tor 1 by slack
T delels va ilemy wie
ADDHEESE or TETOSE - Lo wedd] slacs

Tor delele Dilvy e Lo o veord Zuach wsg,

ADCFIRDOD, ST



1634

wrack |.ces

A aacs s usad in the following woys

=

(1fte ome of Lthe perersl pelposs regigtors muss be sl inoa sobroutize or wleer pl sty
retias wnil then reivrned 1o its ariginal valuz, Vhe slack cen e wsed 10 £ioed (g conins of
tha teptilers wvalved,

[he siach s vsed o swoviag linkage infermasion belween o sabroufiod 2and 75 aaling peo-
pracs. The TSE Inswenctian, weed in cilling a sebroulins. cequices (b spogiticatinn of @ link-
wirg Teuisier along, with the cnrow soddress of Lhe subroutioe. The cactero of this Dnkage regis-
eer b slused o the arack, &ooas met o be lusl, und the reton addsess i moved frams the PO
Lhe lindkopgy copiseer, Vhis provides a potnter bach e e salliog, program an chat spscese
crewsrenls Ay he cransnncied cusily Lo Uee sabeouidioc.

[ na acgumeirs need he passed By slaching hem allee 10z JSE instruetion, the PO may e
ased as 1he lineams rogiveer, Tn this cuee. (e cesell of dhe SR B8 toomave the tstum address
iz e galing program from Lhe BC onle Uie stack and repiace i with che cnere sddress ol Lhe
cillen subroniirs.

I rany cases, the upetations pellovmed Ty the swsintine can be epplisd divectly 1o the data
peased naont pointed Lo by aslack without the need dnomove the data o the sabroutine
area

Forample:

GALLTHNG PROGRARM
MO SR B TEUSET AR TIIE STALK
JSE O SLER POTWTLER TTERE.

SURRDUTINE
ANIHHETTS R ADDITER #1 Ty 5, PLACE
RESLLTINITER 22,
ol TOIWTE TO
ATEM 2 MO

Secause the hardwere already wies penerul-poiposs cogiater B o point ta o soick for eaving
and restoiing P and pricessar sl ae word (I8 widmemacion, it is eonveniont to uke the same
stack tn save w1 restore irncoedinle ceseils ond b transmit areaments woend ros seb-
ramiings. Lsing Eioin Ll menner periils gasms P oxibility in nesvng subroolnes end om-

TCITINT 22rvioe roucnes.

Hiree arpuments may ke oalained rom the stack by wsig some Com ol TeeiEler-andessd ad-
drassin, 1t 1 sumelimss eselel s o tomprrary sooe of Ba o seme other reglsler which
hes acen waved ol the vepinonng of @ suberat e, RSO G seved im0 B al toe beginoing, uf Lhe
suhroutine, B3 muy be vsed to indo® the arguments, Dumng o tine I8 L Tree W by oor
cremented and decicoeoted whils hoirg wicd s d stack poineer, TOES Led beco vged dice oy
as Lhe base [or idosing and ped *copied, crmighs be CiMew te ke wmek of 1he posiian in
the argumeni st sinec the base of che stsck owoel! oluwoge wob overy ausaiacre-
menl/decorwmsnl sl aeeerrsd.

e ver, U1k contenrs of Bé (R are suved in B3 belore any argumores ass poiehed aneo
the slack, 1he positinn relative to K3 wouhl remain wous L,



Wetnrn from a snbroarite alan ineolves tae steck, =5 e retwrn amilcwction. ETS, muel me-
feicwe infnrmation seored thers by the TREL

When a anbroutine roiwrss, Lo necessary L clean ep’ the stack by climiiceiing or skipping
ol the subroetine arguments. One wey Lhis can be deae s Dy dosistiog (et the subeootios
weeon the nbar of argoments v ke Erslalack tem. Baturns Troon subrouiings (b ovolve
caloewlating the amount by which wo reeel the sluck pednles, cescluiog (Le swck poicier, 1bheo
etaring the srganal conienls of Uie repisier thal wers osed ps 1l sopy of L $1ack polive.

3.0 Black elotege s wsed o lewe sod wlerrupl Lokaose, The scogeam eonoter and the pengessos
sbebus word of Lhe esecuiing program ace pesbed on the gtzck

fr. When the svelem slock s belag veed, gestiog of suhrectiazs, intermpte, and maps woary lave

cur veeir vkl the sleck overtlows 113 Legal limits

|

Tlhe slock wellod 25 alzo availablz Far termparare starage of any kg of dyzs. 1f may be waed
ee oo LIFD L Jor storing inpuirs, invormadiace rosalts, et

55 Eack Lise Exnnias

Ay an excnple ol slack v, carg’des thia eituatinr: A subrmezine CSUTHE ) wants Lo wee reeisiers | and 2,
but these vepisters o e remarned tn the calling prosram with thesr conienl: enehanged. The sub-
couline could b wricten as Yoilas,

Haot wging the stzci:

Aasomblier —[
Sddreny Cetad Tiode Sy miun | Cummenls
763z | 0is1e? SUBR: MOV RLTEME: |
TGEzZ4 TR * i
I Gl0ze? Moy k2 TEMI? L T
+ 1
I
[
!

vaew B

AR anngT 2

07a4 10 Qa7 VO TR PT RS srescore B
Q7412 QMGG * |
GTedlad L H WO TEM P RS ioresmore K2
764 la I S #

07E420 nnaas ol Il L
07e402 NI FEMF 2
[id g DG FERTE20

“Inde® 2397anrs
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Llzing the sraek:

3 bas boon previvesly =20 L poinl o e 2oc of an wnoesd Block of msrooree.

—

Atdress
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(0T34 00T

R e i

Mot In -his cass B owas nssd s s osmack pevingsr

The secand rantine naes foar fower words ol mstucten code and twie woeds of temporery Seoack™ star-
age. Agcther roitiae conld nac the sarme stack apace ac wnme later pont. Thus, the ebilty w sharc
lerperary storage in the farm e 2 soick i@ o sy o sive am memory whe

Asoanother cxample of steek ase, consider Lhe wask of managing ax inpel balTe frem o lerminal. As
charzerors come in, the cser may wish o delsie cheraciers [rom the Sne e 5 avcomolished very
casily by maintaimingr a byte stacl comlawmng e inpe! sharsclers, Whenever o brwksonee 5 cecervel, o
character is “pupned”” ofl the sleck and ehmimaled Mrom consideralivn, Too e exampls, “popping”
charzczery o be elmimaled vern be done by e eichec e AIOVD (BISYE BYTE) or 1IN (IN-
CHEMET insireelons.

Moot that in Uis voes the Increment et v lici CUMNO I prelerable v BIOYE, sioew W ascumpiishes
the task of ehminuling the umwanted churacier oo Uie stock oy ceedjuetiog (e slack peiter withoul
the need Tur oo destinelion JoveGen, Adso, Uwe sbck podotes 050 esod o wbis eiasople sanoan be ol
syebery soack poinler beciese B9 may pozal odily o weodd vescnd Iogadoees, {5 Fleoes 10-1)
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LG =phroeties §inkiags

The enmcents of the lmkaeze remseer are saved an Lie svelem sluck when o J5F e executed, Dhe elfeen is
chesame 25 40 a MOY e —(FE 8D bed been periormed. Tollowine e TSR inslewc lion, Lo seme teistor
is loaded with the memary address (Lhe contenls of vhe current PO and @ jump o made Ly Lhe entry
e zism speaifHsd

e

Towre 100 shows Uee copdiibons Belers and ailer caccutiod (b subeouiiog insteveions JSE B3, 1064,
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Tigure 104 JSE Scack Condilion Example

Becaust Tuedwuce dlready vees geocral-puepose registor Ko o oint toa stack for saving and restering,
P oand B3 (processor stang word) Information, it is comecaisnt o naz that stack tor agve and re3san
interrnesdiale resulis and Lo waAsmt argrments wsoand from anbenuzines. Ulsing B8 this wesy pormits
nealinmg subroulioes a0 wleerupn sevice Cnutings.

19.3.6.0  Bolwrn loow o Subronéli: - An BTH instructinn peovidca o d ceturn Jrams the schroatne to
the callictg piogram, The B Insrroetinn mmst speeity the same rogster es the one the G5 E imstrwetinn
peed i 1be subrowtias call. YWhen che K0S is cxcoucsd, che remater speoifed s moved o the PU and
the vopr 2 the stack s placed in the register spoci-icd. Thus, an BTS20 b the @fT=ct of teturnimg o
e eddress sposifisd on the top of tha stack.

3eF  Schroorine Advantzpes - Thore are several advanlaees br the subrootine calling procedure
affeeed hy the IS K instruction.

1. &rmuments can be passed gwckly beiwsen the calliog program o] (be subroutios.
2. TFihere ere oo areacsents. o e arpuweots aes o pencee] sopister of oo the aack, (he JSE

FOUET mvde cen be veed 2o that nons ol U goocral -perposs moaisices aiy use Jor Lakage.
Felomy JSEL can be escculed withont (b need o provide any saving procedues fre the links g
mlurmation sioce all linkage information 13 anaranieally peshed narg tae arack v seqaict-
Lol wrder. Belurie can v mads by awsmratically pappicg ts irtarmaricn from rhe stack in
Litm wirder opposits 1o e 52

[ %]

SBuch linkage eddics oskhceping ia called auromatic “nesting”™ of suhmiating calla, "PRis featioe 2n-
ubdes comstevciet of Bst, cffigion: Fokages Te s sinple, flevibla manner, It also pzrmity g ronting tecal]
e

00T Tuwrmupts

A intzrou e s sunilar wea sahranning call, except that i 4 outioted By the herdware raiher ther by the
soliwere, A inberup! ean eotr 3P the excantinn of an insrrchon.
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Interrupi-driven tecimigues wre used wooredicee CFL wazing e beodinest peogram dats wanslec. the
CEFU locpe o vheck Lae slole ol the DO RIGALDY Tlag (hit 7] in the peripherai ingilaee Using
wlerrople, the TFL can bandle other uncione annl the perinheral initistes service by soluaog the
[FZIVE 2in i Cos coleolfetatas repisler, The CTFL cumpoeiss the inscroction being exconted and fen
ackoowledges e wileorepn, aod veclor. Lo an inlerrupl sesvice moubme, Vha sarvioo ront s will tragalor
The data and iy peidoeun caleulalione willy . Aler e lerrupl servive rounits kas baen complened,
120 Somaticr Fesiees 1300 pidgra Bl wos mlescupted by Lhe periphera ™y hick-prinrity roguest

HEA T Ierenupt SMervice Eoafines WL iolerrupl secvive roulines, lincage infommaction iv passcd i
thae & rera tn the msin peogean can se neade. More furmation fe ascessary for anomtermpt -
guznes tasn taer a subionting aall Peeause ol 1ae resdon zaiure of inleccupie. The complete machime
wote of the program imrediacely peier o e occurrencs o e nlerrupt mesl be presecved 0 order 1o
returm bo she program withoet any nociceable offeets, Tlds nformieliun 35 slored o Lhe provessor staos
ord [FSY Lpon inerrapt, the contenrs of the pregiann couster () Gildress of nest inelroctsn ) and
Lhe ¥5 sre aotomacics by pueked ontn che 206 sestom siach, The sllect s 1he seane ay i

ROV P8 — 15 (Hish B
BT PO —15F; Push B

bad been eacvuted. The new conlenis of che FOand FS are badod fram v picassiamed comseclive
aerzery localione winui are salled Fvector addrosses.”

Thc fiest word conrlidns She ioleccupl zervice toubme eatry sddress (12 addrzse af the semvics o Lo
progaeadn segueiee) aud 1he second word cunleins the news B8 that will decsrming che machios slalus,
incloding the aporatiooal wwode and regisler sel o be wsed by the iterrupt servize rontine. The conleis

nf the weotos addecss ace sol vodler progsum conlol.

Afws the intermpt servics ronune 1es Geea conpleled. an BTT (relurn rom intzrrepst) is porforiesd
The mop mancaoed 3 of ihe stack ace avloumiicaly “popped™ end pluced in the B0 and B, reapective’y,
thus resumring the intercuposd progiact. Lolerrupl secvice progrumooiae is moimacely inwolved with the
goncent of CPU and device priorioy Ievels.

T ETE Sesting — Incarrupes can be qosted U woch (e suine munner Lhai subrowtines sre nestzd. 1 s
mussible fo noat any erhitrary miztore of subcoulines and inlecrupss withowl any coafw-imn, Whan che
respective BV end B8 cisornerions ans veoed, (he sroper ceturns tre aulumeilc, | Bee Tmre 140-5.)

PEEE  Eeerfraney

rher advantapes of (e BIF 1L BA slack uracnies on ooour in proptamming svetemns that handlo se-
cral tasks. Muliask poogsamn caviroanenls range Jooan stmple s e-user apnlusstiony that Tnandge a
mizture of U nrcompt servics and backaround data processing (25 0 BT-11p, e large, coorples mul-
TITIPOEFAMMIirg systerms that mwanage a0 brricale musiore of execulys end muoliuse: orogremming sito-
atins fas in HSXE-T1] in all shese siluatons, using e sixck as a progsremnmme echnigue preosidas
Flexondte end rimef mermeny coononny by allowing maoy losks Lo wee w sinele cope of the same rocting
with o simmic straighttnresed sy of Sooping ek of summples program linkess.,

The abilivy to share s girgle capy of & pragram aoong teores o aoeooes losks 35 called reenitancy. Reen-
lounl priggrm rintinss diffar from acdinary anhrontiacs i hat it ol pecesaary for reemlvanl roalines
L fimsh proceasing & aiven task Defaee they ean bensed By oot sk, Mulliple taste Can saisl el s
looee in varving slages of camnpletion in cha saze rncting, Thes, e fduation 28 shown i Figure 006
Il DU
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Figure =G Recitrant Sontines

BE1E0 Hesntrzaf ('ade — Feontrant mosting. must be wrolen in pure code (Llhel s, ooy cude tha
coneists cnolua vely af inscractions and conscintsl. Uhe value of wang oure colde whenzeer poesible b=
Wl wle resulting coide has the foliewing characiens=De-.

I i goneraly congidered eesier Ly debog.
It zan o kept in radd-nn y memety e Ted-unly prosecied j

e Q]

Leing reenmitant code contzel ol @ routing can be chered as lollows, (See Fizues 1070

o el A cequesis processiag by seeniearn rondine O3

: Tau-k A wernporerily siver up conliol of secpieaar sogtiae OF hefors it compizgs pracesaing
E Fee-b 32 alarls provessing the siooe oSy ol ceool-ao, pourioe 0

4. Tuek T complele. processing by sselicann wotioe 4.

5.0 Tuek A eegains use ol recouant souling 23 avd ~csures whers it stepned.

KEEMIRANT

|_ e e———a] FOATIME

=" AR
Tewre [9-7  Sheraog Cooleol o 2 Rouliog

PR Wiitine Boeeotremt Code — Tnoan opecuiing cvslem eoviconoend, winn oue Sush 1s easdulg
and iz intorrupied woellow snulaer sk w oo, o conlext swiloh oveurs 10 wloel e prosessod slalas
word and current coneents of che penecsl-purpoe e repislers GSIERLT are seoeed aad ceploced =y the appeo-
printe values [or the Lok being entzred. Therelers, seentrazt vide chould ese (he GRR and 1he s1ack
for say couner,, puinlens, o data Lol oust be ceodilizd or wanpeiiled wothe Fooidiee,

Tho sontesl swileh cocars wheaever o new lasy o allowed woexecote, I canses altaf e (5P s, tho P,
and often other task-reli led mlerasiion by e ghedd 0 an Jgzpure acca. 1 e reloads these registons
and focutions wills e appropriate data Toe the sk Dcing crweesd, Motice faat enc conscgucnce ot this
i chas o e stack pueinler value is Loaded ot B Uwerebe caugirg @ e area 1o b vsed as the stack
wher Ui secord Lk s coteed

[i1-173



Tha following should Do obscrred whan writing tsenirecl Sods,
. Al dava should he D1 or peinesd G by ones ol (e geosial-porpose rzesters.

2 A sk can e naed For semporary slorsae o Qata or palfeets w e sreas within he e
spacy. The printer o soch @ etack wuuld B staced ina GPRL

3 Yremete: addrosess should be used be jpdezing anc indirece relferenee cuiher e by oul
ting, the = inte mserecame witlin the cody.

4, Whan emporery slornee s acoesscd wihin the program, woshoeuld be by iodexed adtoesaes,
which can ba el by the wulling ok in peder to handle any puasmible cecussion.

DAY dinravtines

Loy sonnie preogramming sitwailens L haopens What several progran segmenls o senlines acs Dighhy inmei-
aotive. Control is pasetd bach apd ot bevween the roctings, each peing Uirough o pocied of suapensian
befase being restmed, Since (e 1ouliacs maintain & semmelon relaiicoship s cash other, they ars
called carmwtines.

o nmowines are Lwy prugcedn $eolieng, cither subomlinate Lo be call of ibe other. The nature af the call iz
“| have prucessed 511 T g loe e, 0 von ean execule undl yuo aes peady i sap, then 1 owdll cracin-
ue'' The corvuting cull and zetuea ave idencice ], esch being o Juszy W swbenutine irezruetion weih Lhe

destinaciun address beiog on top o the stack end the PO serving a3 10 linkags teginter, as Gollows,
TaR MO Ral+

103,90 Coreatize C8ls - § ke coding of corculine colls i made simple by the efack Tealure, Tl
Lhe ealoy addliess of the samentme i pleeed vn Lhe stack, end from thst poin: the

ISR DU ki) +

instraetion i ooaed for both ihe call and (e retien statentents. Ths BSR insoraction reeulls noan ex-
ghange of the eomtents of the PC and the top < lowent of the stack; this permits the twih Zeuimes W swap
control avd resarae aperation where sach was weaminarsd Ty the vrevions swap, An exzmple w shows m
Fignre 10-%. Motics thet the vuroutioz Lokegc <leans an che stazk with cach cunern] transles.

HL3Y.Z  Corostines Verses Sabrowties - Cnrontines can be compared 10 sebeoutmeg in the fallassing
WAVE.

1. A sobrowiing vun o consicgred o be spbordinais e Lhe e or ealling, eonrine, bz g cornnt-
ine s considered 1o e aa the samie leval, as ench cozeuline calls the sihor when it hes com-
plecsd surrenl Srocessing,

o Wien celled, 4 sebeontine exacures e the end of e code When oalled again, the sames cole
will sxevils Belore reterming, & coruwline execalss Lgon the poiaf afrer the last ceil ol the
uller coroutine, Thercfore, the same code will ol = cEconted cach timne ihe comoaline 2
valled. A caamprls I8 aknwn in oo 1025,

The cob aad mornrn instmictinng B cooulines are Whe soo;

[ ]

ek PO+



Thiz ane instmction alan cleans we the seck with cach cell. The last coroutine call will luies
ur wldress an the swack that musl be popped I ao furtaes calls are e be mode, Ralor 1o
Puragraph 1030, for information on the seluen feom suleonting imslructse,

Eooly coravcing cell returns W e corcutiss ende at the pont aller e el cxin 20l o need
Lar 2 speeific encry puanl label. as would Do orequired with subroutioes.
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WAL Tleicg Corowtine — Curellioge should be used i the Jullowing siuaione.

[, Whenerer teo Leks wozl Le condinalesd in theie exscution withoul obecusing the besic
slrucluce of the peogreny For cxample, w decoding o e of aesemble laogeape sale, the
resulls Al Aoy o positioon migan wsdieass e pexy process S0 e enlersd, A detested lbel
st De peocczsed, [0 g0 Lanel iz proseoto the opscalor st bhe locoled . e,

20 Tuwadd clazily o L provess Decw periormed, e edes-in he debeprine phase, eic,

An assembler rouel perfori @ esicegrepii sean of suck wseermbly angrwpe slatemen, durne ouss 1 of
Lhe exemmebly prosess, Toe vorious sleps o sech asonn saould be separaled Mroz Lhe mwm procram Floor
Lo eddd Lo e prograccs cluriiy and o aid i debugsiong by olating many detals, Soboruclines woeld et
be satieluclery bers, as oo mush ionfermation soeuld eve W be passed o Ue subroane each e 12
et called. Suco o sulzoulle would be oo olated. Ceroulines could be efTeclively el here wilk one
rouline e U aszemble-pazs- | sovling cd e otber extriclizg oo e ol o tine Groze Lhe current
pat Do Fizees 1O-10 dlusteales ths exaziple

AL IHE & L. TINE B
START A0 %S
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Curauiines car e utilead in 770 processing, Vhe crample chove shews coroutings vged in danble-out-
Temed o0 wming (0%, The TMow o svemig might be desoribod ws:

Write 011 1

Head 11 = puncuniely,
Froooss 123 J

iHcn

Worile 02 3
Faad [2 J> AR (A A

Progoses 1.

Frerare 1010 Ulugcales @ cnrontine -swapping 1zl srac i,
[l =

2L TIHE #=1 15 OFLEATINT, IT THEN
EALECUTLS:
B P2, - NN
JEN PG REM
YOTHTIE FOCLDWIR L HESLLTS

I. PCZ2ISFPZFPED FROM THZ STACC | . )
ANE THE 54 AUTO HCZERM-E TR e e
2. B E ALTONFCS=AFMIFD AME
IHE L PEILE. PSS FLEACED. l
A CONTROLISTRANSSESRSG TU TH- @—e [ e o
LooaATIoY F2Z ILE | BT INE 325
ACUTINE o2 15 QHEH2 1 MG, 1T THER
L¥ECLUTEE. .I.
JSE PGB SEND [ "
YW TH THF HFSL T THAT FCT IS 55— W L
EXCHSMG-11 FOR PC1 SN TIHC B __

120K &M CEGRTROLIS
ToaMSEF R AED RACK TS ROJTINE &1

Figwre 1611 Coruating [alerastion

When routing #1 i3 nperating: o exeonlss:

MY PO — RGO}
JER POU i Gy —

with e Lollowing reswlts.
i PO papoed Moo e stack aod the 8P susoeremnenizd.
* SP e avtadesecmenten and the nld PO (e, RO S owehsd,

Farts T

1 Coolnol iz Laoteried tnthe lecation PO (Le, ouling 2)
Wohen touline #2 & oporating] it execules:
JaRE PCwilee) +

with the resull 1] PO s encherped Tor POL oo e stack and control 36 transferred beck e routioe

=



3T Hevssion

An intaresting wspecl of wstack Dacility, acher than its privedog for aoloematic Toodling of nesled sob-
ronmines snd interrupls, ds Ghal @ opoglam may ca. ] ot itazlf a- 8 saorawling jual de 10 Can S0 U any
other rowzine, Tach pew coll couses (e sotuen linkage to be placec on che steck. which, os il e o loxi-
i FTT-ouL quene. sels up o e loeal veeaeeling teocash routite jusl aser the puant of depariorzs, Ty pteal
Flowe Tur w mecarsive routiog might rescmble that shown w 1igpurs 1012,

AR "I, e -[
.
ER |

-3
|
SJB 2 |
1
S 3 |
H
L LT P

Fignre 10-12 Blassursive Routins Flaw

The mair prescam calis fancsinm 1, 501 10 which calls funclon 20 50 B 20 which reanrszs anoc bernre
TELUTTLIRIE.

Caaumpic

LCE: .

BRI 1S TV EXIT RECL RSV E LOD
JaK REIVSCT RECLIRSE

R RS CEETLIRSN 16 1Y FOR
EACH CALL, THE T TO
BALN PROCIE AM

The rentine TNCT cutls ilsell unidl (he waciahls testec aecumes equal e 90 1o v cxits to 15 whese the
FUS mmetruction ie execuled, relucning ie e 1% onee Jor cach recermsive call erd o Linal 19 10 refoen
o e RN ErugTin,

Tn peneral, recursicn wechwoicues will lead o slower progrems than L eorcesponding inrzraetive ceh-
migues. bal recursion will produss shormer programe, and Lhus suve msmoee space, Bath the hrevivy anc
clanty produced by recursion arg imporeant in sssemboy languags proaeioms

Lsen of Hecuriam — Fecorsion can e vacd inoamy toatne inoekich the s process 15 coqowed segiad

timees. ot examule, o funciion v be inezerated may comlam another Tuncticn o b tegraicd, as e
salvine far Xk, where

[QIx



nd

and
PR — GiX)

Another wie Lar 2 recursive function cotld be in celecluting o facteria: fenclion, becaus:
TACTING —= VAN — 1% I

Fecursiou shanid terminale where M =

The pscroprocewsur within MACROT, for excmale, is iteclf recussive since i an process nesLed
macredelinitieng and calls. Foe erampsia, within @ mucradelinition, othe: maceos can be called. Waen a
macre call is eneneniered withie detfinition, the processos mues wark recussivele: (han Bs, 1T muse procss
o wacss hetors it i Jinihed with another. Lo conlinne with the previous e, The stack is wsed Tor e
sepazals sterape area fos the vardahias assecialed il cseh eall o the procedure,

As lorg as nested delinitions of mactos are arrilable, v is powsible For a mecra 1o call iz=ell, | loaeyer,
urdess candiviomals are used to Terminais this expensinn. an wlinile loop conld e gererated.

1311 Trocessor Traps

Crrluin virses ano programmning conditions cause the KDEL1-BA procesior io soler fue "saviec” state
amd Lrap 10 a Fied lucation, A 1ap is an interrupl seneigied By saftware. Peoding conditions arz arhi-
lruled wocarding toa privrily, The fallewing lisl describes the pricricy From bighes! 1o o

Conditicn _I Drescripliv

Blcmory anagemel Winlation® | A mewmery managemeny vielation Canses an abart and reps Lo loc
{MMILIBEE? Lion 2545,

imenul Trrer® (BUSFRE]) Ma rospenss from o bes device dering a hos lransaclion Sauses &n
aborl anet traps e o e 4,

PariLy Treur® i PARERES A parity arrar signal teceived Ty the processor during @ bus 1ransac-
Lon eatscs an abort and waps to lacstion 114,

Trace (T Bil® I hit g osel al tbhe eod of ingtroction egeculion, 1e procssant
raps o location §dy.

Stk Overflow® O5TRONT) It the lsamel stack pointer was pushed below 330 during an inseras-
sian excoubun, the peoesssnr traps o localion dg a0 the oind of <he
inazretiom,

Paovaer Fail® (PrATL; IF bus sigoal powscr DN CRPORITT Beceln pogatod during inalroc-
e sneculiun, 116 presssnt wraps Lo locallen 2 at the end ol Lae
initrealien,

(T RITE TN

* omnashibl softwacs caneal inhilic U condation. CTIRRE, MU0, BUTERR, PARTRER e muteally cacisivs
wtern Ll PGS0 F3 ANRLICHTM L paregidiL,
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Condizion theterlptlon
telecoual Level TiBIROQTS i derica inferrapt ceguests A Asscitod and PRDOTE  are prop-
[ 2laskable by BR-07:05 _'. J crly ot che processs 21 the end of the TECECTL TSR cldo s u Lion
Tnterrupl Level & {BIEEY will imiciacs an intermupt veeor scgnanzed on tre s
(hlaelable By [S0T:0500)
Tatescupt Level 3 (LIRS | PR T Levels Inivibided
{hluslable Dy PRCQT05Y | T -
[olercuptl Levsl 4 fElR.‘U_‘-H : ' A
Chlaskalele by Do 07051 ? | [; a4
4 4
Goa e

e BITALT L bus civna] is azeecled ducine the serdce statz, the
proseescr will enter QBT wiode.

L1aX Lin:

BT "Frap Wsnuctians - Trap irstructiors pravide tae calls wo samiarass, D00 moiiacs, Gels-
ging rackages, ard user-detioed iarerpreie:ss, Yhon a epp oecurs, ik comenis of (e current progracs
eoantcs (M) and program states ward (PS5 arc moahad oanta rhe procsssor stach ard replacod by Lhe
coitcs of a T=word trap vootnr confaining & new 2L and now R The cotuen SsqEcnoe Tron o trap
velves exconring an BTL ar @701 instrzetion, whick resteras the ald M ard ald 55 by saspig thes:
from The stack. Vrep veotats arc locatod ar pormanetly @aganed rized aderosazs,

The B8 [(frap ermzlaror) and IHM’ irscructiaes do nor wae the ews-rrder v of 1he word o et
maching [anguage represeatatian, TES aliews wage information 1o B e sfeped wob Le -‘u[ln‘ liyle,
The news wahie of th P |"I":I.-I'I-\.r-|'| rlnr' tha vootnr addrecas of the TRA P nr EMT |_|,|i|,||,.|n._.|||_‘:-_l i Ivpivally
rhe ararzing addness aof @ ronwing to access and incarprer thig infarmation. Such a outiac a onlded o frep
Fandier.

Aoeap haedlee musr aceamplish soveral ashs, 1 omsl save and aesices al necsesary CPRS, iniempres
e Lows bwvee f b irap lasumcioon aad call U lediceted coulins. seove de wntierlace beiween che
n::*]]m;- program aad this rocing by baedling aae do1e 1hat oeeds o be sessed beleeen them, and, Mnal-
v, cnvse the et to che main roniine,

A wan hancier can b uactul as 4 pateting techeigue Jumping o 1eoa sadch i s ol LI Jilfieull
becauwse a Z-word nenp st be perfoemed. However, te T-ward PR A inarmelion may be psed Lo
digpacch 1o paich aress. A sufficient numher of alas for pacching, 310ulE firet be ceserved o Lke Jis-
malch table of Lre tran hemdlles. Phe jesspooun then be scoemplizhed o placing the addeess al e patch
ares abo Uie luble and inssrine the proper "TRAP instructine where the patek is 1o be madc
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13312 Use of Maceo Calls - The wrap handles can be wed oo piogrom io dispanelt axcenin toany
aie af several routioes, Maerns may be defined o cause e proper exiansion nf a call o one of Lhese
roucines, as in e cramnle holow,

RACRED MLE2Z ARG
WOV ARG, RO

TRAD +1

INDM

When canardad, this macto sels wp tbe oog arpument reguirsd by Uhe runtive in B aod ten caires the
trap tostlvstion with the npumbes 1o the Iower bete Vhe oap hundier should he weritten soe tha: iz
recopiizes 9 185 3 call Ly BUTB2, Woties (har AR here i seing unsuilied 1o SUBR from the calling
prugcaln, i omay pe taly eeguisd by the routine ot it mey Beow sotonter 1o 4 konger st ol argumen s,

o ax nperscing syslem epeirarunern lee £70-17, the TMT Dstrusiion 13 wsed 1o call system ur rruLiiac
roulines From a et pruscen. The monitor af a1 soereliag syslem agecssasdly eantaing coding Gz many
Tunctions, sueh g5 1700 Mle aoipalation, ere. i coling s made accessibhe 1o the program throogh o
gerics o mecte calls thel szoend ima RM T inscrucione wilh Lo bvics, indicasing cthe desired reutine o
aroif nf routites o whicl e desired rooine belongs. Oilen o GI'R s designated o be weed Lo pass o
Wersitication cede Lo fuclcr indicate to the trap handler which rovtine s desirted. Tor soemple, e
macrn cxpansion fur o resume excentinn commemd io RT-1L s s “nlinws,

MACES RSLM
WG 2
LNEM

Chil b dehired;

SR A HCR 08T DTHA S (UHRE

Bifdy S0 3TR S0, K40
IHF ™M HAMN BISH CHARM A

Bl 354

SR
Bele that the a0 Tow avte o 2730 This s dnleepecied by the D hancler to mdicale o groep ol
coulines Fhen tic oomzend of O Thish byied azg ts3iod by vhe mardlzr o identily exaclle which roulis
within the gronp is being reyuested  io this cose coutiog mamber 200 The €03 call o0 the RELIR iy sel
up 1o pass tha wentification vode., |

1351 Oonversien Mowliaes

Alaet all azsenaly langumges progeaos cequice 1he az'aticn of dete o resule From ene lerm L ao-
eiher. Codz thet performes =uch o waasfornmeion is callad & corverddon rowtine in this guide. Severel
aanimanty waed conversion cowlioe: Tollow

Alrnoel ult amsembly languape srograns Lvoln sore iype of conversin roalioe, Dolaleo AL acial
to-devimul end decimel-le-ASCL are 4 Fear of the mast widely wsed.

Aritheetic muttnly and divide seeiioss ace Tondazeal 1o many soonvcrsion ractiazs, Divieion @5 Lym-
cally approchad oroons of Jeo wavs.

TLR%



The divisian can = gocanniiated thromgl a combinetion of rooizes and subtractians.

Example;

Asaiime the fallowirg code and repistor diata: to make Lthe exumple samer, aleo wssomoe o 3-hic

wrard,

Thecelure,

131y WO 23 —(5H
CLRE —1EP)
13 &51. 155}
3L R
ROL RO
CHIPRORD
LLT 2§
SUB I3,R0
TN 15
DEC ™ (81
BN 51

I~>
T

lo civide 7 by 2

Ry — Qo
Bl —11!
B3 —aln
A TR

STATK
M1
03]

GSLET UP LIGIT COUMTER
LLALR RESULT

JEDCORTALNS BEEMAINDER
UNCREMENT RESLLT
JRBECRERENT COUNTEHR

rermainder
T multiplicand)
2 imultipiicr

counber
yuolizenl

!:\-_l

Failadimgs throurk the endingn, Lhe cualienl, rerander, and damnidend o]l shall el mampu-
lating the mose sienifeent dige Mrel, el

At che comelesion of the pouline:

Rl — (M1 rernaimler
Bl — ¥
B3 — (L4
BTACK
i colnter
a1l queticnc
Tae second melhod of division wacks by repeated subiraction of the pnecrs of the divsar,

kewpiog o counl af e oumnler of subleactions a1 cach Lol
Exarple,

Tao divide 221 g be L, First tre tooswhorast powers of 10antil 3 nonnegacive vame 5 ootomed,
coufLing the purber of sulraccions of cach proeer,

220

— QK

1-22



Mz e, s e Lo the aeal lowes powel, and coum for 104 — D,

221

a0

(21 counl Foe 102 —
N

H omt — 2
— 1003
Bl

e v, wo reduce power, g counl e LD° — 2

p
L

I cowod Coe 10y — 1.

11
—1n

i wount — 2
- 11

Tdealive, s ocount for 100 — 2
™o Jower paveer, su crwainder s ]

Answer — 00 emainder 1.

RTeluplivatioon can b Cepe sl o combimausn of woiaces and addiion: oF witl cepeve cddilivns
Faamnle:

Aseume Lhe Molowing ale amd a 22500 wond,

LR LA HISGTH HAaLE O F ANSWER
MOV $1.0NT SHET LR CLINTFR
MOy R MICLT, AL TEPE1C AR T
MORE: B{IE K2
HOET W
AL RO 1 INTITCATD,
A1003
SAUTTTFLICANT
I ROE B
Teld T

DL CWNT
BNE MORE
MULT: 1

]

|-"|
s
.
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The Iullowing condizinry eaisl fur & llmes 3

RO = {100 high-oeder o't nt result
Rl = 110 nudtipliceed
K1 =1l muiiplice

Alter the murine s eaesuled:

Hit — 1+ hipht-order balf ul cesull
H1 — (L Taer-ordar half of resull
B — 140

OMWT — 04

mITILT — 120

Eramlz:
Bawtmiplicetiun of BO by 30010 LOMKD.

BALILAD BRI R, — (5
AM1L RO
ASL R
A (5P| R0
AL B
AQL R4
ASL RO
ELTURN

17 B4 cnmoems
EJd — 111
Afar esmculivgg

R = T 000
[T Sihy = 420570,

ASCH Conrersions - Toe censveizian of &S00 chareclers o T vternal represenle Lo of 2 oumber. s
wrall &5 the conversicn of an internal number o ARG i [P0 aperatinry, preseniz o challenge. The
frrllevarimyr Touline Lakes ithe 16—l word i 1 und stoves the eorresponding »ix ASCTT charuclere e e
boffor addressed by B2,

OLT: iy #5.R0 LLAH GO

Lo RO Bl == WCOPY WO TNTO 5TACK
BiC A TIFELESE MM H O TAT VALLE
ST LR O Y ERT T ASCL
WOVD iSE—. — R ST E LN LT TER
AST 1 SHE
ASR R SRIGHHIT
ALR R IHRETE
DE:: Kl VST IT DONE
BIE | 0P S DD IT AGALN
BLe “1T7TTeRL DalT LAST BIT
AL SR CONVERT T AR
ROV A He (T2 TTORE I BLIFFER
BT B DONERETLIE

1024



14 PROCRAMBING THH FEOCESSOR STATUS WORD

I'he currenc procesger atatns ean be erad and woil.sn using severa | prograniming, (eehmgues on Lhe PS
The Ph ey an 170 address of 177777768, Tae KOFLL- A and other FIP-11 [racessars Dnplemenl Lkes
nddras, whereas LSE11 and 151-11 77 proceszass o nol, G wechmigque i toose e 10D address us a
suurce or deslination address witk 3:11.' P01 LI,

LR G175
WOV @17 G, i

The st Instruction clears the B5 amd cbe scennd insfruclio: uioves Lhe contents of the B9 to gonecul
regleler B0,

The 9 eaalicll eddrese (177 SR can b doccessed onopoword r Byle basts, The KT 1-HA will joc
opeiee the T odd ediress 4 L7157 P and the weecss reande will T identicn? o oan edd memory addecss
oersnce,

Anniher techrigqus is 1o vse 1he two dedicated PS5 anuruczions, MUPS and MERE, These insrructinas
anly referense the gwain bvie, I memory managemens i e med ceaain M9 Tils ace protected. Befer ta
Pavagraph 5,552 for mare deids,

WA PEOGRAYRING PERIPHEREALR

Fropramming 151211 bos-cnmpat bl aadales (Sevices] dz simple. & special class of wsloo iuns et
deal with inpu nctpur aperatiors ig vanccessary. The bus sireclure permits @ uniticd ad@oessing slrie-
lwre i waiva comerel, etetus, and data regislers Lor devices are ditectly wddireesed a2 CCILOEY Lecaliuns.
Therslore, all eperadons on thess regiseers, suel ox tracleccing infornetinm inta ar ant af .
wipulaling data within them, are perfeimed By ponpal memery rereredce inutructinna,

The wse of all ey relereace ingtruct’ons a1 devics regislers gready fnersascs hiz Aeeibility of T
pul feulpul programming. Sor exemnle, Infarmation o 2 device reeisler can be eoarnpanad dlroely wilh
a value wrnd o branchk mads on the resuis,

b4l REUF, 1001
BE{} SERVICT

In chis case, the program lovse Jus 10 10 the 130¥11 recciver dala buller regisier (RBLIFY and
branehes 0 Fods il There s oo need e pranslzr she Infoc~aton Do o mlermedisle ropgivter o

fi.'.-l'l'll‘..'ll':ﬁl'_:-i]

W hen rhe charaetes is of interesl, & leamory relerence inslewetinn cen oranarer 1he chiiacler iRl £ user
baafFer in memary or so anotlice pesipleral device. The mscruction:

WO VK IMBE S
Lranesers o sharecter “rem cha IRV L dava iapas bulfer TDRMBL I into s wser-dedined lecation.
All asithmedc operstione cen e perfoermed a1 poripheral desice cepisler. Ter sxample, the Inezrmeting
AL EVL DROGUT BUF will add 1970 0k DEV L s vatpul bufTer, Al rexd farite device regiaraes san

b treated ay secominiatars, Vhers 5 oae noed 10 Deaowl 22 data tronslers, arithmetic arerations, 2 nd
comuariser through onz ora small nombee 97 sccamululer tegis. s,

T08-25



Hih  FDP-L PROGRARMRBUING TTEAMEPLES

The programeoing cxamples an che following peges shoe how Le nstoustion ot the Addressing mudes.
anc the provrameoing technigaes cen be used 1o sehas svre simple problenss, The farmat sead 1= eiLther
A1 ur MACROAT

Trozram
Addiees

HIEEIRL
OACSE L
E TR
(RTTREY
LOnsEn
nanc x4
AUIS2E
rerd i
Coisal
nhtd
GO2S3F
e e [ ]
LS

ICTEA4

T adr

nITla

[AMERTHT
(AR RO
Ca1ars
Calata
Calaln

Froaran
corTants

Calrng
(a1
LaxCaz
p Rl O
R L
IC0ACS
e G
[EMTN a0

ﬁﬂlh]b
121a70d
nertinlz
I N |
ar st
anilaL
DA ai
DUl ITE
dRA I
20379
O

TRIENE
Loacas

noatarn
palcnl
CaZCaz
COZras
£azoad
narnls

G100
CAC0T
0Acoxs
R e B
[
niEo e

CassI0

Lasel

ATANT.

4]

SUMET

“TEFE:

Op Cooe NMperand Commen s

s PHEAAARLHE EXEHPLE o
;ETREACY COWMTLHTS O Lecs Ina=wd
SEOOM OCNTENTSE np LDU: 1007 TR

(e e ]
El-i:1
E2=%7
Aa-%1
21-%4
55=5°C
AT -1
=1

Rl

Mo Fe.07 PInLY STATE TITHTES
Ho [T

Hoy E715, T

Moy S Kb I e

M ELal2, Bi

S Rl

| k3

Y o) AL, TN FEUAHY ADTTHG

AT El "7 sULHIGHET AMNTmrHo?
EHE H1M] ;12 pUEL JRERTH RECKE
ann RILNE FETANT ALDTTHC

s i T4,.[4 FETHIGHRR ADDLHG?
HE TR [-F 3T RIAHCU BACKE
sz LR TH] 1uURTIANT NERILTE

E&ALL srusLt L ALT FOLES

=110
WORD 4 LELEL

ZHMN

Li0-26



FoogTam
address

Frogran

Pontents Tahel

5 TmART:

CFRTY
EXL HEXI
THD OO
TRET!

LHE ZIESS

Hal.™

WaTITS

LEINO

ETETT:

CFROY:

M

AVENECT

SCAnFs*

"

np Code NEeTand TnmREnts

i BTOSTAN T ZOUEY

1Ly & oUnlkll
e
PHEG A H LS

Fil—% L
H1-41
=4
HFE-LE
rr=-3)

=205

rinrd=p FEET IT STACE
MO RWELIF M FERET OI'F TOTYNTAL

FC%W EwnLUES A0, (22 UE CUUHTIN

[ 2 I

3T

THT RIMF JTEGT WIMEER
PPOLTLWLT

JHO L LR REIEEHT
ERATT Ry

FiE5, [CIHISHERY
MO, G FAnE
;“FE, BTOT

i I N

F PROETIAM 70 SOUHT
LGy ofF 16, glid
FUIGLESLHE ol LUC
FafCHH AVERACE IH
FoCAET M ORI

LT
R1-%1
KZ2-wn2
rA-94
LR
rn-gv

=0kl
T ATACE

TR COUXTER
U =0oHTEs

K
L3y

P
flE .41

R FELCOHLS H2
HOW BAVERRZT RY
CLE el

.T3
0T

HIGHED WUHDE
Ly

FTOUNT AUR HANY SAH NELATTVE

HR e 4]

MEGSTLYE HUMDEES

YALLXE
HORG

ARCYWE AVCREZZE JUIZ

SCORES

EUUALS

Lac AVERKCE
ALIVE AaWIRASE

TOCTE AT AWSTASFE

2T T e, (R COAMPRSE
RILT OWC i Lh ol

T
CEL

SHEDZ
v ZlCE

[ LI

[EARLTNTS -~ N

ERLIRSR RS LI R | R
wa P S 00 . GBS B, TR, RE AN
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Fragram  Frowliam
Adiress CpatErts Lanal Mo UaZe Uperatd Corna Dy

FPEASTAMNTHEL TXARLPLL

pRCCLEY (IMMIZTETR ROHUY AHD
GOTONE 2. THAEES

1UROM UL ARYLRORTER, CITELT A R OLE
JUCILE CHTTTR STATHY bR GTODRASE

RN TN
1 =%
GE=%F
TR=15
LO=1%
TEG=1T T840
CEL=TES -2
TEE-IES-2
TER=TwE~2

oLl ST

=1
ART: FENE t..:0 ;THTOTATTRE SPals ZOZ47FR
W ek 2 1] doa Ul WICFER

tLEYUND TR & TF
(LR ookl FTHARAL JRE QU

Tz THTE [ PN FUHER TH BULLEEIRT
ROT TH ;TR AT BRAHCU LECK
L FLY
MUK LELC2RINTER
FRADY GULUUC

ICAN: T=TE FETES

BF_ FHD

qova FATEDR (L4TTS phuAd CLETACTI

LS LN =TEFR, (TN} + 1570RE TFATAUTEE ANWEY
IREC 11

FMF ™ i TTMLIEHED LHFITTIHWCGY

b K FI&VR, AL SRR ULEF ALe[ET THOTVARING
iUE & Ll

P | e T OCITHNTRT OF BEJrLLE
i TECLLELAE Yho¢ LF

T e P P ZIIRENE TRLEPALHTRA
(BERTST STATUE
i1 HNA
(AR Innid 44T RH ; UTPIT THARRITER
L rl
EHL [ P OLHIUED SUTPITT "W
FhLY
FETE: JurE CR,TR

e
-ERL

16824



Fragran
Eadrens

Frogr=m
ContRnbs

Tabwrl

LHLDT

TH:

OlaT

PR N
HEXT:

COIRT:
S1MEL:
LIXRAE.
ULl LS

Op Cede dpacg)d

MO FEMZTFEER RO

MOV k-l FL
TATR EATES

FPT =%

e 370

JpL T

O de”"YR 2T
HOWVR IITER IR -
INC NI

A¥F TH

LN

F-li. kA
FOCONET B3

2V fdulfehs 3, KD
nCZ AY S0

FOVE TRO) Rl
CHEE [RO]-.R1

EAE R

KOVE = inC: [R2
Kovl K1, (RO~

oy B2 HL

IS T3

2XEB LOCD

MWE Rl . RUFFRR+.L
TRT RL

IHC ConNT

FHF *F=T

ACW p=t, LTONT
S

AR -9

CARATTATHRUOT AWY TIW ZIMGLE-ZISLT walifs (J-91r L'LLS

L 1114 6 =1

JPECZRAMIEG WArMFLY
JRURAGHTTHE T30 TH2UT T=X VaJES
JREIT S ER CF

JATOTAEE JUIPER

F5IT Up SUJNYLH

FUALT EYBL HEADY EUATIE

fTaEET TTO RRTY ZTRTUS

FECAD ClERRCITEA
iGTCRE DIHARADTER
 THE 5ITHTED

PRl

P PUOETAHE M LXAKEPLL
PEUERCGUTTIHE T30 FIORT TFH WATIVE

ey

FREZTORLD _Cowlliy COUNT
P ZATT

SALTILFZCAT ARD UIT=IY TIRH B
PAENIIFTMALLEST T0 LARGEIL JBOLE. S

M T

LIHT IRITSE
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Program  Program
Address  Canfchis  Label Lp Doede Gperand Coxipnent A
s TROSTAMN THC EAARPLE
FIUERCTTTHT HEMMFLI
JLIHELY TZd VRLUES, Arw™, &ND
;UTPUT THER LW SMALTERT 70 LaHGESL GRLCR
AT=30
Alual
Al
Ri=E3
=3
RS=15
qp_5Sk
=57
TES=!"'iakl .
Icddrzus of twrrinal oantonl Snakns Togistus)
SER=TY5:Y - 'kepplha. labs mffer czaister)
TPS=TXR+7
[zecningl subpub gonbrsl ond =tabns ropisterz)
TEGeTF +Y - keomingl cubpol data bBotrPzed
=204
IMITSP; M5 l.rEF VIHIULIALISE STARY TOTNTEE
JEH PO LLALT SO0 T CHLL SWUILEOUTIME
JGA 25 anTrT vLa L JUTPUT SHERMITTIEE
[.,THF . 08 MF TTHF 1 EUFELH
HEE fHMERR DE CCITRULE
J8TF ToLOCELE (a0 TA ORLE SLLAUILSE
AT AU EuY PAR0OTA QUTROT SUESOUTLHE
LIHEX 158 CF LIME 2 RISFRA
R fHEMEER OF TITOUTE
J53a POLCRTF 1530 G0 CRLF STATOMTTER
JER FOIHECY R0 TH OTATIT RURRLCL Ir'1X3E
ARE B 2uaT (0 TH ENAT ELUADUTTYER
JET TL.OCRLE 30 TR CRTP SLUBROUYTMHE
J6n R CITTUT D T RUETTIT SUUAAUTIHE
EUEFER FIXAULY BULFFIA KRTEA
10, fHAMZER F OUTRUYE
AEER BV, CELE
LALT :THY sHD: I
sPOSTAMMTHAC REEMPLE
PRCYTINRE TO TITEYT B 071 0 L7
CRIP: TETI HPTT= ATELEY UMD HLASE A USNL
g, CALE
Hoyd 15, Ffred padrAr CAR_AzE HETURR
LMED: THETS PPLES ;PECT TTC READY STETOZ
BEFL LHEL
HOND B12,.5¥T22 Ja0rE0l LINE LEXo
RTT T :FATT
JTHEIDADUCLHE 'y LUURLY R
SYWARRIARELE LLHGUL: MELESAEE
auy e Moy (RS RET +PTCF I BE NP CATH HLUCK
oy KET L sPICE P WINMRFT OF OUTTUTH
His 52 JHUICATE TT
LLe N TETE RETE- prIss oo AChDY LSTRETHD

BFL sunlB

Ve

HETUNE & b

THD 3
FXF a5&7H

HIE 55

[ 0300

PUTAY CUARERTTIEA
fHURE CUUWCLHE



1007 LOOTING TECHNIQL HS
Louping lechiiques sre illestratec in the proeram seemenrs below, The scements ars uzed to elear g 50-
wiprd Lahje,

L Antrinzromant (puinier address o GPR)

Wi —

VOY FTEL R
LOCr- C1K RO+

CP RO THL A 100

B DO

b

Auludecrsrnenl {poeurec and limit wahes i1 (PR

Ri=350

H1—5%1

WOV #TEL D

W0 #TEL ¢ 0k, Sl
|03 CLE (RL)

CAF ILLERD

BWE LoD

1 Coenear fdecrementing o GPR cearaiog o)

R {1 =0

R1="%1

WY FTEL R

WO 50 R
LOOE: CLR RO 4

IR R

W OO

4. Trudes Eepisler Medificarion (indexed mode, moditvine tndes value)

RO—=%30

CLE RO
[P CLEE TEL {RA)

ADD #2 D

AL RO LD

BME LR

L

Hazrar Index Bemster dModilivation (stuzing walues in (TER S

En—=0

1 =41

PA=="5%1

WO F1LK

WO g1 R

LT ORD
Lol O I A E1 S Td)

AIMIRIERD

I0-3i



i, Address Modilicaten findexad mede: madifCvnzg bose addesash
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CITAPTER i1
BOOTHRTRAT AND DIACNOSTIC LOGIC

O I i L R -

Lhe hoorsitap and diarnaseic dogic featunes chree bondwere remiaiers sod beo KOM sockes Une 2K K
ar i konf 1n-hit read-mly memare, Phas Tiebit read-only sesnry typically containg diarosic e ams
uad 4 selzotiom of Eotstrap prigrrams, Ukese programs wre geer-scleets ble by seteinge sight saitches onoa
Ho-pem AP wodtch pack (1ET102), Progremming che bontstrep and duenose lome sonsists of setzing the
awitches Mot tae proerams dedred snd Lhe seppiving of mowts by the consule sperator, $he booe-
etrap S disgmeeiic swilch configoranons and consule eperator resoonaey wre desenbaed in Chapler 20 Para-
rraph 2.2.4.7. The digmuestic prugrans lest Lhe processor, the memery and che oser's cunsale,

The KUF-BA includes twe BDY ] lsompatible 2K > B BOMe thal wre isialled 1o BOM suchets
128 (o byle) apd EI127 fhigh boeled, The BDY programe ioclude both CPTT end soemwory diapneslice
we well as boolaltap prograrme [ur lowding ey Trom woveriely of LST-1 l<ompatible penpherals.
Foraprapls 2240 und 113 preseul specific inlormlicn v the vpecativn of the BDY EOM programe.

Altermatively, vsers oy wslall BOMe o EPROM: coaimng prograws of Uelr cloice o Uue BOM
sechets, Lo such cose (e Beannres of the BOY BOM peogeoins would oo Loggor e applicable goless
specilically included o she ncw RORS

PR BRCETS AR AN DTACMETIC RELINT RS

Tre bontstrap and diagaostic lagis containg throo hardwars regigters that are anftosarc-add resansle.
[Ling of the registess is a dualpurrnge, funetioning a5 the ennfiguration register oshen road and the
digplay regisrer when writzan.) Theas regisrers rz assigned fndividus | addresscs that canoge be changed
ar mindificd. The designacions and add «ezaca nf thass repisters are listed in iwdle 11-10 Tha ropasters and
associated Ingic are dzsseribed in the Sallowing paraoramis.

I'hese threo ropeters, alome wich the hne clock register aad che BEOW addresses, can be disabled by
imsarting A pumper from 170 e 015

Tahie 11-1  RKepister Addsess assipoonats

Read; Eiit
Korrister Yrire Kire Address
Fure Conirol W iz LRCRERON |
Beald W rile B T [TITTEAR
Malnenunce
Coniigration® ; | # 17777524
Ligplay* W 4 N O RS

i B THY B TR HE TR EN TR

11-1



11,1 Paee Crabrnd Register (FCRY - Address: 770528

The _;_1*'- |:||_'~ cans rral remister (PORY s o wellz-onle cogiaeer thet e boil word- caod Drw-addeessable Ol
Bils »o 0 Miim ano 03007 cun be oaded, Whenoveor the RIF-BA reud-oaly memary is accoased, ci-
Lt l]m I"[.H. hich bryle (hite ool sz or the POR oy bele (s o036 s 11:=-:-r| for the siv st
sipiit oant bics of the ROM address,

The read-only M MOry ds eegzsed vy buy mddresaza LTITI000 Qongh 17773777, The eighe leasl el
icane ity (bile 700200 o the bis Adriress bocumne Lhe 1-.11'r-:.|rd|.:: iz ot the REIN nddress. 1T bus al-
drosg bit & G5 aero -:I'."-'TEI]U‘J 1771377, PR bils o5 Twgoime the aix mest sigmifivenl bl ul Loe
RO wddress. 11 us addross bin § 1 one T l'-'TT”:TT'-'] F&R himn o0 108 beoome Lhe six
st siemilivanl biss of the BOM address. The Torsn Loc 1he page ennoral Teesles 2 shewrn 1o Flgurs
11-1. Thic register iz elesrad by oower-up and wlei U system is rebooed,

[ — W W vk il
_;... — i r .
i
./ PR b3 SR FETIm
-y 1 . — = 1
————— - . s
[ - e — — g
Sl Lalls BeLRY AUCRELS e DLLTS S0 wz 2FESE
R TR e B I T HH o [ ¢ I B |k B ]
nh

Fogure 10-1 0 Bas Centrul Regelsr Foonnn

'_lll 2.2 Read/Vraite Maiddenanes Regicter (R - Address: FTTITSET
Tl cead Jwr ite minlenane popiarer (R OW s u [6-bil poad Serite Tesles “hat s baonh weed- 2nod bote-
¢|_-I'_.|{.|1.\_.ﬁ”||‘.-|-..- I2 iy weed bee Lig RO ln 1LT wlics L Test varions rewd S wriie Tunctions hetore acecsring

main memory. This tegicler s elearcd by puower-up aod by systen Tl

11.2.3  €artigpmrstion ang Disolay Repisior (CDRY Addvess: §7777524

The cartigunration end duplay rw_:'alu- {CORY 5 acally made up of teo independsnl sepsless thal
share the same address. The read-only coaliguratinn regiseer i+ acceeesd when ibe CDR 15 coad, The
write-nnly display redsier s Joaded by a weice fransfor oo the CRE,

Confirnration recisler Bl oo L5380 alwavs read as mzrog bite <070 cellect the slains of cght awitsh-
caoon the RDT =B meeslule o Jocaian K12 The inerprecadon of Dwese swiches js detecmined by
the RO ouel and Dapoosiic progra s DHagnosticf beotsirap program seleclion for e B 1I2ETT-BA s
deseribed in Tables 227 apd 205,

Drispluy repdsler bils <23 0z alleay for progeam contrel of o diagoests LEDY display on the R OEFT1-5A
modale Writing o 0 inlo ans of these hits lyghis ils sorcespending LED Writing 2 1 ine one ol thees
bits lurss fis corcspanding 1R off Doiplay regisier bils <0 L3 aro not naed. Vhe dispoay regiser i
clearsd (und e Lour LFIR acc lic) by power-up o system meelao,

113 EDFEI-HA 20w ¥WEMORY (ADDRESSES: |73 7T73TTh
The £0F11-8A hoot and tHagmosis option L lea ROM gocioers for gither 2K, 2E, or 8K ol 1600
ezl Qy T enTary.

Aidsivessing R Gicmory

The K13F11-KEa 20 memusy cespunds 1o Tus pddresses 17372001707 2977 The capdu leest sigaufi-
canl hite of the buy address (Bils <7 ) begame the bea hyre of the BROM wddeess. 1 bos addross b
8 ia wern CVTTTINOOL T A3TT0, che PEOE DIt 2 Bl beeame tha sia muel sigoilican: bils ef 11 1d-hit
o address. T bos addeess Wil 8 L oo TUTTV AR TTTETT DL PO bule -] B2 Deaocas che aix
gust significent Dide of e BOB addeess

—
—_—
rJd



The MDF1-Aa inchwdes a pair of 2K ¢ 8 RORS that only reguire o Db BROB addeess. The taan
tieel siprificens BOIM address bie (BOR s -2 13020 ar <024 b ooesl be e, Figmess 11-2 and 11-
3 sl 10¢ formation of hs TOM eddress by the FOUR LG byie ad Lhe TMCRHI bete, respactively.

SIEED AOOFF-- 17720 WANANLE JREE T
— - . .
0 I B - e o | ) I B IR | I | T R Py CA NS0 3z 03 G 02
T—T T T T T T T ] P ITT T T T
SRR, Pl T 11 | wsmsrr cm e ]
R [} M T T T N T PR [ T T —!
noLEL L RCE
e 1 1E
LA L &
Lo 5 I P ) I B |
ECS LT B-TE
i
.
i
r 1 1 1 T T ] 1 1 I
iw Al =SELS
L 1 .l I - 1 L JJ

Fipure 112 BOM address Pormal Dsiag TCRE LG Bate

[

SIEED A 0T AR GELE 4ty
A kY

~ r
IUOCIM O T 1% TS 1T @ 11 1L L0 O3 07 0§ GO 0 D Ol OGR
e p 1T T T 1 I_'l

FROZRAN . . vaem s e .
ATOFES | | IR T I T | I 1 11 2 , Iu-ﬁ LaZLE )XY I
PR PR i S W ———

HH I I EHRTR
| LEsCHN B
CaFES

b R | Y o I
T LI T L]
aln b oaT 2 P i A

e

-

—

-y -
12092 1 1 M s e 0 COSE O 0z 17

T T 1 LI B B
Il AT s I

Flgope [1-3 0 B Address Tosmal Leiog PCR HI Hyte

1id KUI1-#A BOODTSTRAT AMD DIAGR ST B0 PUNCTIONALITY

The XDF1-Aa RO proesams inciede hath CFLDang mamary Slagnosiies oy well 28 Dooeseapy pro-
grams for edmy mernery Troea vagcely af | R -eemratoale perpherals, Farugraph 2,241 deserihes
1ne nac of the comPaure livn regicled swirches in salzeong the dingnoelic and DeaEiiap programs. e

I BT displavs end error balis wsed T (he WO pengoramns wre uesoribed below,

14l KDF1L-BA LD DEsploy

The WET1-BA RO programs ves the four red (7D Lo andicate which peograing and program seg-
menm are runuing. 10 e peegearn parforme enoerror kel or i 5 Laogs op waicing for dso from a
peripheral device ese LEES seive as an crrer mdizeion,

11-1



The Four red TEDs oresent an oceal nember Trom @ ()] LEDs o) w17 (&l 1 EDs ond The mos:
gignificane LTI de sepagatsd from che nther thres TED: by lie grecn power-on LENL An ocra| sade of
() indicatss that e diggrastics and bantsirep programe have becn soegeaarn !y cxeoured, Unoes 1 and 2
ars it during e CEU and momnry tests, respeclively. Codes 2 and 4 are tiowhen the ROM programs
are LFPing o message an the comsale devise ur weiling Cor a coiscls ingor, respectively, Ondes 5-12 are
bl during werious phases of the boolatrap elings. {0ode 12 pdicates 2 RO Bowsetmap errur and
should never ooty an the KT 1-BA which, walibe (be BV 1L, dres nint have sockets Tor additonea]
RO Lool eode} 1f tae memory digernoslic o disebled, the RO coade =il vorifiss the existence of
memuery Jocations (6, indicating an error willh LED gords 130 Cade 17 indicates that the ROM pro-
areas poe noable t begin runting, either becausc the hal: awiceh is on, or because ol 4 nardwars Tai.-
wre, Tall: LL-2 lizrs the errors indicaied by (beir ecrespreding 1.HD display pallern,

‘Tablz 11-2  KDT11-Ba LED Dispiay

: e -
Diisply A5 | (IS
ey | Bed | Btz | Bl | B0 | Tvpeed Frrar
I
! S N S e
al O I LN HI 21 CIPLL Teat correT,
!
e O | Ch £ SioTnory sl erTuT,
k! oo A H £ £ | Woinge o coneols lerwioal lussoiiter
| b READY [uy.
{14 oo i T | U Woasline Jur voneale el poscrse DOME
i i RS
| | |
05 P i LT . Luad devivs slislus srear
i ! |
0 ' OiF N e PG | Buocislap cod inedrrect,
ar A (i ¢ On | DLCocl wairg Tor cespanse fran hoss
19 n O wHT QT ! DEC o] wainirg for messaee cnmoalsion,
|
L1 Cin OO T O I DaE et processing reccivied meksapee.
| .
e i LI B ofT RO Bontserap orror qnel weaesd on BT -TRA].
13 In 0l Ch r Hpeoial mamory test Gl un ko e s -6,
[Loam ocowr when memury lest s dizabled ]
17 in o iy [ir Syutem homr Dol swisei o, uT ool pavesr-up
! made 2.
—— N o e - -
P L3 1E

1o crrars inciceted albove soe vasid only Frae BRT U -RA BEY B0 e mamaens 23220200 ] 22-250E2000 a0
rslinllod i T sechels 224G Clow byee] sed B127  Figh bere])



11,42 EJIFIT-HA Eoror Tialis

A Lailuee in g dizgnoetic tess or buslslzap progearm canses thz ormor lu be ludiceled Ty she display and
ax ceres halt instruction is cerried aul by the processor. When snlesimg e ball mede, tho processor
autps on the comiole isrminagl the T address at the time of Lhe error, The aclual crror addraas is arc
word Less than che werminal priotcul. [n bal mede, the provesser TI:'.-[."L'ILI.{]::- a the gonzale THXT com-
mands and allnws the operator 1o Lonblesshont che coror. Tuble 11-3 Gsls (e cevo® halts that can resclt
when the WM 1-TA BOM dingrosties and baostrap proerams delse an veroe sondition.

Tuble £1-3 Lzt of Error Halts

Address Irsplay

of Envoy® {hegals Cuuse of Error

17300 i o CFICERR, R0 contains addnes., c:i'_r.:rrur. o
1730040 {13 SLL switch selection ineorrecls error o swilches.

173004 0= SLL zrrer; CAR wddress Tor selected dovics in crror, Check CER Tor selecied

dovics in floeting O5E address area,

17120 12 Riand loader ercer: chechsum an data block,
73232 0z Wemory errur 20 wrile addmess it ket
Fenl O=30% words wish ML aff if preserl.

B1 — Address inoerior and cxpected duacs
B3 — Teliog data

173238 ] CPACEIL. RO palnls v camse ot srmar,
L3240 11 CFICLRE. B corcains address ol sroer.
173262 02 i Mewory ermor %, add parity patiern (G723270 using byt adoressing. | ailure

in ke Lest nanally will indicaie problem in bvre Ingic.

Tzl Q 30K wards witn AR o7 T present,
Rl — Hailing address

Bd = Fupoooed dule

K5 = Haivinp dela

173535002 02 Mzmary error n prememory 93t test for lecacdans OD0-774,

K2 — Tuihing dulu

R — Txpecizd Sala

K3 — Tuiling uddress (000770

L7338 it relemury eroor; B LS ser in onc of the parily 3T (772100 770 260 Failing,
ety shoald have paicy ereer lighe on

B4 — Addeess af faiiing CSH
(Centente of failag OS5 identifies which iK-word bank of swemory caused
| eTTaC )

#narear ol BT aller L.



Tubde 113 List of Drpor 1laliz (o}

Address Eisplas
eof Ereoe® (iceal) Cause of Eyror
173384 12 R luader erron;, sheckeuw o addesss Tloek,
173376 17 RN loader ercor: juomp eddress 5 add,
LVA5380 03 RLORLDS devics carer,
173R52 M3 RGOS device 2oced.
1755 11 Swiich made halg mateh was 107 mede with awitehoes,
173660 02 Mooy crpar in Q0O00-2044K werds of the Z2-bic memaory (el This 05 2 com-
o eiear Il for si difforant testy.
IF B3 =11, chere is an crrer it test 1=3; B4 delermmines lailing tesl.
REd — Ezxpoocd data
BE — Failing datz
§ omEssny Test Tusl Deseripliow
| af B3 Mo
i ————
ZOEIO=27T0 | Sddress tes Luls 1P 0D
1 2 | A T
IO 3 Dtz iea
(F2s: Al Cadd parity patuarn tosn
LA5LAS § Bt addressing rast
Tor tesls 15 (183 — 0], detcrming 22k failing address ag Follavws:
| Bl Lits D1 00 — failiag addrens bits 17-00
' B2 bits L5 00 — fanliag nddreess Pirs U012
| Exatple:
B2 — 123200 BT — 2357
PR2 — 1234MK w1 = X777
|
i ipnare the wpper e ootal digice of B oemd the Sower Do oclul dinle of T2
Failing 22-hit address = 12347770
Errors 0 wdcress cniywenes. lesl
l'ese chocks wddrese bils 210, Teel 6.
IF K3 s mob egwal Lo {0, an error iz 3 LDy Lesi.
; P RFd — DEapecled dule
! | Ry — Tuling da
PR2 — 22bi Tailing pleesica? addiess v 21 06
; Tailing addeess Bite Q2 30 acc alwavs 0.

A mrers el T after halz



Table B1-3  § isi oF Famor Halds 49 nnt)

Adaresy I Drispluy |
ot Frrar# [Erchad)y Crngze of Frrnr

Cavanpore:
Bi — D245p5
Tatline wddress = UZ45R6MH]

R (2 Meinory grour In prememmory dddress z2sc for locauons 000 778,
B2 = Fuiliog daia

B3 — Fuiliog address and especned duza

173700 i Eveor 0L Test 9 J5R T30 Cailed.
1737 i Brrns L Test 8 NSR PO Tuilsl.
LF3%iGd 0 | AROTAEROT dovies orpae.

L73714 04 A O ryped inoennanle eeomtial Lesl
173736 o2 “emnery errar 1; data cesn fadisd,

Teel =205 words with ML a0f it prescal
Bl — Tuibing addrass

F4 — Tapecesd data (eitkes 0ar 177277
EZ — Tuhng data

1773740 | il Lreor TFL Tea 9 HUVS return fzilad.
1737472 05704 Cossole werounal tesls noe THONT Fap,
TTATEN ns TLIE% cevar halt,

Sanasns of BT akres hell






CHAPTER 12
LINE FREQLIENCY CLOCK

1.1 INVRORNCON

Thc lire clack lomic penersles bos requesn lavel & omoesrrupls Lo Lhe procsssor al wmy infervais deszr-
awingd by the BEYTENT Lsigeel. The BEWFMNT 1 signal s obtamed Trom e poswed supply via medizle
pit BR1 at 16 274 ms or 20 ms imeeeais, dzpending on the bne [requency source (00 He or 30 Hz,
respoctivalyl Tae ling clock lagie i shown in Figure 5-11.

R corgnation el e BEYEMNT L gignal iz cepically enebled wod diselied vodd program control uaing bit
fs of the line cluck slatus ceplsiee (L RS1 Whan the Bne clock segisier 13 disaliled, or it clock inferrupts
ars tn be g lwuys snabled, eecognition of BRYENT L is held saabled by inseiting the jumper From 114
o d11.

121 LIND CLOCK STATLS HEGISTEE (LRS! (ADDRESS: 177775465

The lime clock slatus pepister (LKS) comiaing e read fwrile lins cleek intermipt enable bin 480, which
enebles and disatsles rocogrition of the BEVENT L lize. The remaining hite arc nor weed and always
Teall ws s

Frogramn recegnition of tha cegser, alung w3 e Dear and diagnosde regislers and ROM memary,
can be disebled By insertne a jumpes foum JL0 w0 J1% anhe K IDEDT-B& maduale. The Lios cleck status
repisles bit assignmant iv deseribed in Table 12-1

Taple 12-1  Line Clock Sams Bensier Bit Assiznment

R |

it | Mremonic | Mesaing aned Operaiien

15017 ! Loousesd

i R o Liog Clock Lotermps Erahle — When sct, thes read Swrite bil allows 1he LS1-1]
| BEWENT linc to initiats pregrsm inoermupl meguesls, When this bl is clear,
| line cieck incerrepes are disgplec. TOTE 6 clearsl oy power-up i SINIT.
| LECIE iz Licld sot when the 1O BT T CT0 w JUY jumper 55 telalled,

(15,0001 : L.omsea.

P23 LNE JLOCK OPERATION

Wonen the lue clocl interru s i iz sot {either onder proeram ceateal o By @ compeer From DG ta 1111
assertion of BLYENT L pencraies an intermpt reguest et level & 10 the currenl proccssar pricrity is &
nt 7, the procssser igrores this roqaesr. ! the privoty 1s 2 oz less the provessor Lrapsg 1o a service ronti s
i vector sddoese 100, Mepory lecation 100 must coniadn the stariiug, addisss o the servios rutine;
logcation 102 conlolus e new prozessor st word.

Tilecrupl vogtor addoess: 100
Privrity vl i

121






CHAPTER 13
SERIAL-LINE LMNPTS

31 INTRODUCTION

The twa full-duples asyoclennons serisl-line onils {consols serial-line weir ang the ssenad serizl-line
unic) provice the WDF]-BA with an ELA interface thal e compatible wih R5-237-00and R5-425 The
gerial-ime Duud rates arg dotermined by a clocl @gnzl from an wilecoal Daud race gensrazor ar an exter-
121 elock signul via cosneeters 11 and 120 Jumpers are provided Lo selesl cither the internas cloch or Lhe
cutormal clock, 10 W teresl elncls i amperselecied, the serdal-ling Band raies are swich-selecinble
fram a0 e L%2E baud, The consnle serial ine and e secoud serial line may aperste =L dillerent baod
ratee, bul secl seriad toe wils transmit and receive Jdili al e same seleerad rate. The senal lioes pro-

wide error iodicaroy hits Sor oveertun error, [ruming veear, and parise erver.

The consale serigl-line wnit mey be confiewred o respoad in & mrcak signal recerveo oo e costsels
wermrire]. Both sevizl Fmes inwerrupt Lhe processes 3, s intermpt priomity reguesl leeel 4 [(B124),

Tl characrer formut for cach of che serial-lios voils & scleeied by wicewrap jurpars, Fae farmat may
congisl of sewen or cight data Bt ons or Lwo slep bils, porily 00 0 pacily. and sven or add parite, T
wivcwran jumper configuradon and bawd rate switch sealZzoeation Tor (he serial lines a-c deserocd in
Chapie- 2.

The crnse sera-line il i coanceted ta the consale ierminal <o comestoe 41, The secomd zerizl-line
enit i3 ennnected te o line printer, e TL 8K easscme tape, o7 wn eclitiona] leeming. i sonncetat 120 A
block diarram of che serial-line enits is shown in Figeme 2-10

13} SERIAT-TINE LT REGINTHERS

The progren cozsnsnaicstes with ard transfers dale o azd low 1 egioeaa ] peroahert, devices via fuur
repiclers asgociated with asch seral line, Twe of L ropislers (RLOSR and TEBR) wonidio o
trol fsttns infermasinr for receiver snd Crupsmiller operadion, The other two regnsters (RBUE gl
TRUF) coniain dara recaived frum end data Le be teangsiied oo the peripheral device. The addresses
assigoed 1o the eonsolz and seeoml serial-lice tegisiecs are liseed in Tablz 13-1.

Eeglzter Bib Assignnwts

The conan.c and second serial-line regizlers have 11c 3ame bit assamrents with the excepiion of it Oonf
(g TOSE. Bit s wsed a5 a lransmit Break bit (TX BE R in the secend senal-lioe cegisier (TOSRZ)
and it is unused in che consele serial-loe rogiseer USRI

The hit Tormaes for the reEisless are showa o Figure 13-7. 1 he repieler bl gesipoingins arg deserihes in
Tanles 13-2 throueh [3-3



Table 131 Serial-Line Beprister Addresses

Comsole Line
Eepister Addioss™

Sl 5'.'Iik‘_-! Lis
Regrinber

Address
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[
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RBUFR2
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TBLIEZ

CaR2
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Lresnl SITTRA42

17376504 | 7776344

i L7TTasne [
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Table 13-2 BCSEKL wund BCOSEZ Wit Assicnmmemts

Bais Mnvmoaic Dosariplion

L% o Lloesed, Fead 0z weros,

v : R NE | Reociver Penc. This read-oely bin s solowheo s eoline churacier hus been

; recetred and is ready o e eerd Deom 1he BBUF Register. This il is culu-
[ matically cleared when RHELF 5 resd Doas glsa clearsd e power.up aodd

HLIN IMIT.

(15 A N Foeciver Interrupt bnable, This read fwrice hit ie clearcd b poweoe-u o and
BLIS IMUT.IF hoth BOY R DO Foand BOY R RT KB asc sol, a progrean

i imtcTrupt s Teynestod.
QA0 i Trnused, Head as coros.
Tshie 13-3 HRLUFI and BRBLTT Bl Azsitonenls

Biits Mnenmnic Descripting

15 TRE trrar. T'his read-only Bin iz eet I ooy BEUF bal (1€ 127 35 2ol TRE 5 olear
it all REL kit (14--12] are alear This Dl connol senerals o program in-
TEFITLDL.

14 DVIL FRE | Cverrun Urrur. This renceeniy bin is ect if @ provious)y received clivracler
wale Tt e before being averwsitcan by the presenl cliadacier.

13 FEEL BERLR | Framing error. This reacd-omny bit i sen it the prescot chasacier had no velid
stop bil Alse uyed b deteer a brecak condition.

12 LAl EBRE | Durily Broor, This rewd-only bic i sen it recsivad parity docs ool agree wilh
expecied purily. Alwavs 06 no parity 15 selooted.

NOTLE

Error coodijions remasin in ool endil dhe next zharacter is vecsived, al
wihich poit, the error Liis are apdated. 'Uhe ereor hite ars cleared by power-
ol nod BUS INIT,

1112 Linnged, Bead as zenos.

07.-an0 Reccived [ata Hits. These seod-only bits conleined the last received cherae-

rer. IF Lees chag cight Dils are selecied, the charecter will be right-juzstificd
with the mnst significant bafs) reading wero.
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Tuble 13-4 IOSKE wld TOSIET S Assipeanemly

I i o

Bat= P WMincmianic Daespvipdon

15 1k Uamaed, Head dae seros

o7 T BDY Tratarnteer Ready, This read-only bil i cleered whon TRU 5 lnaded el

iz met when THUF can reccive another charuaewer, 20717 BiY 14 det by pove-
| er-up and by BUS HNIT.

(7 X [E amsmoiller Tontervapd bnable. This rewd ferite bin s clesred by power-up
ard BITS TNIT, IF hoth XA T BDRY cnd XML 15T B e sel, o prograun

aterrupl s reguesnad.

(=1 Trnueed, Boad =5 7omos.

it T HEK Break, Waen sor, this reed fwrile Bl mransmits o cunlinuels spisss, This i
i cleaved by pawer-up and SVSTEM 1N Fos bolis ueed cany in TOSEY,

1L unusr*‘ in FoaRT.

Tulle $3-5  UHLET wnd THUEZ Bir Assignmonts

Bil= e msniv ! Description

L5 [H Loanazd. Heoad e wemos.

{7 -1 TRUT TELF ey 07=00 are writc-only v wsed w luad the lraosmitead cheractzr,
1 1§ lesa than wighl bils et sclocted, the charscler mast be vight-justificd.

32 INTERKUPT VECTORE AND INTEREUPFT PRIORITY

T lalerrapt vectory are provided Lo the ernsele LT eae Lo e 1L anﬁmulnr und the ol l"l
Lhe 3L recesver, Dour inleccupl veetars are proseded for the seeaad S04, but enly Leo may De used o
amy given dima The e veciors that arc wsed by Lhe secund SLL tln:p:nd om the DL2 ADRJ L. |'..”.-'I
jumnper configurelivn. Table L35 lists cha veoturs provided Lo the cananle and second serial-liag miits.

vThe interrune privmly Loc Bah 51005 05 BE4.

134 (ONSQOLE SLU BREAK KRSB0NSE

The K1 1-IA console scrial-lae nnit toay oe condigured sither to aerfurm a bt operstinn ar tn hawe
a0 rewnomse when @ break sondition o teceived, A haly aparatinn witl caoss the peessssor oo halo and
enter the on-line debugpiag rzehmicue (ODTT micracode.

i the consale SLL is disabled (114 cunnected v J10Y, tie balt-en-breek Teavurs mast alan be disabled.
The halt-on-brep) teatore i disabled by removiog the jrmper belween J3 and 14 and connecling v
qumper betwecl M oand 5.

145 SERTAL-LIME 170 SIGMALS

The two 50L& inpocjonipal sigoals inteetacs woche eamsele tenminsl aad peripkerel device via Lo
cunnectazs (4] and I".I_:. The cunnectar pin tanetions ot bih ST are jdentical and are Jeseribed in
Tuhle _ 37, The U1 pins on each conneceor 01 3igite ] nart ™o 12-03508-040 are armanged o twg qows
with Jive ping in cach ruw.
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Table 15-8  Consobe and Scvond ST Tulerrap! Yeotors

Conmsnde &0

mmecond SE0¢

Raceiver Transmiiler Becelrer Vransmitier
(101 Led i SEMEE angd

]

T 4

TIIL2 ST L a1 awze b ungramadar 121 enafle ths Sacond B0LL
R ALED Lo L2 qoves o vopesesded

R T AR 1L 02 e, ow grguad of )

Tahle P3-T H1AT Conmevtor i Fueclions

"
\I

TPim | Sigoal Iounctan
-l__“ i J:h'l;__it{ Loput tor optenal external clocs sigre’.*
2 Carsnmd |
3 LS TS E ITansmitler culpul,
4 Citaund i
i
A Citaunid I
i e Kew: pin 2o provided.
7 LY Becciver inpmt (mnst negalive ).
] By + Yoooiver inout (nusl posliive )
2 e
I : + 1Y Povarer for cxternal oplives; [used an 1 AL

*Baracraph 2.5 7 daecrihes the iaftermal e ernel SLL) clock junzpsas.
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LCITAFPTER 14
COMMERCIAL INSTRLCTION SET

141 IWNTRODTUICTIC

The cununercial sastruction se1 {01]) nerridad e the B 11080 oplion 1 & serles o inslroctions [or
mard puiatiog Dete sieings in ardes toimprave COBCH performenoe, lexl ediling, and word processing
vapahilizies. CIN ioclides instrctions that oferaze on charocler sirings wid oo decime] oumnbess, Bacl
aeneric lepe of ingimetion is providad in owa G, Che essenael difference belween the twe [ozims I
Ui waace 12 whizh oporands are delrvered we the cmsorwcion, The el Junn s ke Mrogisioe Do,
wheps operards are implicitly obtaimned Crom the general regisiers, The second Zorm s (e il
T, where apers nds ar word address poinless o operancs ol e op-code word 2g e Instouction
strcaln,. Tac mnemonic For the in-hne form 5 the mnemonic (o the eplsior Toom sulT2eed sl 1o
Jetrer <L Uhe condition codes re sel wdenticaily for toth Junms, The ioling foeas mincuzc megister
mid foearians,

Lhe 0% alwe inclodes commercie] load desceipior structions nsed far insrrmetion contrel. Thess in-
gtructiong Auprient the cheracier and Toro Setrections by ellcieoly ioading aperands {string dascrip-
rars) into the pereral recislers. Descriotors cunsizl of L stactiog odéress of ¢ stiing and the langrh o
chic string. “Pwa FGorms of mslreclions are poovided, The et Toro o the instruceion Inads oo string
dokeriptara inte the geperal regislecs, The seceod Torm boids chwes soeing, desesdpeors inzo the geneial
Feiistary.

It inslroctions in the PORT-11 15 coasizl of the fallowing caxtended inscruccion rouns,

IFal2E Comomeerotal Load 2 Descripbors
UTENEE Character Simng Bove

UTaRY Chumuoter Sunua Search
eelaX Nuceoe Blonsg

Oveles  Comznercial Load 3 Desoeipiocs
O7a07X Facked 500z

OFGLAN Thacucter Suing Mo Cin-ling]
OTel4X  Chorocwr Sigiog, Scarch in-li1ch
OF4L5X Mumeni Siesig ta-lhiog)

LT Tacksd Sring (n-ling)

142 UNIREDICTCARLE COPMUIETONE

A resull of an tnslructiaa ar he offeer of an inaruction can be unorediclable " Unpredictoble de-
soribess an ovloome Qa5 indgrermingn and ssorepestable, When e seseils of ao instoueiion are -
predictoble. (e condition sodes and destimation aperands {bul nou their deseripiors will coolaiz wpre-
diclalle walucst desiinaions may norn even ennoatr valid sesulls, When the efTecl of a lnsirugiion i
unprsdiclalle, the sotirg wscr or procsss state, and ot oaly Lie portion Cepieadly ased by (e s o Lca,
will e vnpredictablbe, En @ machine with muliple medes and acdress spices, wed vopredictobls gper-
alicud i a bess priviiegad mncde wdll tat acfee the state of o more privileged mede oew will o0 csoll o
aceeiscs 1o memory from wser mede chas ars oniside the mapped Lois e Qe uses’s progeao,

13-



Féarz that architcotiral constraani: exist oo wopreedic LoDl clloe s L parizeelaes anocapeedisable clTeet
1aat marirzaes isell ey o orap muel meet all e vegeiements Lo (oo paglicu’ar sran

147 DHABACTER DaTs TYTRES
There are Liree difTerenl chosacer data Lejes

A tchamaster” 4 single el ety an ahbeeviared strog ot lenets 1.
A fcharscier sorime.” o contiguaus eroap ol Lyles i weoers:.

-

3o A tuheravier sel” d subest el (L 256 pegaills clacacices that can o onended D@ by,

1451 Churecier
& charscler toan 500 Dele, oy show: o Fizues: 13-,

[_".-: U

Crlan
USRS TSR BO—

H- =3

Tpure [4-1 3-Bu Brie Clhagacler

Acharacter is wsed a5 an socrand by CT3 Detroctions. When oue appears o peiceel] copisler, I Ls 1
the Inve-order hall; the hgh-under Lall of the reeieler el beocens, Woen 10 appeacs 14 1he instouciiog
auredt, the charseler s in Lie Jew-erder bald ol oo word: (e Dishoacde: Dall of vbe woed ooz e zepo, 10
the high-prder ball ol 2 sword thal contaioe o clicracter oo, 1he cfFet of the instrzetinr char vaes
it will b unpredicluble.

14.5.2  Clhwswcrer Sirlap

A charavler slring i o comidpuccs soquenes of Tvres i1 vemary chat heging and 2nds onoa et heand-
ary. TLte wldreesed by il mosl sipoiiicaal charactor (oweat addrass), "VUha highao pddresy is the loast
sienificent chueacter, Ao cbaraciel string is speciticd by a Z-eaord descripoor with che atzributes of langzh
ard lvessl sddress, T Lenaiy je an ungigned binacr integer that reprovents the nember of ci-actors
in the alring uod wasw cange e 0 1o 63,5350 A charsetes string with zere lengta o said w be vacant,
iy wdlioess 08 pncred, A claracior Arring with nnrrern fenet wevsid to b occopied.

The claracter sieiag desariptor s used a3 anaparaad by U1 inezrwezions, Uhe descripior appeats i ten
conseculive pereral reglslels, af L V0Re sonsesntive wirds in nemary patnzad to hr s werd in the in-
structicn steewan. Figere 1422 shews che Jesecipune Boc o chacsactor string of length “n®™ spieting 1 ad-
drese AT L meonory.

5 "
_I_I__r_--l_--l 1 ] 1 1 1 1
Rt ™1 H
ar T | | b '
nEN e A
| 1 L .v -1 1 1 1 1 1 !
LT

Figow 132 Clhorasier 3iviag Leeeripior
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Figurz 19-3 shuws (he efaracter sining as il would e Tlaved In msimory.

o7 £
1 T 1
o Ar EnG LHah
......... 1 \ L
' i
|_ s S — et et e e
1 1 1 1
N L
r _—1 T T T = T
E R L=a%T &IG ZHAS
S W - 1 L
-1= WmI:

Fignre 14-3 Character Strog an MMeowory

1457 Character Set

& characler ac0 8 2 sahsat of che 238 possible charvgaters thar cen be sneodsd Do el 2108 speciicd
by o descripior that comasly of he address of 3 2536-bwvte able and an 8-kl mash, The adidress iz a® bite
€ ir e table. Fach byvte in the ke specifics wpoo sipht oothoponal chazacler sulsets ot which the
currczpending charscher o member, The mask salzets which combing was ol whess arthaganal subsers
sumpise Te enfire charaster sei. [o ctfect, each hit v che mask corresponds 10 ane o7 cight arzhaggonal
subscis than may be eavoded by (e 1ahle, Tha musk specilies the wnivn of 11¢ seleated suheets intn the
ghipzaater sat iyploal sels would bo tpporcase, lowetcase, nuneer digils, end-of-line, s

Qperstiendiv, o chacecler () is consdersd o be Lol character sen if the evalusnon of
(M| ehieadr |ohas] meek) is rar egqual o zere. The charseler is a0l o the characcer ser il the el
vatian is zery Rach byle in e tanle idicetes af whish combdualicn of v toeighn erthugonal charscles
sulscrs f1e., wng foc cach of the aipht bit vectorss OOOCCIET QOEDITOCZT, GG TO0TT,
O 02, 00 L0002, D01 ODEDN2Y, ST0000 2} and  1O000000i]] the enrrespending cheravter
iz ¢ member, The mueh speciics whizh waiom of Lthe eiehl orlogooal charector subseds COrnpTises L
raral chartacier sel. Fer cgaimpic., if {a) the $-bil veuior Q00002 sppearing in che table surresponds
ra the charucler sabsel of all upperesse lphebelic Churacers, (1) ONOOMTY 2] appearing 10 Lhe Luble
correrponds Le e claract s snbser of all owercuee sipiebeic chavgerers, and (o} MIOUTTUIL aspar-
ira i Lhe table coreesponds tnothe decimal digils, (Loek wseg the mazc OEIOGT W Z) with the Lable
apeci Aes Wb chamaoler ot of all alphabeiic charpeleds, and pzing the mask QU T 2 specilies
charaster sel ol 21 alplanuaerie entrdelers.

The character o0 deserigror iz used we an operand by £01% inetrpetion.. v appears o bwo vooseculivg
sreneral cegliteis, ar 10 tn conszenlive wosds el anomeiy aaited o by s oword nthe inslooclion $lecam
I Lhe ligh-aeder half of the ol deseriotoe woed is nonmzera, che effecl ol un nelruction This oses s
charestier e will he wprediciable, The characwes se fnrmat is shown m Figere 24 4
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Fpure 144 Cheracter Se. Turmal

T34 narmeter Sirmg Dnstructions

Character wiring eperadons convemently provide most ol the commaon, we well we nne- ~CUTHLITE. lunc-
tinmy chac g7 encaenwered i commercial dow end wexs processing apphive luns, Tesrustions aoe provid-
col to move and Lo search chuoracler sinngs.,

Thke charucter sloing movs inslouelvns wee claraeler sleiog Jescoiplors as apecaids, These descripuors
soeci v b source and g Jestine oo churacier soeing. The sonteals o the source are meved o U deslina-
von wilh ahenment ab @ither Lhe moel sieniliven. cheracter, oy 10 MOV aod MOYTOO, or the
leesl sigmineent charwsier, gz io WIOVECLY IC Whe sourcs L loeger U vhe destimilivo, chacuslers are
truncated (rum the side oppuesils Wt of e aligooend; O che deslioacion s looges Wi U soucee, ibe
satination & completed with I chacosten oo e side c.-pp-.u-:' el el Coe elinowue s, The MOYTO
elrustivoe muve o Lrassosled soures sielog oo destioatiog steing, The cliaracter string weove inslowe-
Lo e sunumrioed below,

Clharacier Sieing Maove Dnstragiions

(LA I Blies cliramer
MOVERC{L) b roverze-nehticd charaateor

MOVTOL Ao e aslated characrar

The chasactor string search instroctions use a charmacter scrinp -:le:-a-..-lll'.lT.lZ:lI ac o oneretd. Pke ochar
operand is cichar a charneter, 8 charsetor siring deseriptor, or a chargeter sot deseripze, Uhese instmo-
tinrs are wsed tn examine cho sowree stome ta Jind the presece o shsence of characters, The smerze
string iz necssed from mest simificanc to lsass sigrilicens charzcter., The charaewer string search in-
stenetione are wummarized beiow,

Cluvracter Sirmg Search Insirucuons

L5 Lo Le charecler
BRI Shap coemcier
BCANCL Scen charcelel
BIANCIL Span el s
AN Lompele clisracier
MATNL] Mareh character

Corcoprual’y, the character szring search instenctions may e divided "o thren clasacs

1. Crharactsr String Seatches — OO POOT compares tae characier scrings. 1 Fe conditinn enxdes
sre sct according o the COMPATTHE 0 “the errresponding mows sipnefeant nnegisl sharacters,
P& Sinds an ehjscr string within g source serime. Cis iy the “insiminge’ unction chas
[Aanprapcs and test processne sesloms pravide.



!:'H.nl

Choraceer Searches — LUHICTD Beds Lhe sl eecirreoce ol a given chazaswer a8 string.
SKPC(1) skips oo tne firs nonoccurmence of ¥ given choracier w & sung,

100 Clareelel et Scarchas — In these inslrustions, o sliug 35 cEamined antil s member of a
chargeler sot is cither found, as in SCANCIL or fownd, a2 in SPARNCL This aids the
searel fror ong nf sevoral delinnmbers, such as the slasb {0 conma (0 CR LY, FR ot oy the
passing of ecmbinations of characiers such as blaoks, abs, cte. LEOCCET) and SR PO are
aptimigaciona ot BCANCT) anc SPANCILY 1 which e sor consists nf 4 sineg'e cheraecer,

The selling of condilion codes votleots the reanle of the chimacter stmng operation.. For claraciles
slriny moves, the conditbon codes Sndicats whathor the source and destinalion sirings wers ol oo il
leagti, Lhe supree was shovicr than the deatination s that S0 charac ses were waed. or the soource was
lumger Lhan Le destination so that eharsceers wons tronocatec, This e acoumplished By seiuwg (e condl
Gon vodes un the result of an acichmetic comparizgon of the imtal source and desliaaion lenpihs, Fo
CMWMFPCIH e condition cades arc the resuls of anthmebcally comparing (e mos. SRLLGANT coriv-
sputtcing pair of unequal sharacters. For the other search inetroclivos ey show whetier o q0i 1Te
uperand sLeings wers complotely cxaminos,

The condition codes for some charscter stong search inslowclioos may be ierpreted aecarding te the
potion of success or “pilure. Sweccss iy the accomplishrmeol ol (e Sesiucion’s task, faihore is the in-
abiliy Lo accomplish the task, Since the condilion codes are se based ool ceseliz of the instizeticn,
ticre s oo indireer corresponaerce between Lhese seilings and success ar Bailore, TR enrrespondanee
15 L rarianl Wirin an instrcosm, but it 35 not the same Cor all seacch instevciions Therefare, diffeere
Traacll iostmetions mst be wied b lest Uhe ooemalion o0 cach stenstion, Tae hranch instrictions are
autbaarized holon.

Instacting ST Eaeil e

1O D 1T BE{}

BCANCM | WNE BE1}

CrPCIM i AL | BAE

WIATCATS AL | BEL)
— |

The “resister Torm®™ of charaser string instmotions fmpheitly Brds operemds o the pengeal 1egisloes
These vperuads include claracter, charactes atring cosenplor. charscler ssl descoiplar, aod Seeiglation
rble sdidrese, 1Tt Jesiegelicn daocs not 152 4 regiseer, ik sonienls @3] be wndistucbed. BQ Bl pereesl-
Iy comlain o source chiseeler sieing deseriptar: B2-K3 generally conlain o second sou:es charaotor
slrine descriplor. or e deatinatinn string deseripter. The low-erder bal” of B4 s vscd a3 an explizi
charevter. B4 RS arc used to cnmraiv & charzeter gei deseniplor, TUS coirales Wbe g, addegss o @
ER6-byle Lable, whick i uscd for aharacter translation.

Wlien move Wwsimations rarminate, HO contwing che nuzzdter ol umneved saneee chargsrers, and K1, ¥,
and B pre cleared, For sgavch inacructions, the regisiees are aodated Lo sepiogent deseriprars tnr the
resuliling alriags,

Tl “in-ling™ torm of character stmng inslracliions Bods operepds o peintess tnocporands, in the in-

slivcion atrsam immcdiately folluwinge the op-code word, Opergads thag aapear direetly in the instruc-
lion stecam irchuie characters wnd translation wable addzesses, Ideseciprars are represcrezd in the in-
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slruction atream by a wngle word whees contenls are lecpreicd 28 2 wood acd -ces paitrse o the -
wod descripror, Uheee descriplors specily characler gliogs and charsefor sets, Same ingtmctiong re-
lern a chdaracter strimyg desenplor in B0 BL

I general. zll characles siring Gulociions arc Lraffected vy the nverlapping of source or cestmatien
sirings. Vha result of the move inslreeBess s equivalent 16 1aving read the oncire source stomge before
storina characzers m the deslrolion. I e desdretion soesg of fao MO ECC) instractions wverlaps
the rramglataon table. he charocters storved i 1 destiret™nn aering will b wrprodiclatls.

144 DECTMAL STRING DATA TYPES

T clasees oF dectmal azring dats bepes — nurnenic sloisge wod packed sicings acc defiocd. Bl liaye
simniler arcthuwnctic and operacianal propercies; shey diflfer prmanly toheic repreeeotilon of siaos and
Lie plucement af their digiss in mamaory.

The npneric string duts tepes are siered coned. Lesianed 2oned, leadg, owccpunciasd, leadig over
puziciied. trailing separate, and leadine seperale. The PH\.-]ZLE":] slezng dadn ipoes are signed packed and
ultgigned maeked. Inscructions Lhai upeTALE N I sl eLriug s periil each DM i steiag, aperand e
separate v apeeified, similary, pached sloimg inslouctions permil cach packed string aperand tn be sepa-
rqrhl‘-.' specilicd. Thue. wilkin wach ol U lwa clisses of decima] sUings, the nperands of an instmstion
iy Tae of umy dais iype wiltne the appeopeiete class

Decimoal slmings exdel inmemary 88 cotligaous hrles that begin and end on g hyme houndayy, Lhey res-
resant numbers constaling ol O w30 digils, i eitle: sign-magnitude or & shsolute-value “nrm. Sign-
raanrtude slrngs (sien I:IJ]- may Le posULYE o aegativs, abs AlLze-va e AtTimgy (umsimmed) reprosent rha
ahsoaze value of Lthe rmagnilude. Decinal oeetbers are whale onzger valizs with an imphed deciral
radix puinl immediately aller 1he least spnificart digit Thay may he exeended comeenteally with he
addition ol 05 belfore the cwsl sigoiticant digit.

A 3-0il binary soded decimal coprcacniarian iz naed Foomosn diets in decimal string. A& d-bit hall b
aocallsl o Pribble’ aod mas be psed oo contain A hirarnye hit Tattern thut represenls the velee of a
decimal disit. The Dollawing, shawes the hinary nikble crmeentys wssocia ed with euch decienal digil.

It “ihhle
] IR
1 LI
a LR
3 P
1 (RA Y]
5 1101
i oL
1l
8 [ 0
4 [LEAT

Fach decimal sorine dula Leps may have 3evoral raprzsontations. 1 hese represenls lens permil 4 ceslein
latitude when Leospiing suuree aperands ilecimai gteing date tvpes have a profomed” representation,
wrhich & 4 valid seuroe represenlulicn vszd o aonstroet fac destination stringg. &lso, aibernate’” repre-
acnratings are provided Tor souns decnnal Gaa 1vpes when acaoplinge ssree ecrands.

14 o



Vrecimaal sloines wied as source operands ace ool shecled Do velidile, Tostowe lions will produscs wipre-
ductable resulls 0 e decirna] strng wsed as o source operand containe invahid 2500 encoding, an invalid
sien disipmnator, or, 10 Che vase of overpunched numbers, evehic signfduni enceding, Woaen wied we 3
course, decimal slrings wilo cero mapoilude ace woiques, rescrdlese of sipo. Thus, pusilive ceno and
nepacive 2ecw bave wdenlival tsrpoeiolivns.

Concepluadly. dectna] slng weliveLions L dslenmine 1he coareot resell, e store the Gecimal
sleamy represeilalion oL WL soresct cesull o wbe dostioadioon steiug, Aocesoll ol serd mwaguilude o consid-
ered Lo be poshioeely sizoed, e destionuion sue g, can soulai Juees digils oo ace siaoilicant i the
cesull, Lhe cxcess mosl signifen destinasien sieing digils have s digig shoeed oo beun, 10 e Jeati-
il slriug caoesl copain all sigaificant digios of 10 meanll, e Ceeess st sigaidicant resull digils
ere ool soreds i instencugn will indiepde decioal overtloer Mede e nesadivg soeo 18 30gmed o Le
deslilint sleing, 23 side offeet of decunal ewgtlow whees 1he sign of (b reznll i3 pegative and e

deslizalion i a0l Tavgs ceaugh o ganlain any 1onzan digits of the cesnln

LI the destinatinn string haz rem leagth, aa resnlticg digits will he stored. Tha sign of the resul wil] e
stared Wy separate and pazked steings, bor nof in foncd and m‘nr;‘mm:h-:rl sirings. Phesimal overtloer wi]]
wdicede a nonFcon resnal.

4.4 0 DPecimal SHivieg Teseriptor

Decimal strings arc rep recanzed by o Toaard cic::c.ri[:Tt;r. bhe dn::ir_'ri]_':mr contzing che lenezh, daty Licy 1=
and address af che string. TEappears in tve eimtsecuive ceneral regiszers (in the regxiseer fonm of inacie-
Tiona}, or in iwo cunsecwtive words o memaory peanbed oo by o ward onoche inscrostion =tream (n che in-
linz “ntmn of inslructions]. The unused Bk are reserved by Lhe architecture end mause be Os, T he efTect
of an instrucion wene o descripior will be unpredicluble 16 anv nonsera reserved Neld 1 Lhe descriptor
ConEAN- Temreto velues or o reeerved dula iype enceding e ezl The desien of Lhe mumens and oacked
stringe descriplors ace wlenlivsl:

Firsi Wacd
BV Jenpily w29 uerkser ol diaile specilied ws e uesipoed Dlnary iuleger.
VT dala wype Ll 2 Bpecifice which Jecimal Jawn 1vpe oo peesonlalsn 5 used.

Svzond Word

P addices <150 EneeTies she addreess of the Tvw thar coniains 1he nost sigiilicant digi
ot dezimal scring.

The dogeviper fore-zt for a deeiral string of datn e Iwhose lengzh is o whess moar sigoificas
digal iz ot addeese A Qs shaw in Figyes 164-%

I s w0 cn

) T T | I = :

x =8 a 1 n L
L
1

—t ——t—n-t- -

v T T i T

nxin PTE-2 a
1 ] ] ] ] ] [ RS S NN (SR N |

LA -H

Feers 143 Dzoima Steing Deacripoor
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Tie cncadiags {°r hinared Tor the “nuomecic™ slong data oppe fic'd arc

AT Simec naed

1 Loneiprmed soned

ol Itailine veerpicbed

1l [ading sverpuncled

THEl [Tailline seperals

1 Laealing separily

1141 Hererved o ues by DIGITAL
111 Hererved [or uee by DLGIT AL

The envedings {ia biaary] for e packed sring dame oyoe Reld e

el Leeerved Lor e by RIGETAL
(il Faecerved Lo wae by DIGGETAL
14 Ewesrvenld Lor use by DIGETAL
011 Feserved For nae by I TAL
115 Facerved For naz by DECETTAL
10l Feserved Fornac by DEGEET AL
[ Bipoed packad

It Lasigned paciead

ThdA.E  Tacked Sirings
Puvcked strings can sace two decime | dip bs i eash bele, The least significant (highest addre.sedy byle
cenluins 1he gign of the momner n bl « 305 and (e Jeast significant digit in bits =074

Sipaed Packed Strings — | he prelecced posilive sipl desigoator is [T aleerpate posilive sign desigoe-
wrs e L0 I0, 10100 and 1111+ The prefeceed oggaliv sign nzsignatar s 1707113 Lhe ulternuale oo live
sian desigrater is 1115, Souree sirings will propezly aecenr heth the preferred sod alleroats designe
cors) destinatinn atrines will be stored will the pocforrsd aesigracor.

Elusigred Facked Strings — The unsizoned siaoed designazar iz 11775

Fackad Hign “ihhle

=l Hrafarred Alteraale

Ivlishis Piesiator I Jesiyrutar sy
Fiasitise 111 [T, 1180z 1111+
Mo pative (RIS il

L.nsigned 11174

Tor other than (e Leeet gignifizant hyre, Byte- comiaen ceo cunsecutive digils the aneaf Imver signiti-
canes in Bile =300 aad the one af Micher sieriivence i bils < T, For numhers whose lenpth s
vdd, the sl sigmbicant aigic iz in bite =774 ol e lovessl addicgaed Dyre. Poamhers wich an aven
length have their st gignizant digit in bits =300 of the lowest addressed hyrs; bits 207472 oo chis
Bele must be cefo for satree stringe, and ars cleursd Le 0000 Cop dostinatinn sorings. wmbers with a
length ol ane coonpy a single byte and contein Liede Gigin in Bils =24 The aumber of byies thui
reprexenls 4 packed acring ie [lemgih/27 | | inleger dicision where the fractional porbun ol the
yuewliend i discarded )

The format Fas a packsd stving with amodd pemmbe: of digics is 3wen o Digere 1326, and e Dsmaal Tor
u pecked seing with an seen number of digils i shewn in Figure 13-7,

[ o



: ------- T T T T
A~ | AT
1 1 1 1
L IH Tl 1)
1 T T T T
- |
1 1 1 1
o H 4 L
T T T L
A~ LENGTH: I Lzo Ela'-
1 1 1

N A

Figure 74-6 Packed Soing — £icd Degis

A T I
v. 0 A%z
1 1 1 A
7 moon Ik
T T T i
Al 1 |
1 1 1
' 1H ikl I
T T T T
AALTwET L L= LN
1 1 S E—
un s

Fignre 14-F  Paciked Sring, Fagon (g

A zero-length packed srring aooupics A singlz bye of stamapo: ity =0 7 e of this Byvte mcst e reno for
gource steings, ard are cleared to Q00 far destinstion strings. Hits - 300 o be e valid sign for
goUeE Arings, &nd are wsed o &tore the sign of the reswt For destimation stringe, When wied o5 a source,
goro-length strings repreacnt aperands with zero magnitode. ¥ hen wied ay o desanation, ey can only
reflect a reanln of roro magnivnde wichowe incicavng overluw, The Termat Tor a pasked slrizg with 1
oo length s shnwn it Fignme 1<-R

LR R

Figure |48 Packed Stoing — Zenoe Length
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The leilowing arc the charavtsrisiics ol a yaiic sping.

Lo A leneeh of G Lo 30 digite,

2. Bwgry digsr nibale 1= in the cunge ODOG w1001,

3 For aven-leneli sourecs, Bitg 270 = o the lneeed gddressed byele e D0

urned pucked steings i nehble dwoeitber G, POC L D100 P18 11 THA o 11175
Loasignos pacced strimgs - sien owbble 3 0111

L

Lai

1443 Faomed stringy

Foaed strings represent ere decimal digit woeash beteo Faeh e divided oo tew purliens Lhe
hinit crder nikble (o =20t and s low opder nibhle (bits 03005 Dhe kevorder mibble conliim
e vilue of the corresponding deciome] digl, Soned emrings may ke cocher sipned or aoeigned, The Loz
mar for sened ~trings 5 2hoven e Figur [14-9

v 15 ] = (]
T T —_—— —
&, Pl
1 1 1
n e [ vl
——— T . r
mo!
..... - 1 1
1 v ¥ .
T T T
ul- HR L] ! =0 oL 1S SSESEMT QML
1 A I —_ bod [0 ST RSN R I M-

(YL

Figure 142 Zoped Sloings

Wigned Fomed Strings - Wlea used g 2 eennca sering, the higheerder mbble of (e ase signiteant hyre
cnntaira the sien ol the oooee; e high-necer ribbles of wil olher brles ave groced. esrinarion
srrings are stersd wich e cign 1 high-nrder rilble of Lhe lsast sipreilicant Bte, and 0615~ in mhe
high-order nibble el all wller Brwe, [ the aigh-order aibble G011z corresponds 1o 1 ASUI eneeding
far aumenc Sl The sosilive sizn deignaror i 007 170 e wegalive g degipnatns i3 0111+

Unsigned Zoaod Sicings Wher nacd s5 9 serce siring, the highurder oilikles of =1 hrtes are gnored.
Ioatinativn strings are slopsd a0t D1y ia che high-order wkble o all betes, Vhe muombes of by
needed Lo cuztain o goned siring s identical o the lenelh of e decinal meavaer.

A pemo-lengln cenes steing dozs noc pocupy memory; Le cddeess pomion of i deserpeor <5 pmured,
Wien weed ae o fopres, menc-lenath sorines provids operends wilh zoco magnitnde: when ased wy e dee-
nacivn, they cols orly acewrately redlect & result ol zero megnitude (the sign of the npataaom 15 usl) An
eligopl weostare 2 caarern reewle will be dpdiceled by (e scnirg of evarflow. The Tullowing aze the
churae.erisiics of a valid zamed sinng.

| A langeh of Ot 3105 Cigile

13-it



2. The lvw-urder mbblez of el byle aoe i Do cangee 0000 10 LODL -

3000 Blpned cveed sty The bigboceder wiable o the least sigoificaal Bre in cithes (001 ar
(NN

1444  Overpuoched Sirings

Chverpunched sleings represeul civ ducimal diglt Teoczeh by, Tra”ling oveepanchad strivgs eombine
Lhe encodizg of (e aepi aied e leasi significaer digits leading avcrpuacied amrings combine tac eneac-
g ol Uhe sign dnd e sl zipriticant digit #vres orhai thas the bite inowhich th2 sipn s ereoded are
Jivided o tved pactiors  the high-order nibhie Cpota 0704 w0 and the imw-arder Tiblle Chits - 30005
The luw-arder willile corcaing the value of the eorreepamding decimy dipt @ hon waed a- a seoros
slying, tas hiph-crder vilihls et all veres chac doonet eomsedn che sien are gmorsd. Destins b sleinge are
sloped with Q00 1+ in the high-neder nilhla of all hyees chae die tat concaes the sign. Tnohe high-order
aibibsle QL L eovvgapinds fe the ARCT eveading for nomeric ot

The List Bealows ehows the sipr of che decrmal serine and chae value of Lhe dipl ercoded 22 de sinz bole
Savree gtings will properly wecert beth the preferred wnd a2lernacs Jestenulors: deslization sirings will
gtore tha praforred desdpratar, The preferred despnators curres pemnd Lo the ASCTT pruplic: A Lo B and
the amen and cinse broec 8 ond 110 The sltenace destgnaions coreespueml o The ASTL praphics Do 2,
the cper and o oose brackets ([ and 1), o geestun mark 071, exclaeilion podot 13, and colos (3]

therponeaed Sipn SDhigl By

Crerpusslvad Frolereo Alraruate
Sipn S gl Destpnalur Dresignaior(s;
0 OBl Q0L 23000 QLELIGL L, O 1111 1A
I O 0000 - L L
2 O 000 Oy L LS
3 10003 L QL0
4 0] 000 240 L I AT
5 OlO00caL QLTI -
b LOG0L L QOO T
B DIA00LL L T Ty
L O 00 LT QAOT1 00N,
2 D10 AL OOTI100T 5,
-1 OELETIO OTRTTTT o, OO T, 0 10,
. SR
-2 SRR
-3 C QT 00
—4 PG00
-5 T 10.
—h NG 11-
-7 OO RO
—H CICTRT -
— I RSR L] RN Y

The rumbar of bvtes needed o cenodn an veerpaacied sbing is kleotica) w the length of the decimal
cinher, The format Tor 4 crailing overpuowhed siiog is shoso in Hign-e Td4-100 The leading over-
punches string s shown in Tigure 14-11.



' HE i} L
T T T
il
I IV T—
o i il ]
T L]
u-1
1 - 1
T
v 1] il i
T 1 T
LA | 5o Akl E0
I | 1 1
L LA

Figure 14111 “Praiting Chvarpaneted Serog

L) = ] [
fre— T T T T ]
i 200 AR RN
1 i 1 1 1
k| pa) .
T T b
i
. 1. - 1 1
]
i ]
7 X 2 )
T T T T
bralLl 5
1 L 1
[

Figiure 14-11  Leading Cxverpanched String

A rerodlenpeth overpunchad string doss net aconpe wemeny; the sddrews portion of 1ty desorcoeor is ig-
nored. When uged as a aoiree, rero-length strings provide operands wish rero magnooda: when nazd as
A dewtinazion, they can eniy accurstely reflzce a resolt of zern magnitude (the sign of the aperstion i
[ty An acterpt oo seorc 3 nonzern reswt will be ovdicszed by the secting of averflow. The following e
the characteristics of a valid overpunched string.

. & lenpth of O tn 37 dinte,

| o

The Tow-order nibble of each digil byie s in the ranees GOG Lo 10012

3. The spoomled spnddipii byle containe valoes rom the abuve Bel of preferred end allernute
verrpunched sign fdigil values



1445 Scpanie 3rings

Sepunle slrings cepresenl oz Jecnnal g o cocl Dete, Touoling separace :loings encede the 510 1
1l oele noeoedielely alver D eass significant dig 1 leading sopacctle $121ngs cosode e =g in Lhe
Dy pinedianely befors e osn significant digil Beles oobes a1k Beie w which e san0 0 2a-
caodad aec dividad iote 193 pertions — che nigk-arder nibhle (55 <7 do=1 and 1he low-oedce ibble (bils
=211 The lowe-ard e nibble confaing the vlne of the correspanding, decimal digir.

When wacd e o sowrce strivg. the high-order mbbles of 2! dient byies ars ignored. estiration sumas
ats stared with 00175 in che high-order mbble of 2l dipit ovtes. In tas kiga-order nibhle 6717 2oere-
spumnds fo the ASCTT cncoding Tur aurneric dipies, The preferred positive sipn designacr i 1000714
sl the sltemnute posilive sien desigrator i OO0 The newadre sien desiznacr e GHT0TI0TA,
These desienelore commsspend W e ABCTT encadimg Gor Uhe plue sign f 1), e spacs and mings sign

[

Sepusaly Sino Byic
Fw Preferred Alrerna e
Bye Designator resignebor
IYasitive TR T LTI 0
wegative HEITHT 10D -

The meeher of hites necded pooanntaic a leading o Trailing seaarate siring s idantical ool leagth --
[. The format Far a8 trailirg scoucate soring is shews on Figre 11120 Uhe leading, sepacaic £00ing, is
shosaen in Fipwne 14-113

- 1+ L uw
T T T T T -
b FizD
L 1 1 _—
1 e e} L]
| ' T
| |
—_— 1 1 i |
o X az ]
T I T T
a- | LEZ
1 1 1 )
[ ol
_ T
A M -1 N
1
ELH BT

Figure 14-12 Truihne Seperate Simn:
=] .I-'l (=3

11-13



kL 1H 1 i

T T
Al ElG
L. 1
1 LAz "
T | ] ] 1
b | ()
— ] ] 1 T
" < 0z [ ]
T— T =T T T
" 1 1 1 1

. —r- - — T - - . - T
=t 1 -{u)
1 L -d.

TFgere 14-131  Leeding Separile Sl

LAsaie

A verp-lenelh sepurale sleing oocupics & single hyrz of momory thet containe the s of Che aimn
Wi'hom wsed ey uosource, secolensth sipings provide nperands with meeo roacmtuds; when wsed e o Jesii-
nation. Lhew can only rellest o eesull of 2orp magnitudza withect indicating overiloe, The s ol e
resl i slured.

Thes Fewman Tor o zeva-iergth trafling separace string is shown m Tigure 14140 The sero-eegll leding,
sEpUTdle Sring be shown: W Figueg 12-1%

) B 1 I

Figure 13-14  Eeen-Tgngrh Trailing Heparate Siring

Higire 14-7 5 sero-iength Lesdingg Separale Simng

The foluwing are 1o characieriznies ot a va d aaparate «Long.

Aolergtl ot iz 310 digivs,
The ewegrder nibble o eacl Jdigil bele o he raoge Q000 1 LO0 -
TLo aigh bavte is either OUTOR00, OO NIEGL L e DOLDL0] .

14-1+



444 Loag Inleec:

Lomy istspere aee 32000 Dlaasy 275 comealemend ammbers organires as maen waords in consocucive ragis-
Lers or I eostosy oo doesesipior 3 naed, One waord containg che igh-order 03 bits, The sign i in bic
s pF o bl el g 1 mwar signiticant. The atiee waord eenzing the low-ordzr Th o with ai =007

e Ieas sigoificam, The range ot nuraers thet can be cepresented v — 2747 485048 o
| 2127 483 427

e regisrer farma of decimal converh msireelioes wies  teslncled Jonm of long-inisger lorma wilh ke
guine ia the genera cegistor pair B2-H3 The Torel fos Che register Torz ol descimad cenverl Dsirug-
Lions 8 saown te Bigore 141 0

b | H HIGH

|- e

YTHSS
Fpure 14-14  Drecimal Convert (Repisler Tuzm)
The in-sne Toren ol decigal sopecet Lstouelians refrense fae long infeger hy a word address printer,

whick i purt of the instrucen streacs. The Tnemad For rhe in-line form ot decimal comrerm instretinns
iz showr in Fewre [2-17,

o (L)

irnez | = HIGH

Figure 1417 Brecienal Corvent [La-Lias Form}

Moig 1hal these owo ropresscntations af lang intcgars ditfes T heve iz oo gingle represenoacion of arp
Clepers alucng EAE, ELS FIMP ard sofresra, The “regizrar” form was seleeted to be eomrpeti ole with
E15; the “iadline form was aelecred to o compazible wizh ewerent stancard soffware pamgms.

1447 Doecimal Surlop Tnstrod o

Drecimal simng instrociious aid i che masipoladan o7 degimad data Sevoeal nemecie (Dete) and packed
decimal data Lvpes ave suprosicd, lasucicns arg provided for hasic arichmatic nperations, as well as
Tor cempare. ghill, and goissr osians,

Hach arithmetic, shilfl and compurs oslouction apernes vn wosingle close of Jaia teoe Both numenc
and packed scring instreclions: arg provided Lo el operlivoes, Cunverl nsTouiione Jive 8 Sourss op-
crand of onz duta ivpe and o destinuiion operaodd ol aooibee Jaca vepe, Doecimnl siring mslruclives spec-
ity o whick class each of their decizzal sieioe operionds Seleng, The date vepe supplied as part ol sal
oparand’s deseniplor maye beoany valid Sula vrps ol e class Tus permits g geoeral mieieg of data
types wizhin numenie snd packed clusses. Tlhe dala Lepes 2 ahoch ao oslruclion aperates are dose-
nated by i lest leiveris) of e cp-code woeiouie. I dendss numene siemes, 15 denates packed
strines wnd T odenotes oos Disery mlegors



The arithme i wostrostioos aec A UTHIBOE, AP0, mETHRSOL], s UTRER L, MU AT DY 1.
ABTTNTE wnd ASTITD sl o deennad siring by a speaitied mambes of digit pesiticns [in zither diree-
o) with optioeal seaodiae, aod sroce the reanit 7o che desinacion string. s, they eofactively nmlii-
nly or divide by o powse of 10019 the shift connt iz 7eon, these shitt inaurnctiong can be nazd simpiv o
mevs decimi] siemps (dostiaatinea are anored with preferned reprezentation). Move negatcd mas he ac-
complislecd ov wElog, SUBSO) or SUHPLE Arithmetic companson instracons, CRPNCD and
CMTPLL ere rovided 1o examine cha relative differcnoe beoween tea docimal strings.

CRTROD and C¥URPLUD convert o decimsl stmng w2 long (22-B0 2% complemenl integer.

CWTLR and O THPOD eomvert 2 long intemer toa decimal sinngs SY TR and CVTPNIT con-
vgr Batwer nutetic and packad decimal stoimps.

e follnwing is 4 lise of che decimel simng insoruclioe.

facked =bimg lnsimectinesy

ESTHCER Add packed

HLBPOD Suboracl packel

RAL LI Rul.iply packed
IYFD Divide packed
ASHEPO) Arithmetie sl packed
CRMPRI Compare packed

Mumcric String Tnxtrucdions

AT Addd nuensrie

SITONIT Swblract pumeris
ASTITIY Acilupetic shif momeric
ChPMIL Crmpare e

Converd Tmsuructions

CYTIWL Copver mameiie T long
CYTLIN oonsert Ineg tnonumaric
CYTRL Coneert packed fo lexmze
YT Canve-tlnag wo packed

Y EMY Cnnecrt maimcric o packeo
C%TIYY Lonneert l‘.m:{:tl 03 TILITT 8 0

14.4.8  Condifion { ndes

For D1sumetions shat etare a valoz in a desonaiion strng, the ™ end £ bals rellest e vulue slored. Tae
™ bitindicares a neweative dastination; the /4 bit indicales 1 deslinalion having sero magmlode, A odesl-
naLian gtring with rom maenitude @ coniicered Lo be posilive (geen 20 o pegelive 2ec0 wue slorsd us o
enzcguenza of decimal over lew), Thus, the selting of ™ oand £ aze mutually sxclusiee.

The W bic indicates whether che des dnation cimng soourelely ceoeesenle e cesull oF (e s Lo Lico, 11
is alzo set if division by e was ailempled, T (e W Bl is sel, e destinauon sicing, will foprezoot o
lzast sippificent portion ol the veeult (troocated). 10 o Y Tl 03 cleared, she destioation copecsents
trie result.

For ATV RIT, O andicaiss divesion: Dy ceco, Onbeewiss, O @ adwass cleaced. bor eomparrizans using, the

EROT end CWPTTL dusiruciions, the Woaed ¥ Bl reticet 1he signed relatienship bemween che
source lings. The sigoed Branch slooction: can 1es! ihe vesvlt ¥ and £ ase clesrec.

Leialyy



Foz instructinns that rebwra o long-taleger value, ™ orefleets the sipmoof the 2% cotopleweeol 2eczger, & o
7 lodieares whether 1L was cero, ¥ iodicsles whother thz long mcecer could wwl coolaiw 211 sigrifican:
digits and sign of che reswie, SYTNLL) and LOVTP Ly alan e £ o tepresenl a Decedw Trom s mers
signifien n portion ul the long Binacs zesull Onheeedise, O s cleared.

1448 Operand Liclivery

The “regizter” foom ul deime] sliing instooerions implicidy Jinds ke eperands o the genecal registers,
These eperand- include decimal suing deseriptar:, long birery T spers. <|u-:1 sLidt deseripter wards, IF
an ianructon does noi wse 4 pepIELGr, its contores wnll be undislurbed. RO 2L gencr ‘ﬁll} cotain the fires
amires descriplor, B2 B3 (e scoend sanrca deserinter, wnd B RS (L desiinaticn dezcriptar. ASHN
and ASHP wse R4 Le conlain 2 snitt deseripeor ward., CYTLM. CVTLE, C¥ TN and O 121 we
RO=F1 o coatain @ deciwal 31*1'115- deseripter, end BE=R3 Juz e long Wlcger, Whan an osruccion 1.
compleled, the sourse deseIprar regiseers wre oeurml

he “in-line™ Teem of 1he doeimal siringe asoructione Tods e aperands, nr prinsares to descriplors, in
the inelrustion sleears unmsdiaeziye following che opecode voed, Operands that appear irectly in L
matruction steeediy @ shifs deseriptor words, Opecsads (bal e represanted in the imstruclion slrearn
by a puinter conlainieg, the word sddress of the descriplon e decimal string desvripiors und leng, bina
vy mlegers, Mo o-line farm of decsmal simng inslreeliess oadifizs HO-2.

14490  Duda L celap

I he sperative of desimal string inscrwciions 5 usellesled v an oveap of the source vperaods, provid-
mi Ll each sourae anerand iv o valid represeataion of 1he apcoificd dacy type. The overlap ol Lz
deslizaiion steing and any of the source sleings wili, o geocral, prochuec noprediciables resulte, oo,
ADDNL, AL, SUBNTI and SUBMLE wiil peerit ihe dzstination stomy o vverlap eilbes o banh
source §12ings cnly if all corresponding Gigis of 1kbe strings are in coincidenl byies i memory. This
Mucilitates 2-address arithmetic.

148 COMMERCIAL LOAD DESCRIPTOR INSTHRUCTIONS

The comnerziat lnad deseiplor insloactices aaement the charsoter wnd ceclmal sleing instmerions by
ellieiciely Inading che perera] repislers with suring deseriprors. Twu Torme o istzucions are provided.
The forst torm, the L2Tw inslreelions, Jead swo string desorontors oo the aenecal segizters. e Firse
desaripter is saded into RO R eed Wbe sooend doseriowor 1 leded inle B2 RS, This irstroecion KL
porls coual-leneth charecler siring IIVE, et 1l-tenyrth cheracler siring fumparc, charmoar siring
satabing, and decinwsl siring sorpeds, The seennd farm, the LD inslouctions. Lakes thres dzseripors.
The first is loaded inwe B0 RiC the seaond inte B2—H3, and the third iole B+ B3 The Dnacruccion sop-
ports F-adeess arthmelic, The cendition endes are noc allecled lor eilbe: farm af instrwesion,

Wirds containing the addicsses of The deseriptors [rwo Jur TADT sud these Loe L3y ace o0 conseculive
Ircations in memory. The descriptor addroszes are feunad by applying (e addrossing vnde i!"ﬁrhr;
pnec far caes dssesiplue, The valug of ¢ ig encaded a5 :he low-urder 1hoee s of the instrustion’s op-
andle. 01 3, 1 can be thougki of 35 the hase addres of @ small table o nemory, whars cach entry m
the table comteing ke wdd-css of a deseripter. IF 1 — 6. Lke Seluctisos cdeetively pap the addresses o2
demeripters ufl Lhe sluck 11 — 7, the desoriptor addresses are conlipuens with the mstTICtIen s up-
aeddn waord.

I he sleiny descripnass aes teo words g, The addrses ol W deseriptar is that eof the lwe-order wond. 11
i lnaded inlo he corresponding cven regmister. The higl-urder wond of the deserintor w loaded il e
eorresnonline k] opister, Macs that alchough Liese Dsteaciions acs deserihed in terms of sinng de-
geriplurs sy are applsabls far instances wheee Lwa couscoptive wards in memaory relerenved by a
DINTELET dre Lo 1.1-.- n.:n:.-p]-c:'. intn avea-ndd peneral reeisler sals, The following icoa bst of e comoerdial
bad desoriplor wslagtinns.

-
jrl=



{aaiingnd Lond ¥ deseriplors
AT H

.21 o[ 104
1.2 A S
I FiR 2+
LiDws P K314
L2 Vi T+
L2Tsa G AT
L20s b —
Lzn7y AR —
Laoad 3 descriprors
[TEH T L
LZ0 A R4
L] AT |

1532 ATy
[ 313 A 1y
| ik ey
F.30tA T A
Y BT ol [y -
AT oo h71 4

1.4 TWSTRELCTION SUSPENSTON

The intent g definig sl ion suspendability 35 1o eslublish @ mzane. far providing reasonable jules-
rup: lwczncy &nd docs not peesteie 10 endow CLE instructions with an abdlivy oo reenver from vap coodi-
tinmy from waick scquences ofF TAsie Wsloucliune cannol cecovsr,

Sumpension avents refor peima iy fo eveots 1 ocour asvncizenously with the imstruesian's ercontion:
thoee are specifics Iy the interenpts geocraned by 1700 pecipecul devies. povwer-Mail traps, and flagiing
point proczsant exeeptines. Necondally, suspensicn cveals can reler alw b biose svnehronons 1op
event- thet ocenr anly tor infarmacion aolificetion purpeees oz do nol imply that the intoprite of 12
mslructom's excontion isin jeopardy. Such suspeusion cvenls include “vellow ane” traps.

Fulentiaily suspencable instouetione have A detieed arobitcelusol mechonism (FS foe ae doceribed he-
looad e which they car be suspeonded in rcdemesuion 1o ellow (e procssser Lo eprveice snsnengion
evenls The mstrucmomg wre snoecguently rsnmed feom (e poicl shere Uiey had been aospended.

The presence of suspeasdun evonts nwy cense cortain U0 inatmetions 1 by suspended un some procas-
suTe. [F Lhe nywcrwezion i suspended, P wil” T act, BT will be Docked ap o uddress Lie op-code
veord, and e suspenson even: will be serviced. When che instryctior iz roesuimed. PS80 indicuros
that eaecution vl the imstrwction had boenin progress,

Lo order 1o make thess inslree lons seipemds Sle on gl processors, the Daumeiion sl s pac o the oser
slale gaved by dnlecrupl handhmg routines. The instroction state Tnchides vhe senseal pegislers, condilon
codei wnd memoecy. This stais 5 processer-dependent whe suepended. Sofracares showdd nol ailempl Lo
urecpret o gaedily thie staie; 10 sl only 2o omaved and restares

Up io &4, words af the interra | instrnstion 21aic may also Dave been pushed vnle the slach. iy s
el sol be modified By softwane alsos Uhe insomenian sall feoreve s slate Joean e slachk when it s
reswinenl,

14-18



PS8 Lo st prior o the sxcectivn ul o pulentially suspeodalbls instuet'en, the offeet of tac in-
strelivm s woprediclall, Pr-cfs i leesed Lpun murnnal cempictior of a petertially suspendabls -
stroclivn, PS8 reorcsents “myzruesor suspension™ and hes (e eorrespamding mnesamie TS0

Al suspendasle instruetions wie FS-0 8% to ndice Ly insieawion suspersion IF when @ poeteniaaliy sus-
perlohle Ipsteuction is excented, PS4 s clear, (e Jesienetion is being commenced: 1l Lhe il o sel,
tre imslrvciion 5 heing resamed. PR st 12 cleared wion

o Acswapendad areacrasiion i sueoeselully complezed.
1o T processuT pomeTs L.

A new S Ceweled Fawmoaosocter ooaonn wich PSecBon elear
Bl or BT e exsculed with o oopss TR 3 clear,
Tl explivily clegred by ggr loslieeticen

s

o

L

Pz 15 os0t whei

I, A powarially suspenda hile cnatrwecion <8 interrupled and cegquests o be snspended.
I A azw PR e Telohed Frmn o vector Localion with PE-odz- sl

i FTT ur RTT is eaeculed wilh 15 == scr

4. 07w exphcitly sei by e instrusiion
‘Tne settne of this Tl has oo offeet oninsoractons thal cre ool poloiedly sussendahle; soer ey
siens dooimphciily modily (s bt
Wlhen an wslsuctine is susponided, the stale thal Julows may eoofein informatine vital to the cesump-
Lon ol (e eumetion. e information must 2e peeeseeed and cosloesd prior tnoreszastmeg che auws-
pemled lostvetion The wazare of ihe informacdior mey vizy Do ore exeontion of <he instrclien
anotlier; omay comprise any of the Tollowing.

Creneral regisiors BO-KE

T Cendition cods 2t (PSR

w o Lip te fdn worde om the slack ol e camtext inowhich the suspended wslzcion Dad Ben
chesuting.

4. Any desinabione wsed bee 1les wstenenia.

mtack Elizutior

1S frutraetinm s may uee e 6 slack Do fomparsry Csoratet” state storagre, The mesimoen maober of
additimal words v exlendsd melouction mEY caim on the B stack iv Gd o, Fae rerson Tor lepusing o
iRt s Lo emsuse ihal spstem sofvaars opa adeaquately provide for woersi-case soacs allocslicn requine-
merLle I scdision b the sbovs festriction, the norma’ P12 stack-lIrmis meehanism remedns iy eflse
for exlended 1nslouclices just a5 il dacs far amy ather mstrwcti.

TMimsullivisnl stock spaee oxizts. the instrction will terminate by o emery mereggmeol 2ot each
vy Lhat i eddotione] stack srace is atincanzd, the inestructien el succsssiully ceslari

*lukdiang

st PDestinatiom -criig
st SouTce slrine -
5T 2 SuuTes slming 2
dsir Dieseniplur

T



147 LXTENDED INSTRUCTION DETFINTTIONS

The cuznsercial instouction sel ooaleins insruciioie b mampulale variows dels bepes and strings, Dn-
Cludieg chaceeter, musteeis aod deconal date. The operaitone parformed inciode diy cepe eomvessions,
alrg search apsraticns, block moves, aod acitheoeus opesations. The delnalioes of the 32 imst motions

Lol connpeoss 10e CLS ace descnbed m Focagoepls (471 through 14,7210,

1401 AlBNADDEADDNL A DD

Fuiepose Add Deciimal
L¥perariom: et osred 4 oarcd
Clnmdition ooz Fo s CFddar -2 41, clecred ollarwise

ooant it dar — O cleared olleoe e
Wooset it dst eanant coain all slgidlicanl diglls of the result; claared atberaise

" leared

Qp Codes YTy 0TE0E0
ADDE U HEE
AT QraLE0
AP Q7L
eseripin: secl i added to sicdl and Lhe resell s slored 1o the deslinetion strng. The ennd -

fian endes moflect the walos flered e deslingiion siring, and waether all sig-
Tificaat digits saors sioesd,

Rlegicrer Fewrs ARON qod 000

W len the instmcion starrs, She apsrands oozl e been placed o the penecs] cewnsters: the firs:
sirvLree dosoriptor must be in KO-R1, the sccond saurce dcsenplor o B2 B3, end che destimetinn de-
sl pLor i Ha=K3. The add decima’ format is shoan i Bigure 4 1B

0 o
1 I I | I T— 1 I 1 1 I = T T
F
— SFILLEL —
H.
———————+ | I I | F—t—— ; }
Fi
— LF22D52F —
Fi
- —————— —t— } S
%d
— | N L e
55
L. L. 1 1 1 1 1 | 1 S I N
TR

Maure 1418 Add Doeunal Feroza



When the ingtruction 8 cowplewed, by source Qesvrisior cepiateis e Slepied, as shown in Fgure 14
|5,

= 4]
------ L D A E Y i I — 1 T 1 T 1 1 1
Fu I
1 [ 1 [ [ [ 1 1 [ 1 1 [
T 1 T T 1 1 T T T 1 1 T
E1 '
L L R T R b | o
F: b
| | 1 | ] 1 1 1 ! | i | !
I I I 1 I I I I 1 ' I I I I
H r
[l 1 1 1 1 1 1 1 1 1 1
I I 1 | | I I I | I I
F4
LET.-in
14
L L ] L L L L L L L
e XF o

[Fpure 14-1% Addd Decize] Foreeel (CTeared)
In-Live Fait - ADDYD ol ANNET
Each woed address pointer thar tollaes che op-cod s werd inoche instrwetinom scream refers oaoa Z-weard
deeimai string descripror. RO-RG are tnehanged whan tha itszricrion i enmpleeed.

R (N

1. The aperation of these iasroctions % cnelTected by any overiap of the swree stronps, arovidasd
that cach source simng 5 8 valid representation of the speaisd Guta type.

Sourece soinps may everlap the deslination siring enly O all correspondine digic ol e slinps ere
in cuineidenl byoes in memory.

]

142 ASIINSASIIEP ASTT f ABITED

Fumuse: MArithmelic Shill Deciimal
Opecat o Y R T L1 il 1 S [ TTTTH
Condriog Codes: Ivosel gl dat < 0 elenred clloowise
Vool ] dat cannol coniein all sipmfoent donte of ke rescl; cleared otheraizz
Fooael i dst = 0 sledred acharwise
L cleared
Ohp gl ASIIN Q7a03G
AL OTE7E
K% 1 il Q761 %6
AP el
Dheacriprion; Toae Jecimal aumber specilied be the senzee Jdescoiplor s arichmeLeallys shifzed

ald staced e s specilied By ke desiination deseriplor, The shifled resclt
15 poienedd wiih e Least siaoilicenl Qigll posiion oo the deslonaliva strino. The
alull cooind 3 o 2 complecoent Dvte wiwose value sumsee [rum — 1285
+ 177 oo W be shidu count 85 posilive. o wnlt o thee dizeclivn of leasl b mos:



S S

significant digits o formed. & naeative Ahift cocen performra o ghit feoe mgsl
wemil mgnifivent dipit. | os, the shift cocnt is the power of 10y which O
senrcs 16 i llialied; nematoee povers of J0 elfectively divide, fern digits a sup-
phied lor vecated dixs nositions. A wero shift cownt will move <he sonree o e
degtination. he comditivn eaces elflect the vaiue soored nthe deasinarion 3iing,
el whether all stenificant dunie are =loted.

Aosepaiive siilL couni invckes a roending operavion. The rese s i~ comsmruensd sy
salcling the source Lie specified nember o Conl posivams. The rounding digin is
Lhen added io e mosl sizoafcanl digil chal was shiled oul, 1T <hie aum is 1239
Liveert oy Lhe abified resell s sored 1o the desliaaion stang 11 the sum i 10,
or 2realer e magmiuds of e sl reeultl 15 mmereweed By 1 and chan sterad e
Lhe destigaidon sttiog. I oo roowodiog be desired, the roundine dienl shoule be
LRI,

The shift covrc aad panoding digin aze cearcseanesd I o swgle woud celerred Le gy
Ut shift Zesepipior, Bits <o LR L22 of s word mawsl be ceru Tiee shilt deserip-
1ol tareel 13 showo i Signly 1220

T r- T T T T
0 SHDCGT SHIF™ &7
1 H i 1 I N 1 1

Figurg 14-20 Shili Descriplur Tormal

Regisier Formr = ASITN and ASTIF
When (e welree 3o slaris, e vperands muosl bave besooplaced in the genere | rorseters: che 3ouce

descriplor mnst b

RO R e destimation desoriplor o HE-R3, and the <0t descripror ¢ Bd, The

azitlumctlo s decimal foroaan 35 showa i Fiaure 14-21.

F2

Fl

FE

ht

cn
T T T T T T [ | = I L I m—
ER (SRR 1] —
I - b e e | :
— (LS L -
1 l 1 1 l l
T T T T T ! - ‘I t I | |
L Pl it o
1 1 1 | S I N S S S 1 1 1
(S P-4 |

Tiewre 12221 Arthr-ctic B9 ecima Formas

When the nsluction i sompleted, the soemee cesoriprer Tewsters and 20ifo descriptor registor arc
cleered. ve shewo in Fisere 1422

422

I~



T T T T T T T T T T I 1 I I
Fr 2
—tt++—+ 1 R E—
F.5 a
1 I I 1_ 1 [ 1 [ 1 [ L [ I
-t 1 1 1 1 T 1 T
Fz
JET.TECR —
1.1
] 1
——t—t+
| |
1 1 1 1 - 1 1 1 1 1 1 1
[ A

Figere 1422 Arilhroeds Shile Degimal Fromar (0 caved)

Fa-diwe Form ASMNG qed ASTTPT

Tha werds “ollewong Lhe op-code word Lo 11e insomerion seres anz @ word addrss potnler Lo o Zowand
decimal sirne sourve descripler, a ward address pointer tna 2aeand deomal sione deslinatos deseeip-
tor, and a =hill descziplor word, BD B oare wacapod when the insiruclion s completed.

e LTS

. I0bile w1502 ol g shift deseriptor word ate tot were, the eflect of e elres e 13 aopredic

lelle.

2.0 I hig =0l ke ot the shilt deseriplor woe nol o velic dectenal digil. Uee eesilis of 1Ge oslovetion
dre pipredierabic.
1 Aoy avorlap af the source snd destination sirogs will predoce uaprediztahls reanlss.

1473 AN AOMIP

Furpos: {lompare {harzcter
Liperation: Srel e compared wilk stol (soel a2l
Cnndition {ndes: The condition codes ars oeeed v Lo acclunelis comparisan of the mast signiti-

canl pair of unegual stel and 102 characies sre” hme — sro?ovte)
MWoomel Al sl a0 cleared cihersioe
E:oselal st — O clepzed cherase

Viwel P 1acre was oarithmete overlow,  thad e stel byle-os oand
L

e 2 b le s T e waery diftfarant, v are@ byieer T wey the same ve bal 0¥
ol wlgecl baie — sraRiwted; clanren acharwdse

Cocleaced TF there was 4 carey Tom the most spmilficant bl ol the resule; sel
alherease

O ool A ML
A R TG4

Lh ]
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Tlesiriptivm Cach cheracter of srol b cowpaccd wich (b cocres poodiog, claacier of soed by
exdrriing (e clacesier surings Teonm meso significaar v east sipnificant clorag-
Lers, e chiacasier strings ars of wnequal lengrh, the shoerer ehacacte: sielag s
cenesproally cxteaded o the length of the longe sha sacter swring wich il ¢l
colers aller Qs least sipoilicant chaacter. The instmerion tes~lrarzs when i
fiesl eoercspa1ding uncgnal characrers are fownd a0 when heth character srings
coe exhausted, The eonditinn codes refleet che last eomparisnn, srmiming 17¢
nonsigned branch insumerions o resn oz resalt

Resisler Form = CMF
When ke wsnction siacs, she aperards nman have been pleced in the gencral registors: tha first
aouros chacacte atiing deseripeor muoan be in 80K 1, thz scoond snwrec character string descriptar in
B2 B3, the Fill character in Bd-= Tz, and Bd-1 580 st be zern. T he compere charscter farmar
i3 shawn in Figure 14-23.

1h & i I
I 1 1 T I I I I I I I
L
— LFZ1DEZF -
kil
i B bt e o] ' (. I I
He
= ShIvixnl —_
1.5
| i ] 1 | i ] ] ] 1 1 ] ]
I | | | I 1 I I I 1 1 I !
Fe a Fl--
R L 1 | 1 1 1 1 1 1 1 1 1
Fuae

Fizure 14-23  Compare O harscter Formac

I'ke instrwcton terodneles will subsiring descciptors o B0 KL end B2 BRI wl espresent the potlion
nf each sonres charseter string bepinnine with the musl sienilcanl corcespunding unegual characters.
Ri-KET1 conwain & deseriplor Goo the wosyual poclioi ol che uniginal soel osteicg; B2 RIS cuntaio a de-
soriptar Tor the uneguel poclicvn of e origioal ere? steing. A vacans sbacostzr sieing descrinlor in-
tivates that che snlire source cheracier siriog was equal o the cormsepondios portion el e wher
sutted charecler siring including extension by tae O characler, The vocant choracisr slring Cescrio-
Lors scdedrees 15 wne geesler Ui thal of the Ieas signilivant chacacter of (e characwer ateisg,. The wom-
pare churacier focoowl whes: (e iostrosiion weminas s skowo s Figoee 1424

15 H [ a2
r r 1 I 1 T T T | I— T T T
Fa
— SR LT —_—
[}
— Yt L
Az
— EURZSCEDECS —
BE]
] 1 1 ! 1 ] I 1 ] ]
1 1 1 1 1 I 1 I I I
] N e
I IS I I —— | L _ | I | 1 1 1

Figare 14224 Compare Charasler Termoelion Turmal
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in-fiwme Fere COATPNLG

The words fallewing the ap-eada waord in the ingtrustion sbcaw are 4 word addrss puinler wa Zoeed
cheracter string srel doseripsor, & word address pointes 1o a 2wosd cluracer sleine =ru? deseripoor,
arl g wurd whase Fv-order half containg the 711 chacasier aad whose hisbeorder Tali muost be ser.
[e-Kh ere wncaenpgsl when the instroction s cnmpleted,

b [TH=TS

1 The vperation of s inslracaon 6 crelfectod by any averlap of 1he soures cliracier sirings.

2. LU the st character stming 1. vacent, the il charseter will be compered with sseZ, [0 che stes
clharacler siring is vacent, the M chargoter will be compared with secl, if ol choraoter sleings

ire vaanl, he cundivion cucdes will incicate ey it

1, CHMEC I ek il source charscler siring disscrpoor i@ vacant, the reasliing subhsteig descoip-
Lor bs e siane as Wie origine] cheracisr string dasseripoore.

40 A s Yar sueeds s BEQ; a test oz fadlure s BT

Wohan 1 instmgrion ermuna tes, e condition sodes will be sesaxir a CM PR instrotion apsrated
an the meast sinnitiec il uoequal charactes, I both stmngs are mmitally vacero o are tdenrica | <he
candition endes wili be sot as 1 15e last choresters o be compered were identical. 1R results in
cqraliny with Mo %, and O ¢leared. ansd £ &vL.

=

f. Hoth CMPC and OM PO andans che condition codes. CMPOC relums substinng deseripior.

ThT.d CRENCMPEP SO PN ORI

Purposc: Coampare Decimal
Cperalion: arel s compared with are® (srgd srnlh,
Cunndivion Codes: Sooaphdr srel o ared; clearcd ophoraise
Loosztif stel = arel; clearcd orhoraiss
oocleared
Coaleared
O Codes CAMPN rals2
CAPT el
CAPRT Y ot
CriPT J7alvd
Vieacriprio, Sl s unihmelically compared watn ste, wich the condition eodas refleting

e cemperizon. The sipoed beonch instruction can be waed tnoresr the reanli

Register Forer - CMPN gl CHEF

Whei he instmcian s, e operands el Lovs been piesed in the poneral mogisters: she riest
siwree descripior mng Bein B0 R, and the secund scource deseripior im B2-R23 The enmipare decimal
format iz shown in Figoes 14-25,

Yo

- T



iy -
I 1 T I 1 1 ) 1 I I I
Li
- SRC LZECE -
b
I 1 | P
3L
—— shr L —
1=
1 | | 1 | | — 1 ] 1 1 1

Figure 1425 Sompare Deomal Tornut

When che insiouction s camplorcd, che source desoriplor eglelers are eleared, s saown in Figeie 14-
2,

H 4]
T T T i | T T T T T T
50 -
T T e e ST S
1 i
[ | i I i ] t } - S S m—
<3 1l
et A —————
. 1 1 1 : ] 1 I 1 1 ] 1 —

Fizure 13-2%  Compare Trsciene. Foomat (OOeared)

Th=fine Form - CMTNT pag JaHRE
Hach word addres poiter tallnwing f1e upecede wond Lo 1 instroction atresm Telens oo Z-vond deul-
mal ~ring depcriplos, BWO-RE are anchanged wlen b insrncsian is eampleted.

e

v The aperetinn of theee inslrustions s vnefeeed by any averlap ol ke source stoogs, povided
thal vl sonrea sty s e valid reprosentatine of the specilfied Jdele Lepe,

14745 CVTLN Y ELP OVTINECVTLD

Furpuse: Comverl Tong-ta Doecima’
Operation: decirnal slriog  long intezer
Candinien €ncdes: M osel il el = o sleared ocherwse

Foue_dids — T oelearod etbooeise
Vooset s cannol conlain el slanilican digits of fie res 7 clearsd oiherwse
T cleaved

~ TOOET
x 0T
TINE OTRIAY
| Fi AT

O Cudes:

1426



[dezcription: The seaarze Inng inreger i= catvestod taa aszima steing, e eandidon codes vo
fleot the reselt soomed 0 the destinarion coeirmal string, and whatbor all sipoifi
cant cigita are amored.

Rugiviar Form CFTEN and €170 F
When the ingzrnction #ams, tha ererands mist have aoon piaced in the goneral restors: the costing-

sinT deseripu must b on BO-R T, and the sowree Bep intexer in B2=53 The enmvert long-to-cocimal
formar % shew in TFgure 14227,

by A
! I I I I | T | - T 1T
I
- [T IR ]
I
] M ] ] | [ | 1 ’
I I I I I T 1 T T 1
2 i
- 3 SHS —
F:
1 1 1 1 1 1 1 S I | | | '
o n

Figurs 13-27T  Conwerl Deog-le-Diecinne] Fosimal

When the imsoruciom o5 compoetod, the sowrce lona-integeer memisers are clesred, a shown 1z Figore 14-
; 28

i 1 A
I T T T T T T T T T
. [N
i
— [ EEH
E
— —t—L— 4 - | b
e 1
: b bbb bt
R: i
1 1 weed : 1 1 1 1 J 1 1 N

Fioure 1428 Comvert Long- o-Decienad Tormal (0 eursd)

fo-fige Barmy TN aod’ 0T RS
| The words fallowitg tha apecode word in the imstrzcten stream are a word addrsss pointer g d-von]
' decimal srring deseriptar, #ad o word address pointer toog 2-word ong-integer seoree, T BG ure un-
changod when f1e instroctinr i completed.

Moertes:
i 1 Thewrisler Jurms wse o lome integsr umenled with che sien asod higbeorder portion el B2 angd e Lo

urcer poTliiman 121

200 To-line Corsxs use o Jeny icteeer oriented with s ow-order portion e soeceng, aod O sign and
tgh-urder portion it srelong |2

=-1

e



P76 (VINLOYTPL/CYTNLL/CYEERL

Prpose: Cunverl Decntial-io-larg
Ohperatiun: g lneger dzeinl wirng
Cromdivion Codes: The crnditian eodes sre besed on (he legg-integer destioacion wnd on e =10 ol

the govres decimal string.

MNoogen i knpontewer =7 0 clsazed gl ez

Foomer if npinteger - O cleared atherrise

Vooset if Intganteper sl cannel sorees )y represent the 27y complemend furm ol
the resnl; clerred ulheceise

Cnoset P st 0 and loog. owessr == 0 elearcd ntherwise

O Canles: Lo I E
TR Ledlra
SR B Y REE I N
0w 1P el il
: [deseripLion: The sunzee decimal §170ng 5 convgrted tea oz integer, |1 As cundivion cudes e-
Mect the result of the aperatinn, and wicther sipmificent Cints ware nol con-
i verted,

Kegivier Form CFITNEL and JVTIL

When the mmslowclion slacss, he eperand mns lase bean placed it the sereral Tesislerss Uie source
cecimal siriape descriptor moost e o 1ke BO R The ennver. decimal-uo-loag formal e ehowvn i Figuce
[ 424,

- ¥
TEm—— T T T T T T T T 1

RC

[ R IECS
-1 |r
l

] 1 i A1 ] 1 1 |- 1 ! !

EHL

Teare 14-29  Copverl Decimal-ra-1 ong b atmat

whan the ingtrwctiom is complsted, the source Seclimal steing descriptors ars cleared, and Lthe desiima-
tion Ieng integer is veturned in R2-KG, as shoven i Flgore 142360

“h L L]
I 1 T T T T T I T T
L il
R e e e me S B e my
Rl C
——tb bo—t——t—+ |
mn:
LET. 002 —
LE]
' 1 1 i | | I 1 1 1 1
. KT T8

Fiapre 1430 Coovert Decloml ot ong Pormal (T

R



Foi-Lie Farm  CEFPNLD and CFTPLT

The worls Tullowing the apeenae werd B rhe Dasimciion streacs ars o word sdcress pointer foa 20
ovial sloing source desenptor. and 8 ward address potter oo Z-werd bne inteecr desioation.
EO RS are unchanged when che mgmraetinn i conplseed '

Il

1. RBegizior Do vee a lung niseer omenosd wit che sier aad higa-0ider portion in B2 and the laee-
sodler pactionr o B2

20 Ie-line foroeg pse @ loog tnkeger orisnted with the loa-neder portioo i detJong. and the sign and
Figh-rrdcr portioo o dstJeos |2

Ao Ithe ¥ bivis sot, che gonscnls of Lie lung-inleger destimaton amc tha least sigoillcant 32 bie of Lhe
rcanlt.

4, A seurse winese valne is + 277 e3n T represenled w5 w 32-hes hin:ir‘,‘ infeaa, [loweve:, sioce the
destinacion iv 3 9 enmplemen leng oleser, e resultng condition eades will T In ael, F
clearsd, v ser, and O cleargd.

1407 C¥TTe B UVTES TP OY TN

Purposa: Comeert | deoimal

Crperelivn: %1 VPAUY NP packed string nreels suing
CW RN TIPS nomerie steirg packed suing

Cumilitioe: Conles: ool 0 dst - O clearad ot 1ciwiss
Zoowel il dst = 0 clearcd arharise
o osei 10 dsl cennot coatan all signitieant digits of (e pesull; cleered wtherwise
5 clvared

Cin Ciiless CYTAD Crals:
VT Cral:d

CVTNEL 07&l s
LCYTIMI 07e_ 54

LDieecoplivm: Thuse lostructions woover! between nuererie and packod decunal sirings. Tos
anurgg Jdocunal sleiog e vunvesled anc moced o the destination sieine, The sun-
dician eades pellect the cesull ol the operacion, aad whetbee sl sigoilicant Gisile
s shored,

Mecivier Farme UFVTNP qod OVTRY

When the inetructine starts, the aperands sl love been placed in the general regiseecs (e sopsce
deserizlor must ke tn KO-, and the destinadion deseripter in R2-E3, T'ha convert dogimal foemar T
shown in Tigueme 14-37.
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Fignrz 1431 Cunvesl Decieal Fozmst

When Lae ostrvclion s cewpleled, e snires desenipuaor regislers 7o clearad, ws showen oo Flauee 15
3z

T
i
1
e 4+ = 4
1
-—
—+

-t+— — . L I — I
3z
— D=T. DR ==
Il
1 1 1 1 1 1 1 1 1 1 1 1

Fignre 14-32 Cunverl Decizial Fasmal (Dlared)
te=lane Peni — CPTNPD g OV TENS
Fach word addeess poinie: frllowing the op=code werd beole nsunzticn stream relens o g 2owend dec-
mai string descziplor, BRO-Ri are wochenped when e m@uaeticon i3 somplete.
Mules:

I, The cesults of tae instreten sre unprediclable 10 1Le sou 2 and destinebion simnge overlap.

2. These narncrinms miz beta a nemenic wod packed doci mal strre deseripuor,

1473 DIVD/IY P

Purouse: Privicle 1reciawl
s radinn: 5 ATl Sl

Crooditoon Canes: | Beoselal dss =0 00 clearcd cibensise
Fooselif dst — iy eleared otherwise

%o ogel iU ds1 camet eantain &l acmificant digils of b maalt o it srel = 1y
Cleared ol

O oael af arel — i cleemed oherese

Op Dodes: v e HTGlss
P (L2l Bt

Lel-300



| pescrplicon: Soc de divided oy arcl, apd b quoticr {fracrion imncaned) "= stared 0 the des-
lnation seine, The eond’iian codes retlact the valuz storad i tha destiatinn
slring, and whcther all significant digits were smored.

Hestaer Farm = DIVE

When Lhe ietreclicn $lacis (ke oporands most have oo placed inotae peneral regisiers: the Diest
source descriptor s, he ir RO-R 1, the azcnad sounree daseeipor m K2-R3, and Lhe destimation de-
soripas i B B3, The divide decimal Farmat is chowr in igu-e 1343,

1 vl
| T T T L T T T T T T
— Z3C 2ECR -
I
: : —t—t+—+— : A
i !
— SR 2z.ann —i
K=
I } } — 4 - oo I I bt -
F
131 1a5Zh —
F:
L 1 1 ] 1 1 | 1 L 1 1
L LERF 9

Figure 14-23  Drivide Decimal Formoat

Whenr (Le itsumction s enmptered, the source deseriplor repisles: wre cleancd, ag shawn in Figere 141

-
=14
15 ad
T 1 T T T T T T T T T
1 n
N —t -
11 1
— — 1 o I |
¥ -
—tt o A t—r—F+—+—
1 [
|1t —t— —t
Bo
l— [ e
I
___ | ! 1 1 1 1 I 1 - — ]
1A

Figure 1434 Idivide Decimal Vormel (Clewred?

Fa-Fine Farm LT
Fach word addrees potatsr Lellowiog, the ap-eods wand it the instreclion stream relers oa 2-woerd dec-
mal wring descziptor, RO R4 are unchanged when the inslraclion = completed.

Mles:

. The aperation ot these inetructon: o wnellecled by any weerap ol the source steigs, pravidod
Lol cocl soures string s 4 vahid represenbolon of e specilied delo rpe

-

11-31



E The zesults of the tworuezion ere wapredictable if hz source anc destination amings oweelap,

oo Davision by wene aill sel che Yoand C bie The destinacsn scring, and che ™ and 2 eonditinn grds
bivs will be unpredicluble.

4. Moosuenerie sLriog divide inslroclos e provided,

1475 LR DO

Mippose Lecats Chameisy
{Ipetatinn: Seareh sanree charaztor ateing far a characia,
Caondition Crdes: Tha comeditinm codas are hased o The fins | earrants of RO

Moaat 0F HO 7] S0 ds sot clesred nthorwise
Aooset o KO = 0 eleared otherase
Weoclaared

O oeleared

Crp Cudes: LOCC RO
TOCC] I
Desvriplivn The source cheracter siring 1e sewrched Moo mosl sizoifeant wo leest significent

cleracter unlil the lest occurrence of the search charescter. A charecter string
descriplos is relured o B0 B that cepeesente Uie poriion of the source charac-
ler slring begianing wilh tbe lovcaved clovacier. I5 the source charecter siming
costalis eoly chacoslers nol eual v the search chacoeter, e sorucione -
Lurg o vaciul chacacter string Jesceipuor witls e address vne greaver than Lhal ol
e Jeasy sipoilicaa character of she source clieracter soing. The curdition iudes
relleet e vesall value i RO,

Repster Form = LT

Wlhon e insicuciion starts, 1 opecands must Tave Doco placed w e peocral cepisiers: (e suumce
charactor siring dgzeriptnr mist be in RO R1, the search charagicy i B2 =702, and B4 o158
must e por. The register Fasm af the peate characror formarn is shown in Figure 14-35,

- Y o cu
T T T T T T T T T T T T 1
an |
HEH —|
3| !
] ] 1 ] ] ] ) ] [ 1 e

T T T T e L | B
F4 o I -!
I T T ] 1 H : . 1 i

ELS & H

-
=N

Figure 14- Lacate Claractzr Furnmal (Tegisler Forond

1422



Wler the ietruction s conpleled, 50 21 contain @ charaeror soo descrplor Ll eeprwesnts the snl-
sleing of Lhe source clarceler sieing, bepginaing wizh tre locateoc sharscler, ay showo o Mg 16360

‘o -] a1 [
T T T B B (| T T T T T T
Ac
SO HHH | Lo H M
It
| ! ] . ] ] 1 | ] Lo .d- ]
T T T ( T ( T T T
n4 I CHuR
] el 1 1 1 TN W R SR T T
urmm

lzome 14-26 Locale Clhapcier Toominatian Hormat

fo-Live Fonm - LEOCT

The words [ollowing (he ap-code warnd in the instreclion siream wre oo sord addeess poister taa 2-waord
cliarucler sleiog souras descsipror, and @ worl whose low-order ball cenlains e geacch charaoier ani
whose Ligh-order halt st be zeros When the elroction s compleled. BO R coain a0 ciaraensr
slring descriplar that represents the sobsiring of e seores choractzr steong Beginnng with (he locted
claractes, B2 Ra arc unchanged. “The in-hine furm ol Lhe lecate claracle: Zormar 12 showin in Higere

14 57,

1a IL Ly - i)
T T . T T LI I T T
1
- 5.E 5F3.I5CR —
F1
—— 1 1 L i 1 Ao 1 1
L ERE P
Cigore 14237 Locuale Charaoter Fornel (L izl
P stiza:
1. I the dmival sucres chamucler sliing, descriprar i vacant, the instroctoon Levmindles wich e comdi-

tin endey indicadng thal no match wos Teeed, The ariginal sonroe characer oinng deseriplor 1=
retwrned m BU-RE 1.

. A& Lkl Mot sueeere = BME: o 109t for failore iz HRCE
3. The cundition codes will Be e as if faiz instreeten were Tullowed by TET Tl

1790 TR

FuTpsme: Lead Twen [kescriptrrs
Diperalion: Load weard pairs inte HO=R 1 and B2-TA
carndilion Codes: Moot ateceen

Voonet astaooad
Y:onet pifacoa
ionet arracood

L4232



i Codie:

Thesenplivn:

LD HIRH S

This instreclon angments the characier and decimel sleing welreeUous Ly ool
Ficientts laading sering descrpuors inlo e general reglsiecs. A descaplor Val
pLa™ iz lnsacd inta RIERT; a0 seoeml deseraplos “beia™ s loaded aota B2 RS
The address of the deserptuts 15 Jdelsrooioe:d by L addoessing, ol e (104
whaere vie tha lwe=arder Lhoes bils of the op code woad, The addeess af 10 de-
soviptor “alpba' s decresd by applying (his addesssing eode nree, the address nf
tae desoriptor ©beta” de decived by applyiong this addreessiog mads @ second rimee.
I'he addressinge mede awioinerenents e Zedicsted cegisree ba taao, Tz addrcys-
ing mnce compaltation s ool aflected S e deseripias “aadsd oito the goereral
rewisters. The words vooluiming bhe addresscs of the dzserpooey @z m ocan-
scitive words in memory; Lhe desclipioes the-aclves mas he anywhers in em-
orv. The condition oodes are oo 2Feesed.

Wher Lke inslroctiog 8 complaed, the “alpha® dascripzoe i in RO-E1 and Lhe
“hea” deseziplor i B2 R, The Inad rwn deseripters format iy showa o5 1g-
ure 14-38,

H1

Fi

3

1:.7.17 L3DE
Purpuse:
Opeci Lo

Condibion $Cocdes:

Ol oo e

Dyzsaription:

—_— ] 1 L 1 d 1 | |

T T T—— 1 T T L 1 I 1 v

N B I P H —

{ LER LA e ] —

STTRLITH

Fisurc 13-38  Doad Teen Deseriptors Tormal

Laad Threao eseriptnm:
Fomd word pairs dnco BN=R1, B2-T0 aud Ke BX

Ml omnt affaenod
Foomnt Affaeted
Yoot Aflsched
oot aiTeced

[LAOR Q70

Thiz ineiraction dugzinenls U charaetcs and decimal strimg instroctions by sl-
Moienly luadicg siring desceipiars infa tae general registers. A dsseriplor “ul-
pha™ i lowded into BG B ¢ sceond deseripter “heta v luaded inio T2 RS
Laird descriplor “gasaa” 19 loaded intn BA—HS, vhe address of s deseriplure
1 determioed By the addiessing mods @{RTI4 wasre s Lhe low-ordsr thes
bils of Lhe opoods word The address of the descriplor “alpha® is derveed oy
applying this addrossing, mode onee The address of Lthe descciplor “bele™ = ode
e by ppplying s addiegaming mods & secund ame. The addeess o) L de

1434



CroeraiiuL

Joseriation:

(]

Condiiin Ceedes;

sriplor “pamma’ s dorived by applying this addrereing mode abind wines, The
addreasiag mnde sutninercments the indicated regieter by Dees, The addreessing,
iy compatarion is ot ffected oy the descriotors Jeaded wle 1Le gonersl reg-
isters, The words comtaiming the addeesse: ol (Lo desciiplors aes in eanseentivg
wolds in mamaey; the deseriptors Lreselves miy T anewhers 1o memery, "Vhe
canditinn codas are noc allected.

Wher tha instruednn 5 comnpleted, Lee “olpla™ descoriptor iz Tn BO-K 1, the
“hera” descripoor %0 BRI and the Yaiowna” desaripten s in BA=KE The
lad theee descripturs Tormal s shown o Figaes 14-3%,

o
T T 1 =T ! I I T
ELF LA IR ju—
: F————— ]
[N W A ] |
— L e |
aakldA.LECS -
A 1 1 1 : L - 1 1 _— 1 1
Y T8

Tigure 14-29  Loadd TlLeeg Dgseriptors Fnrmat

MATC/MATCI

Macl Caaracier
Search sonree characzer sirng for ehjecl charac 2t slning.
T conditinr eodes 2o baseod o1 the Pnal comlents ol TR

Caer iF BT R e osel; clesred ochereiee
soaar i B = 4 cleared alieraiss

ol N

cledToe

cleaTed
hAATC nranss
PTATICE niglas

The suwree charucter soog & seedelwd Do oot gignitics ne mo leass significear
sharuster loe ibe Dot ey rence of 188 catine abjeeT eharacrar sring. A charze-
ter sloiny descriplor oretvined ia B 21 chat reprosenta the martin of the argi-
pal seurce choracler sting, From tag mest signiticant character chat complately
nalches e objee: chacactor soring 0 cha el of the wneres ehometor string. 1
Wae oboecs cliacasicer #ving nacs nod compleraly march any povtinn of che sonrcs
charteler sieing, the sharacter deseriptar ~ctwrnzd im KH=HT i vwennt, with an
address oug grealer than che least significant charseter in the soorce strmp. The

11-35



erndlion godes pellecy the resuliing value i EIL If the 2 hit iz cleaced. e en-
rire abyect shavasler sleing was successMilly macchad with she sotces elirae les
scring; it the & hit is s, the moled Jallel

Hemvter Mo MATE

When Lhe instroctien starts, the nperands gl bave been placsd in the genars ) roristere: “he souroe
churagier soringe descriptor mast Bz ir BOOR, aed (e olbjeet cloracler sting deseripear in B2 23 The
replaler lorm of e match charaecer format s sheswr in Fiouee 14-34.

I s
2 I 1 I I I I 1 I T T T T
EH]
shi.ahlkl —
sl
| ] |
I B s m s — I
1.z
. apLnEca —
H]
H [ | [ I i 1 ' L L 5 d o |
FLE- T

Tirure 144 Matct Character Boaman (Reristes o]

The instrwetinn terminares with 3 casacier substring deseriplor retemmed &1 BO-R | 1121 cepresents tae
portion ol the nriginal souics charadwr stiing, beginning itk che mioet significant chaacier o com-
pistely muateh the objeer sharacter steing, The Toruat of the match charseter aftee rermioaton s shown
n Tipure 1441,

— e , r T T T T r- T T
1
| EUB.Z3C D2CH -
S

El.LICE —_
n

NARxa

Firuee (441 Muteh Charaogr Tooninasion Fermal

fr-tane Foem - M ATOT

Tha weords followiog Ute ep-oeds word 12 the mucraetion aorean aee q woed addcess poinles toos 2-wnrnd
character string souzoe descripler, wial o word adideess ointer to 2 2-weord chacucisr steing chjzet de-
SCTIpLor. Uhe instmetion wonunates with a cheracer substring deseripuoe reluroed in RO-R1 thet rCpre-
sents the nortion of the avigingl source characler siring, Beginning with the mosl sSanilicant chetacar
cemplotely mateh the olject characler siring. R2=Mh are cnckangsd when 156 we e e 15 complotes,
The in-line form of che match chasacter lormat i shown oo Fimne 13-42



T r I I I i I T L

.ERRC.CE03

1 S — 1 1 1 1 i L - 1

Tole::

LS Ll

Fignrz 1442 Macch Chareter Fommat (In-Line)

I The oporation of thiz instuctian iz nanaflected be sy uverlan of Lhe source cad objeal cheracier

sLLLILEE.

2. Aovaeant alyveet charaeter striny melches any penvacenl sourse characler siiog, & vacand sonees
clieracior string wil' noc match any pbiecl cheracier siinge. 1D the wie] souccs charaower sus,
descriptor is vacant, the instruction ermingies with the vudiien codes wderaung, that ne malch
Az fannd. The original sourse characier sloing deseriplor s colocoed o BD R

3. If che length of the ubject character simng e greeler (Lo cae of dog sores characies string, ng
natch is found; KR and the condition cuces will De updaued,

; 4. & et for sucoess 12 DML a kst Tor Latluce i BEQ,

h

lhe condition codes will be sel ue 0L 2bds wslreetion were Falewed by TST KIL

14713 MOYE OV

P
Operalivi

Conddion Codss;

O e

Tloee Climcier
dal s

The conditinn codes are based on Lke wrillmeie compartsen ol the ] chacse-
er ring lenygeha {tasule — wrolea—dsLleat

Moot i result - 0 clewred alherwize
Fooaet i rosult — 4 clewred otherwize
Woowet 10 Lhere wes arithmelie over o, that 35, s oo« L3 z= and d#i e 150~
ware different. amd  delJepscli= owas e samr as bt -n Ao of

e lem—deL. len; clesred ulherwize

Cooclearead 1 lhere wie o carry [7om the most 3gnifizant hit of the rzanln st

etherviae
MOV 07enan
hAiIY 0 0vé] 30

14-37



| Fescmiplion: The charanier anieg apacitiod by the sourice descriplor s noved inme Jhe arca
speaificd hy the deatinaiion deseriplor. [0 aligoed By (he most significann char-
acler, The condition codes relleci un writhinelic compariznn af the original
soatiree and dzatination lenasthe, I e souzes sLemg i shartaer than the destinaton
#17ing, the 7 charscter ts wsed o complate 1ke least signiticant part of Tic desri-
actinn string, Dhas i ndicated e 1he Chil sel 1ae sonree s7riag is lenger toan
s dewtination strine, U leesl siaoilisnal choracters af the smece string 2o ant
meveed. Vhig i mdicaled by Le ool O 1o1d7 being eleared. 17 the source wnd
destination wwrings are ol equal leogily, all charaercrs are mavec with asicher
srwncatien ner Bllioe. This s dediceled By e 20 Rit's haing st Phe unsigned
nranch Lasrwetions may lesl e reenlt 27 e instietien,

Meeivter Foem - WO

Whey W insteuetion searty, che operancs must bave Boen pracsd in the gencral regivers: the sooree
eliasaeter soring doseriptar must bein WO EL by destination eharaster string deseripior in R2- R e
Ll ehacacter 0 Bder¥aion, and B L3R st he zera The move cheracter lurmal 5 shown o
Fizuve 14435

bl (=3 T oAl
T T T T T T T T T I T I
FC
— SRC.IETR —
5l
ettt
i
— [E WA
ikl
Y | I e
5 n FLL
1 1 1 1 ol 1 J_ — 1 1 1 1 1 —
TE WA

Fipure 1443 Moo Characior Formys

When ihe nsloucii0a is complered, B0 contzing che sumber of unmoved source siring clurag leos, aal
E1—H 3 are clearsd, gg shoan o Higuoo =14

= | n Lo
T T T T T =" T T i T T 1
AG kia:: D SAS.LES O3T.LENI
— I —-- - I [ N S S e
R I
- —— 1 b s
1 1]
s I g b I -t i } i I
F2 s
bt b ——t— — :
Rd 4 J FiLL
| 1 | R S| 1 1 1 .. ~
T A

Fienre 1444 “ove Charaler Focmed fCeaced)

fi-fine Formy — MO

The vorids Tellowing the op-crde sard m the nsraciion sireen aee o @] addoess painler i 2-aned
charyster slidog senree dasoriponr, @oword address poinler Looa Z-word chagacler £ling, destratien de-
seriotar, ung g weld whase lea-order Fell containg the [11 charieler and whass Digh-arder halt moan he
verg, B R4 are nochanged when the inslrucion o completed.

14 38



- Msles:

I, The operacion of this siruction s omaffeenzd by any overlap of the seurce and deelication sings.
The requle ix cquivalznl L Lavicg #cad tha entite source stmng before slocing chacactcrs in the
dcstinatinT.

1 if the source skring s vacans, the Fill eramacter will be propagated thrsugl the destiration ateirg.
It the destime Ben sicing 35 cacelr. oo chareezes will be moved. The conditioo godes will he wp-
dated. WOVC will updete 1he ponemal rogizicrs,
' 1. WIOVWC - When Lo ipstouctian terminatss, RO s ceno cnly 25 & or O s ot

4. The condiiion cades will he set ag 07 ths insoruction were proceded by SMEP sreden, detlen.

14701 MOVED ROVRCE

i Fuzpese: Rlove Beverse-Tus 7led Clacpsies
Ciperation: del reverse-jueiilisd sie
Condition Oesden: The cond oo codes are basod on the archmetic comparisen of the iciial chaces-

ler steinng [result — araden—darlen).
T el il —esell =0 O elearsd asharaas
Foosed 0F cosult == 0 elermod acherese

Weoget iF theeo s arichmetic oves Mo, Chak b, sre Jeanes Laze aod d2t lons 152
weee differene, wnd dsblen-s 3= woes e same s hit 15 of
caplon-dan len; olearsd alaereies

Cooeleared 1F there wos 2oty [mom the mosl sientficaol D0t ol (e resuln sot
i cthorwiae

Chp Conles: VO RS TRl
VIO RCT IRy

Crescriplion: The chargche: atringe specilied Ty e sonrc: descripeor s moved incu the wrss
speeihed by Lhe destimution deseriptor. 1eis @ ligned by che Taast significant sha-
' acter. The conditivn codes oflcet an aritimenic comparison of e orisinal
source and cesline lioo Jengtls 18 the soucee grrg 5 shorter than e destination
' strive. Lhe [ churucler i@ wsed W comalens tie most signifcanl pacol e desli-
I nelive siring. This i3 indicated by cha O Lits borg cel 11 Lie source siong 1§
lomarer Lhan the destinating string, the mest syemifcant charaeles: ol (e source
string are col moecd, This is indieatod by the @and © b’ beiog cleersd, 1Nl
source cod destiaction strings ars of cowsl lenzch, all chareclers ere nreved wiili
netiher runeaiion oo filling, This iv indicawed oy the £ bil's Being sel The un
sinned brilel meumetions may tost the resull of che dnsirucio.

Fepivier Form  AQFRT

Wwhen the imaoroutivn slacts (e operanns must nsve boen pleced ia lhe geavral cegistors: The ansoe
churacler siming descoiplos most be in RO-HK1, the desinaion chara e sioing dossviptor in B7=E3, the
Ml chasacier o Bd <700, and Bl 520 muet e cero, The move coccese-jusiified characte: for-
et 1% shews o Fiaure 14-d43.
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Fignra 1445 Mose BEeoverse-Jnatiticd Caracrar Fosmat,

When the tnsiruclon s competed, RO contins the numbee of vinoved sourze string characiers, and
Bl-To0 are cleared. as shoven i Frguee 1358

1= = = bl
T T T —TTTTTTITTTT T T L T T T T
Kl KASIGEALLEM 1" i §
] 1 ]
T ! } i | 1 | 1 i + T f T I T
K1 <
—+—— 1 I T REEE S S my | —— :
r1 C
— - | 4+ttt ——1
[TH] a
1 ; ; } I i I f ; ; | b | .
Rd [H FILL
1 1 L 1 1 1 I i L L L 1 L
A#-n

Figuie L13-de  Blove Reverse-Jusiiied Chraracier Forman (Clearcd)

fn-fiswe foarie = MOVRCT

The words flewing e op-cod word in the instowctinn stream wne @ wans addresy pinler ou 2word
churneles sieing sourse doseripuar, a wors addroys poineer ta & 2-wond charzcter siring destinaton de-
seriplor, and 2 word whose Ivw-ordar balf ermzins cha Fill cheracier wnd whose Sigh-vrder hall most be
wero. B0 RA are wnchangsd when the mazruccion i comploted.

Iolgs;

1. The aperation af chiv mezrwction e unalfTected by any overlap of the sourcs and desiioation s1ings.
The result is cquivatent to Aaving rend the entire source siming belore storiog characiers o e
daszinacion.

2 L7 e wowroes sliing s vacant, the Fill charactor wi'l he prapagated firmzgh che destination string.
If ke destioaiion sieing @5 wacani, o charactes will he moved. Condition endes will b opdaced.
BICS R wil wpdals o senceal registars,

1=

BIOVELD — BWihen the nelruction lecminaies, KO s ozovd aoly i 2o O s et

4. The condiliun sodes will be sel we 30 Lhie lasieacion wers precodad by OB e len, dotlon.

EXY



14715 WIOYTC MOYTCI

Purise:
Clperutiv;

Condliiog Cades:

Op Codes:

Deseriplion:

Move Trasslaod Chasactor
Bl marslated are

Tac candition endes are based ar Lthe anihmelic cozparizon of Uee bl clerac-
e ateing loapths fresult — wrelen—der len).

Mooarn i reanlt o 1 eloarsd otbereise

Foorntal result — W clearsd ollerwise

Wi 10 Lhere was acilborneis veeellawe, ol s, aeclen-<21 52 and G980, 080-=0] 5o
wete JdilTerenl, wcod dsllenssl3> was e satc as bin -215 of

gt len-dsi kenn: clearsl ollierwise

moelsarel 1l here was a coiy Team the maost significant hit of cha reself; scn
ol hervise

i1

| LR L (L LR
| GBS R [ATH1A2

The clurac ey sieing spcciicd By rhe anwrcs deseriptor 16 crenglated and moed
inlo e area spocitied oo the destinatinn descripter. 12w alipmec by the mosc
siprificant charaeter, Tranzlasion is accamplizicd by wsing cavh source charzc-
lel &8 an §-kit sositive integer indoy intn g 230-byie whble, the address of whica -
an aperand of the instmaction. ‘The byte ot che odesed locacion nothe wable
sliored in the destination steiner. The cond:ann coles refllzcl an acithmetis cem-
pariana of che aripinal source and desonation leaelbs

M the suasee siring s shorer Wien e deslington string, the warranalated fi
chutacter 35 used e coiaplele e Iease sipoaficans past of e destinacion soring.
Tis e indiveled by he £ 208 being se e sourge string s Innger than the
destination string, the keas significons charactess of the source string are nnt
moved. This s indicawed by e £ and O rits’ heg elzared. If the sauroe and
destinalion sirings arc of cqual longth, 2’1 charaerors gro transliced anc moved
willt neither iruacation ooe 171iig, This i3 indiceted 2y the ¥ hit's being set. Pac
eogigned branch (0GCans may TeaF the restlt of e instrietion,

Bepisier Forsp - WOVTE
Wlien 1o instruetine starty, che operends musl bues beso pluced o e goncial registers: the snores
' clharaster soring deseriptar mousl beon RO R e deslinaiion charieler Siring deacripror in B 2-R 3, the

[l elaracrer in HdaoTlbos, Boa o156 musl be seme, and (e translation rsble addrzss in /5 The

i jmeas rranalated character furmel s showo 1 Flaure 1447

1441
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eare 14-47 Blove Traoslassd Faraceer [ armal

When the instroctian is enmpiezeld, BO containe the ogmber of wamaved source string shazusters. el
H1—H4 are clecied, as simwn m Tizure LE

- . W L
1 H T 1 T T 71 T T | T T y
R REMICEIC _EANET T
— 1 | — o I
k N
—t+—+ | I —
12 2
—- | |- - f f ] I : I T } | 1
1] L
S — | — — 14+
H4 I 1
—+—+—+ [ } i } ; -
=5 ~ARILEI
] ] ] ] : ] L 1 ] ] 1 L ] ] ]
L2 5

Vipute Te—4%  MWove Tramelaled Character Formad (C e )
frfane oy — MOVTCT
Tha words Follueiug tie ep-cotds word in e esicoction scresm are o word addecss pointer oo 2-aond
ehamarer ring souree deseripter o word addrsss ointe: x 2oword chemoler s10ing sostivaton de-
acripiur, 1 word whesa Inw-urder hedl conlaing the rill charueles aod whoss high-erder half most b
zery, and u woed containing the addesss of the tranaletion wole, RO Bé ale uncranged wien the -
SITUUIUD Lo o f2lEtee.

Faes

L Phe aparetior o] this nstuction is wi-Yeeed by s evedep of the souree und destinulion sicliegs.
The reselt % syuivalewt 12 hav'ng resd the eatirs seeice 3cing, hefars storing charuclers i
dearination.

207 e destiaation string averlay che translation 01 in ary way, e resule of the mslooclion il
be uupoediatahls.

| d-d2



IT the sunrve elring i eacii, (e oooaoslacod (0 eharacrer will be prapsgated chroagh the dest-
nacium sloine. 15 Che desUre Lo steing G vaciol, oo chocneters wi™ he revad, Conditer codes will
b apdated, MOYTC will o pdote the aoneeal vepistors.

[

4 RMONTT When e wstruetion temtimarss, Bil iz rorcoenby if 2o O are ser.
S The condition codss will he set aq if this “sancrion wera oreceded by O st len, deL len.

& The oot of the instrucsion is wnpredicteble i the entire 250-byie cruaele lon oable is nel in remd-
Al ey

14716 MULFMMULRT
Frrpone: BAuliiply Decieeel
Crpersition: dAstosie? e gpel

Copd i e s, Ioiosen i dst < 0 2leared orhersize
Looeil i del — 05 coenred vlkereiee
Wooseu il dst cnooon Sontain all signilicect Gians ol e sesel eloped aherwiss
£ cleared

O Codea WP riadlTd
MUTPT ainlvd

| FemuTplivn: mre’oand are? sre atwlophed. and the resull s stored 30 e desiloalion 5oz,
The cundivion cuces tellect the value stored D20 the deslinabicn slzisg, and whell:
er all sienilicanl digils wers slered.

Aagigter fvarim LD

Wher the instructon slarts:, the operends oows. bave been placed o e geoeral pegistoes: (e Fiest
suetoe desenplur mesl be oo B R the secund svwree descriplor g 22 B3, aed Uie e lion de
seriplur in BB 2 The muluply decieoe] Jummed s s w Figore (449,

LES . x
L L L e B | T T L I I I I I
FC
— SHOCLECS ]
I°1
: bl s
E
— BF=F DTN —
k.4
i } } -+ 1 - — — : I
I+
— [ B R ]
E
L 1 ] 1 ] 1 1 1 1 1 1 S ISV R
L]

Figure 1449 Biuitiple Deciual Forus

11413



When the insirustion 15 complete, che source deseriotor rensiers are coearsd. us shoewo in Figo g 14-30

1z 1
e T . . . | ' T | ==
AC i
| I I I I [ I I i ! | | | '
1 n
- 1 b I T b i I I i I : I I
u a
| ] | ] 1 1 ] ] ] 1 ] 1
I 1 T 1 1 T 1 1 1 1 i 1 1
Rz n
] 1 ] ] ] 1 ] ] ] ] 1 ] 1
1 T t 1 1 1 T 1 1 1 T 1 T
F4
- D=7 2580F —
30
1 ] ] ] ] ] 1 ] 1

Figrre 14-5641 Multiply Decimal Foroet {(Clvancd

fn-ffme fMormn WLLHS
Fach word address pointer folloving che op-cods word in Lhe inatruction siream relers wa Z-word deci-
mel strine deserplur, BO-RS wre unchaneed when the imstruction s cormplewed.

oules:

I, The apecation of sbeese instouctine 5 wndTected by ooy everlup of (be seuroe soiogs, provided
Wrent gl soucce sl e oa valid represeolislicn of e speoilisd dala Lype.

[

L]

The resolis cf e instevclon are vapeedoieeble O WLy souece aod desliaaiion slciags veerlep.

M ogeerie giring, muHLply insimetion i3 pravided

14,7107 SCANCSCARCT

Puzpose:
Cderatioo:

i onditiom Codas:

Op Caodles:

Deseriplivin:

fonh Chasacier
Meanzh serse eharacrer siring for a3 member of the ekaracter sci,
1 he condition codes ame bascad nr the Final contenvs of B,

oot it RO-2 ] 5 s set cles red ntharwisc
Yo ogpm if RO = 17 elesmed ntherwive

Y clearad

Croeleerad

SCAWC B TR
SCANCT FMinlaz

The suwree characler sirng 5 seerched Mrom most sizmilcant by leass sipmilcant
characier wirll] Uhe Mrel occurmence of o charecler Lthat 1= 2 member of the shar-
weler seloA churucter stringe descriplor 5 returned in BAO-R T Lhal represenis Lhe
purlion of the sourse chuartacter sleine, beannming wilh the localed member ol Lhe
charecler sel I e suuree charneter slinng cuziaine valy cloracters thal are nod

L 444



m the characier see the imstTecteny reoim a vacent charpotor sieing, dosoiplor
wilth an wddrise one creater than thas of the least significant oharageer of Qe
souTis vhareeles strine. The conditiun codes teilce: the raanlting waine in RO,

Bepivter Form - 8CANC

When loe instruction stacle the operands musl ozve been placed in tae pencta rogisiers: the sauroe
chacasler sieing deseripler must B o B0 EL and e characosr set deserptor in BE4=R3. e acar
chacios ler Jenman s shoven in Figurs [4-51.

Ld 1]
T T o e PR e T T - r sy
AG |
— SACDECF —
Al
S W L | I T I L 1 1 1 USRS P S P— |
1 T [ T ] T 1 T 1 1
11
— SET.JALE
I
] 1 1 1 1 ] 1 1 ] | | ———
H4 aka

cigure 14-31 Sean Characier Foroua

When Lhe instruciion v completed, RI-H1 contain o character andag desceipoar that renrsasots 1
substrimg of the rourec charaetor striae, hoginning with che mest sigaificant charaeis ikat i3 a momace
ul Lhes chareetes wen The Srmmat of the acan caaractar attor terminatian js ehow in Figure 14-57

:r.

I s
=T - T T T T T T T | Y R
an
[HRERT ERE e
a
| 1 1 ] ] ] 1 ] ] ] 1 1 1
| T T T T T T T T T T T T T ]
F4, |
— w0 —
e | |
—_ L | 1 1 1 ] B PR [N U I—
R

Fipure 23-52  Scan Choaraceer Tzrmination Forcat

fredine Foemy - S00ANCT

Tl waseds following che ap-cods woed in the basgmetion stesacet gre o woed pdéness poinler oo 2-word
character etring snwrze deseriptar, and a sord address pointor 10a 2 woed cloracier s21 descripic,
YWhen the instniction i mmplcmd: Kli—K i enntain a charaerer s1iing desernlor 1bay represenls Lhe
suhstring of tha sowree character string, haginning with the meen sipntficant sharactes that is o member
of the charseter sot. BI-Kh are unchanged. The tn-liaz Format of (he scan chacacler is slow o Figars
14-33.

1435
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1 1 1 1 i 1 1 . I I A 1

Motos:

s

Tioure L4 53 Sean Character Foriet [n-1imz)

1. IF the mtial source chorasier clring descoipior 28 vacert, The insfrzctinn cermimates weth che eono-
rion oodes ndicazing that no shacscler o e eel was Ioupd The origiaal sanree characeer string
descriptor = retusned m B0 RL

1~

ke seurece charcoles stioing wod clacacte: sen 1ghle may averlan in any way.

A0 A e Tor suceess e BME; o wel [or Ladderg i3 BEO.

4. The cundilon oodes will Teosol ag if 108 insrmction were Inlowed by TS F EAL

5 Tle ellect of \be instraciion is vepradictaale it che entite Z5A-byle characles set luble 1w ool m

ceenda ol ey,

TR HEPC/SEPC]

iIrpoae:

CimeTation:

Cundition Condes:

D Candes:

Dreseriplion:

Skip Character

Jearch source characler siring anuil o clacesler oubi (han the search charcoer
i5 Nouwnd.

Tae condilion codes oo based an 1k final confents of R

sl ST RGe L5 1 seln <leared ahemais:
Zoowml ST RE -« 0 cleaesd olheewliss

Voocleared

Cnocleared
oyl L [ran]
ST 7614l

The suuree chiazacter steing is searchad from st pmilicant Le leasl sianelican
character until che first ocourrencee o a choravoer el s nol Lie seacch chacoe-
el A characwer siring deacrivoor is retemed in HO-RCD Lhal represeols the poo-
Lizn of the sonree charserar strian, besinming wilh the moel sipcificool cliiacier
[Tt was oot cqual v che search echaraceer, 10 the souree churacler sieiag coltlains
anly charactors cygual o the searck characier, he inslroclon reioems o vacan!
character string desceriptor wich a0 wddreess one preuler Ui that of 1the leasl sig-
nficant charzeter of the source charscler siring, The copditon codes pstlooy the
reanlting value in K.

14-d



Rlapister e NP

Wher the druiruesion araees, the aparsnde mest Fewe been placed o e seneral seaisers: De source
characler siing desenptar muss be v KI=R1, the seasah chamoter i B0, and B30
s, ke asra] The Tormt ol the topsster fomm of & skip ehasacre s U s shovwn o Tigure 12254,

F< "1 LHEIT

Figure 1434 Suip Choravier Fermnal (Regis er Durm)
When e insruciion s corpleted, BO R conein o cliaracies siring descriplur chal represents the

stbetring of e source chacecler steine. bseinaing with e moel siamifcanl charveler thao wes not
ew bl Lo e ssareb lease, Tie Jurmai of the skip churac.er oller lermioacon is shown i Fiocome 14-

5
I I I I I I I - I T I I I I
[Hxl
- SLB.SACDESF

T T T +— T T T T T T
' H ZHa |

REY 1

=1

=

tre 19-35% Ship Chuarucler Termminalion Formas

fn-Line Formy - SAMCT

The worls lelluwing the vo-cede word in che cracraetion serzas arc a word addeess pointes 100 2 word
wlimrasler slolng source descriplor, aad o word whose kiw-owder half containg the ssarah chaoe e
whinae Lials coder hedl’ puesl be zecu. When the msleaciion s completsd. BA-E1 enrai 2 ehavesle:
sielog desoroaar whal represents whe subelning o the suetee charscter strong, beginning aitt the msst
sl cloraelor Lol was ool egual Lo the search charecler, K2—R6 ars unchanged. Fas formas aof
e eling Foees of W ship ciissacter e showen in Fguse 13-520.

14-47
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[ LY
Fipnre 1836 Skip Chargeler Farmaz (n-Ling]
Maotes:
L. he il souees characrsr 2zing descriplon i ovacain, freinstroction teraing es wilh the condi-

tion codes dedicating 1be charaster string unly cuslaizod search charscters. The original source
shyrasler sloing Jesariptor i returned o B RL

2. The condilicn codes will e set s 10 this tpsioocion were folloaea e THT RIL
LTI SPANL /EPANC
Furose: Fpar Chargeter

Cperalion! Soarch seurae cloracior steing Far A cheracier that osonel 2 coehbee of the har-
qoLar sl

Cupditias Ledes: The condilior codss ore Baoed an e Pael conlents of KD

cpnl U Rl 180 72 et clanred acherwise
wal TG — 0 clearcd athareine
wlemredd
sleredd

(ML

Cip Cidas: SEADL 07045

MEAL 070143

Dieseiprinn: The source chEracrar 4t i searcied [row a8t gigificant to ledsl sig oot
climicter uotil the firet vccemrence ol o chacaster that is ot o wember el (he
clligscl e =eT. A cMTaster s ik Jeseriplar 8 retwetzd m BH=HT Lhal represels
the pavtian a7 tha sowrce charieler suicg, heginnoryg @ity the charseles Lhal 13
ot a0 membar of the characler sel W the source characler slming oomlulug cuoly
cloracters that are in the charmster soio the instrmaetion returms & vacuul coiaas
ver suring deseripter with wn edgoess oo geeazer than that of the Jeasl signlZeant
claracrer af the sourcs character sing, | ke condition codss reflec T pesuliing
sl nf KO

Mpiyrer Farm - SPANT

When the mstruciion starss, tha operends musl ies Boen plazed i che generdd regisicrs: the sonree
chamacler slzing degriptnr musc be in KO K1 and he characezr st desoriplor in B4 B3 The format
of the repizler Tomo of the vpen cheracier o show Jn Fignre 1457
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Praome 1437 Span Characiar Feeman (cgiaier For)

W 1cn i amwtroaooion s cnmaplcted, BO-KC comrain a charactoe string, dosariptor dmn cepresots the
submeting of the source character strmg, bemnning wich thz mast signifieant eharacter Qial s ool
memzer ul the cheracier set The fotmet of the span charaster afrer terminatinn 58 shoar i Fipeoe 14-

: 3.
i
hb] (]
I 1 I = I ! ! I I I I 1 ! I !
! AN
$1173 ICNF —
il
1 1 1 ] i 1 1 1 1 1 i
T T T T =T } L T
14
3ET.0E05
X L] |
- i L L I 1 1 - | | 1 1 1 1
! Figure 1438 Spao Churacter Termination 1harsst

fa-fine Marm SPANCT

The wirds Sollnwing the op—code ware in the iretroerian stroam arg a woed address poiznter 1o r 2-word

character strng source dedcrinoor, and a wored sddress padirer 10 3 2-%ord character sel descripluer.

Wher the maraetion s completed, RO-RT conoiin a charactes aoing, deseriplos thal ceooesenrs the

suzstring ul the sowrce characier string. boginning with e moar sgnificant chacacler (Lat s noi u

: member ol the charaster set B 2-R6 ame onehemmed. The format af che in-ling form of 1ac spaa clira-
Ler 1a shows i Tioure (4-50

iz 1]
]_-a.u'-u. e T T | I T T T T 1 I
']
- LENTELH [T A |
1.1
1 1, 1 1 1 1 i 1 1 1 1.
; Sk LT
Figure 14-79  &purn Character Formst [ In-1oac
' [ el



R (]

I¥ <he initial saeroe character st descriolor s vacanl, the mslowcbon csrminales wich the entdi-
tion ordes indicatae that only characlerss in he sel wesre founc, The enginal source chasastor
srrine daseriptur iy retermed in BO-R1.

b

Tha souree cheraewe SIene ane cherauier sol able may overlap o any ey,
0 The condinon codes will b setoas 00 b nslzeclicn were Dallowvsed e TET R,

4. The elfzct of e welreclion bouopeedic bl e cotes 256 Bl clares o sel asie 35 nelin
readsble memory,

154720 SUGBN/SUBSUBREASTURTT
Fu-puse: Suleact Dyreioneal
LU MTTITE oyl sl — sl

ot hnn Cades: sact it dso - 1 elearcd ot he rwisc

™
Toowel il dst - O clevred uibierwise

Woosel il dat vanmet cenliin a5 sianilicanl digits of L cesuly; ciearsd otherw?se
¢

clezrad
TR e SN RS TH Ry
SiL 1P LRSI
SN I
SOEPT aial?l
Plaacripor: Srel i swotrscled from sceZ, sl Che sl ostorsd o e Ceslioac oz 5o,

Pie condivion coders rellec the value stored Lthe destioation siciag, and wlhell-
e oall memafacant dieils were slured.

Hegister Farm SEAN ond SLEF

YWhen the mairacuun slarle, e ooecuncs toos. bave Boro placed wr he geacsal repisess the fwest
goeutes deseriplor musl e o BC R, the second scuaos Cesciipior i B2 123, aod s destingiion d-=
seriplur i Ba-BA The seblrect decizal Tofne s sitoen i Fign-o 14-60,

1!‘ g — I‘:
T T T 1 T T T T T | T T T
m
— 5R21.DCR -
3
| 1 1 [ |
b [ [ 1= D ! f T T T T T j
[k
— LELAGSLE
Rl
1 1 1 1 1 o 1 H - -
1 | ! 1 ! I | ! 1
a4
— ol M ERERE | —
i
1 i 1 1 1 1 L 1 1 .

Tewre [4-60  Jubtract Decuoal Foroiat

i3-%0)



When the nst-uction iz completed, the source desesiprar romters are cleered, ag shown 2 Feeze 14
M.

1= il
I | 1 1 I T I I T T 1 T
I [
L ——
1 i
e e e B e e e T e e e I
H R U
—t 44— 1
) a
| +—t+—+—+ | Tt |
F4
— 1o L&ZF -
Fz
1 1 1 1 J 1 1 1 1 1 1 1 1

oo 161 Subiract Deevmal Turcal (Claarec)
Fu-fine Povee — SUANT and N0
Fach word widress peinzar that fellows e op-code word in the wstzectinr stream releni oo 2w
dwcimal slring deseriptor, R0 RE ure wochanged wien e icslouetion is enmpleszd.

[ TR

L. The aperation of these instcuciiong is nnaTecesd by gy overlap of e sowsce siciage, provided
Lzt sach senree slring is 2 valid represencedivg of L speaiticd dets oos.

2 Smroa sihmes may oveslap the destimation steing co0v it @ boorrespurding diglle 2 118 sT0ings ara
wnoorinedenl byles D memery.

Td-31



R i



APTEMIX &

GEWERAL REFEREMNCE INTCGRRIATION

AT BUMMARY OF KDF11 IMETRUCTIONS

WORD FORMAT

- " . . = e

ST B |
v=FArTRTA" ok

-

LADDRESSING MOGES

ki ol & Mama Symibulic Dezgription
] ragisier Fé (R} s operand jei B2 = %52]
¥ regisler deierrad (R (%) is address
z autoircoemrenl rRi+ {Ry 5 ade: (R | {2 wr 23
3 suto-ircr detorred (@R (R % achs of adrs: (R) 42
4 autn-decrerent (R Ay =41 or 2] 05 ades
) auto-cesr dafarred G —0H) CRY - 20 CRY ix aslrs of adrs
5] ey iR (K | %is adrs
K index delermsd iz ¥R [I?] — X is ddrs of adrs

FROGRAM COUNTER ADDRESSING  Rep =7

R

Mo ' |
L

cperand n follows insbr

acicrase & follows instr

mstr adez | 4 K is adrs
ingiradrs .. 4 | W is adrs of adrs

2 immad.ate £
G sbeolute et =)
& relative 5
T relative defermed oA
LEGIND
Op Codes
B - for ward f1 GO Lyl
55 cwoyrce field (B bDits)
b = destingbian fizld & bits)
I = gen rogister (3 ks
o T
Wy allset (& hited, | 127
tn —12%

Trparaticns

[} = conterts of

5 - partents af solrod

d . oantents of destination
¥ = cantents ol FegISTEr

i ecnles



Op Godes

Jdperations

= relative acllrass

mster detiniticn

Conditicon Codes

M rd-niber (3 Lits) k4
MM = numbar (& bits) A
Saclean

N = &ML *

= incusive OR —
T — exclusive OR 1

-~ = MOT 1

canditicnally setfsleured
not affecied

sleared

et

SINGLE OPERAKD:

OFR dst

o i Lt —— m

. \ . e et o e | ) -I
Mne- '
Monic Cp Code Instracticsn dst Resnlt N I ¥V
Ceneral
CLRIE) = O5000 clear ] o1 on
COMD B 25100 coma emen? £1°s) — 4 SO v
INCIB) B 05200 merernend d-- 1 R
DEC(E) &M NDGIN0D decrement a1 BoF -
NZIG{B) MW 24300 razate (2's campl) —il ¥
TIT{EY @& 5700 tast | A 4 B
Hotate & Shift
RORIE] @ 28500 rotate ripht Gy ¥
ROLEY M| ORI ratate left sod - oW
ASR(A) @ nelon arith shift right /2 $owoe
ASLLE) B OEICD arith shift 12f1 2d L
SWAB 202z00 Sy byles L
Multinle Frecision
AMIH) B USRDD arlel carry d | Tor R
BECEy B ShRGDD subiract carry ad G WoEoF
=HT 00a7 00 s.pn estend [ —1 - * 0 -
Frocessor Status (F5) Operators
MESE loeFOD mode byrs fropng 5 dr+ A% o0
MTE: 15655 nicwe hile ta P5 PS =g #oA .

DOUELE OPERAND:

PR s, dse OPR svc, B or DP9 R, dst




Mne- M iV C
e {ip Cade Inskruskion DpEratien

General

YWOW(R] W 15500 Tmove qd+-x5 PR -
CMP{REY B 255D0D camapara v —d I
A0 NES5N0 acld o' s |- d wonoE
sUB 1a&500 subtiact i+-d B - .o
Logical

HIT{B) W 35500 kit test (ANDY s d v
prciEy | 45500 I:it clear ds (—=] d moe o=
BiS[B] @ L5500 bt =ak (ORY s sud oo -
XOR CT4RDD exclusive (R ¢ S
= |

ML OFORSE midItiply r—rzs S ¥ B
o NF1R3E divide [l Posoros
ASH OF?RSE shift aritnmeticaly woE o
ASHC DFARES arith enift cambined L
BRAMCH: EBE—ccation

[

IF condition is sstsfiol
Hranchk to location,
Mew PC+ Updated AT 4 {2 % off=zat)

adrs of broastr + 2

I

L

O Dode = Beee Code | WHE

Mne-
maodtic

Eranchaez

BiFt

ENL
BED
EFL
BN
BV
Evs

Eacz
Cod=

instruckion

L4

Hraneh Conditian

[RINHNE Y
L 00
aladd
122200
10000
152000
10Z 30

oranch (unconditional)
heaf nat equal Joe O
bar if epuial S D
branch if ploy

branch if mirus

br ir cwerficow is clear
b if mearflne is sat

(always)
s~ [ Z =1
[ F =1
+ Mon
— M 1
Vo o=1
v =1



B - Hame
"GN Lmde Insiruction Brsnch {andition
AaG i2000  brif carey s cl2ar L =0
BC= 103400 br if carry s set D=
Signed Congitional Sranches
BiHE G232o0 brif greater or 2 (] Mu¥="n
aqual [to 2]
BLT (24 nrof less tham (05 oo Moeyv--1
BCT aoE000 e greater than OO0 L Tw My —0
B F OC3400  brif less o qual (I 03 =20 EviMyii=1
Linsignad Conditional Branshcs
Gt i 11000 Brznch i’ heghes 2 HHRTITE
ELDOS 04 lwanch if lower or sarme = Dow 1
BHIS 102000 branch if Ficher ar =zama T C =
BL 103420 wearck of kvear : C =1
JURER & S{IZRDLUITINE
ER
ranie tp Code Instructicn Hotes
Jie ooinn jumrp P o— das
J3R g LA jump te schbrooting o
RT3 SUTEUR retirn frem el same |
Subirautine
nAR N QoaA MM eirk aidd "n o subr seiarn
LB OF7RMN subtract 1 & Lr (R I, then if (R} =0
I | L — Ur=lated P
v2om M)
TRAF & (HTERRLUFT:
e
e Cp Code instruction Motas
CrT 104000 envlator trap FC at 20, Fi at 32
ko 135S fank far geaeial use)
TRAR 104408 Arap PCoar 34, PE at 30
to 1047FT
BT OOCI0%S breakpoint trao PCoat 14, P5at 16
Il J000hd inputd/cutput trap FC at 23, Fi at 22
RTI G0 return fronm intarrurt
RTT COOD0E  petarn feeons et inhikit T bit zrap



MISSELLAMELSEE,
Wl mamaonizg

Hal T

WAl

FLSLT

MCP

WFPY

WiTFI

ntFPO

MTPEL

o Soda
A
noooo]
Qo000
2220
[ 1T
QNSEDT
105655
106600

imElrud o
halt

wiatt for inteirept
recat externsl bus

na QpEErEtian;

©omove trom previcus st spaoy
move to previrdds instr cpace

miove from prewious als oo

MovE to previoes dels space

CORGITION SODE OFERATORS:

e

i i k|
o=
1=
L Ty Ty G Gt Instructicn

CLE (S HOLE Y | clear C
CLY con242 Clear W
CLE Cohza4 clear 7
T On2a0 Clesgr M
o 2s s clear all oo bits
SEC Conz2al et [
SEY TiAa? ety
o Con2ad st
LM N I i T ol
SCC QozzTrF sat al' oo kits

PTG AL FLOLTING POINT

Daia Forniais

[T I T I T [ U L ]

N

i

W

'_'!-..

I
CLEAR RELFCTFD COMD. COOE RITS
SFT SFIFTIED MDD, OO0 BITS



CPTICNAL FLOATING POINT.
Data Formats (Goat)

STTINAT RS TAINTRILE T TAFCIELER

L1 LLE-1 el B

e

- it
H o T L ER S RS
1 L g
IT- i I “B:
I r e Bl e b e
L L L i

R L L N

Tal mLNUAE TR
=iH

IR A O

-

LTSRS AT TR T IOTHST IALTD LU G
e M STATIRLTT

=ic I IEV T LA IR e BTt

MR I HEN -l R

L B LIl R

A = ey

L L L I L L L el
B TR L N e L RPN R LH T i
I 1 i
Sikpese oL VivE -
A L L L L L L L
: .
. WATEL R CEL

LINSE R N | I T FH b B * R B ER P B DL RN |

Al




Aeldranzing Formats

s =Rl =" p e
T oy i - '™ W s i
[ T | " | EFIHA e ] Hejle P |
L L 1 i . i .
I AT It e A e Y ) ] A )
. [ [ _
L al H b TR O T R | |
. R B R
[ L B TR
L LT R B Y
R IPCE B I [ T PO Y T ] | B el il
TTWT AL LLTLIL PP alrer sr I Rk
L B LR BT P BTN Hc N MY ]
o

Muamanic

Cror
SETF
$F T
S0
BETL

LOF2z
STFPS

LIkl

L_HF. LRz
I51F, TSTO
AbsF. ABED
MESFE. 52030

FULF, U _D
Ma0=, MDD
AlDE ANND
INF 103
SUnr_ GLsEh

(D | B R
5TC, 5TO
Lk, Ll

LTEXH

LICKL S51C-L
STCL, 510080
= ) o Y R

~DLEEr
“LlE, JLlE

CUGLE, LOCLD
_LG Ot LGLFD

O Cude

ey
L
LI
L IR
tvoncd

T sn
B
TE e

TTNE T
TR s
STAA s
0T Tdul

Tl e
TlLiAL db
TEE A las
TFRIAL - A fee
PEA el fas

-

FRal - 4 frer
e sl fs
SR AL - 4l e

L

Yo

-

&7 Aar

AT st
TeGial -4,

CET AN s

anc

SR HEE XN

a4l dsr {

{

Inserd o

Loy T 0T1D Co0es
zet fleatirg modla

el neEr redge

sel 1 Al nraase

abl T, prrLages o

Iz FP2 o slaius
viorpe = D] statai
sl Tk Limdes Moadist

laar Lo g o ble
sl fodL

1 gk alisa wle [7dLI
nezle - dle

e liply lide il

tra il B onegel e
add 17dl

lez2 flizbl

suiztract £l dhl

cnrepans oAzl 1o &0
=zo0 < irhl
rividr: t/ak:

vlerr s

ston 3ol e
bl e iel o durg il
etore & orornwserd jasl TH

lres rxnonanT

lesred B vtz i e
lezeg inr 1er A1 ar dh
Toesd B o1 Uk 11

Mrtes

o
FI w1
Frwei

FL—

sl + L

51+ Sogt

fuss = —dar

AL =8l s fhle

AT — AT - i
&7 [srp

A0 AT dsrz

leig. - A
Al e



AZ NUIMMERICAL OP CODE LI5T

Ane-
Op Sode maric
2o D0 oao HaLT
noo oo ol Wl
00 oo RTI
D R BFT
o0 ag oWl o7
oo 0o CE R=EET
o0 00 Gk BT
Q00 Q¥ RITFT
00 0o 10 } [ ;
LifiLzed )
oD o 77 )
M B IMP
B R ] RTS
00 o2 10 ]
L [resamiad])
oG ZE 2T F
oo O An MF
oe 02 21
. cond
P cades
o0z FEO
OO 23 DU 3wWaB
07 TR MM B0E
00 XNy RMPL
10 04 XXX EMI
15 10 K¥X  EH]
12 14 Wy BLOS
SO ENE BYC
I 24 Xk BYS
10 30 ¥¥¥ BOD
BHIS
19 24 Xx¥ fCE,
ELO
17 4an

> 2
12 43 77

l?l]-]

R

Up Code

0ad
N
Nl
il
oo
ac
b

Q)

[
([N
oo
an
(o
an
ao
a0

I

10

1N
IRN

L

G
i
4
20
24
an
=d

4R

il
£l

-
M

33
54
55
BE
av

=]a]
1
LT}
A
ata]
BB
B7

44

A7

=0
21
g2

53

Ba

hh

L6
L

alll
1
G

KA
KX X
XU,
HEK
XA
WEn
JRH

oo

(1N
uL
no
OCG
oo
oo
oo
L

oc
on
(]3]
L
ol
=5

Lig
Lo

B

b

L
oc
(HE

LN
Lils
(W]
OC

on
oo
oo

Mne-
maric

BR
AME
EED
Kl

LT
LGT
BLE

ISR

CLR
(R
IMC
DET
MNEG
Al
L2
T3T

KR
HilL
LRR
ASEL
MARK
M FPr
MITE
EXT

TRaF

CLRE
COME
IMCH
DFCRE
MG
Azl
=BCeg
TSTE

ROREB
RO A
ASIHE

Cp Doie
oo 70 g )

i

ol
o

3 s

(e

ns 3

-
(14

oy

RER

oz
orF
CF

ey
o
L
or

afn

bl

[

19
g
10
10

11
1z
14
1%
16

17

T

SE
P

58

ai
S

513]

315

s

55
=3
L&
55
5§
ok

77

DD
i
Lo
oo
o
(K]

5%
k=
oh
85
(]N

of
IR
ZR
IR

40

?F -

(]

oo
e
1K
(1
oo

fne-
mienis

5- (unusecl)
i

1
o

MO
CHP
EIT
B
EI%
Al

ML
Dy
A5H
ASHC
XOR

Fann
Falle
“hILIL
FOYw

‘}- [Feser e )

ASLE
MTPS
MFFL
NMTRD
MEPS

MOYQ

CYPE
BITE
BICR
Blsa
BB

oo 0d

77

i

;L floating
point
J



A3 PROGESSOR STATUS WORD PR3 17777776

L 1l B I . Az Ll LS [ . e (5 [H .
e T —| ;
. . Ll VIUEL - ! H 2 g S J
' ] H ! ] —_
-Ii. — - ¥ ] L E
| STLF=UET F=CE —
i _. FaEY JUZRFYLEY I AT E i
L TS B (O ] o 1 1
T ERFLOE
CING T M e MG i AVERF LA |
FAAR LR 0 W | LR B Ha

ILEPERTES
i Ll B

[ILHES

Aa

ABSGLUTE LOADER

Siarting Anrdress. — SO0
M emininy GiFe:

AL o1T

BK  UZT
12K, 457
16 Q77
O M7
2K 137
FEK 157

lor larger)

ADGTSTRAP LOADER

Addrass Conbénts

— 744 016 71 — 784
— T4E 00 026 — 704G
— 7ai 12 /32 — 7T
— FRZ Qoo 352 — 772
— ¥h4 o0 211 - 774
— TEE 108 711 i7a
— TE] 100 374

— THZ 116 142

773 000 Paper Tape Bontstran
73100 Disk/DECtaps Bootstrapn
773200 Card Rewder Boalstrao

£ 300 Casserle Bootstrap
773 400 Floppy Disk Bootstran

Addresz  Contents

(0] G0

— 400

IE 267

177 706

¥X1 VB5

177 Lal (TTy:
ar 177 BB IS



A5 DEYVICE REGISTER AGDLRESSEE AND VECTORE

Cevine intEmapt
Drevice Registar Balelress Yector
Consel: Tenminal
gt CanlmliStalus BCSH 17777560 ]
[hpaat Guoller REUF i 17TTINGER
Cutput Controd/Status XCER | 17777564 Fd
Cutput Bulfer XEBUF TTTTTGER
2net LU Termdne
Inpul Conlrol S0l s HCER 173 78500" 200
150 BRA0C* | 34940
Laput Butfer AHBLF 15y iGhdE.
i 177 /Bhd2 s
Cutput Control/Staris bt 17776R04° | 304
I 7YTERSL™* | 344
ournut Buffer xauUr 17776505
L T T
KIOF i 1-B Baat/Diaqnostic
Fags Contral FCR 1770
Read Controd RUVA 17777822
Lirhls Swyitches CoA 17777544 i
LI niLsed 177778348
Bool/Diagnestic KON 17773000
137000
Line Frequoney Clack LES 177776465 oo
ALY 12 Mizk 1aE0
Blatus CRR 17774400
Bus Acllross EAR 17 FF440F
Misk Acld:ess DAR 1774404
WU i pacge MPR 17374408
Bus Aclclress Frlonsion BAE 1F7F7e46
LPW11 Kigh Speed Printer 200
Frinter Status LPS 17277814
Prirter Buffar LF2 1777616

“J13 snd J12 mggt be uryrounded.
1 ITE must ha ungrocnded ang J12 muost be grounded.

ML Siatws Fegisters

ML Rewgistey Addrg=s

Siztus Register O [ 5RO 17377652
Status Regigter 1 | SH1 17777674
Status Register 2 | BRZ 17777aTa
Btatuz Register 3 | S5HZ3 17772516

A0




P&EFOR Adilvess Aesigiments

Kerne| Active Pagy Hogigters

Usar Active Page Registers

Mie AR

Mo, FAR FOR POR

o 772340 FrE300 0 73640 TG00
Ll TI2342 V2302 1 G4 FITE02
2 TEA344 TT2304 2z 7644 FETEOG
3 TT2348  FIZ306 3 re4s FITEDG
4 773330 £02310 4 TAesl  FRIEG
b TPA3E2  ¥rEAZ b Ti7Ee2 77E12
B 773354 F¥2A4 i TITEGRd Si7B14
7 TPARLE  TTIAE 7 TITERE  MAMG16

FEXERYELD TRAF and INTERRLUIPT VECTORS

YWeater  Description

nna e b

oo4 Bus Timegsut and Hlegal Insivuctions (g.g., JMP Q0]
10ad Addross Trap Mat Implemented on LS 11/23]

10 I 'eygel and Reserved Instruction

111 4PT Imsiructinn and T Bit

3204 [OT Imstruction

024 Fower Fail

AR ELT Irssruction

HRE TARAP [nstructicn

G0 Corgale [nput Device

]! Corsole Qutpur Device

100 Exlorral Eyant Line Irterrupd

114 Parity Error

THI How1z

200 LPY 11

744 [<EF11-A& [Flaating Foint]

250 Flernoy Manage-nant Lhort

234 RV, RXV21

SO0 Floatiag Wertors start hera

A=



AL CONSOLE QDT COMMAMDS

Gommand

S:ash

Csrrirge Peturn

L:n= Feed

Internal Register
Deasigrator

Pracassor 3tatus |
warg Degignator |

Gia
Praceed

Binary D

oy ke

Drascription

S e

< LF

Sorf

[ry]

r.'l

Caniral Shifl &

H

Prints tha cantants of a gpecifiud
[ecation.

Closes an cnen lacation.

wloses an open location and then
upens Lhe nest condiguous
lacatiar.

Qpiens g saceilic processar register.
Opens the PS5, must follow an 5"
ar R comimand,

Slarls ovoyrarm execution.
Acsurnes sxecalion of a pragram.
P o Fscturing uss only.

Aeaserved far DIZ1ITAL i,

+ Al gddresses in GO 7T must be 18-bit addressas hatwean U and 777774,



A7 72T ABLH SO0E

Dctal Ueial ihcial Oretal
oo Chzar Cods Char Cade har Cods Char
(AN mUL 40 sp 100 i 140 "
(] S0H 04 I 100% 5 141 &
no2 SI1K 042 102 B a2 fa
1 3 rlx 013 103 L 145 o
rld ECIT 044 F 104 1] 144 d
D END (T o 1015 E 145 £
HIR] %] L1 b e 106 * 118 |
ooz | My ' 107 G 117 ¥
Sy as CED ) 113 H (REH k
i ET ohl 1 111 | 151 i
niy LF Y # 117 J 15 i
ali T Bl | 117% K 1E3 L
014 11 HiFE ! 1149 L 154 |
AR C 055 11& I Ll M
& S0 ohE . e M 1EG 4
i) =l (NETY ' 7 [} 1T 0
020 ME (]=1H ( 14 F | & F
nz1 o | O&E Ll 1 121 Q 181 ij
nz2 DCE a2 P 1:e o 185 r
A CC3 [6G3 3 123 3 Is2 u
(it} DCA 0od ins T Les t
o2E M Ak Ok n 13 L l1a4 i
026 LW ]3] ] 126 ) 1465 i
nz7 ETE 057 7 127 Wy 167 iy
Mn=0 CoM A0l a LA x 1700 %
141 Ed | 0 1E1 T 151 i
niz SiUE o7 : 132 z 172 i
033 F & ov3 i 133 f 174 [
03 I5 n74 134 Y 174 I
05k Ga S . 135 T 1 IR 1
136 S U 13& A 174 —_
037 LIE H T 137 ar «~ 177 o







AFPFENDIX B
INSYRUCTION TIMING

Bl GEMNERAL INFORVIATION

The EDME 1-BA P crecetes POP-1 1 dnsloecliors as o sarics of micrecods cyeles, A diiu Devch gone
giste ot ar addreas cyeie and a bus DI crele A date write coneists ol an eddress vegle wod o bos
DT avele. An instrucben Telei consisis of an addeess cvole, 3 bus DTN ovele, and o poe- Lo svely
The cucertion af an mnstrustion lepisally consists ot nne ar mors non-0A0 cecles, Floatg-paint inslmnze-
tinns #iso ineinde inlerchip TR and DHILT cveics cha vove dele belesen the DATA and AL
chips. The esecadon me Jor an sumesian depends on the Lype ol the duslooelion, the venaes of ad-
deoseing used. Lhe type of memary refarenecd and whether the ey muuagemeer nnit is anahlzd or
ciita aled.

Cack micraceds oycle enazists of aa inteeral nussber of clock pulsca, aas ocowesitg every 75 ns The
murnber ul clock peisss and the time requited Lo complels the nest comman microende eveles are lisosd
i Table B L. The time -equired S0 bue DTS or THUT micieeod s evcles secessing cithes Lhe memnory
e peinsnl registees (MUY or THOUToc be FRF1-BA co-bnard peripherals 1HDAL Buos DI
cr DOL Ty aee listad in Taale B-2. The KDT1L-BA moduls s peripherals inchude the boolilzap anc diag-
austic By, the line clock loeie, and the seciil Ll 1005,

.o Ci'he R T1-0A desote BRELY asserticn warhin 112025 ma o7 che Umie 1l weesr.e TLLI ™. (This
iz temical Tor peripherals hal asser TRIFLY a5 weon es chey recsive RDIN asesciml

200 Vhe RDET-BA delecis ERPLY assertion witzia 3537005 ne ol the Lme 10 asser1s TRV N,
Vlhis 1 tepical Tor b M5 -IP parity memery
5.0 The KD -BA deweels RRELY sssarmion wichin 1360 ns ol Lhe fioe o0 asses TROWTE {This
i cepical Tor periphcrals and merarize thag swesrl TRPLY ws soon a3 they rezsive RGO
arserled, This iscydes the MEYT1-F parily ey
Fable B-1  EDCLL-BA Cowrmon Micrsoode Cyele Times
Typeaf ycle Click Polus e [0}
Al | no relocalion ) 5 iTA
Avctdrese ITelucalion) 1 Gl
Pal-11 bus BN 1L 11 TA0
L3711 ks DX 22 1. b
LaT-11 bos DCHIT OO0 11 M2s
TrLezclap DIX » 7%
TrLerclap DOLIT 3 TS
-l SO0 ere O 4 300

k-1



Table B=} EDFII-BA Meripheeal Microesde Cyele Tines
Type ol yeie Clack Palses Time (ns)
1AL hus 1315
XA hus 20T

el A
= Sl Y
=
—

AR M 7 52
PASALL 13T I 5135

— e

B FASI IMSTRLOCTITNS VIR
The seuree, desimelion, emd Gesteh fesecute ey e the k30 T1-RA hasic instoretindg ao appear below.
KOFL-BA deslowcion Lxoes ere caleulaed wiing the Tellowing cowstinn:

instroclicn Tune — Busic Tune | Scorse Time Desinadon Dimne
PBaste Toe — Tewch Time  Lxecele Vime)

Tl asie, soniecs, a0 Foslitation Lt s were calouliled Teow: the microcede ovele timmes listod Do Tall;
Ber Lisl-20 toe DA (20 and DEIUT 153) twee o 825 ns wers wied Tor the MEY T1-P parity memoy,
wiieh has ws specificanons Lawed s Table B3
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