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[Ras Te- haucal Descnption i mtend # for use by Dgnal Equipment (o purstaon’s Field Service person-
nel who have had Ursining i commumcations ophions #ad are knowiedgeabie stout the DMF 32
mleriace, specdically

The DAt} 32 Muitr-§ unctron Communications | ateviecs | schmical Dascripusoas are separsiad into two
ducutonts, acvurdeng o e oich reviesan of the moduly. DMF 32 modules stch rosimon A w D axc
covered i the DMII2 Malts - unction Communicaiinns Intecface Tocknical Description, Volume |
(EX DMFV1 TD-GY1) DMF 12 modwics etch 1 gviswn E and sbove o covered w the DMF 37 Mol
Function ( \umuaaiions Irncerfecr Tochawe! Description, Yolnxe 2 (EK DMFV2-TD-O01) The
two DMF 12 evodhibes remain funcuionally the same The DMF 12 mierfaces etch revanson A 1o D utilure
program srray lopc { PA ). wote the DMF 32 imerfaces, ctct reviacn . and sbave have Usea upgs aded
© uling pate arrs)y Jogc technology  The DMF 12 stch revinan level w determined * the reveon levelthats
un the M3196 module (PCBiin 2ich
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mmmm:-:mmmwmdmm conneciors. THe
- spodule can be slectrically inttalled 16 any VAX family bu-hwﬂlt SPC slot Refur to Plgure 1-1 for the
DMB32 components.
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- “The MB396 module has nne loggle swilo( normally noi instailed), twe 10-position dip-switch pecks, and a

L ~ groen LED. The S1 toggie switch it usad to single-sep microword instracdory. The two dip-swilch packs

. : mwrumrszmbmmmmsmm;wnuumusm

o oo tawitches § through 8) s controls the powsc-upsoifdost{rwitchot 9and 10). Dip-switchpack 877 -~ .. -

T controls UNIBUS INIT {swtich 1), soterannes device prioriy {switches 2 through 93, and saables the T
single step mode {switch 10). Reterlo tre DMF 12 User's Uniide for tha switch setting configuratians. The .

ﬂ LED indicates that the MB396 microcode is wunning 4 prcity efror extinguishes the groen

The DMF 12 dnanbution penel has throe 10-pantn dip-switch pachy and civien Ciach cannecton The
e 1twec l-posmion saiich pecks are wner low nndem satetfone vonfigu stuns and DMIE Y2 drvice whccuion
o Reicr 1o the DAMESD Urer's Guede Far the swalch settong vonligural whs The datnbution panel has the
fulluv ing coneciun

bt 25-mn Cinch uanecion for eight RS232 C asy mptomonn i
e Une Y- Cinch connector tur vac KS821240 swichrunoas ling
¢ Twu 37-pn D7 iype connecion for aither 3 kne prinler uf 3 apocial uer's devie

1.4 FUNCTIONAL DESCRIPTION

The DM 37 » o multsfuncton muduic whh mcorparaies 4n crght-line vy nchronon multiplezer. 2 )0
hrunowm codtralles, aad 2 paratiet Aterface thae printer or uner devere) These three devcen are iwrdware
dependent. snce all thre: devices are suppoaned by the same 2901 micrspeewor Functuaally . the 1hree
devices are wdependemt  Thns functunal indrpendencr o aviicved By Partiiomng the (KR and vevtor
spuace o independent muicrapruvesscs wiich allow wmglianeous control by up to throe idvgemient witware
drver ' '

14.1  Asywehronoss Mulinlezer

The ssyncivonous rauRiplerer, sn sahanced version of the DZ11-A ssynchronous muRipleser, supnons
mmmwmmmwdmtmmmmmumhmm
o operste f one of 10 baud rates ing froe 50 bpe t0 19.2 Kbpa(19.2 Khpa has a 3.125% etroe rale.
Thisis 8 3§.25% etvus for B taal 5l of s charactor fame ) Boit: lins O and ting | havespit-specd capability
and fsll modem cosrol. The ssynchroncus muktiplexer siso supports the echo luncuion.

Trammuaton <an be wivared for DMA or SILO operataan 10 SILO made. cach biac irammits characton
Fraem e vnn 3 2cherm ter bufics These buffen arc kiaded under bent software vontrol In the DMA mude,
2 tramant hne tramamets 3 charauter Trom the main memaey kncaton that s wpocilicd by 2 buller addres
and chatacler vout

Al cight hinos share 4 dchara et tevene sl There n & programmablc wko timeout persod Tor the recene
who :

An nterrup’ car be peacrated yrr one of the falieamg conditiom
" e Sixicen charaien hav encred ti wb

*  The silo has boen aun-cmpty for 3 lume groster than 3 prugrammabie umcuw primd  The
timcuei pefuad cap be wi o fevo

The sy nchronoys hngs are conncctod evther 1o duta ternuna! eyuipiient 1T ) o datd commumcaton
ogupment (D0 £y via vandard 1A RS2124 2%-ma o Anccton




14,2 Syschronous Interface

.- Thesynchionous interfuce is & singie-Tine DMA communications device Usst has Ml medem control\ B1A
“RS-233-C/CCITT V.28). The DMA transfers are double “ullered, Thatds; 7 {he Maftmtier asd-

" regoiver have 1wo seis of byte count and buffe? addiess fégiaréii. '

The syachrunom mterface supports vanows bil-onented pretovch teg. SPAL it LIDLL) and byte
newntod protocoh (e g . DDCMP) The syachronuus line can (rame the mmaapos, genosrate and clwck -
CRC. and DMA these mouages to xnd from haat memory  The host-leved sottware performs alf mossage
_achaowicdgments «nd higher-fevel nctwork {unctions

Runmng the GE N BY T protucul (gencral Dyte-orienied vy achronous) allows the st aclianain interface 1o
mmplcment say dyic-uncnied protocol The GE™ BYTT pratocol uac. a strasght trannfer of data betwees:
" mair iy and syochronous intcrface The host-level witware handies the jrotacol-speafic fanctions

The tyachronous interface has full modem conrrol The modem lines confurm o 1A RS-232-CACCITT
V.28 specifications for spoeds up to 19.2 Kbps. 19.2 Kbps intornal bund rate generttion has s +3.123%
error; therolore, the null clock has 2 + 3 125% ervor. The synchronous mteraoe u connocted to duta tor-
min~} equipmeat (DTE) or data comnmunicaticas equipment (DCE) by means of a standard 25 pin
Cmnch”™ connocior

W hen wung the DM 32 erystatooniroliod beud reie gererator. the sy uchronaus hiae can ttamans ol une of
uxteen difterent programmable v eeds Witk external clocksng, any itanumil uf reocive il ratc up to 192
Kips can tr wsed

{43 Lise Prinier £ oniroller
The how prator controlics ntorfsces with the | P32 famuly of pratens (L1225, 1026, and 1.P07). Thn DMA
device van optaaaliy perform the fotkmang low-lesel furmaiting functions.

Tab ¢ pynxaon

Auto CAIrNape feiurn imertan

Ayt i wrap ]
Asgte Twm feed 10 muluple -hae food vonverew:

DAS VU support

1.4.4 Paralirl Interface

The puratiel mietfsce = an cnhanced verson of the DR 114 Tha éettoe o nat unly funcuoncily cusvpatbie
with the DRVIC, but abo supports the SILO muode (hall duphr) and 1he double-bufTered DMA mudc
{Nalf duplex) Im the DR 114 functionabity nde. the paralied interlace petform. wmilachy o a PRVIL
Alwer a UNIBUS INIT. the puralic! aterface emulates 2 DR114 To oporate w enbey SHO o DMA
mude. the software dovie drver mod wet mode bits in a paralicl inlotfsce s mowcllancuin regnter

.S POWER-LP SELF TENT

The DMI 32 erccutes + poner-up «H tent umin poncrup o LNIBLS INIT  The self test o performed
Icfore the vperaimg sanabies of the v are iwiahizad and device operution i ndated L pon wooos-
tel complcisas of the scil teat. AA thes) m haeded mnto DAEF 3 (SR Wuts (13.8) The well it chocda the
fuliowing hardware clements and awertaim chat

2901 AL U wan perform computatunn corretly

3901 A snd B regnion wan be addbiowed properh

{ undinum ades can b wt properly

The haal sure RAM o opetational

The micro PO dack Tunctiom correctly 1 Faur leveh of sabiostine call
The UNIGLS sdave trap hardware Tonction cormath

The LNIBLS mauier 1/4) sédrewing and dzaw trnxlen functa aartoctly

Codch » 4 tradamart of TRAW . lac




1.6 CONYVROL $STATUS REGESIER (U%R) AND VECTOR ANKRIGNWENTS

The flosle-g ov 1ol slatus regraters fat shie fos devuocs (aay Iinstanss mubteplexes. v st Mt th.cridue.
et P o ot and Mﬂ"kl meriave! sevds b 3 cunlipare think uf vticen wordh (a L NEBLS 1O S i

addree speax The 861wy of thew URRs 27 calcuinted frum a hase addrowm Tho baw of arting

a3dt. 1o determinad by the vt h scting of wwech pack 175 fawitches 1 thrph 25 the MR

mudurw Refur ts Frgure 127 fur she TSR addtewm map.

e CSA ALGISTERS BYYE ADOREGBIOLTALY. . .
OMFR CSA G BASE + 0
B - ____.__._._.’.....’.,j.'.......’..—-—'—'j-'—-s—-i ) h oo T T h T
OMF3ICSR ¢

STRLMEONQLUS RIEIVE C3R BASE + 4
SYNCHRONOUE TRANSAHT CSR
TYNCHRONOUS MISCE L LAKEC L
"ATASET CHANDE YLAG
SYaCHRONOUS tHDIRECT
REGISTERS

ALY NCHRGNHOUS CSR BASE + 14

O b+ -t o —— — e— ———

LINT PARCMETER
RICEIVERBUFSER RECRIVE
SELQPARAREITIR

ASYNCHADONO'S INDIRECT
REGILTERS

LinE PRINTER CBR BASL + 24

s b e . AEr ST v E—— S — — Y Y— 44

INDIRECTY RIG:STERS

PARALLEL INTERFACE CSA BASE + X0

e ey r— — — — —

OuTPUT BUFFIER

I I S Y —— —— S e ——

1hPUY BUFFER WLSCELLANEOUS

OQIRECT ARGHHTERS

TR, 1
frpure 12 ¢ RS Addrews Map
it
, LI TN v ‘\; B e | a "‘ . N 2 )
R N \ ' |
1 _ _mf (L' ¢ . ¥ v : » ll“ . - .




T I 122 0 SR are unhy wurd suucaed, c et fof 1he isgnict veed Lo siicas oa aay achromos fac s
tramamt whe and the faraticl itctisve output befier when wieratmg v the DR 114 Tamixns! ivde
Wowd 200w Means that the mviructaot whoo®t oferates on the regwler » o interpreted be thy £XM) 4D g0 o
$38 10 sduie ot - ather than 4 LA TOB (data out bricr t SEBU S (e Bovaere the 1A 1) g des the
koot sgmificam b SEBLU S addrew. et om thiese word-zocacd-only repaters, @ DATOB ofnsation <n thew
sepraces will be perfaemed as = DATO ‘

101 BAEVIINRY

At auteraenhiguts e U opefaling ayslem usor € N0 THR 0 b 1812 comiam 2 four-biy ent
cudc That inde 1t T I URETatIRg syoiem wheoh DAEE 1Y deviun arc avadable Refor b Table |0 fur the
o ne Lude configutaion Ahw ai autowoRfigers um, the prraing v vtem aads the raluc of tie fine
setonr i § SR 1 bete (70 Yevawar thore afe a0 veiches un the VME)S mudulc v the wdicfraa veciur
vatues, i value of thas (it vosid (VECTORIGKY 1)) #hich n baaed By Ihe upstaling srvitit. ssned W
cahowmls the malue of the otbes wvin intorrupt -ccton

Yable 3-2 USSR ¢ Bits (13:12) Devier Codes

€ %at § B2 gt = ) Device Asabiobly

A synchronom micrface

14 _ asynchronous muttipiecr
1} e pERde

i3 rarsilel imevface

The DMWE 12 avastubie dos e are deirfauncd By the swiich wiimgs of vtk nack 1 osasichgs 4 and 4
wh the DASE 12 disamibatron punel The DME V2 readh thew switcn~ o determine which devies sre avait
bt The read vatee m refiecicd \a CSR O bats (1412 Soave the v rovade roathe these switches wals ong
siter puoner-gp, the ol hion shuuld be i for the relectod deviies belore poner up Rofor w Table 1-3 for
weateh pevk 3 frerioihes 4 and Vawstch sethings

Tabie 1-2 DAMFR2 Doive Seteciion

Sedich 4 Devers Avnibuhle

LS LRTE N
Ly nchrotous une pripler
divnchronds B achr.maous parsticl mteriace

2%yt o oy A L, g pniier




CCSR O bty 05125 mmay be changed v anethes vahd configurstion by writing CHR 0 bits 118 I dor
erampic. ¢ dagnosln Program might ant 10 Chasge from paralict intcrface w line printer v (rom ime
priatcr (o paraliel iticfface finlonatity withowt human mienention Thi may be done by cxevuting 2
WRITE WOR{ (e g . MO W) indrsction 1o € SR 0 it (18 1) However. thn WRITE WORD imstroc-
ton il wate over the base imez.upt vevir that incupes the km thvic of (SR G To Jodd the interrupt
vector (C SR 0 lus & 10} mithout affocting the CSR O hugh Baie o | devric avalabie tit), + BY TE outpwr
ntrochon (¢ g . VOV BI drould be ¢ outed The MOVE intrucnon will logd the iou buc of (SR U
regatdien 1l 1he hugh of ken Dyie n atuittied.

Thw operating system boads ( SR D bety 18125 weth the vaioe of the Lirst et MEC TORJUF 9 2 The
IME 1Y Lakiuistes the Wbt weven interrupt veddors torm the value of VEC TORIO v 1) The DM 2
avmes (et the GIher saven oo bure arg vontiguous 1o and of greater szise dan YECTOR|GE (92 Refer
10 Table 1-4 for the vector values

Table 1-4 DM 32 Flacting interrupt Vecton

St B & ey

Yok Funetios \ c;m v sdar yoctul)

VECTOREYY O sy nchronows interf s reupive bawt VECTORIKG 811
VYE(TOR K9 0. 33 P OIS DT ae tTasan] buaw + 4

VECTOR| kS ) parallet imteriace Veotor A baw + 10)

YHOTOR| )20, paraliel interfave Yoctor 8 buw - 14

VvELC TOR[4)9 O avynchronous meliplossr raucine haw ¢ 2

Y HCTURINYY 04 ssynchroaous mutipdercs framasi baw + M

NS TOReKY O b prste oninsicr baw - W

Y CTORITYU ™ v neved basw + b4

Pa— b - : —




182 IMEMIC(SR T
The DME 22 (SR | b vned for diagmnai perpose Thore arc Lre defferent purpones that (SR | can b
uned Tt CSKO 1 can be wed 10 conjuncion with the hine printer maimtenzace rde Yhen the line pointer
1 .0 muntcnance made. data o tramferred to COR 1 bits (70 imiead of bewag transds 11egd 1o the hine
panter Readmp C5R 3 will automaticaty ccar the (SR 1 8t <70 The b foogr woar 0 (SR 1 arc

~Inted in Table §:% The comtents of CSR | bets {15 B) denolen the Tuachion of IW igfalet :

Tabie 1.4 (SR ) functiom

€ SR | Bty 158 Comterisflen )

idagaoctic duncuss

3

Pafaas « parsis cffof A panity error calingunho
the groea 1. D) un the Y% )¥e mudulc and sl
ichibitsy micrimade crccutton In this sate,
IMF 1) repmiers vaniul be suacwcd 1o testant
erecution, | NIBL S vgrabh 10 1O o INTT munt
Be awcried

Mart. eags Gl o kst 000U §analasn UOOD
» where srevutaon begem alter o UNIBLYS X
1O o INIT Thi [oature stluws program-
wrswiod initiatean of the posgr Up i 1t

CSRO 1 lugh ytc vontares the mmnside RES
level Torcad the REY deegd 24 Ihcx) mand be
wiitten 1o USSR 1 bete (1S W then o read of (SR
P bete (14 B wali btion the REY level The REN
Jeactl o stared 0 B LY and. thas, thete are 1wu
digsts 10 the byic

The wif-lest b e vl complete

1.7 POWER S PPLY REQUIREMESNTS
The DMF V) s puwot rogiaiceiiy ofc ds folbaan

¢ KOamperev e vt Vi
)} ampries e 1% WA
[ ] D% s & 15 Vd







{HAPTER 2

___ DMF32 HARDWARE OVERVIEW

1t INTRODI{TION
The ME196 madule b an intellgen: penpheral contralicr thet micrfanr. a (CPL s termunah, purcpheral
devices. and other corputers. These devives arc micrfaced to the M# 18 module 1 the tathreing Tour

ports
1.  Onec UNIBUS intorface tlnlunupulunlbuuﬂcfﬂm DMA and isterruie) or as a slave

2 Eigit ssynchioeous bnes (EIA RS- 2I2-C/CCITT V 218 voitage levels) Two ol the lines have

Ono synchrowus Fae {EIA RS-232.CACCITT V.23 vallage lovals) with medom srarol

One paratict mtoriace { TT1) whose bardware n shared for use 4 buth 2 gencral parfse mter-
face. and & paralic? inc prnter interface

The module’s mieligence » contaned i o 4K ~ 16 Bl mwruprugram, 1hat & stored i mae 3K x 4 tupalar

PROMs. The microprogram matructs the hardsare w perform vanuus fuactiom. The mcnxude, whah

mekes up the microprogram, and the bardware thal i vontruls defines the tuncuanakiy of the ME1I90

The M81396 module weos two gate MTey logec devices 10 cuntrol vanows wdware functions. The gaie
arrays contmn the Anste state machines (FSMs). An FSM is & circuit that containe both combinsianal cir-
custry angd memory elormentis, and sequsnoss through various stalss. The FSM's preseut slate i storod in
the moemory slements. The nest state s & funchion of the prosent siste and the FSM's input




‘Hm‘hmimn fummﬁ'mﬁﬂww jogic are fisted in Table 2-1.

Tabde 2+1 mewm

N

GmeAmy Comirolied Hacwers fasciien

= b o ——

W._“P > : m

- intesrupt Control PSM (BI04} — — — - - -BR cycles

Mastor Control 'S (E104) 'UNIBUS NPR cycles
 Sisve 170 PSM(BI0#) © UNIBUS slave bandshaking protocol
Slow Read/Write Contro! FSM(E117)  Siow read and wrils cyoies

Stift Control {8104} Shifis and states of the arithmatic logic unit

(ALL)

Wmmm; lem hrﬁmgw

The major compuaens, of the DMF 32 gre shown m Figure 2.1 Figure 2-1 is provided with craselerance
numbers 1o jocate the may0r companocnts.

iorseunirel Rimre FROM

The micnxontrol stoft cotaats of gine 4K X 4 PROMs thaz comain a3 4K x 36 mucroprogrres. Thes
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CHAPTER
e --DETAMLED DESCRIPTION .

This ;;.:pcr descrzives the Rardware operatsoe of the DME 32 i detail Figure 3-1 (sheets | through 3) b2
wmphtied frgwre of the data flow of the DME)2

Rofer 1o Hagure 4 for the follosmg desonpnon of the PME32. Tiw spproprate dcnuicd descriptions are
reforcaced v pureRthes

3.1.8 URIBUS lpicrinoe

Thi DMF 32 mierface can fuaction as oithor ¢ bus master deviee or 89 & bus slave device with the

“UNIBUS. Waan thw DMF 31 imserface 1 & master divvice, the mesier cuntrol FSM controls thw mastor

BATO or DAY tass eyl {Boction 3.7) idierovade cnables the master cntrul FSM o indtiate the bus
cycle. The essbied masyr ccatrol FSIA spplive MASTER REQUEST 10 the UNIBUS contrel. The
UNMSM@M&MWMMWDMFMW@MW&\!

devxe.

Vhen the DM 12 bocomses 2 bae master w3 DA YO cycle, 1 maner contrul FSM cnables the UNIBLS
2061c» regntet to apyly the save device sdtieis 10 the UNIBUS Ties adidres & previowsly locdod o the
UNIBUS addres repmier br mucvocude MNeal. the masier control FSM enables the TX data RAMES w0
apply the dutta for the slave deveoe 0 the UNIBRS. In a DATI ¢ycke. the data on the UNIBLS & losded
mto the maslcr recuiw date fogndes

The intervupt conteol FSM coatruls e iacmugl ofarabod { Section 5.3). The microcode inmistes the
uperation of the aterraps comtral FSM. The interrups cuatrol FSM apphes INTERRUPT REQUEST
UNIBUS control. Yins eagbics the UNIZLUS controt. The UNIBUS control bandiss the srbitration pro-
touei betwaen the DIAF 31 intefaoe anil the shave device. The imtwrtupt control FEME onabios the TX dsts
RAMs The TX data RAMEs apply the vecior (prnviazty loaded by microcodol. to the UNIBUS. Next,
the interrupt cont-ol applics the BUS IMTERRUPT o the UNIBUS.

The UNIBRUS suve /0 operaton ( Scctem ] 4) s oo aliod by the slove control FEM The slave control
F5d somtrb the UMIBUS asdeailioig grolocol, whild e rostioes coillial the deld translars. T e
UMNISHS addiess {rom the bus mastor devwoe and the TSR dip swilch smttiags ere compared and whea
vhers s 3 miick, e sigve comtral FSM produces » TRAP REQUEGST aad monisars the UNIBUS
andrbabmg prusooot. Ia a slevs DATO cycio, the TRAP REQUEST clocks tho Jata on the UNIBUS
A0 L ASVC 1NCEIN € GAIS COJINtSS.

The TRAP REQUEST is monitorsd by the trag conisol { Sactinn 1 3). The trap contsod snsbive the trap
malupiczer, ¢ (hat the trap adeess from the DATA IO slatas rognster 13 applied 1o the sosuot siore
ingiand of *hw asicrosequencer adiross.
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3.i2 DMPAL Imeiligencs

The miceoaequincee t Stotitis 3.6) consists of thiree ¢ wasdod 391 | misroprogram soquenoarss. Tha I2-bit
mieroseeenuer sddcers thm bs applied to (e sontrel store {Seotios 1.7), made out & 38-bit wderoward
frons Lise conterd shore. Thie reed-out microwoed is stored e the asieron. ond - The microword is sieo
chocked b; the stwmmmmy.mhmhamm.m chockes disabdos the mas-
et chook ¢ S}

Pram e mlcrowans {5 the sisrewerd register, o 4,LU utwotion code and o ropister e A and B
~ mslsiron fiobds wew appiind w0 the A LU ¢ Sestion 3.9). Tiv AL yerforine sitirar a0 arithmetic or lagic fine-
tion s sefland by the ALY insiruction code. The resuls of Cie AL U operalion nizy be appilod tothe iater
nm hus _
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Table 34 DATIP-DATOB ( scle Regisver { ontesis
Rupbaer € ontouds

COMI< 1M u

COME T ol 1

IN ADR EOC 6 - R baic b §ONIBU S sddien
IX AR HHU K 3 high bvic of U NBE S addre
TN ADR 17 (6 1wo VSH. ol 1 S18U S addroan
TN DATAHRET O, loa duts bate wft o daie dev s

TR DATAJUON S 8, bugh data byte wion 1o slavy deving

[y Prpee——

Alet the gata. sddiow. and amirol regnicrs arc haaded. the maraude setaicy an SPR Ly Oy ancriing
1he DFR bt COME NPR START H lrom the deaneted statc 3T COUME SPR START How amerted
from the prevoee NPR cysle. the munnude deasserts COME NPR START H for at doast (wo mxtwr
cycles before reameruing COME NPR START H

The sssertad COME NPR START H 1 apphiod w the mastsr controf FSM (E104) The mastes control
FSM (E 104) imtssies, controls, and terwunatec the LINIBUS mastor cyche

Figute 3 2 and Figure 3-3 are block dingrums thet iiustrste the UNIBUS mastar control logic

in uate 0. COMF NPR START H 1 demsseriad. Ansorting COMEF NPR START H causes ihe manter
curol FSM (E 104) W assers COMA MST REQ . COMA MST REQ L 1 apphoed w the UNIBUS
controb(E 1 10) The UNIBUS cvnwoltE 110) aseera BUSNPR L torecuest bue masteniap Nowinstate
1, the DMF 12 interface wails to tccome bus master.
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- -3 3.3 Master Deviee DATOR) Cyele
 When the DMF 32 imerface becomaes bus master, UNIBUS contral {E110) asserts COMC DMA MST
L.COMF C 1 H s appised to the master control FSM (E 104) IICOMF C1 His ssserted and COMF TX
CO=0,aDATO(B)stobs performed. The master control FSM (E 104) asserts COMA ENA BUS
ADR L. COMA ENA MST BUS DATA L. and COMA TX C1 H. The master control FSM
{E 104) now onloss swate 2

- == — - COMA ENA BUS ADR L is applied to the UNIBUS sddress drivers (F99 'S8 ER7. E100. E8%).
COMA ENA BUS ADR L enabies the UNIBUS addross drivers. The UNIBL S dnvers assert the slave
) Jevice address. which was previousty loaded by microcoids.

COMA ENA MST BUS DATA L u apphed to the shuft control { E 104), which causes the siuft contrul
{E104) 1o as3ert COMA TX DATA RDADR < 10> Hand COMA ENA BUSDATA L COMATX
DATA RD ADR <1:0> H applics address 00 to the TX daia RAMs (E 37, E29, E50, £30). COMA
ENA BUS DATA L is applied lo the UNIBUS data dnvers (£49. F51. F16. E28) 0 enable these
UNIBUS dats drivers.

The mastor control F SM saters wan states of 3 and 4. On cutenng state 3, the master control FEM (E 104)
ssserts COMA TX MSYN L. Refer to Table 3-5 for the truth tabic of ‘n¢ master control FSM (E104)
COMA TX MSYN L is applied (o the slave device by meam of the UNIBUS dnvers BUSMSYNL»
applied 1o the sigve devics 1o request the slave dovice Lo accept the dara (BUS D<15:0> L.} from the
UNIBUS daa drivens.

insiate 5. the mastes control P S { E 104) waits for the slavedevice toassent BUSSSYN L BUSSSYNL
wforms the master control FSM (E 104) that Uie slave deviee has completed the data traacfer. BUS SSYN
L 1 appliod 1o the mmwr wontrs! PR (E 104) by mesns of the UNIBUS driver (E109) and deskewing
flip- lops (E 101.E102) Applying the deassenimi COMC DEK RX SIYN H 1o the master conuof FSid
(£ 104) causes the master control PSM (E 104) to deasseri OMA TX MSYN L and COMA ENA MST
BUS 32]'& L. Demssertice COMA ENA MST BUS DATA [ removes the data from the
UNIBLS.

The mester control F3h{ {E 104) cnsers wax sistes 6 and 7 On catenng wast state 8, COMA ENS BUS
ADRL.COMA TXC1 H.snd COMA MST REQ H are deassened. The deassentad C GMA MSTREQ
H is invertad and appliad ic the naser coutrol £*SM {E 104), which causes the DMF 12 interface to relin-

quish bus mastership by desaserting BUS BBSY L

The master control FSM (¥ 104) toops m stste 8. waring foc the mcrocode Lo desssert { OMF NPR
START H. When COMF NPR START H is deasseried, siate O is entered
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323 DPMP32 Master Device DATI(P) Cyele
 FortwDATUP)cyck{COMP CI 1 isdeasserind). the mastor control £ SM (5 104) proveads from siate
memmmrnests sses weo | g fEe 9, meead of e | wstsie 2 s w s DATO(B)cyoie Onontenag stae ) themastercontrol FEM .
S (B assarnts COMA ENA BUS ADR L toeasbie the UNIBUS sddress drivers. Afler the wansiates 10
© and 1. i igiter control PSM (E 104) aseers COMA TX MSYN L and cators state 12

 inwtatc 12, the mesier control FSM (E 194) waits for the siave dovioe 0 asent BUS SSYN L. The slave

" device assorts BUS SSYN L to inform the DMF32 interfase that the slave dovice has applind data tothe

: tNIBUS. BUS SSYN L 1s appliod tothe masior control FSM( E 104) by means of the UNIBUS recsivers

T T T T T and e deshowing Nip-Nlope tE 105, £102). BUSSSYN L (COMA DSK RX SSYNL;is alscapplied e

the cominnationsl purt of the sinve 1/O FSM (%104, whrch causes the sisve 1/0 FSM (E 104) to ssaent

COMA MSTRX DATA REGCLKH COMA MST R DATA REG CLK H clocks the mastes

e e R data rogisters {E6R. E 35 so that the date {BUS D7 1 § 0> L) from the slave dovice is lozded intothe
rnaster RX dsta registers by seans of UNIBUS rocsivers (£49.F51 E36.E28).

F.mgrm 1 3. the mastes control FSM (B 104) domserts COMA TX MSYNL. ARec statos { ) and 14,
COMP TX COH ts applied 10 the master control FSM(E 14 1) determining if a DA T ¢ Je{COMF COH
1% Conssoniad) wia just parformed of s DA TIP oyele(C OMF TX COH 14 aseorted) was pust porformed i a
DATI cycic was pertormed, the master cootrol PSM (E 104) dezss2ris COMA ENA BUS ADR L and
COMA MST REQ H, and enters siate 8 to lorminato e cycle.

15 8 DATIP cycle wes porformod, the mauster control FSM (E 104! porforms s DATO(B) cycle. Afles
COMA DSX RX 88YN H daasserss, ths master control FSM (E 104) saaerts both COMA ENA MST
BUSDATA L snd COMA TX C1 H, while COMA ENA SUS ADRL » sitll psserted fromibe DATIP
cyche. The mattor conirol FSM (£ 104) enters siste 2 to pasform a DATO(B) oycle.

. 33 URIIUS INTERRUPT LOGIC
' The UNIBUS mterrupt snabios te DM )2 interisce to becums a UNIBUS masierioperforman
inteirupt operation. The UNIBUS wstermupt logx conusts of the foliowing: ,

s Jmtervum comtnd FSM {E 10M) - coutnds the BR cycle
s TX dats RAMs(E37, E29, £SO, E10) - bokls the intorrupt vocln
e BR pnorry switch pack (E77) - solects shie BR request level

Balore 1stiating the BR cycis. the mecroonds huads the mborragt vector o locwtion 01 of the TX dats
RAMs (E37. E29. ESO. E30) from the bus Ao, the micrceods verifles that the COMC INT REQ
L w deassertod.

Microocde inkiates uﬂkqwbymﬁcm BR START H from s deassened wpe. i COMF RR
START H is assartod from the previoms . e sucrocode cleans COMF BR STARTH for ot least
e mucrocycles belore assorting COMF BR START H agtan  The mucrocode sborts s BR cyce by
cesseerting COMEF BR STARTH.

Rafer w Pigure 34 and Figure 3-5 for the Iuflowing doscniplion of the UNIBUS wiarrupt logw

in stato O, Ve macrocad s COME AR $TART i from & demsaurion state v watinte the BR cycle.
i rontrd F S (51047 aseents ond COMC INTREQ L w ths UNIBUS cuntrol (E1L L)
The UNIBLS control (E91 ) assents BUS L w request bus moatershup BUS BRX L. is sppliedtothe
BR prarity swntss pack (£ 77). Tie S8R pronty resch pack roates e BUS BRX L. BUSBGX INH. and
BLIS 80X OUT K hrom the LINTBL'S cantrud 1 EVL) 1o sclectod BR sad BO hwes.

I ntats 1, the DMP32 tascface hacomes bus manter by the UNIBUS control {£111) sssarting  OMA
INT MSTL aad BUS BASY L. As voon a3 tag DRiF 32 mleviace becomes bus casiter, the mmorrapt cun-
ol F AT 104 senerss COMA FNA VEC L Refer 1o Toble 3-6 for the umorrupd consrol FSM (E104)
pwth igble. COMA ENA VEC L & appliod tn E104

34t
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£ 104 prutuces COMA ENABUSDATAL and TOMATX DATARDADR < 1.0 H COMA
ENABUSDATA L 1 spphed o the LUNIBUS dnvery (E49.£51 .E Jo.E 28) 10 casble the UNIBL S ilowa
arnens COMA TX DATA RD ADR + 1:0.- H spphes address 01 1o the TX date RAM (£3° E29.
£ 50, £ 30 1o raad the vector out of the TX data RAMs The UNIBUS dnivers epply the vactor (BUS D
« 150 - Hi 3o the TINEBUS

1n siahe 3. Lie rmterropl comtna S (E 104 assens COMA TX INTR H. The internupt regquest {BUS
INTR L) 1 spphed 1o the UNIBUS. COMA TX INTR H 1= apphed to the UNTBUS by means of ihe
UNIBUS drven tETOY).

josiste 4 1he interrupt contred FSM (E 104) warta for the CPU o msert BUS SSYNL BUSSSYN
L o acsoried ard spphind w the ussrrupt contsul F SM by means of UNIBUS recener iE109. COMN RX
SEYN Hi and deskowng fhp-flope (E 101, E102; COMA DSK RX SSYN H)

Wiheo i siate 3. COMA DSX R SSYN L s amertod, dse micrrupt control F SM (E 104) deasasns
rOMA ENA YEC L Ose suate lntor (siate 0). the isterrunt controd F S (E 1 04) dessserts buth CGMA
TX INTR H and COMA INT REQ L The UMIBUS contrmi {E91 ) then aomssens BUS BRSY L The
sntermupt contrul £ SM (E 104) loops 1 sate 6, »asing for CXOMF BRSTART M w bs desanrited. Wiea
COMF BR START §) » deassentad, the nierrust vomrul FEAT 1 & 104) refuras Lo state O

34 UNIBUS SLAYVE 1O OPERATION

Mxrocode uses hardware traps W handle the UNIBUS sluve /0 data iransten The slarve control ¥ SM
{E 104} handies the LINIB LIS haodehaking protoccd, while hardware wap routuacs handle dats transfens v
the UNIBUS {DATHP) cycief and the UNIBUS holding registan {DA T1(X B) cycle)

343 Siave Devios Addrosting
Figure 16 1 # block diagram thai riiusiraics the slave DATNB) and slare DATUP) cycles

When the witerrwgt control F SM (F 104) asserns COMA VALADRL. a veled DIF 12 CSR address s o
the UNIBUS address unes A veldd DMF 32 C3R address 1 detactod Uhe following way

The master dovaoe apphes an addrmas (BUS A <170~ Ljwihe UNIBL ! The UNIBUS recesven(E9y.
¥88. E37. E100. I B%) apply the address (COMN RX ADR < 17C.> Hjw e aterrupt control F SM
{E 104, CONN RX ADR < 17.13> H), exght-bat chacker (ET6, COMNK RX ADR - 12 £ - H). and the
t1ap logc L COMN RX ADR « 4.0~ H) I all sddress twts COMN RXADR ~ 1712 * H are ascrtad (all
mgi.thomwmdFSMtEtm}mmmuaW reference o the UNIBUS
170 1poce

The U SR dap awatch( F. 75 ) contans the weidress (bats < 12.8 - ) for the DMF 32 CSR An eaght bl chker
compares e C SR dap-switch addross (COMC SW <70~ H) with ae UNIBUS address ({COMN RX
ADR = 12§+ Hi. 11 the addresses arv wnvtscal, the eighs bt chiecher (£ 70) saaceria sac apphes COMY
VALII? COMP H 10 the merrupt comrol FSM (£ 104) The UNIBUS address bats COMN PX ADR
< 40 H arc appind to the trap logc. Wit duith COM(C VALID COMP H and gl the address bits
AT AV COMN RX ADR < 17 13 1) asvertad, the miertugn contrul FSM{E 104) anseris COMA
VAL ADRL COMA YAL ADRL 1 sppitedivthe iave YO FSM(E 104) by mesas of deshewing
ﬂp&r {:_“201. F10). COMA DSK VAL ADR %) Refer to Table 3.7 for the truth inble of the
aave LO FSM.
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Tabie 3-7 Stave 1/O FSH (B184) Yrath Table
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. .342 Slave DATGIB) Cycle
 Fagare 3-6 and Figure 3.7 iHhustrate the sieve DATO(B) cycle.

Instate U, whea COMC DSK VAL ADRL. COMC DSK RX MSYN H. and COMU DSK RX CI
H are ssseriad 8ad applied 1o Lhe simre /O FSM (E104). 3 DATO cycle mstistoon 12 ndecated Wrh a
{3A TO cycie incticaed, the sieve LOF 5l i £ 104) maserts COMA TRAP REQ H and wasts for the aases
tan of COMD TRAP ACK M. COMC TRAP REQ H 1 applied 10 the 113D Joguc to inslinic a
{rap rovtine

Abo, COMA TRAP REQ H clocks the duts an the UNIBUS data lines wau the slave RX data registets
tE L2 £ 383 by means of UNIBUS recaven (COMM RX DATA <180 H)y

Trap mcrucude asserts COMD TRAPACK H COMD TRAP ACK H 1s spphed to the slave 1O F5M
{E 104} to wforsn thr slave 1/ FSM (£ 104 that the trup maceounde has read i dull from the Mave RX
duta repsten (42 £ 38)

COME LSRD CLK TX DATA LO L.  the bt rap mode. clachs the NAND of COML
MWR<17.16> Hmtothe tup AT K Rep £103) Thas asserts COMD TRAP ACK H that is appleed
wthe slave L'O FSM (E 104). Sunce COMA TRAP REQ H 1 the preset tothe uap ACK fhup-flopt £ 1034
pros 0 COMA TRAP REQ H bemng asserted, COMD TRAP AUK 1 n dessserted

Wt the asserire of COMD TRAP ACK H. the slave 1O FSM (E 104) assens COMA TX SSYNH
and coters state 7. COMA TX SSYN H n vapbend o the bus masier device by mecms af UNIBUS dmven
(109, COMA TX SSYN H). and e UNIBUS (BUS SS"N Hj) Asarrung C OMA TX SSYN H
sodocms the bus master that the DMF 12 | serface has recened the data from the UNIBUS

Tine Dt masier device deasserts BUS MSYN L 10 indicate that the bur master dev.oc coanders the dais

uansier compiete BUSMSYN L i appiwdtothe sisve L' O F 3 by means of e UKIBUS(BUS MLYYN

1};&’3 UNIBUS recenens (COMN RX SYN L) and the deshewiag flip Mups (COMUC DSK X
YN )

Applying the deanerted ( OMC DSK RX MSYN H o tr- slave LO F S couses the sisve 1O F5M
{F 104) to dsassert COMA TX SSYN # The drasaened COMA TX SSYN H mforrm the bus maver
device that the DMF 12 waerface hat concluded the data transfer COMA TX SSYN H 1 apphed to the
Dess master dev e by sacans uf the UNIBUS drrver (E 109), and the UNIBUS(BUS SSYN L Now te
UNIBUS slare cyche handahalong 1y complete

JA.3 Siave DATI Orele
Fogure 3.6 and Figuee 3 7 ittustrane the DATI cycie

In siase 0. whee COMC DSK VAL ADR L aad COMU DK RX MSYN H are assenad. aad COMC(
DSK RX C! H » desssenied. the slane 1O FSM (E 104 inatastes the DATE cyclr by assertng COMA
TRAPREQH The siave L'O FSM (E104) s now m stese | The Lrap sucrocade losds the T X dale
RAMs (29, E J0) with the hagh dyte of dota § om the kol ssxre by neans of the bus (BUS - 70 - Hiby
ssvering COME { S RD CLK TX DAT H/ L Next. the mavocods asserts COME LS RDCLK >
DAT LO L. uhech ciochs the low byw of daf s mto the TX dota RAMe (£)7. & 5 0y menns of the bae
COME LS RDCLK TX DAT LOL also ckxcts the Uap AUK flap Rop i B 10§71, whub navses thy irap
ACK fop fhup (£103} W asaent COMD TRAPAUK H

The L OMD TR AP ACK H u apphed w the slave O F Sk 104) COMD TRAP AL K H wlorms the
slave 1'0 FSM that the requesied dats 10 the TX dats RA M can be apphed 1o the UNIBUS Tihw sleve
1/0 FSM (E 104) ssserts COMA ENA SLAVF BUS DA TA L\ apply dats to the UNIBUS dass han
COMA ENA SLAVE BUS DATA L s applied o E 104, which produces COMA ENA BUS
DATA il.gg()ﬂo\ ENA BUS DATA L 1 applied to the UNIBUS drivers that apply the dsls 1o
the U 5
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Theslave LOFSME 104)roteristate 2. The nest siote. wate 3. 1 s wast wate Stafc I providesthe umeto
apply the data 1o the UNIBUS before the slave 1/0 F SM(E 104) saserts COMA TX SSYN H The slave
HOFSMHIE104) a3serts COMA TX SSYNH COMA TX S8YN H 1o aprdied o the masterdevice
by means of the LUNJBUS dnvers(E 109) and the { NIBUS(BUS S8YN L) The slave 1/0 FSMI(EI04)
1s oW s siate 4

Looping in state 4, the slave 170 FSM (£ 104) wass for the master desice wdeassent CUS MSYNL The
mastes device deaserts BUS MSYN L to indicate 1o the DMF 32 that the bus master device coanden the
data vansfer complese. BUS MSYN L i3 applied to the slave 'O FSM (E 104) by means of the UNIBUS
teceinens (E 109, COMA RX MSYN L} and the deskewmng flip Tlops (101, Fi0Z2. COMC DSK RX
MSYN H)

Afterthe stave 1:O FSM ( E 104) detects COMC DSK RX MLYN H being deasiertsd. the slave /O FSM
(L 104) deasserts COMA ENA SLAVE BUSDATA L w remove the dals from the UNIBUS and entars
state ¢ Next, siste 6 n entaved Siase 6 1 a wast state that provides the Ume 1 remove the data from the
UNIBUS before COMA TX SSYN H s desssened

The slave 1) QO FSM (E 104) deassens COMA TX SSYN H and COMA TRAP REQ H. The deavicned

COMA TX 5SYN mivrms the buy maver Cevice thal the DMF 32 mtorface has concluded the data

vsasfer COMA TX SSYN H u apphed 10 the bus mastcs device by means of the UNIBUS dnvens

g—; "‘:19’ and the UNIBUS ¢/3US SSYN L) The slave 170 FSM (E 104} eatens state O to complete the
ATl cycie

344 Siave DATIFC, cle

A DATIP cycie 13 8 DAT! cycie folioned by a DATO(B). The DMF 32 mierflace uses two sepasate
UNIBUS cycles to perform s DATIP. Afier asseruny COMD TRAP ACK H. the trap microcode
exanunes COMB REG CO H 10 dutingaish between s DATIP cycle and a DATI cycle.

if 3 DATIP cycle (COMB REG CO H 1 ar*ried) » 10 be performed, the microcode asserts COME

INHIBIT PUP H, enabies raps. and thea jumps (o a wail loop The DATO(B) vycle traps to thus wast

loop. " OMF INHIBIT PUP H s sssenad to inhibet pushing the stack when the DATO(B) trep occurs.
Tive DATO(B) trap code clears COMF INHIBIT PUP H prior to retuming from whe trap “ode

38 TRAPLOGIC
mmmmmﬂdnummﬁFSM(EII?}.muhipluem!-llZ.Ell.‘ll.d;uhOm
register (E90). and reg.ster CO dip-flop imernal to E117

The tap logsc handies the trap requests and transfers control 10 the trap routines The trap comtrol S
(E 117) cntrols eatry tw the trap routines, while the muitpieatrs{E 1 12,E } 1 3) provide the trap addresses.
There arv 32 passible trap addresses ranging irom FEO wo FFF (hex).

3.5.1 TYrep Costrel

T Uap control FSME 1) 7) cozrois the traps CUML MWR + 25.24 - H s applied to the trap coatrol
FSM (L 1'7) 10 enable traps ur dinsbie traps dunag » DF R mucrownsiruction. Refer 1o Table 3-8 {or the
COML MWR <25:24 - H it configuration for irap coatrol.

Takie 38 T up Control

COML
MVt

23 Y¥rap Coatrol
0 no change
0
i

disable trups
enabie Uraps




e o Duniag 8 DER mictomstruction, the ao change encoding has no effect of the wap conrol FSMEE 117 A
" disapie e conunand inhiints any furthes Uaps from occurring until & subssquent snable traps comsand
n performed  The micranstrucuon that dissbles treps cannot be trapped. An enshile Lizph CODmAN

cnables the traps.

COML MWR 7 % - H n ahwo apphied to the trap controi FSM{E 117). ReferwoFigurc 3R Thetrapeon
wol FSM(E 117 ) decudes COML MWR < 71.5> H 1o determne if 8 DER mstruction 1 bewmnyg performed
Dunagpouerup. £ OMID DIK TRAP REQ H 1 appined w th> vap controi(E 11710 disable aps When
the trap control FSM (F: 1171 asserts COMB TRAP L. a micrutrap s ististed. Refer to Table 3-9 for the
truth table of the trap coatrol FSM(FILT)

The starve 1O FOM (L 104) imusies the trap request by assering COMA TRAP REQ H and apply:ng
COMA TRAP REQ H w tre oap request fip flop(E 103) At ume T200, COMA TRAP REQ H n nloaked
1Mo the trap request fap Oop (T 101 The trap request Hip-finp (£ 103) deskews COMA TRAPREQH
and appbies COMD DSK TRAF RE () H 1 the vap control FSM (E117). Applyng COMD D3SK TRAP
REQ H o the trap controt FSM (E 117} causes the trap controt FSME 1 1 7110 sssent COMB TRAP L for
one mserucycle o trap control FSM(E 11 7115 i the enadle Uraps state. Refot to Figure 3-9 for i:ap control
FSM(E117) nate dingram

332 Yrap Addrosam

The trap contsol FSM £ 1 1 7) meoerts COMB TRAP L wo metaate a trap cycie. COMB TRAPL s apphied
30 the multplezers (E 112, £ 1 13) to select the trap micruaddress. Applying COMB TRAP L u the mul
W(EHZ.E!l!)mﬁemﬂm&xw!ﬁ!ﬁ.ﬁ!I33wmmm00mWIEWl
rather than COMS 2911 ADR <40 4 from the .aicrosequencers, for the ow five bits of the next
mxcronddress

The date 1:0 status regmter vontams COMN RX ADR <4:1> H from the UNIBUS mecesven and
COMN RX C1 K. a UNIBUS controt bu, from the UNIBUS receivers These five bata provide the low
tive bats of the rext pucrnoddress wiile the maluplesers (E 112, E11)) assent the next hugher three bats
{COMB MW ADR < 7:$> H) The threr most ngzaficom bits of the microaddress are produced by
COMB TRAP H being apphed 1o the microseunc: e {E121). COMB TRAP H forces the output of the
mucrosequencer (E121) 1o vistate thagh) Thut, the sieven drts of the next microaddress comist of five
lower bits from the data 1/O status regastes (E£90). ihe ackt lughet three bals are trom thy multiplezome
(112 E1L3: all high). and the moel agnsficant three bits are from she microssquencer (£126: all
ugh)

143 Yt Trop Rontise

The next rucromsirocuon o be exocuted is Lo First mctoastncton of the trap rovune COMEB TRAP L
 al apphed (0 he merosoguencers (F 126, £ 115, £ 118) W prevunt the suvemenisr i the Aucrosegvences
from ncrementing. The addvess of LIC MaCTOIRMIC M U 84 oowid have Loan performed of there were no
uapuckxkdimww“ndhnamiﬁl}b.ﬁl-5.5!%6):0&0&6«':&
cycie The first micromstruction of the irap cide, therefore, pashes te sueroprogram counies onio the
sact This mucrosastructon must also jump out of the 32-word jump tadle Jumping snd pushing the stack
uMhMcmwu‘mmMaummmwQMFm
adomalically saters the disable ap wate

The UNIBUS recen rrs apply COMN RX COH (o the data [ O regpatet (£ 90). From the data §-C) staans
regrter (E90), COMN RX CU H » cluched iatu the rogister CO flip-flop by COMB REG COH w dus
unguish betweon the DAT1 and DATIP cycle.
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Takie 3-9 Trap {eztral F5M Truth Tabie

INPUTS FRESENTSTATE - O/F - NEXTNIALE
COML COMC COM(C
TUTTUTTTUMWR TRAP ] : TRAPL b H

% M T & X REQN

s % 3B X g e e e o8B - $NA TRAPY
0 X 1 0 X | i 1 STAY DISAB
X X U X X b 4 } | 1 STAY IMSAR
X X X 1 X X H H STAY DISAB
X X X X 4 } STAY DISAB

Yy X 1 0 1 1 0 0 ' TRAPIN BROX
X o 1 v 1 } 0 o i TRAPIN PROY
i X 18 v 0 3 0. STAY ENA
X O 1 0 13 g i i 1] STAY ESNA
0 1 T v i X 0 1 i INSABTRAPY
A X 0 X X 0 0 { TRAPI™ PRIX
X X X i X H 0 u i TRAPIN PROG
X X X X ¢ H 0 0 ¢ TRAPIN PRI
X X 0 X X 0 0 0 LTAY I A
X X X i 00X 1] ) H 0 STAY L N
X X X 4, 0 [} 0 | 0 STAY ENA

L2
" 1- i ‘.
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bigwre 39 Trap Contrud FSM Staien

34 MICROSEQUENCE 1 OGIC

The -hﬂmdammmmmmwuw
SETUEDONT thron coscaded 1911 mucropfogren sequaoss provide s 12-bis sddress. The 12-bit
nuq:t:ynd&md&mth&ﬁm&of&cmumdmmswwwﬂn
wnes of macrunsiructons.

Figure 3-10 » 2 back diagram thal illusirateos he auciosquence logic.

34.1 Microsaguinre Costral

The sucrosoquence coatrol (E § § 7) controk the three 291 | vcruprogsam wquencers. The outpuls from
the mscrosequence control (£ 11 7) thet are appliod to the throe 191 | microprogram tequsncens Jotermine
the data souros §v the ne 5t mucToamtrection address. Ths selectod data source, winch o the sddrens of the
asa! mucwrwoed from the PROM cootrol stare. 12 appbed 1o the tas from the 291) sucrogropram

SOQUelces.
The inpuls 30 the Muciarequence conlrol (E 1 1 7) are dafined s Table 310 Tabie J- 13 ot truth table for
the mscrovequence contead (E1 L D).

L.
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{106,118, 19

R

»
-

e,
: *

Rt AR AT

¥
l
j

e T e

AR R AL WM

L &
t'avs RIC A

AL A w ]
T miga

Bl SR SIS Y ey TF VR

TR0 e e et ]
LIS Y I £.8 1+ 1hd 4
. 3ig

Ml ROFROC. AN
COUNTIT P WYY,

THi, W
okt by gy

I S —— . . .
MARIIR OO0 I - 1

FiL VAR |

e - *
A YRR 14
» Tl AR - 1 g N FROCAL Veace #rf
1q~ ‘ml " )" !
T A WA Yoy g ul & ﬁlmr!'t.a o
[t E A 1
g TITT I PR I YA ———

1y
;p,,‘i‘:__ﬂ_"’-;ei_?___!_. COW Mk 73 -w
Y

tear  » = l . —es —
Hede de — LOMY w0 TR
MO FAR: Ty LI A
g 3 1Y

2;.-»“““““-‘““*“

l
I
L.

Figure 300 Microsequence Logsc




Tuble 319 Worosvpaeecr  ontrol Fupms

Defuition

COM! MWROMH

LOMEMWROTOUH

s IMMARFGALL W H

CCOMAREGAIL 7

COMARIGALL OH
COMAALXALL ZH

COMPIMBIBITPL P H

tOMEBRIGLEY

For a condrional jump machumtruction tie COME MWR (75 H
oguals “117) COML MWR (20) M has 1he meannp inied
Table 3-11 Hor 2ny mxrosmtructon ahey than 4 conditional junip,
CO™M MWR (2 0) H has the meamags intod 10 Table 3-12

Theae threr bils delermane 1he fxpe of miCromiruction to be
prrivrmed

These throe bats ate regodered Al L caadition codes

COME. ALX ALLU 7 H » sl the regrtered ALL sevo bnt. howee-
ct. thn bt » diiferen) from COMA REG AL L 7 3 ia the ollue:
wg way COMA REG AT L 7 H ncucked into the AL L. condetuon
onde regier twith the cther coadinm (ude) ufns the
sintus of COME MWR (3} H, whaie LTOMI ALX ALL 7 H =
alwayy cluckod i a3 Tip-flop at the ond of each Mcrosmstreciem
The COME AUX ALL /7 H et n the anhy ALL condition veed by
TRAP mactocode

YWhen the mcruoalc wis thn tet. pusiung and poppag of the stack
is wnlubited The Mt a wod wilh aa aierhxied stave read-modify -
woite { NIBES Ocle

Tho tet nothe § AR S C O comired bt thai » tested by the nap
mn tucode

Table 311 (OMi MWR (1% H ( anditional Junp}

(OML. MR R (20 H

N ! LF] { vaditrm
4] 0 O REGAIL N
{7 0 i RIGAIL /7
i U REGAIL L
b oo ALXN ALL. 7
0 u DATIOLY
i 0 i 1 ‘acondssanal pump W
wbrogune { I58)
) i 0 U munditouons! jump and
pop sack
H 1 1 { acondiiwns! jump
L%
ed ERREN y 0 - Eal
“ . LT : f [ A Tl Uy I
. R \. RN 5 | S ’ )




Table 3.12 (OAML MRR {24 H (Nea{oxditionsl Jump}

COML MWR (29, H

— L —

0n el address wource

U a M PTG A CORRLET
MNP Ogl AN wugfis !
mﬁn'nm;’rgm Lo ict
MR TOPVUETS T Lufilel
stk then POP (RSB)
sack then PO EAE)
«tack een POP (RSB
viach rhen FOP (RSH)Y

- ) am

Tabie 3-13 Microsequence € satrol Trath Table

L OMA
{ONSA AL X (OMB (OM)
REL ALY ALY REL INABT oF 1P In
N7 Z (e mMe S N8 PR P

X X
X

TS
AL NS¢

1] i
1

-

t Al ZiMC
! AL 8l
AL L ENSLL
AL O 8L

IR VEARY K
M NSNS

P & S &

1N ONDY J P

1 NCUSNDN I MP
L NCONDY ISE

-0 o My e M Fr

o -

LN ONDY HEMP
LD yar & POP

e R W g AN W M

S

PDATLOt WML
PDATLUM «

-
4

STh & KW
ST & POP
SiN
STh

-
-

Xt
X
X X
X X
X X\
X X\
X X X
NN
X %A\
XN
XNX
X X X
A X X
X X X
X X X
X X X
XXX
X A
X X

b I

L
LI

A8 & & S S S A

W epwy SN
e Xmwyywy CC
”rr g

F
2 pr




3.8.2 Asdress Sourec Sciostios
S and S0 are sefucs lines. These seiog imes arg applicd to the inlemal multipleer of the 2911 micro-
peog: am sequeticen ror: the mcrusequences control (E 11 7) The iternal mulupiczer sclects ance of the

twec address sources for Uy next microaddress source. Table 3-14 Jists the microsddress source
seiecuon.

Table 3-14 Microaddrom Seerce Selection

0 TMCTOPYOgra Ty Lsuiier

i nn uecd

) slack

' darect irpul i OME MWR (23 16) H

When the deron? nput & sclevied the addrom 1 the micruward i apphiod 1o (he bus  §he dusct input »
anplsed 10 the bus via the 291 L internal multipienct and inatslc contral

Whan the microprogram counicr noscikuisd ihe edGios from the intcrial muduploact o appled to the
anomenter The isremenics imrements the addioss and o pplies the address 10 the micTof ol 3m counict,
ihat apphics the address to the bus via the rmicrnal muliplerer and the tn-stele conirul

I there noa trap teysesi. ( OMB TRAP T o avenied Awctting ( OMB TRAP L prevents the incrementer
froen inscmenting 11 abo peevents the addrom of the i formtrunctiin that would have boon cuocuted if
Wiy weee B Lra Togues! Trom uscrencating. thn n Cicked into the aucroprogram counter at (e end of
the oade The fint mscrwmstructson of the trap code pushey the maffrugram counter onto the sluk

The 12.bet Afaur-word siack file -am be welectod as 4 suwroe W the internsl multipieser TRo stach Lile pro-
Ve reluen addrom finkapc. when subr stine atc boing cacauted The stack punnter ddways poents 10 the

1anl word written i she fike The stack fosnter operaies s 4an up/down counter with separate punh/pop
1PU Pianpul amd Lilc cnabie (H ) 1aput

The twobits PUP and F F are appbed L, ihe siacs ootmter upy dvm n cousnter {rmm Lhe Mmicroseque dcs controd
(F 1175 These vwo b deterrranc o Uae 3iack s cahet pushed af papped. of not changed. Referio Table 3.4 3
PUP/FE siack operabon scievhon

Iable 215 PUP/EY Saach Operstion Srlection
me Operation -

4 FOF stanh tdevrement slach paricr)
i Pk stk Gmcreament siack panter Tthen push minfopioglae:
susfite? ol sl b

X n b ngr

When FE i cbtar tuw) and (e PL P o wil (haghy. the push uperaton s cndbied The vack panicr »
sratcmentod and thy stack rke v senien with the roguired rcturn addevan The retorn addiews 1 the neat
oy foemadrucon addros Bidlowing the sabroutene jump thai smtiated the pah opciation




Vehon FE and PP arc buth ccar ow ). a pop wietatwn 1w performed The soturn 28drvs un Kl d o
e o fetern §ium the subroutine A1 the neal fow b lugh Wamation of COMM TI50-T200 1. the ~tak
[uapicr 1 &L romoned

1§31 o vt thigh), the sk prantes w it o tvmcaled oF docremented, regardion il PLE 1vosct tinghd o
ticed ibre i

1Y YR SYORFE AND PARITY LOLK

The mutimard angensics tn the PROM comird store Reler 1o boguer 111 The PROM conttnd e
caamaits il o 4R » & PROAM Thow PROM peovade 5 36 bt wade word (5 vontrol ety amd | cwen
foarsis Buti Pl teiormdid O OME MW 218 U5 8 5 orcad it o the PROM Lontrd stofe whee the mingesy:
Wk m et st cvacs (U DAVEE MW AL 11 G5 HY the PROM Gontred store §rom the PROM coatrol <tore
g o, et 1 1€ sl the matunurd regnices sl imc 1200 COMO IR PON§ and COMA ALL
2 M o2€ phwi chndiod wio macrreard fegmtor 2 e COMS T80 40 MG ]

W et the murrsmd n read aad oo the PROAM cominad wwe. the tha fosatd o sl apfdad tu it pant,
ekt CONE FATAS FAL T $E (rm the oopght it ietches v aber spmdeed ot Pafuts (i ders i
tremg T1°0 thg owiput F Liag Potety cBinker i applicd o the devine v Tap top

Wcneier doere 1t sty efrud (1Rt 8. COML LAVICE SICK H 1 dearserted). the green Lt {)
reonanes v 3 5 parny ern w detestad {that o { OML DEVICEL SICK H o sssenedt thegreenLE O i
sl it i gonx A asmade e Gt 40P ¢ boculang { ML D YICE SITK H 1 sl appled 10 the master con
wed 1 93 st v costsol T 50 0 that these F5Ms wall be instalized an the event of a panty
s

38 SAMIIR(MIKR
The mgvir: 1oud 1= wtey foomopes Uiy waiiin,d tunag Lo the PASE 3]

Reler v b 110 10 1hy Ldrmstg Qe fefean -4 the mader ke k Lnoaitn

Towe 30 GhbHe crm oo 1§ 147} s n sdes Uk referrm g vignal bor ol the chun h signals. cacept fur the bawd
10ut grartanes The 40 0 WlH 1 sugnai n appbed 10 the 3 ide by fonr fsp Nope tF 131 278 The dvaoe
By hawr A gy (] D FEE T8 dev e an Smafler Uine 30 M7 3igaal The divide by four (ip flogn prudice
oM IR H

COMBMULR M 3 1OMMH: squeremant oy sl b chnh phase generator ik 186 78 F1EY RG24,
§ 8} 4 GMM OLR H ipoar o chad phasw gooersior L) pruduce the chcl phases . The chovk phasies
g ule The smarrmas’ Lo-ng for the D234E 12 mugrisce The phases are as foliows

t ObM 0 UM
OMM T30+ 0 M
1 OMM U6 JU0M
{Oadh, Y10 201
MM Hius 1Ol
ol T8 Tt
{ M 1% iV H

Whas C OMN RX D0 L0) H o sasenaad the chan phase gootre inhsbwiod cacmpt bew the { (bdM
YN0+ 140 o oyt € MM T ¢ 190 H remaurs acuve 2ad 1 agpbed 1o the idgfTem comutd S
-1 108). mamter raatel F &4 (1 104) end tisve LO FSLT (F 104; ki prrvent heagng w Ohe UNIBUS

LOUMS BN [N FOH & pmeried whcogser BE S IN O ov aearind ot NHE S B SEX O
meartsand Lo mboren Buse derse thgt the du pmer n abxet Lo o Whaa o paniiy offe s Sdtanted L OMY
DEYHE WM R Honoswerted COASE 1M VT MO K H aumaans svgrtad patd COAK IR P ONT
aemarved COML DB P ON !t 6 Jnacried ebeacset sothes E OMN RA X 1O e COMS RAINITH
Laginprr W ! mgut b semiatiod) n awented.
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The unglo-step circussy consisis of the preset and clears inputs of the divide-by-four fhp-flopit £1 31, E78),
2 usglcalep loggie saach 151y, BR priomty dip swich {E77). and puilupeiRIT) S

NOTE
$1 is mot instalied ix this revisics.

To s1£7, the cip santh SP-10 on the PR pronty switch pack (E77) v closed 10 grouns COMC
SINGLE STEPSEL 1 Siagle-step switch S1 is toggied to alternytely preset and clear the divde-by-four
fup Rops Each toggle of the single-sic switch causes a new phiase 16 be eatered. Therefore, the dingle-step
switch is toggicd Fous 1iMes 10 £3ecule LAC MICTMMAIIUCTION. B

19 ARITHMETIC AND LOGIC UNIY

The arithmetic and logic urit circuit consists of a uift control (£104), a DER/LS read decode crrcont
(E89.E88 E101). an ALL' condstson code regasier (£ 117), and two 2S 1§ 4-bt bapolar MICTCProcessors.
The 2901 4 bet Dapolar meiroprocessors are cascaded to form an 8-bit daws oeth X

Rerer 1c Figure 3-13 [or the jollowing descripbion of ihe ariibmetic and logwal unait
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199 Alx Femtess I
coc i The ALL 1 o Bighspeed sithmetn /o o3t b 10t cas perlorm tiree Sean ombmen feactam and o0
 five logx funcions Applying COMIL SAWR (3129 H to the ALL fuachion docude ssfrust wolists o of
cight fumiio to be performzd Table 16 defines the AL functnm wlteuen

3.9.2 Skif Control

The shift controd{ E 104 controls sho st vt ket “vy wrmung and roadhan the - wor sin¥ lorrs 3o the RAS

shifter corcunt and the G shifter cacun COURA RAM MSB H and T4 RAK, (.38 U sre applied o the
--—RARM shifler crrouit, wiale COMA € 352 § oo COMA RAM LEB H ere aprbed v the D) siuftor

Applying COML MWR < 33> H aad COML MWR < | 0> H w the shaft controlt E 104) determanes the

 shift operzuas COML MWR <33 Hdsommum U drectamefthe shrftorroeste COML MWR =
< 1-0 > H specifies the ead oradmens for s ungle nedouble precamos sioft rotate Table 3-17 dtfinesthe il

- sodes for the shifls and rotates.
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Table 3-36 ALY Function Selection
COML MWR 30:30: 14

B e S et A ), ] ” -‘t l. "’m p

H # 1 R plan S plunvarn e

T 0 ! _ 5 mumn R aunus carn i
U 1 Q0 R muses N omitin Caffy-in
i+ i % S Rors : -
1 ) 0 Handd

— - t - T RoandS

1 i it RIXORS
i i i REX-NOR S

Tabie 3-17  Shily Camanal (B104) Truth Tabk

COML L(MA (OMA COMA (OMA
Mua RAM Rasd Q Q
311 & Operatios Wsi ing s 148
6 U n of shuft doan 0 7z 9 Hi #
0 &6 i dpshufihmn O W/ RAarning Hl /
T | P htate doen RAMINB HiZ QIs8 HLZ
_ (R T P dproarcdonn  Q1SB - Hi/ CRAMISE S HI/

iouon »p sufl up 1184 0 Hs o

® b on 1 dpahdiup I/ Q MuB Y, 0
11 u S e P Hi? RAM MSHE Hi/ QS
i

P dp dale up H"Hs QM8 s RAM MND

Apphung COML MWR 3 H o the AU dretitatan douude cfuut Praduces conteod ugfial thae
vomnd the R AM dnfier onent The RAM dniter urtvent oithet momadndis sinits up ome i (lowsid
AINB) o Jufth duwn oae poutsar (wm ard | 3B the mput data 1o the RAM

The 1 shuftgr has 190 amyt hney C OMA Q MO8 H and COMA QI8 H The 1wo :nput e, uperaic
smadarhy o the RAM shufier cirvuit inputs COMA RAM MSE H and COMA RAM {SB H Wieranihe
siuft-gp or suft-down mnde. the Q regasicr o shrited w o vpecriied derectun wuth e dote mpul wvipul i
of the {3 ~eputer bring an sapyt hae fur 4 sheft o or an output hae for 2 slult down 1n thie oo-slofi modc.
the € inpot ‘output ines o the Q regnicr are tnslaie

tis




319.3 RAM aoid A/B Laichn

1o COME MWR (11 81 Hor COME WWR (1212 H rddrovuang tie RAM 116 addievcble regriens)
reads out a data Toe COMIT MWR (11 #) 3 reath out 2 data Bile trom the R 4M inte the A lach winde
LOM] MWR {10 1) H ready cut 2 data Tide Trom the RAM it the B lawcn When brah ( (AL MWR
{11 Ky H and COME MWR (15 17 H arc wdentiai the same dats file w apphed umltandouady sl buth the
A and Y ouipats

The chuck mput (OMM T1%0 200 | coniroh the RAM. the A and K Lalihey. and the O regnier
Wheneser { OMM 1180 M0 o dessacried. the data Trom the RAM omtpods 2f¢ appoed 1ot Al L v
Ihe A snd B iches When ( OMM T1%0 200 1 n awaried, teth fatcic A and isteh B it the tnt dais
enieved 0 ihe Latches Aucrting ( OMM T160 M0 { mhoncrer COMT MWR /W17, v cvded e
enabic 3 {tle wory uperalon. new dela. oo defiagd by the for-bet B sddicrs 1edd. s wrsticn SALD 1Be RAM
Data n chocked mic the () tegriet on the ket -b-lagh tramatwa of L ALY {14 Jud

The vperand from the bus (B S (7 () 11} and the ) upceand: pronsde 4n cwentul tuwisn ix Bt S0
1 cnpyl hoode the KAM with catcinal datz 1c g haal storc datz) The €) regnics v ait inieraal coght-ni data
waurwe that wan be wed fur myduiply divade oporations. 1 o daty holdiag repier. o a0 on ssrollw

394 ALl Sewecr Upetadds

The hagh-apord AL uan porfuem thier benary anthoain and fieg bgn ofcration . i tho cught fat
gt wordy (R(T O and W (i The B onput Tuckd o appded B tecanpan molbpk v whovas the s
AP (il n apphwed By 4 threc input multipleact Buoth the K and & ultapie e vy i et apabebits
ahcre > dota v appied to the srahmetn Lupu unnt. whuh i 1 eyt sloh! o 4 7000 wify E7 20 T
A vuput 4 e RAM and the B S 760 Hoare apphed 1o the Ranput mathipiescs whee the ™ gt
n:ultipte ner has three aputy une from the A vutput of e RAM, e Troms the Boutput of the RAML 4=
et {10m the 1) regntcr

198 vesrte Cporand “wioction

Applung COMI MWR 25 20 Hoto e Al wwiie cpuramet docade L G witats T =it oprrasd
14bac 135 Schings I wadiing UfiTatal wies tion

Tabie 313 Sewrcy Uprivad “wolection
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COM MWR 3830 H AL U Sesrct Operaach
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394 ALl Destisation

Ouiputs from the ALT canbe and stored 10 ctder the RAM or the Q regaster. of can be appund 10
ihe bus Apphviog COML MWR 11422 M 1 the ALL desumanen decode crcut crabies one of tnght
dasunatons 1o be selectad Tzbic 3-19 hats the dastiaaton wiechon ¢odey

The three stete cumtra! catquil » cusbied by the DER/LS read devode crrcust outpui, when thn comrol
ugnal n deasseried. the wpuis of ke three state control crcwt are 1n+tsie duabled The ouiput of the
theee state comtic 1 '~ alawe doabied whenerer ibefe o @ DER read muromstructios e, COME MWR
223, 1. COML MR 7 H. and COME MWR (%) 3 arg all asecried) ar 5 LY RD mcromtsecion n
besng performad 11 ¢ IWR 7. nae auenied) Aba COMM T0- 50 H Snables the odiget of 1he thite slaie
gontpod Cirgant frorm ime TO GG TS8O

Uhe smisinput muitipiears schonds otkor the A OLTPU T of the RAM e the ALL aytput T OMI MWR

11 H borg applaed to the AL Soatatatnm Geuade « it covtrols the detinglion wigihon

39.7 Coniitlos Codeo
The conddson cude tegrotes (E 1171 chuchod »ith AL U coadaeon codes a4 the ond of cach cycle f COML
MIWR ¢33~ Mo anensd The wendtawn codn sie dafioed 15 Table 320,

Tabie 3-1% AlL Destination { ofn

-

COME VWR (WM 3ID M DER /LS Read Deocode
i B n Al{ Datinption € ireaM ls gssersed Hov)
U 0 & 2ty - Al PSSP0 = Al
B { ! Tara BLY 0, - Al
" : m work rogaaice (B, AL BUS T O - waork fegaie? 1A
h ; : »odd rester (8] AR Bt &7 0; - ALY
| it L) w tk regirer {B) - ALY 27

t)rggnict 8] rogmder 2 BtS:76 Al
: “ . work togatar [B) - ALL Z® Bty "0 At
H : tE »abhrepeier [(B] ALY %0

1)cpnisr epnice by By o it

H H : wirh gt (8B AL %2 Bt % 'n At

Ixtir 280 € oadition ( ofem

{ enditioe { ode i ellnitica

COMA MY 28 Thadaealt oo ALE faiair i AT

tOMA AL N R Thw rospits of an sonhais tmoumploment ofcf atsol hus intiloned ata the
wgn i

LSO R WY 3 B N 1 NEat wpecdy snt B Coapn Detyoatput of ihe ATL

CAnEy M0 € oare. cmar o thy AT

' [ R I T T R L . LAY B e R e R ]




3.19 LOCAL STORE COMIROL

The hou al store comrot crouitry comsists of incal store (two 1K 5 § RAM. £ 129, E 1 30). devoser (F 108),
NOR gan (| 132) mutiplexer (95 £ 100, £ 107). process register (L 95, § 94, E821, ndirect address
regnict (1 5S). AND zales (£97. EVE). and TX data RAMs (527 E29, 40, E30)

In une marucycle. ko al store control Crownny can read date from Lhe lucal alure ulo 8 workusg fegater. uof
wrne ABLR Trom 3 kg repsstey o bacal suwe The DMF 32 mscroasc alectun canhul perfurt fead atud:
ity werte cyches W anad from the bial shate

Reler o Figure 3 14 furine lobowing descrptions of the locki sore wnie | Secvion 3 10 1), ksl siore read

1veviems 333 20 ks store addressing (Sectson 3 H0.3).and special local sture insirus Lons 360
140 4y

3.16.1 Locul Store Writx

COML MWR - 7 % - H o appised 1o the dzc-ader (B 1U8) HHCOME MWR - 7 ¢ - H equais 100 &
hcal slare W e micradsucteen s performed. When the Jeunder (E TUB) detects 2 knal sume wrae Lo be
prifor wad. the decodar (F 108} sasects COME LS WRITE L COME LS WRITE L s apphiedin
tie NOR gates (F 132). a5 ime COMM Y40 (3501 wuh COME LS WRITE L asserted Both WRITEH
FNABLE and CHIP ENABLY ugnals e sssctted and applied 1o the Jucal soce o perforn: the hal
AONE W MECTMMa N on

3.10.2 lecal Storc Rosd

ML MWR < 7> H s appled to the MOR gates (£ 132) When COML MWR < 7.0 H » densentad. the
NOR gates (3137) asserts and apphes CHIP FNABLE o the kxa! store 1o perfura a local siee
e ad M rosnSIIucuUOn

3.10.5 Leosl Stere Addressing

A 10 et micitess i uned b address the local sde T he teo most sigadicant addren bt 1 OML MWR
- 24 24 - H) are sppliod W the mulupleren (E%. E 106 E107) COML MWR « 2524 - H witcia the
addrerss wwrce fov the kocs! store Reder to Table § 21 for thr kxal store addeess mirce swoievtinm

When COME MWR - 24 24 - Hequalventher 00 ' O). e muiipleagn (k96 106 £10?) sciect
COMF LS ADR < 70 H from the mderect address regaster (E 341 for te low Drte of the ko sl sore

acidress Thus address van wdsrcctly addecss the Tt $17 Shocatsons of the kionl siore Redee Lo 1 aguae
1 §¢

Whea U OMU MWER < 28 24 - Hequahi " 10,  the multaplesen (b 96, F 100 F 107) wicct te low byte ol
the ha ol Wore addeess from two suucves The low nsbbile of tee address low by m COML MWR - (¥ 10 -
M. wiiic ihe hugh nibible 1s irom the process regatet (COME PROC ¢ 3 0 - H) The sddress dn udes the
256 byte pricess space e |5 segments of 16 Uyter each 1w provess regster iCOME PROC : 30~ H)
addeesies 3 particular 16 byt sepment. while mscruoixte (COML MWR « 19 16 - H) directly addresans
cach «of the 1D byles wollnn Ui wpneol

HOOME MWR - 2% 23> Hequah 11 the mcrocode tCOME MWR < 23 16 - Hj prosides te loe
tyie of the kel sore addreas Mcrosmiracuoas directly addeess Ume 236 DyW sogmedst of thic kcal
suwe

3.104 Special Lecal Stere Road lasiruetioos

Two spevanl ko sl stuste fead lnectauns ai¢ wasd fur Urap rouunes Whoa ¢ OML MWR - 7 5 - H oymals
cither 010" or “011." toca! wore data 18 clocked mio oar of the two special dyncrews eaernal regnien
BV B2V ESO F30) HCOML MWR < 74 H equaly 010, ibe ducodsr (E 108) ssserts
COME LSREADCIK TXDATALOL COMELSREADCLK TXDATA LOL clocks ucel
store data into the bow byte of TX data RAMs(E37. £29 £50 E30) COMLMWR - 1716 - H
specifies the hocatton in the TX deta RAMs(E 37 F2V) wbich s o be laaded
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JCOME BMWR - T4 Morguath U1, the desoder (F 108 saers COME LS REANCLK TX
DATARIL COMELSREADUCLE TXIJATA HIL chocks the b ol stvre dasa 1ol ibe hegh Ly ie
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335 BREGLLAR DISCREYE EXTERNAL REGINTIRS READ/WRITE CYCLES

Y rofe cascutes 3 DER mucromstracion W0 scceas & regulsr dincrete regater (DER) Each da-
CICE CRICTrai repter 1w cithet read of wirie oniy W e COMT WWR 723, H » desserued. s DIR write
oy erfurmed, shaig of COME MWR (23) Hn aserted. 3 DER read . performed COML MWt 22 160 H
specifres the addres of o Jucrete reguier Seace there a0 more addrowes than there are phyacal regaten.
ot ol (A GRcele feEUeTt T 10 mulupic aidroam Abo, 2 readootey of sficuhiy (gL Lah
have the wame address

COME MW R 122 H determines hetucen s segular CER wacke o a okow read of aritecavie Wien COML
MWR 22 Hooawgried. a reguiar DER oviio i netfoemed. whise of COML MR- H o dtanwned. s
sirw (hadh ol whdE CholE b pEtiormed Reofer so Seuun 1.2 for the docaploen of 2 shuw 724 o vt
AWK

3151 Regular Divcrese External Reginter Reod
Refer oo Figure 117 {or the foikoming descr:ption of the regular DER cead

I he decoder il 108 decodes COME MWR - 7 ¢ Hiodetermne of a DE R woroeasiiicinom s to
be performed 1COMLMWER < 73 > Hequaiv iul. thendecoder (k£ 108) asserts (OME DISC
REGRW L. which i appired (o decader (20 L8d E118) Wah COME DISC REG RW L.
COMLMWER - 22- HIDFRaccess ). sxd COML MWR 23 HIDER reads aaserted, one of the
outpuls of the deeadet (F80, EBE E118) s paserted The addics ;COML MWR <10 19> )
selects the rutputof the desoder (80, £ 84, K 1 IR thatistobeanc: tesd RefertoTabie ] 22 forihe
2dStahd selcilion of 158 decoder (ERC, £84. E114) Table 2 23 s the DER read regster map.

The et:abix wout {COMM TU S0 H) of e devuder (£90, F 34 11 8) prevents the decuder  E20 ER4,
F 118) frum ssseruag an outpast 32 e 7040 Tha permsta 5 prev ousty enghied tn- stgte omtyast io retarn
10 Ut tugh Z siatc before anather register i enabled The uutpwts of decade: i} 80 £ 84.E 113) are apphed

1 e read ool dusciete extemal regisien s aa 10 yate the contents of the repsier Jwectly (nto the bus
nhen read

The dats muityplensnn + £ 22,81 42 T4 comnting of tight 4-10- ! mult:pleacn. ar¢ ustd 10 mult. puer in both
cuiernsi and imiernsl ugnaby (o the DMIE3Y The aight owiputs from the data multipleter (F'12 41,4270
410 appind (o e Gata multipieacr regaster (E71) wha™ deshes the eght inpuis The dats nultipleast
sepier 48 T duked at tme COMM TIWO 200 1w that COML MWR (18 17 H wets wp the data
sty UF 70 A1 40 T4 e Mt vide PrR 1o iced ngan the dats multipioass regier (171 Wken
tugding on e tan o Dyle from the dats mutpieser +F 714130740 ppehining can b wed Reler 1
Jobo v M

Tho & B N 2Gd0chs »wmitehes o g ok ol T and the Juta fﬂu!ll‘\k“t Y BT o "1y s umd
1ead o e vaiey L the UONEBE S 0 drovs iR TRy o doone we that The min foaamdc van Jelcemung the

SEBU Yy addre o ms DIWEE VS 1o b £ ot rrreay aeness 1o ategll g pact b the pu st sl woif Lot
Tia U NEBU S 08dicas smitahos ot 1ood o e 0 ab @ Lt COME 1Y ADR 2 ¢: Hojgkoty whuh
L NIBU S amiin b Batoon to e read
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Table 321 Decoder (£301 Addiew Selic i

Nelecied Outpwt

COME SEAVE RXDATAHTENAL
COMIE SLAVE RX DATALOLENAL
COME MSTRAXDATAHIENAL
COME MSTRX DATALOENAL
COME DATAMUX ' NAL

(OMF SLOW RFADREGENAL
COME DR ENAL

COME LITERAL £ NAL

fable 321 DER Read Register Minp

Address
MWR (22:16) (haa) DER Read Reginter

0 any rcad of kocatons 0 3

sRtiaies 4 show read oycle
447 alave RX data reasicr-hag’  byte i k1K)
4% 4¢ slave RX data repsier-lom byte 1l 52)
40 47 maier RX dats-hgh byic (F 19)
MR | master RX data low byic (o)
ol v} data MU X {0]
h b1 dato MUX {1}
b4 6 Jals MUX [
oh o7 data ML X )}
tn 6f slov read regasier (1 TO)
1013 RX DR/LF regist - lugh byte (ES)
747 RX DR/LP regisier-low byte (ES)
18 1F titeral register (E128)

Toble 3-24 Pipelising COMI MWR (18:17, H
Reed One Maltiglerer Byte Read Two Viultiplerer Bytes

Microyelke | stup MWR (1517 Mtk | Klup
Mircrocscle 2 read data maluy- MWER XV
: plcxcr regnler '
Microoske 2 read data
“mulupherct
tegiv'er, welup
MWR ik 1T} Hor
rexl read
Microcyele ) read data
: mulliplerer
regmier




sl d EPEE WPRR (T HE w appiaed 1w tie woent pom of the data rredtrploaers i T Y4042 T COMY
COMWER AR 17 H el ot of the fout iaputs o the multinlessr seytnam Table I8 bty the scb:!ass‘

.m!i;wn.xm for the data mult scwn

 The mput sgieh b the dote multpleners (177 41,42 74 are defimed 0 Table 124

The tn state DRALP moltagic e (R6 E RSy multiples 9 word of recerve data from the paratiel imer{ace
okt the bis v meams of the DRA P receiverstFLER) COMU MWR 18 - el betseen the hugh o
hva Byvte heing applicd 1o ' o

- A Sl Giedd #roon (he mchraoed v roed By tmesns of the iketal oufler i £ 128 onlo the du- mnte 8 working

teganict of e  regpister by execvtag s DER iead COME LITERAL ENA L cnables the insral dufler
1R 128, The ltnvad cumits of COML MWR - 18 160 H, COML MWR <11 8- H, AND COML
MWR - 0-H

Vo hen the DO 32 o2 manter devexe the dota from the save dovine = haded moo the masice RS daia
_regmicrs (HOA_ W) from the U NIOLY via the £ SABLU S recniven COME MST RY DATA 1O FNALTY
and CUNE MST RX HIEENA T src appacd W 1B masier RX dulo re@mdons (105, 39) Trem (he devudes
16300 COME MSTRXDATAIOINAT and COME MSTRX DATA I E WAL deternume il the iow
ot baph bAvie o applied W the by 1 tnelsy '

Wher the DM Y o 2 sdave deans. the dad from ie masicr dovas s doaded into the vave BX data
tegetee tF 32380 Frum i UNIBUN via the UNIBUS recesvers COME SEAVE ZXDATALOIN |
and COPAE ST avE RX DATA HH ENA L s apphiod 1o the duve RX Jats fugoaters hom the den et
e COME SEAME RX DATA 1O NA L and CUE NE 'ﬁH i‘\ DATAHIENA L deicrrmne !
2 o o ugh baie i apphiad to the bas regectingh

Tabde 3-23  Dsts YWultipleser lndel Sclection

COAY AIWRARIT H
s §?7

1 (]

1 i

i L

t {




Tahle 3-26 Duta Mekilplrner Sigesl txputs

COMC SW 7 0) H T LNIBUS sdurews wwich bit. which B scioctod by
s COASE £ ADR 200 18

 COMILSRTTXLRNH ke 15 a statws bt from the 2652 USRY, sl nds
T cates d travamit yader run onabuon

LewdIILART TV BEH The n 2 staius bet §rur e 2047 U SRT which inds
. o cates 2 trapuni beffer empty coadiion

COVITSRTIX AUTH This v 2 viaten but from the 268 1 SRT whnh ude
ates & trermmnicl avtne wondinn

LOMILSRTRX 5AH Thes t» & stales Bet (fm th 2042 LART wingh wndh.
cabes that reveny » tlwe » avathablc -

LCOMILSRTRX S H Thes t 3 statys twt from the 2642 8 SRT. whah inds-
cates that & vwin o flag character ko been roccived

AOM) ISRTRN AMTH : Thves 1+ 4 statos bt from the 652 { SR swinch indh:
cates 3 moowel scing andiiam

(et R DR RBEQAL Thn paralicl mictiacg il » 2 roguet bae anguglng
from the Wt desny

COMR RX UART ORI Tha n the 110 idhcahy modem comtndl upaal whxh
wiginates Trum the modem. and b adcciated witk
FYIN g TS N P L

LCOMNRX ADR «H The n the | WIBU S addrem ot e Trep manucode
can tead tine Dot 1o desermane niwther 2 DATOE Gice

B accealy e hgh of low base

COMRRY UARTOCTSI Thse o 150 «ieas (o seed maden: codtrd wpaal. whach
ongsakcs from e madem. snd o swakuaiod with
YRR kg ety

CCUOMERELART S AR Y Thn w the weumdary warmer mealem vunthd wiial
shch sngmate from the mudem. and » onaxuated
w»id nyachruaow e v

(OMRRXUARYDUNER B Thes o the gt reveine mudem cmnd upnai winch
gty v the modem. sad v awnwied wih
3y Achn e e o

COMA INTREQL Tias w the UNIBUS wez. 2ug roquest LigRai saoorted
by e WBLENVUPL (OBI FAM (E104;.




Tavie 326 Dats Maldpberor Sipass lrpmes 1€ )

COMAMSTREQ L ' Tios 02 the UNIBUS mester request sygnal msserted by
the e pondrol FEM (EIGY
COMPRX LSRY (SR T The o the dats wit coady modem cuntrol wgnal, whick
o e awgeetes From (e tnodens, afid i dmendaiod wilh the
_ . sy o, ot huw
COMPRX USRTRIt o | The n the rag ndwcator mudes control saghal. wha b

wngmmaics {rom (e modens, ad v ssocaiod wub G
3 AcEfuan i

CCOMPRXUSRTCARY © Thnon the carner detet modem contcul agnel whch
ongnate tram the moden®. and n swocsted wrth the
w3 tronos hee

COMPRX USRTCTSL Thee = the clcar W wad modem amtnal wugnal which
verDhstes from (he mexiom and 1 svunsiod woth the
syachomo. b

LM GPS T L . Thie bt & the sate of the general porpose switch tH74-
e i)

COMPRXISRTUSERRX L Thu i the waer recevve mudem custrol wgmal. whwh
ongeasics nxn the modem and o amocated with the
synciwoansr bax

(AU GN i " Thr bt o the statc oof the penerst purpuse swiich i1 7%-
e 1)

FOINNT PANEL SWOIL The bt s the satc of the dip waick $3 ma 4 va the
destrbution modele, winch adicaies W the mutucude
whpibor the IR (1 ¢ paraile! icifacl ot TP L lux
prstcr controliet) w to be wed

LOMY RX R REQ B Tho puralicl mierfmc ol b 2 rojuesl o viyatating
fruem thr wagr devnxe

COMERX L ART t RIt Thn 1 ithe nag ishcator modem contral ugmal. whach
ungaates fromn they musdem, and n sausuated with the
sy Ectuumws e ca

§i DINT PAND] SW ] T = o the stste of the dip sorich ) pn £ on the
detssbuuon oaxduic. stech indicaios s e mauroade
whether the D6 11« paralicl iy or § Puic hac
printer comtrofier ) 1 o be med

(OMSRIXLARTE 1 CINE The o the chest W wnd mudem conite] ugnel. sinh
ongrate from the modem ond n ssuovastod wath the
20 RCWURAR hag one
S

1 + 7 T = - ._:'—.:' ¥} Lo ~ . i I T
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Table 320 Dints Vvithpivser Nigand {apeds ({ onl}

;- N o

COMMRX U ART INCUARL Toin o the sevumdary carrer muxdem costesd wpnal
whn b onguisin from the modem. avd 1 awotaaicd
----- : v et S A BBl Fi ane

TOMSEX ART 1S KRN Tha o thc gt taanire maadom coniral wgnal. ahah
vhgiadtey frum ibe modem. and n daxiated with
dvsnatroma fine ong

COMA TX MSYNL - : This » the UMIEL'S master wync control ugnal
ongianting from tke muster comirol FSM (E104).

COMATXCIH Toms »n the UNIBUS Ci onntrel ugna) onginsting
from the Dvasser comrot F SM (E 104)

Ty fal At

1312 Regeder Distroie Easermal Rephider W rite
Reler 1o bagure 118 L the Tollowiag doswripton of the regulat IR wrye

Decodet {E 108} decodes COMLUMWR « 7 5- H 1ICOMLMWR <7 5> Hequsls"101.7
the decoder{ £ 108) ssuserts COME DISC REG /W L WauhCOME DISC REG R/W L assenied.
COMLMWR « 11> Hassertod, and COML MWR < 23> Hdesreeriod, thedecoder{EBL E 118,
ESUgrudwnmdnuckxhwh Thss clock signal is apphied to 10 specifls DER 1o be e ritien
1w COMLMWR <21 19> H aichisapplisd iothe decoder {EE4. E 113, E81 ). delenrmines which
ode of 1w 843 S0k Lpamis 1 10 bz gnyen 1o the low stats. Refur to Tatde 3-27 for the cloch signal
setection aadiic Table 3. 28 Sor e DE R weste regiates mup The timing signal COMM T100-150 K
cauees the clork wagnasl to have & posmiive odge 81 T150 At ume T150, the datn s clocked o the
specific DER.

COME LS ADR C1LK H u sgpbad w0 Gae doch of the siwect acideon raghior (ES35). This ragimer indirectly
addvossss locel store (£ 12¢. F | 30), sixhreoth addeassos the siow romd/ente raguiers (E409, E70). and
sddrosm the mutlpleses (EOD1.

LAP4E TN ADR LOCL R M peunddas the chovk fur the | N8 S sddrens regpaiar LE 871 that cuRtans the
tm Bage of the d N S addrens weed sm 2 h, - o mfer COME TX ADR 11 1K H prnden ihe chad
fow the U NGB Y addrew regnior (8901 thst voltariee the gh byie «of the T NIBL'S sddren wned i s
194 A sramicr

(UM IXDRAPIOCER U provades ih oBnd for the DR P data ropstar i 101 that cuetgems the
W i o che DR, 1P dats whie COME TX IR P HIUT R 1 prosaden the vkt For the DRVEP dats
regnset (E91 that contam the Nagh Byte o idx DRA P dats

COME TATUH Wi | n the wivic cnabic | thal n ofiecd io the oddrovabiie Ltcime (£94.94.32)
gt SIW R (18 18 ] seherts var of tk;;:h«--u regects W hien o three-tet regrder i cnobied by
LML UATCH B E | and shes n sebrvted by S OME MWAR I8 100 B vhe data (B 3 2 8) Hi s wiiticn
M i wiecied repeaey Thne regnten wstam macelianows dabs

Table 70 dufutes 1he Beis fo dhe gt tiroe-D regutent) 4 9an s
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Tabie 3-27 Decoder (ES!.ENA.E1 13} Clock Selection

Adderws Bl e
COAE. MWR 2119 1 - ‘
it 2 19 Selected  lock Sigand
v DD COMPISADROIR
00 L CCOME TXADRDRIOULKH
0 } 0 COME TX ADRIHCIKH
] 1 i ot wmed
H 0 £} COMEEATCH W
i ] : At wod
i ; it LOME IXDR/AIPILOCLKH
1 1 i CEmAt TXDR/AIPHICIAH
Table 3208 DER Wrlie Register VMisp
dddrom b
QO MW R (22:t4) H (hen) DER Vrite Reghitor
au Ay W rie e docatiom O 3
lialen & siow mie yde
047 nthercxt addeeas teguricr (£ 45)
FIg tranemt addrem regaerdow byt o7t
0 s traseanit sddross regnter-ingh bytc tE93) 9
it M fegeicts
#d! Latch D
&1 tatch |
s : : ianb 2
st Lbub !}
d fach 4
ht hkh L
oh labe. 0
s ae ?
VR o fogmiTh
ot unasmrt DR/LP regustcr s byt il 1 )
™ vamemat DR/ LP regaster tugh re (K 10)
i Wi
X AN ) . ) S ! Ly A 3 3 ' Gy ! : .

L
s
Lo
(i
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Table 3-29  Eigh! 30 Regladen (£ 955420 Xis

Defisition

COME PR YO0

COME UHRT IXCER M B

COME EATAL FALET I

CONE T ADR 117 146 1)

COMFCI H

(OME TXN{OH

LOME LSRT RXENAH
COAE E SR IX 8 A Y
COME USRT MAINT H
LOME TX DR BATA XMIDI

COME TX DR CTRIE ONE H

COME TX IR CTRE ZERUH

LOME INHIBIT PLPH

IXNDFE SDR HUT

IXURSNDR (O]

Thene fompr bote are the RXTW reEnter

fim bl comiruh (b wastix ol (e afedni cbad Tor the U BRT
il 40} anit wrwter oA the tramnul Jha h Jﬂ!hod 1:: the musdcin
Y hen tho bt s clear the tramet chch For the C SR T 0 i
1ne angpaatmg (rom the masdem winde the (tamawt Lok sppised e
s mesdeni o held markig Wtk bt o gt dhw tramamit Jhal e
b USR T (] 40) unpiatos from the beud ratc poncratia (1)) and
tix tramiui Jhnk applacd to the muadess sho utipsnales Trom the
and;

Tha deagianin el beang st furcer 3 conirad Slore paniy ctror

Thowe 1w Orte gee 1r (o munt wensligant bate o the € NIBL S
238tems fognic:

Thes o the UNIBUS (1 control bat that s applied Lo master
comnl FSu (¥ 104)

The rnotbe t N8BS CO contead e

Tha s the reaciie cnabic contrad bet foc the U SR (1 403
Thr s the tramum:i cnabic control bet fax the § SRT (} 41
The v mamicasnc wontrol bit for the T SR T

Tha o 4 paraliel inicrface cikorol et That o applicd o the uwr
dovke

This v o parsliel anterface contrir ht that s appled 1o the uwet
derves

The n a paralicl inctface contiol b that w applied o e uwe
devne

The sctisag of thee Dot inhabuts sy pushing or poppang of the mne
AN DEIW Y Mack

Ihn i 3 purziiel salotiox vortrol Mt that o appleed tu the ascr
devaue

Thi s s paralich interfione controd bet that i applied 10 the user
devux




Tabie 129 Fight 3-But Regmten (F 92,9422 Bits (Cont)

s I efimicion

COAIE L SRTSINGEE w11 P The woiiong of this bt v the D SRT rauenc bk iobe inied

(iR U T UME L SRE SINGEE STEP CE R H s vnienes % =iin
COMP RN TSR RS CER SUSRT roeene Wbk arsgmsnng
Ve thy nulitg) Lo s (OB ULART RX (1R N o0he
fuv e Lk that -« sppiacd tiita ESH T

LEINME WPR VAR The sefa i g Wamatnm oo the dmnoomceains 2 UONBE S NPR
e COME NPHS AR Hooorsad fo b ot e 18M
1LY

COME NPRSTARTH The €10 Lo one (1afsdnen of T bl instiates 8 UNIBUS NPR
aycle £ OME NPRSTART M 1 apaplucat L the niaster cuntrud
FSM (F 104

COME BRSTART H Ihe 7210 W one Uannon of this bst sntiates o UNIBUS
tcrrupt vycke COME BR START H v appbed to the
mterrupt controd FSM L 104}

312 MOV READMRITE (VRS

The 8 ARIE CSRT ond RRO,: Loy foad amd sy wvei odes thal Lrg 10! i il Toone o g
Moo i Q.‘-ﬁ:g}!‘-rfg' th s gan a b Qg ke g wd mibaly oy maadla o i Y ST SO 1Y BYNNE TS S A
LI SILEE I YR N LIS T

A ke read vk coaritiated by crgentong o DR R tcad mntiamtrun e weih COME MWR Y Hodea
writed Fhe #8dre-s 41 IO IS AP 413 BEE bt the deweted chom o oo o boaded inde 20 andirgus
~O8drcn regiter S8 rnt fumtatng Ty trad b miceales e the read Gk soamitated U
reguested dats i aciomatnahy kaaded imto 1 dhre o ud regnter 1] T0 Wobic the mvitnvade o 1cad 1
i Moyfea AR Ml At L iamy o af Be A uted g ckwm read moac s nmitu iy Rl Mgl g st
sord vk amd G v rgad o any il AHEE wating T i G amfecl on alatey (R Mtk Teads
i by reguented dats by peetieanng o topuiat DA R fead o the slom road togair 2 U

N uom whie vl serfifuicd Py v pting s ER R an mirgatar anht AN MPAK Y H o da s
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