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1.0 Overview

The MAXC microprccessor 1is interded tc be a reascnarly
gereral rurpcse processor, customized tc scre extent fcr PLCE-170
erulrticn. It is used as a central processor and c¢isc ccntrcller
in the MAXC system. Physically, the fprccesscr occiries Z4 card
positions in two Augat card <cages (19" x €.7"), and the dcisc
centrcl cccupies 8 carcé positions in a third cage. Figure 1 is a
lcgical blcck diagram cf the processor. It is crganized arcund a
36~-bit bus, on which all transfers Letween suksecticrs c¢f thle
machine occur. Data transfers toc ard frcm this bus and all other
furcticns in the machine are under contrcl cf a 72-rit
microinstruction wcrd. A machine may ke configured with eitlrer
1024 or 2P48 wcrds of instructicn rercry.

Two fields 1in every microinstruction srecify a tus
which loads data cntc the bus, and a kus destinaticn which reacds
and usually stores, the data. Soretires a single value of th
source or destinaticn fie€ld may srecify additicnal operations, or
several different source or destination values rmay srecify tte
same -bus orerations. These peculiarities are sgecified in the
arrrcrriate section of this manual. TIhe scurceés ard cdestinaticns
are listed and their properties summarized in. Argrendix L. Irn
gereral any source may be sent *o any destinsaticn, with the
following excertion: a slcw source ray nct be sent to a slow
destination.
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Slcw scurces are:

a lccal memory

NCT F

the ALU;

KSTAT and KUKNIT in the disk interface

Slow destinaticns are:

a lccal memory
Y if the next instruction contains PQ RCY [Y]
Q0 if the next instructicn ccrtains (CCC or CEVENR

There are also ¢twc function fields F1 and F2 which invcke
varicus actions supplementary to the source-destiraticn scheme.
These actions are specified where appropriate thrcuchcut the
manual and summarized in Agrpendix C.

The machine is synchronous, with a cycle tire cf 15¢ ns. The
technology with which the prccessor is irplemented is 74H TL;
IC?'s are mounted on wire-wrap cards, ard the back ranels are also
wire-wrapred. 2An excertion is the 1£24 x 19-btit memory caczd
which 1is wused for the instruction, dispatch, wag, and scratch
memories; this card is a rprinted circuit. All caktles exit the
Frcceseox frem the rear edges c¢f the cards. Xo special
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mechanical provisicns are required fcr cabling. The processor is
cocled by a fan unit which mounts irmediately belcw the processor
card cage, and powered by a power suoply mounted cn the kcttcm of
the cakinet.

‘The external interfaces to the processor are shcwn cacsheé in
Figure 1, and consist cf trle follcwirg:

1. 8 disc unit catcles, which ccnnect the disc centrol
portion of the rrocesscr to 8 2314 or 3332 type disc
files;

2. 2 memory port cakles, which connect tc twc pcrts of the
MAXC memory system. This memory is a 512K (exrandatle
to 1P24K) x 4P kit (+8 error correcticrn ané cetecticn
bits) dynamic MOS system. Access time and cycle time
are 829 ns. Cne port is used for disk transfers, tte
second for CPU transfers.

NOVA"). This interface has twc functicns.

a. It carries interprccesscr ccmmunication strokhes
tetween all processcrs c¢f the MAXC systenm. All
normal ccmmunicaticn between fprccesscrs occurs
through merwory, and these strokes serve tc incéicate
the rresence ¢f messages in railbox locations kncwn
to all processors.

It is ccnnected to a ccrtrclling miniceomputer (Cata
General Nova), wrich has the task cf monitorinc tte
system for errors and abkncrral ccrnditions. This
interface is used fcr debugging microcode in the
processor under control of a dekugger ir the Ntva.
The ccntrcl remcry cf the micrcprccessor is loaded
via this interface at start up, during debugging,
and when errcrs cccur during norral crereticn.

[eg
[}

1.1 Notation

All numbers in this document are in decirmal unless fcllcwed
by a E, in which <case tlrey are cctal. Thvs, 18 = 12B.
Arithmetic is 2s ccrrlement.

Names for fields in the microinstruction are in Appendix A.
Registers, remories andé cata raths are ramed L, R, P, ¢, X, c.,
Y, E (tus), S (scratchrad), C (disrpatch), MAP, I (instruction
remcry), NPC, STACK, IMA (instructicn rercry address), MAR, NLCR,
MDRL (low 4 bits of the 4@ kit memory word), EAIUEC (kus and ALU
branch conditions), F(flag register), ALU (output cf arithmetic-
logic unit), G, H, J, K (F register bLits).

3. One interprocessor communication cakle (lsteled "TO
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Eits in registers (and on data gaths like P and AlU) are
referenced ky integers in krackets following the register name,
ccunting from the left as though the register (cr path) were 36
bits wide. HNurktering recisters in this way is compatible with
PDF-10 docurmentation (it wculd otherwise ke better tc nurber from
the right). Thus BR[#] is thke sign bit cf the bus, Y[27] is the
sign bit cf the 9-Lit Y register, and B[9-12] is the AC field of
a PDF-18 instruction on the kus. For 40-kit registers like MDR,
the extra 4 kits are MCR[{36-39].

If A is a number with a bits and B a number with b bits, then
{3, E) is a numker with asb bits and
{A,B)[ (26~L)-35]=R
{(A,B)[ (3€-a-L) - (35-k) }=A

Lestination names always apgear as MNAME~ and they are the
cnly rames in this manual which are written with a final ~. 1If a
register 1is both a source and a destination, trese are always
called NAME (the scurce) and KAME-~ (the destination). Alsc, some
Operations can bLke initiated by either rrimary or secondary

furcticns, and these are given the same name in Fl and F2. Wren
a field in the microinstruction is used to address a remcry M,
the field is calleé MA (e.g., La, RA, SA) . Sources,

destinations, and functicns pertairing tc the disk ~control
secticn c¢f the microprocessor have names teginning with "g",

The word "illegal®™ means "must be avoided by the programmer,

since the result is not well-defined by the implementation of the
processor. " The hardware does not check for illegal cperations.
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2.0 Control

-3

The control section of the processor ccnsists cf a 12-fkit
program counter {NEC) in whichk the wmcst significsnt it if
currently unused), a lz-kit x 12-level subrottine stack, gating
tc rrcduce an instruction memcry address, and the instruction
memorye.

The processor has single instructicn lcckahead, i.e., the
fetch c¢f an instructicn cccurs during the executicn of the
grevicus instruction. All instructions require cne cycle tfor
execution. An idle cycle (during which an instruction is fetched
frcm the instruction merory, Ekut no instructicn is executel)
occurs only after a read or write of the instructicn mercry.

Execution of an instructicn can be delayed cne oOor more€ cycles by

the memory interface; see secticn S.

‘ Three fields of tle micrcinstructicn are used for control.

These are an eleven-bit kranch address field (BRA), a five-rkit
field (BC) which specifies one of 32 conditicns tc be tested to
determine whether a branch is to ke decne, and a twc-kit field
which specifies the tyre of branch (B1). The PT field is
interpreted as follows:

TYPE EFFECT
2 CALL (BA fielc) IF (ccnditicrn)
1 GOTO (RA field) IF (condition)
2 FETURN IF (condition)
3 DGOTO (BA field) IF (ccndition)

If BT = DGCTO and the branch conditicn is true, nc interrupt can
occur after this irstructicon (see secticn 2.1).

The condition selected by BC (see Agrendix E) is tested, and
if +trve, the Dbranch specified Yty BT occurs. The kranch
cenditicns which test the values of the ALU cutput ané tre kus
refer to the values ccrputed by the rrevicus instruction (unless
F1 = FR4LEALUBC and INT=@ in trat instructicn, in which case they
have the same result tlrat they wculd have tac in ttat
instruction). Thcse which test bits in registers refer to the
value at the beginning cf the current irstruction. XNote that tte
corplement c¢f every franch conditicn is also a tranch condition.

Table 1la specifies how the next instructicn and the next
- program ccunter (NPC) value are deterrmined by the current
instruction and the interrupt system. Note that a deferred
branch (DGCTO) allows the next instruction in secuence ¢to be
executed Lefore sendirg ccntrol tc the lccaticn specified by BA.
The effect of a DGOTO can therefcre be cancelled tky a GOTO or
RETURN in the next instructicn, ard a CALL in the next
instruction will push the address suprglied by the [CGCTIC. The
effect of DGCTC B[ 25-35] is provided ky F2=LCACEC.
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The 12-1level suktroutine stack hclds return 1links for
subrcutine c¢alis and interrupts. The ways in which the stack can
be affected by the current instruction are specified in Takle 1lb.
The E7ACK~ destination first pushes E[1-11), then B[12-23]. onto
the stack; ncrrally this is corbined with F2=NPC~ to prcvide a 3-
level dispatch. Ncte that STACK~ sets G=1 when E[#]=0# but leaves
G unclkanged when 3B[@)=1. This is the reascn why the first push
is of 11 bits and the seccnd 12 bits. It 1is 1illegal tc do a
RETUBRN in the instructicn fcllcwirng c¢ne which does STACK~. No
explicit ?USH operaticn is provided, since the same effect can ke
cbtained by

NPC~, B[25-35 ]~argument tc be rushed;
CALL [.+¢1];

The stack can be read onto the kus (right justified); it is
illegal to dc this in an instructicn which has a CALL, RETURN or
POP.
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Action of Current Address cf Next Next Value
Instruction Instruction (IMA) cft NPC

Nc branch NPC NEC + 1

No kranch € interrugt INTACFE NPC

GOTO BA BA + 1

GOTO & interrupt INTALCR EA

CGOTO NPC BA

DGCT0 & interrupt --not allowed; interrupt is delesyeé--
CALL BA BA + 1

CALL & Interrupt INTACE EA

RETURN STACK STACK ¢ 1
RETURN & interrupt INTALR STACK

Note: F2=LCACPC makes the next value of NPFC ke B[ 25-35]

regardless of wrat is said atcve.

Takle la. Instructicr Sequencing

Action of Current Effect cn Stack
Instruction

CAILL PUSH NPC

RETURN ECE

Fl or F2=POP* POP

BD=STACK~* FUSH B[1-11], then

PUSH B[12-23]

*Illegal in the sare instructicn with CALL or FETURN

Table lb: Stack Actions

25“)
257
25¢z
261
262
263
2¢€4
2€5
26~
2¢7
26 -
2F¢%
272
272
273

27%

27
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28-
28 -
2€9

291

294
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2.1 Interripts

An  interrurt syster is provided tc allow high speed devices
such as the disks to ke serviced. The elements cf the interrupt
system are:

1. A flag, INT, which deterrires whether the processor is
in norral mcdée cr in interrurt mcde.

2. Cuplicate cofpies of sCrme yrccesscr registers; see kelcow
‘for details.

3. A 16-fkit ARM register, cne bit per interrurt channel.
This register may ke a bus data sink cr scurce (selected
by functions). An interrupt request fcr which the
corresponding ARM bit is £ is ignored.

4. A single interrupt enable flag in the F register (see
2.2) -

The £first 16 microinstructions are reserved fcr an interrcpt
transfer vector. When interrupt n cccurs, the instruction in
location n (@ < n < 17B) is executed and INT is set. The
interrunt instruction is sirply sandwiched intc the ncrral flcw
cf control, sc that whken it is ir execution, NEC contains the
address ¢f the instruction which the prograr wculd Lave executed
during that cycle if thre interrurt had not occurred. The
interrupt instructicn must contain an urccrnditional CALL to save
NeC c¢n the stack and send contrcl to the start cf the interrupt
rcutire. 7The last instruction of the interrupt rcutine shculd be
a RETURN which inclucdes tre IFET functicn. This function clears
iNT and restcres the state to its pre-interrurt value. See below
for a descrirgtion c¢f the tiring.

The scheme just descrired works only if everything currently
known atout the sequencinc of the rair gprcgram 1is containeéd in
the NPC value. gince tris is not the case immediately after the
executicn of an instruction which loads NPC with arything excegt
I¥A + 1, an interrupt is not permitted to cccur after such an
instructicn, but must wait for a nacre <crgcrtine - moment. Only
instructions ccntaining F2=LOACPC c¢r a successfvl LCGCTC have this
prcblerm, and the processor automatically inhikits an interrugt
frcm cccurring in the cycle after these instructicrs.

It 1is the programmer's responsikility to inhikit interrupts
in otrer cases where that is necessary Ly setting FZ=INHINT.
This must Le dcne

1. If BC = RMW~ o©or Fl = RMWREF cr FVMWREFCXK, since an
interruvpt cannot ke allowed diring the EM rhase of a RMW
memcry reference. The processor autcmatically inhikits

interrugpts after every instruction cf the RM rhase
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except +the first, so the programmer need grrcvice F2 =
INHINT only on the instruction wtich starts tke
reference.

[N}
L[]

If BD = WRITE~ or Fl1 = WREF cr WREFDXK and MIR does not
yet contain the data which is to ke written (see section
S). If another instruction is executed tefcre MDR is
lcaded, the prccrammer must have F2 = INEINT on that
instruction ailso. It is nct necessary tc IRHINT on an
instruction containing WRESTART, tut if by the end of
the instructicn after the WRESTART, MLR is rct lcaced,
then that instruction rust IMHINT. It is not necessary
to have F2 = INHINT cn the irstructicn which lcads MIR,
since an interrupt after trat instructicn causes no
trouble.

Wwhen interrupts are inhibited, any rerding interrupt is sircly
delayed. No pending interrurt request is lcst.

Hcwever, 1if the IREQ 1level which reguests an interrupt is

rercved before the interrupt occurs, it will be fcrgctten = (see

the end of this section for a note on the tiring). Kcte tha*t a
lccp censisting entirely of instructicns with successful TGCTC's,
LOAIPC's or INHINT's will lock cut interrvpts indefinitely.

Eecause micrc-interrupt rcutires are vsed fcr date transfers
to and frorm the disk racks, it is irpcrtant tc avoic tire-
consuming state saving and restoring by ricrc-interrurt routines.
With a single disk unit 1in oreration, each dditicral wmicrc-
instruction in the interrupt routine reduces thrcughput ky 1%.
Ccnseguently, considerable extra hardware has Leen fut ir tc
automate state saving and restcring during interrirts.

Luring non-interrurt instructicn execuvticn, duplicste
registers for P, X, Y and BALUBC are lcaded wherever the prirary
registers are loaded. Curing an interrupt, hLcwever, tlrese
duplicate registers remain frozen at their focrmer values. Tre
Frimary X, Y, and EALUBC registers are lcaded frcn the curlicates
by tre IRET functicn. Tre first imstructicn c¢f the interrupt
rcutine is expected ¢to save NPC on the stack ky calling tre
interrupt routine, and tc save ¢ in ore of thre recister kanks,
say at SAVEDQ; this is wky durlicates for ¢ and NPC are€ not
prcvided. The final instructicn cf the interrirt routine must,
tc restore all these things, include:

IRET, RETURN, C~SAVEC(E, P-~P1

A duplicate register for KUNIT 1is alsc grrovided, but this is
handled in a different way, discussed in secticn 7. Alsco note
that AC and F are not duplicated (kecause interrugt rcutines cnly
change F intentionally ard dcn't use AC).
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The 1interrurt system accepts 16 leveles called interrupt
regquests (IEEQi, 1 = £ to 15). Interrupt i will cccur after the
executicn cf the current instruction if:

i. INT = @ {i.e., no interrupt is ir frcgress) cr ¥l =
FREIRET in the previcus irstruction. Ncte that tris
irrlies that if PRFIRET is rct used, at least one non-
interrvpt instruction is executed after each interrupt
routine is done, btefore the next cne is started. To
avoid this, tlke next tc last instruction of ttre
interrupt routine shculd sgecify Fl = FREIRET. The next
instruction after one which has PREIRET prust have IRET.

2. IENABLE (a flag register bit) = 1. kher the interrupt
system is disabled all interrupts have tc wait.
3. No REAC-MCLIFY-WRITE is in its RM rlase (i.e€., has

started to reac¢ but nct started tc write). Tre
instructicn whick issues the RMW dces not automatically
inhibit interrupgts, and the prograrrer must dec sc for
that instructicn. '

4. The current instruction does not have F2 = INHINT or
NPC~ or a successful CGCTO.

5. i is the 1larcest numker fcr whick ARMi ANC IREQiL = 1],
i.e. interrurts with bigger numkers have higter
criority.

Changes in the wvalue cf IREC, ARM or IENAELE dc nct affect thre
interrupt system until tre seccnd fcllcwing instruction. Thus if
instruction 1 <clears IZNABLE, an interrupt may occur (if the
cther conditions are satisfied) after i or after i+l1, kut will
nct cccuyxy after i+ Z.
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2.2 Flag Register

The 36-bit flag register F serves as a repcsitcry fcr varicus
flags in the prccesscr ané gprovides a rurkter c¢f general-rpurrose
single kit flags which can be conveniently manipulated. Scme
bits of F are set cr cleared by assorted events in the processor;
these are nwmwentioned in connection with the descripticn cf the
relevant event and summarized in Appendix E. In acéiticn, threre
are creraticns which werk cn all the tits of F;

NOT F reads NOT F crtc the bus
SETF [s] sets tle bits ¢f F which are 1 in € [s]
SETEC[s, cond] éces SETF[s] if the kranch conciticn is

true (there will alsc ke a tranch if tthe

ccnditicr is true)
CLEARF[ s] clears the kits of F which axre 1 in S{s]
CLEARFC{ s, cond) does CLEAFF[s] if the trarnch ccrnciticn is
trve (there will alsc ke a tranch if tte

condition is true)
SETFB[ s,cond ] does SETF{s] if the trarch ccrnciticn is
. true, CLEARF [s] if it 1s false (there
w1ll also te a kranch if the ccnciticn is

true).
SEISF[ s] sets Lits of F selected ky S[s][32-35)
~20E) #8.

All cf these are specified by functicrs except NCT F, which is a
bus scurce. SETSF[s] is also a F2. G, H, J arnd K are bits of F

which car be tested by branch conditicns; they can alsc ke set 1in E

a variety of ways ([see Agpendix E).

0

For i 2, 1, « . ., 3%, if

1) the instruction contairs SETF, CLEAFF or S:EITFE, Or
if it contains SETFC or CLEARFC ard the Dranch
condition is true, or i 2 32 and it ccntains SETSF;

2) kit i ¢f tre wecrd read frer S is 13

3) kit i «cf tre flag register (F{i)) is Lkeing set or
cleared incerendently by scme cther rart of tkre
ELOCESSCI;

then the new value of F[i] is the OR of the value it wcull rave
gotten from (1) and (2) akcve, and the value it wctld have getten
from (3) akove.

DR NG
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3.9 Arithretic/logic Section

Tre aritrmetics/logic secticn cf the prccessor is shown in the
left half of Figure l. It consists of two register banks I and R
with 32 registers per kank, two working registers P and ¢,
multiplexirg for inputs to P and ¢, and a 36-tit arithrmetic/lcgic
unit (2ALU).

3.1 Register Banks

The <two register kanks are addressable frcm two five-kit
fielde LA and RA in the microinstruction, or frcm the 1low order
five bits cf the §-bit X register, or from the 4-kit AC register.
The source ¢f a register bank address is determined Lty the
appreopriate A fielc as fcllows:

1) R = @ or l: take tlre address frem X

2) A = 2 or I: take the address from AC

3) A = U: address register 4, tut never write intc it
{see Lelcw)

4) A > 4: address register A

ihe arcve rules irrly that registers B8-~3 car cnly be
referenced frcr X cr AC, and register 4 can ke stored intc cnly
when addiressed via X c¢r AC. Ffor the left tank, if LA = B (2) and
X [32-353=2{(AC=09), the instructicn will read the value 2
regardless cf the contents cf the register addressec and will not
write into the register ktank. This kludge is rprovided so that
PCP-18 indexing anc self-instructicns can be emulated
conveniently. RA=1 {3) is the same as RA=8 (2).

the X register can be loaded from
P[ 28-35)
B[14=-17] (PCP-1@ index field)
B{6-11] (FDF-12 Lyte pcinter size field)

The AC register can re locaded from
B[ 32-35])
2[9-12] (PCP-1@ AC field)

Both registers may ke incremented and decrerented with
functions and ray ke reaé cnto the bus (right justified). X[ 38~
35] may also be read ontc the bus left-justified (L.e., into B[ 8-
5]); tris puts it in the PCP-10 byte rcinter pcsition field. 1Iwo
rranch conditicns exist tc test the sign ¢f X. ZIhe value cf X
{tut not AC) is preservec acrcss an irterrurt.

In each instruction it is possible tc¢ read from or write into
(but nct bcth) the left register kank, and indegerdently to do
the same with the right register kank. Ihe decisicn cn whetler
tc read or write is made as follows. If the reqister kank is

4sy

456
457

458

461

463

464
465

469
870
471
472

. 473

476
477
478

479
Leo

481

Ley
4 85
486
487

LES
490
491

LSy
495

496
497

499
500
501
502
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addressed Lty PS or QS, it is read. Otherwise, it is written
unless the micrcinstruction addresses register 4, in which case
nothing is done. Note that LA=8 or 2 may override this fcr the
left bank if register B is addressed ky X[32-35] cr AC.

3.2 P and Q Registers; Cycle and Mask

The multiplexers on tte inputs tc F and ¢ are under ccntrol
of twc fields PS and QS in the microinstructicn. The rpossible
inguts for the working registers selected Ly ttese fiells are
given in Tables 2 and 3. P and ¢ are always lcaded with the data
specified by these tables with two excepticns; F is nct lcaded
if F1 = LDPALUH ANC AIUP=E; FB is not loacded if F2=ASHCVE.

When P 1is loaded fror anythirg excert B, Fl cr 21U RSE 1 it
is pcssible to mask the input with 2#**n - 1, i.e., keer the
rightmcst n bits of dinput and zero the rest. This acticn is
selected by cne of four functions:

Functicn N

SAMASK NOT &A

BANMASK NCT ER

AMASK AF ({lirits X tc < 449%)
XMASK X register

where the mask length n = NMAX (36, N mod €4). If Fl is nct cne of
these four, no rasking takes rlace.

Note that the mask and PS features allow an arbitrary field
tc be extracted frcm P (or Q, using FECY{L cxr NCTRLIU, using
RCYNCTALUC) and rput into F right justified. Tle fielC can Le
specified either ky the instructicr (using cne ¢f £A, TA and AF)
cx by the X{length) and Y{right cycle required) registers.

F2=0,SHOVE, in accition to inkibitirg the lcading cf FJZ, sets
the flag register bit OVF to 1 if PLAFl; tine interdad vse 1is to
set CVF if a left shift would have changed the sicr ¢t F. Ihere
are branch conditions (CCCL, CEVEN) to test the kctter kit cf
at the start cf the instructicr. They are illegal if ¢ was

loaded fror a slcw sourceé in tre last instruiction.

Ir normal mode (INT = £), both F and Pl are lcaded when
lcading of P is specified Ly the instructicn. Ir the interrcpt
rcutines (INT=1), the 1loading c¢f Pl is inhititecé. El1 tlus
greserves the contents of F across the interrurt rcutine. The
last instruction of the interrupt routine shculé theretcre frave
PS = Pl as well as IRET.

o

‘

hon

& 4
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3.3 Arxithretic and logic Crerations

Ihe ALU can compute all 16 Foolean functicns cf P ané Q as
well as a nurker cf arittretic functicns. Its orperation is
controlled ky a 5-kit field in the instruction called AF. The
values of AF which rproduce thke wvaricus RALU functions are
srecified in Table 4.

The arithmetic functions (AF 2 20) are affected tky the value
cf CZRRYIN, which is @ urless cne cf the function fielés selects
1l (fF1 or F2=CARRY1l) or J (F1l=CJESJC).

In additicn tc¢ the 3€~-bit result srecified Ly Table 4, the
ALU fprcvides three additional Lkits for the arithmetic functicns
starred in Table &.

ALTCR is the carry out of kit 8 from the twcs-ccrrlerent
adc srecified in rparentheses in Takle 4.

ALUC1 is the carry out of bit 1

CVERFLCW is AIUC® # ALUCl. It is @ if the 36-kit twcs-
ccrrlement result ccrrectly rerresents the
srecified functicn, 1 1f the resctlt is wrong by
+23S .

The function SETCVPCPl sets flag register kits FCF and ECl to
the values of ALUC® and ALUCl respectively and crs CVERFICW into
flag register bit OVF. The function CJ§SJC sets J to RIUCE. The
functicn SETHCVF sets H to ALUCL#ALUCL.

The valve cf the 3€-kit ALU cutput relative to 0 is stored in
EALUEC andé ray ke tested Ly a tranct ccnditicn in the next
instructicn. ALU8 {for PCP-10 floating point ncrralizaticn) and
EZ are also stcred irn EAIUEC and may ke tested. Tris infcrmation
is autoratically rpreserved across interrupts. If INTI=8 and
F1=FRZEALUZC, EALUBC is frczen at its grevicus valuve rather than
being wupdated to reflect the results of the currert instructicn.

3.4 Corrunicaticn with the PRus

Ihe arithretic/logic secticn ccmmunicates with the rest cf
the prccesscr via the &kus (aside frer flag Ekits ané tranch
conditions). As renticned abcve, X ard AC can ke loaded from or
read cntec the bus, and P or Q <can e 1lcaded frcm the tus.
loaZding c¢f P and ¢ is ccntrolled ky PS and QS as descriteé akcve
anc¢ does nct rejuire the destiraticn field. Note that P and Q
are always 1lcaded sc¢ it is the prcgramrer's resronsikility to
nave FS celect P and QS Q when he does not wish the values to
change. In addition, € and the 2LU result may ke read cntc the
bus by specifying them as sources, and there is a function
READALU to cr the AIU result with the kus value specifieé Ly the
source field. Ncte that tre ALU is a slcw kus scurce.

547
549

550
551

554
555

557
558
560
561
564
567
568
570
571
573
575
577
578
579

580

5€&3

585
5¢&6
587

S€Es8
58§

590
591

592
593
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PS (octal)

g-46
47
50
51
52
53
54
55
56
57
62
61
62
63
64
65
66
67
70
71
72
73
74
15

P Ingput
PQ RCY[ £-U6)
B

Pl

ALU

ALU ARSHC 1 (PR-ALUCH)
LSH[ 3]

ISH[2)

LSH[ 1]

RSH[ 1]
RSH[ 2 ]
RSH[3]
LSH[ 3]
ISH[2 ]
LSH[1]

RSH[ 1]
RSH[2]
REH[ 3]

PQ LCY[ 3]

PC ICY[ 2]

PQ LCY[ 1]
unused

PQ RCY[ 44-Y]

WX W W

PC RCY[ Y]

unused

MAXC 8.2 / Fage 16
July 26, 1972

Notes (s€€ next pace)

1
cannot be masked
cannct ke raskec

cannot be masked
4
4
4

Pl i S~ <R

Lol ol S~ ~ i

1,2,3: Illegal if Y
was lcaded on the

previcus irnstructicn,

cr if IuT=1. EEWAFE.

1,2: Illegal it Y was

lcaded frcr a slcw
scirce on the pre-
vicus instructicn.

Takle 2: P Input Selecticn

6CC
SLU
6C2
€C"

~
R~

6C°
6C
5C
6C-
60"
£1 .
61.
61

61-

[eaNNe,Y AT O
MO BRI RY DD v a = a
! PN

[«a)
9]
i

63C

633
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Nctes:
1. FC is " a 72-bit numker which can rave cne cf the fcllcwing
values:
Ccnditicn Ieft 36 Lits Right 36_Lits
Fl1 cx F2=RCYQQ C ¢
Fl or F2=RCYZQ g Q
F1=RCYNCTALUCQ NCT AlU Q (must ktave AF<ZPB)
otrerwise P o

The resulting P input is the leftmost 36 Lkits cf the cycled 72-
bit number.

2. Alsc sets H to (Y > 44B). If Y > U4UE, then let C = (Y IF PS
= IO RCY ¥ ELSE 4uLE-Y MCL 160BR IF PS = PQ RCYU4R-Y). These
functions cause the P irput selecticr tc ke acccmplisheé as if Y
and 77E cr (44B-Y) AND 773 were in the Pf field to begin with.
Ncte that if Y can contain a value causing either I cx R tc be
read into P it will not be pcssikle tc write intc L cxr R during
the same micrcinstruction. BEWARE.

3. licte that RCY4L3-Y is not the same as ICY ¥, since it is also
necessary to exchange P and Q.

4. Zeros are shifted into the vacated it positicrs.

Table 2: P Input Selection (continued)

636
638
641
642
643
6uy
645

648

651

652

653
654
655
656

658

66C

663
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QS ¢.Input

8 L

_1 C LSH 1

2 ALU

_3 ¢ RSH 1

K R

-3 Q

_6 R RSH 1
7 B

* F1 = RCYQQ or F2 =

NAXC 8.2 / Face 18
July 26, 197%

Notes

€35~ (ALUO#G) IF F1=03SALUG ELSE
CO IF * EISE 0

CO-~F35 IF F2=ASEOVE ELSE
C35 IF * IISE 8

CO-~ALU35 IF PS=ALU RSEl ELSE
E35 IF * ELSE 2

C is a slcw sink 1if the next
instructicr has E(=CCCC cr CEVER

RCYCC or F1 = FCYNOTALUQ

Table 3: ¢ Input Selection
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AF - Pesult AF Restlt {(add 1 if CARRYIDN = 1)
22 BOT P '} p-1 712
21 NCT P ANLC Q 1 b 713
22 NOT (P OR Q) 2 X 714
23 7] 3 2P 715
24 NCT P CF Q 4 P ANL NOT € - 1 716
25 ) 5 X 717
26 £ = Q0 (bitwise) 6* P-0Q-1 {P + NOT Q) 71¢€
27 P ANKRC 7 (P 2KC NCT ) ¢+ P 719
340 NCT (P 2ANLC Q) 10 PANC ¢ -1 720
31 P 7 Q {titwise) 11=* P + Q (P + Q) 721
32 NCT 12 X 722
33 P AND NOT Q 13 (P RND ) ¢+ F 723
34 1 (all bits) 14 -1 (twcs corplerent) 724
35 P OR Q 15 X 725
36 F CR NOT ¢ 16 X 726
37 P 17 P 727
* carry and overflcw cutruts are valid 729

Table 4: ALU Functions 732
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4. Lccal Memories

The processor physically contains tlree 1224 wcrd rercries
with 18 tits/werd (plus parity). These are logically srranged as
two 512 word x 36-Lit memcries called the scratchpad (E) and the
disgatch memory (D), and an 1l&€-bit memory called the N2AF. 3ince
they are physically parts of the sare memory, S snd [ cannct tcth
te referenced in the same instruction. All three rercries can be

addressed frcm the 9-kit Y register, car read data onto the tus,

and can store data from the bus. They are all slcw scurces and
sirks.

There are furcticns tc increrenrt and decrement Y and to
increment it by 4, and branch conditicns to test 1ts sijn. Y can
be read onto the bus (right justified) anc¢ car ke lcaded frcm a
number of places:

-Y

E[ 27-35]

B[18-26] (page numkter)

E[9-8] (PCP-10 cpccde cr flcatirg-pcint expcnent)

B[4-5] (PCP-10 byte pcinter rcsition field)

4@@B + B[33-35]*20E (ccrverts a éisk urit nurker cn tre
tus irtc the address c¢f a 16-wcrd
table fcr each wunit in the urrer
half of ¢)

(B[ 18], B[28-35]) (sfkift ccurt)

is a slcw sink if the next instruction contains PS = FQ RCY Y.

Y
The value cf Y is preserved acrcss an irterrurt.

&

-1 Scratch Pad Memory (S, SY)

tnlike the other 1lccal memories, this ore can ke accressed
from the instructicn as well as frcn Y. The 8-bit &SA fielc 1is
used for this purpcse. If it is < 28B, it is cr'ed with Y to
produce the S address; ctlerwise S2 is the address. This mneans
that cnly lccations 20B-377B can ke referenced directly frcr the
instruction withcut using Y.

In additicn to reing read ontc the bus, the data from S may
indefendently be sent to F, where they perforr varicus usaful
functicne (see section 2.2). In addition to the usual scurce and
destination values to put £ onto the kus or 1lcadé it frcr tre tus,
there are also functicns REALS and LC?TS tc Jdo thcse thirgs. 1ke
REACS functicn or's S with whatever is gut cn the kus Lty the
scurce field. Note that D and S cannct ke referenced in the same
instrxuction.

S RN S

-~
4

7713
RATES

- -
<
)

777
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4.2 TLispatch Memory (D, DM)

This rercry 1is rhysically the tcr 512 wcrds of a 1024 word
rercry cf which S is the kottcm 512 words. As a result, it
behaves exactly like a seccnd copy of £ which is selectec instead
cf s wher D is the source or destinaticn or whern F2=USEL. Thus
it car be addressed from SA and is sent to F just like S. Trhe

ZADS and LCALS functions apply to it, tut make nc sense since D
can ¢cnly e selectec¢ Ly scurce cr destiraticn.

D it intended to be used to hold three 1ll-kit ricroccde
addresses and a flag for each of the 512 PDE-18 cpcedes, Lut
ncthing in the processor hardware constrains it in this way.

w7

)

5.3 Map Mermcry (MAE, ¥

f

S£ince this memory has 1024 18-rit words, it neecs a 18-bit
adéress. The Y register is used fcr the bcttom 9 kits. The top
bit, which in tre intended wuse <celects the vser map (1) or
rcritcr magp (®), is taken frcm the current user mcde (CUVM) kit of
F. In crder to facilitate the selection of user cor monitor map
acccriing to the Tenex rules, an instructicr in which the
function 1is ore of the following provides the indicated value as
the top kit cf the MAP address, and alsc sets CUM to that value
{({CT1 are F register tits):

Ffunction Value of top kit _cf MAE_address
IKFF CUM CR XC18
&KZF cr RMWREE CUM OR XCT1
BIREF CUM CF XCT2
WREF CUM CR XC13

Ile functions also set H to the XCT kit which they reference.
Note thrat the RZF functicns alsc set the G flag (see Arpencix E),
modify MAP, and start mercry references (see secticn 5). They do
not use the kus. Ncte alsc that MAPVA~ sets CUNM to UM.

To facilitate clearing the MAF, which must ke dcne every time
the system switches users, there is a destination MAPU~ which
initializes four registers simultanecusly frcm E[18-35]; the four
are the register addressed by (CUM, Y) AND 1774E and the three
fclicwing cnes. This destination also increrents Y Ly 4.

781

783
784

786
787

789
790

794

796
798

799
800

8C1
8C2

806
807
808
8C3
810

813
814
815
816

818
819
820

821
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4.4 Instruction Memory (I, IM)

The instructicn memcry I ray be read and written by the
fcllcwing kludge.

1c read;
B ~ address, ICACEC;
P ~ I, DGOIO[ .+1];
next instruction must have a successful CAIL, GCTIO cr
RETURN

Ncte that I can be read out only into PF; it gces cver the ktus,
but sc slowly that it cannot ke sent to any cther destination.
Tc write:
P ~ address, LOALCPC
I ~ bus, LGCTC[ .*1];
next instructicn rust have a successfvl CaAll, GOTC cr
RETURN

If ‘the instruction which references I has F2=INPINT, I[8-35] is
referenced; ctherwise, I[36~71] is r=ferenced. C[Luring trke cycle
after the reference ¢tc I the instructicn being esxecuted is the
cne which was referenced, tut scme special 1lcgic frevents ttis
instruction frcm dcing anytlring.

1y

ro

RS 1)

FENES )

[N}

o et tar PO
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5.8 Processcr Memcry Interface

The remrory interface vsed by ncrmal (non-interrupt)
ricrcprcgrams consists of a 4&-tit data register (MCR), a 21-ktit
aidrecse register (MAR), and circuitry to irplerment the request-
response rprctccol of the rain memcry systern. Tte MEmMCYY
interface allcws the rfrccesscr tc nake read, write, and read-
rcdify-write references of several types, scre c¢f which include
access checking based on the access permissicn kits received frcm
tre MAP rercry. The memcry interface suspends activity in the
prccesscr under conditicns in which a micrcinstructicn wculd
yield errcneous results if allcwed to execute. The pericé curing
which the merory interface is active and in whicl tke fprccesscr
will ke suscended ky micrcinstructicns which reference the memory
interface it discussed in section 5.2.

e rercry interface wuses five kus destiraticns, three of
Fave side effects ctlter than sinrly lcading registers:

4

1h
which
RERL~: MAR[15-35] =~ B[15-35], start memcry read

SRITE~: ¥AR[15-35] -~ B[15-35?, start memcry write

The grccrar rust lcad MCR witk the data tc be
stored within twce instructions after ttis
destination  is invcked. The rmicre-instruction
containing WRITE~ must contain F2=IXEINT if the NMCE
has nct Lteen 1lcaded. INHEINT rust alsc ke set in
the instructicn after WRITE~ if MCR is not loaded
until twvo instructicns after WRITE-~. However, the
instruction which lcads MCR does nct hsve tc have
INHINT since an interrurt after that instruction
causes nec grctliems.

RM%~3 ¥nR[15-35] -~ B[15-35], start RMW

The rprcgram must exglicitly disakle interrurts Ly
INHINT cnly during the irstructicn which uses ttis
destination. OQOnce the irterface has kegun the EMW,
interrupts will ke autcmatically discklec until tre
cccgrar ras initiated the stcre pcrtion ¢f the RNW.
The store portion wust be begun within three
microseconds after the RMW~ Ccr a rercry errcr will
cccur {section 5.2)

MLR~: MOR[2-35] ~ B[{#-35]
1f a memory write is at a point at which the memory
expects MLCR to ke stakle, tle FXccesscr is
suspended until the reference is ccrpleted.

MAFVA~:  VAR[15-35] =~ B[15-35], G~(((S 1IF F1 = ACFS ELSE
LU) AND 777760)=0), Y ~ E[18-26], CUM~UM, X-B[ 28-
353

854

856
857

858
859
€60
861
862
€63
€65
866
868

87¢
€72

874
875
876
877
879
881
882

8e3
BE4

BE6 .
868

ges

892
g¢3
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The intezxface

MDR:
MLRL:

M2R:
The interface

MDFL-~:

WRESTART:

RREFLXK, WREFDXK,

€t al. MAXC 8.2 s Page 2Q

July 26, 1972

uses the following three kus sources:

P{@-35] ~ NCR[@-35]

B[32-35] ~ MLCR[36-39 ]

The [prccesscr is <us;ended on read or RMW if the
memory ras nct yet suprlied data.

B{15-35] ~ MRR{15~35]

uses the following functions:

MCR[36-39] ~ B[32-35]
The comment under NMDR~ aprlies.

This functicn starts the stcre rertion cf an FMW
reference. Interrupts are inhitited bLketween the
executicn of an instruction containirg IMEIRNT, R¥W=
and the executicn cf the instructicn after tlre
ccntaining WRESTART. The
and inhititing 1rt9rrupts which apply to the WRITE-~

destination also aprly here, excert that the
instruction containing WRESTART cces nct have tc
Jdse INHINT.

RMWREFDXX, XREF, IREF ,PIREF ,RRZF ,WFET,RVMAFEFS
These functicns load V\" [15-26] frco the lcw orler
bits of the rap memory via its direc= cutyuts, and
cenditicnally start the specified tyge cf
reference. Tre ccriiticns wnder vhick tte
crccesscr is ralted when these £functions are
executed andé tre rules akcut 1lcading LR and
inhibiting interrupts are identical tc thcse whick
arrly ¢n a norral retererce c¢f the samne type
(WRITE~ fcr WREF and WREFDXK, FMh~ fcr ENWEEF and

RMWREFLXK, REAL~ ftor ttle
these furcticns check the
against the access permit
A reference is legal ifi:

otlrers) . Ir acditicn,
leqality cf the reference
kits frcm the map remcry.

RREFCXK nP[18] = @

RREF ¥AP[18] = O

IREF ¥AP[18] = @

FIREF MAP[ 18] = @

WREEDXK MAP[19] = @

WREF MAP{19] = 2

RNWREFCXK 'MAP{18] = MAF[19] = @ _
RMWREF MAP[ 18] = MAE[19] = @
XREF MAP[ 28] = B

JIf the specified refererce tyre is legal, and if G
= g, the interface is starteé. If the access is
illegal or if G =1, the interface is not started. .

cne:.
rerarks ¢n loading MDR

[FolENe]
LIS
wy &

Nal
LA
-

[V Vo IRV IVS RV IV BV JEVa RV o} 0
E & v W w o) 2]
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ané G is set. MAFVA~ leaves G = 1 iff an AC
reference is detected.

Tc allcw the processcr tc be debugged in single step mode,
the memcry interface has two additional features. In single step
rcde, the instructions which normally start RMW references start
REFLs, and WRESTART starts a WEITE. When WRESTART is issued or
ARITEZ is issued and F2 = INHINT, the actual stcre is deferred
until an instructicn is executed with INHINT=0.

Ite disk memory interface is similar tc the frccessor
interface, rut is considerably sinpler, since it deals only with
physical addresses ané¢ tas a rcre lirited command repertoire.
The disk memcry interface shoulé Lte vused cnly Lty interrurt
routines, and 1is rrcviced rrincipally tc aveid saving the state
OL a menmory interface curing interrupts, rather than to increase
rercry bandwidth.

IS

Tre interface contains a 40-bit (rlus rarity) data register,
K¥CR, and a 21-tit adcéress register KXM2AR. Seversl cf tre
interface «ccntrcl creraticns transfer data directly from the 4g-
bit diskx data register KDATA.

Tre interface has timing and register lcading considerations
sivilar tc those in the crocessor interface; hcwever, the
ccrrents ccncerning the inhibkiting of interrupts éc nct apply,
since this interface is uvsed only by irterrurt rcctines.

Ire disk remcry interface uses the fcllowing functicns, witk
actions as specified:

KWLATA: KCATA [ 2-3S] -~ P[ £-35] ~ RMDER[@-35],
KCATA[ J€-39] ~ KMDR[36-39)]
KRDATA: KMLCR[9-35] ~ E[0-3S] ~ KLATA[#-35]
KMDR[ 36~39 ] - KLCATR[36-39]
XKMIRL~: KMCR[ 36~-39] ~ B[32-35)
XWREETAFRT: Start the store porticn of an RMW reference.

If a kus scurce is specified in ar irstruction which uses KRDATA
or XwL2TA, the data frcm tle srecified scurce will te wmerged con
the tus.

Ihe following bus sources are used by the ¢isk memCry
interface:

KMDR: B[ 8-35) ~ KMDR[ £-35]

950
952
953

954
955

°57

959
960

961
962

964
965

967
968

S6¢S
971
974
975

877
€78

980
982
985
9€6

988

991



MICROPROCESSOR / Lampscn, €t al. MAXC 8.2 / Fage 26

Xerox Palo Alto Research Center July 26, 1972
RMAR: B[15~35]) | - 663
KMIRL: B[ 3z-35] ~ KMDR[36-39 ] ges
and the following bus destinations: A 997
KWRITE~: KMAR[15-35] ~ E[15-35]), start write; 39¢
KREAL~: KMAR[15-35] ~ E[15-35), start reac; 1o
KRMW~: KMAR[ 15-35] ~ B[ 15-35], start RNw; 10C s
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6.2 Main:enance In:erface

The raintenance interface has two independert functicns. TIhe
first is tc facilitate 16-kit data trarsfer Letween the NOVA and
any cf 256 extexnal Ccevices, several c¢f which are used by the
micrcproce ssor; the second is to Frocess interrugts frcr tre MAXC

system used for intergrccessor corpunicaticn and error repcrting. .

6.1 NCla Porticn

At the NCVA, the maintenance interface ccnesists cf two
sections, one fcr Cata transters ard cre fcr interrvet Lkanéling.
The data transfer pcrticn of the interface ccnsists of an 8-tit
external device address register AL, and gating to allow
bidirecticnal data transfers. The address register is lcaced
from the lcw crder 8 tits cf AC with DOB AC, MAINI. 1This address
is sent to all external devices, ard causes them to place data on
the l6-cit bus if they are input devices, ¢r prepare tc receive
Gata if ttrey are cutput devices. [Due tc timing ccnstraints, a
unigque external device acdress is asscciated with an input device
cr an ocutrut devic2, but not koth. To cutput 16 rits frem AC to
the device addressed by AC, CCA AC, MRINT shculd te executed,
gimilarly, UL[IA AC, MAIM inputs 16 kits frcm the (ingput) device
aédéressed by AC. D<ing input frer a device decgicred tc accert
cutput rTesuits in @, and dcing cutgut tc an input device has no
eftect. Since all I/C activity cccurs within tre sgsn cf cne
NCVA insiruction, “he ncrrmal EUSY ard L[CNEF logic zssociated witkh
NGVA I/0 devices is nct cpresent, ard the E£12RT and CIEAF
furcticns have rno effect. It is rossikle to send & single pulse
tc the dJevice adcressed Lty AL Ly executing NICP MBINT.
Interpretaticn cf this signal varies with the device.

The seccnd pcrticn cf the rairterance interface receives twe
communicaticn sianals frcm tre rerainder cf tke syster, and
intercests twc error sicnals, FATAL ERKCEF (FEF) and KCN-FATAL
EXRCk (NFER). 7The latter two signals are generated by varicus

rcrticrs cf the system when errors are detected. XFER is
currently uvsed only to detect corrected single-rit fsilures in
the rerory syster. It ras nc effect except to cause a Nova

interrurct.

Tre fatal error signal |is generated wren ar unccrrectable
error cccurs at the remcry or at the prccesscr. All cevices in
the syster sarple this signal, ard halt when they detect it. The
yvOVZ2 must therefore take acticn tc restart the system when this
interrtrt cccurs.

The four sources cf interrugts, FER, NFEER, CCMA, and CCME,
are nerged to cause a single NOVA interrugt. This interrupt may
be gsacsked coff in the normal way with MSKO, using tit 6. The
single interruvpt is connected to the LCNE flag fcr MAINT, sc tlrat
the state ¢f these interrupts rmay ke tested while they are masked
out (rowever, the functions which rcrrally set and <c¢lear T[ONE
have nc effect). The four interrurts may ke ernabled ard disabled

1008
1011
1012

1013

1016

1C18
1019
1020
1021
1022
1C23

1024
1C25

1027

1C28
1029 °
1030
1031
1032

1033
1034
1037
1038

1039
1040

1041
1043

1Cu4
1045

1047
1048
1049
1050

1051
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serarately by executing CCC AC, MAINT with a fcur-rit pask in AC.
The kits are:

12 FER

13 NFER

14 COMA (MAXC gprccesscr tc NCVR signal)
15 CCME {(unused)

One's in AC disatle tre interrupt. 2fter a given interruct is
disatled, it may cccur once rcre gprcviding it was pencirg at thre
tire it was disatled.

Wren [IC AC, MAINT is executed, a fcur-kit mask is read into
AC, with cne's correspondlng tc the scurce(s) cf the interrupt
{the tor 12 bits contain garktage). rese flags rerain set until
explicitly cleared with NICC NMAINT.

The correct sequence of events in servicirg thre sincle
maintenance interface interrugt is

[
[ ]

Read interrupt flags with DIC AC, MAINT.

2. Cisable rainterance interrurts and clear the flags with
DOC AC, MAINT (AC=17).

3. Service the interrupts as determined by tre flagwcrd.

4. Re-enabtle the raintenance irterrupts with ICC AC, NMRINT
(AC=8) .

S Re-enakle NOVA interrurt (INIEXN) and return.
In servicing the FER anc¢ NFER 1nterrLgt< it is necessary to pcll
devices carable of causing these interrurts tc Jetermine the

scurce. This is descriked in detszil Ly tre dccurerteticn fcr
each device.

6.2 Processcr Secticn

The fprccessor secticn cf the syster mainterance interface
ccensists of a number of registers which may be 1lcaded frem the
Ncva, allowing it to ccntrol the oreraticens cf the prccesscr.
These registers are (fcr exact fcrrat, see Arrendis F):

a) A 64-bit register, FIE, whick rclés & ¢sincle
microinstruction (nct ircludirg the Erenckh accress
field) which can be executed urder ccntrcl cf the Xova.

b) A 36-bit bus data register, ER, which car ke gated cntc
the processor bus under ccntrcl of the Xcva.

C) A multiplexer capakle of returning 6% rits cf cata to
the Ncva. 36 kits are used fcr the prccessor tus, tre

-
<y
(V)

CY ¢y DD

(G2 IRCARNO AN } ]

-t - =D o
<
Al

ald
s

17
17
104

10 %
1047
10+

AN

101

0O

1071
10%-3

1055

1101
11¢2
11C4
11C3
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d

)

rerainder return status <ccrditicns, The status Lits
returned are the state of the RUN flip flcp, the state
of the two mercry interfaces, and the perity error
flags. ¥hen any parity errcr cccurs, FER (fatal error)
is" set throughout the system, causirg all prccesscrs
(including the crne which caused the errcr) with the
excerticn ct the Ncva, tc¢ halt. The Nova is
interructed, anc will be expected tc deal witl the error
and restart the processor. The parity errcr flags are
reset ky ERRESET.

A 16-bit contrcl register, CR, which may be loaded from
the Nova.

The tits of the contrcl register are latched at the processor
excert fcr the ones starred in the table belcw. Starred bits
gene xate signals which last for the duration of the LCOA.

EIC

E
F

3
A
PC

Enakle irstructicn ccntrclled changes

Erable changes in BALURC
Enatle ctarges in IM2
Znakle clanges in EC

{The four bits aktove enatle varicus flavcrs cf clcck in
the grccesscr.)

{(single ster) If set, the RUN fligrflcp is cleared
cne cycle after it is set. '

ETRUN* Sets RUN. Run 1is cleared by €S and by various

errcr ccndéitions.
ET* Resets error ccnditions (parity, etc.) in the
Crocessor.

{execute frcr rercry) If set, microinstructions
are executed frcm the instructicrn memory. If
clear, microinstructions are executed frcr FIR.
B Causes the contents of the kus register tc be
- placed on the rrocessor bus.
E processor interrurts.

STROEE Ncva-to-MAXC rrocesscr strcte.,

1106

1107
11C8

1109
1110

111

1113
1114

1116

1111

1120

1124
1127
1130

1133
1134

1137
1138
1141

1143
1144

1147
1149
1150
1152
1153
1156

1159
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7.9 [LCisk Ccntrol

The disXx interface consists <¢f three bkus destinaticns
(KUNIT~, KSET~, and KCSET-~), two tus sources (RUNIT and K¥STAT),
three functions (KKRCATA, KWLCATA and KNEWCCMV), ard scrme interrcipt
machinery. The letter 'K' has beer chcsen tc rreface all disk
register names.

The disk controller hardware civides irtc twc parte. Tle
first part, called the ccrrcn ccntrcller, frcyvides services to
all disk vrunits. The KUNIT register, interrtrt ccntrol, write
cscillatox, bus interfacing, and memcries whick irclerent <he
KDATA registers are all part cf the ccrmen centrcller.

The seccnd rpart, called the unit controller, is reylicated
for each disk unit. Inccrpcrated in the disk uvnit contrcller are
registers which resrzcné to KSET-~, KCSET~, and KETAT, _lcgic to
control the transfer c¢f data bytes tc and frcm the ccrmon
ccntrcller, generate interrurt regquests andé cCetect error
conditicns, and control the sequencing of ccrrands tc the dcisk
unit, and a phase-1lccked lcor for disk data reccvery., The design
provides for one ccwmmcn ccntroller interfacing with (up to) eicht
unit ccntrellers, each o©f which in turn irterfeces with cne

Century Lata Systers 213 disk unit.

With each diskx unit contreller are associated five logical

reqisters: a disk command register, a ccrtrcller comrmand

registexr, a disk and ccntroller status register, cre inrut data
register, and cne cutrut data register. Trese recisters are
logically ccnnected to the abcecve-perticned Lus cources and tus
destinations if and only if the XUNIT register rpcints to the
desigrated uvnit contrcller.

Curing ordinary processing, the contents c¢f tle XUNIT
register may ke changeé ky using KUNIT- as the bLkus destinaticne.
However during the rrocessirg ¢f an interrvpt KUNIT is
terpcrarily torced to point to the lLighest-rricrity disk unit
which 1is reguesting the highest priority interrurt. C[uring ttis
rexricd, the pushed-down KUXNIT register can ke «ctansec Lty using
KUNIT~ as the btus cestination; rcwever this chanje will nct re
reflected 1in the KUXNIT kEkus source until after interrvgt
processing is complete. 1In rractice, cre would prcratly nct want
to use KUNIT- as the kus destinaticn during interrurt rrccessing.
Hcwever, reading the KUNIT bus socurce during an interrupt routine
is the only vway of finding out with what unit the interrurct is to
be asscciated.

The follcwing fparacragks descrikte the effect of XCSET~,
KSET~, KSTAT, KWDATA, KRDATA, and KNEWCCMM upcn the unit selected
by KUNIT. No other units are affectec.

1163

1166
1167

1168

1172
1173
1174
1 1 7 f
1177
11743
1179

e
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Ihe KCSET~ destinaticn modifies the ccrmand register cf the
unit ccntroller according to variocus bus bits (see Table 5).
Ihis permits the processor to alter the unit's grccessor
interrupt raskx, to reset interrurt ccrditicns, and tc reset error
conditions. '

ihe ¥3ET~ destination perfcrms the action specifiec skcve for
KCSET~, and in additicn lcads tre disk ccmrand register frcm the
tus. These data are latched by the disk ccmmand register and
fresented to the disk unit for a prescribed tire irterval.

Ihe KMEWCCMM function (same as REPLS) is interpreted cnly in
conjunction with the KSET-~ bus destipaticn. It cautses thre unit
controller tc reset the ccmmand it is currently rresenting to the
disk unit Lefore latching up the new comrand fteirg issued by
KSET~. ENEWCOMM 1s rtequired when setting the head register,
recsetting the head register, setting the cylinder register, and
starting seexs. It shculd not ke used at other tines fcxr fear of
hezd select glitches andé erase turrn-cff klasts.

The KSTAT source cputs status bits frem the disk unit and
ccntzcller onto the bus. [See Takle 6.)

The KWIATA function kuffers data frcm B[@-35] and ENLCR [35-
39] fcr eventual writing on its disk unit. 7The bus data may be
read into F or Q in the same microinstructicn fcr chrecksunm
computation.

The KRDATA function places XCAT2[ 2-35] cntc the tus, lcads
KF¥DR{d-35] from the bus, and loads KMDR[36-39] directly from
KDATE[36-39]. Ire Lkus cata may be read intc F or ¢ for checksum
ccrputaticn in the same microinstructicn.

The details of the controller-disk file interface and a
numcer of tedicus programming details are discuissed in Aggpendix

1204
1205
1206

1208
1209
1210

1212
1213

1214
1215

1217

1219
1220

1222
1223

1225

1227

1229
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Eus Eit 1231
Pcsiticn Meaning 123:
2 Enakles/disable sectcr irterrupts on channel 5F 123¢
1x Load cylincer register frcem B[15-23] _ §23¢
2% Load head register from 2{18-23] _ 124
3 Interpret B[15-23] as a command and execute it 1248
4 Enable/disakle word interrupts c¢r channel 13B 1247
(reading) 124
5 Enakle/cisable word irterrupts on channel 12B 1270
{writing _ 1249
6 Enablesdisable word interrupts c¢r clarnel 11B 127
{dispatch) 1274
1 Reset sectcr cenditicr 12
8 Reset rrccessor data late 1.2
S5 Reset ccrntrcller data late 12-.0
18 Reset sectcr overflcw 1.7
- 11=* Ceselect/select this unit 1o
C12-14 -=-=-Unuse€c--- 1277
15-23% Cisk drive bus, intergreted according tc B[1-3] 127:
24-35 ---Unuse€c--- 127°
'* Intergreted only for KSET~. Kot interpreted ty KCSET~. 127¢

Table 5. KSET-~ and KCSET~ Eus Intergretaticr 1227
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EFus FEit
Pcsiticn

)

(TN

(F=ITH)

fun

fon

I~

.
nNo
t
ar et
(S0 ol

Meaning

Index ccnditicn (ccmes urp with sector condition.
Stays up fcr one sectcr)

Unit unsafe {operator must take acticn)

Unit offline (illegal wunit cr creratcr must take
action)

Unit not ready (= seekirg if cther stuff QK)

Seek has failed (very rare--restore anc try acain
rut prokatly a rardware failure).

Unit is read cnly (This is ccntrolled by a manual
switch, but the hardware will lcck at this switch
only when the unit is ceselected. 1This means trat
the software will have to deselect tre unit Lrefcre
the effect of tre cperatcr thrcwing the switch will
be received Ly the unit).

Cccntrcllier nct ready (set until previcus command
has reen received by disk unit--akcut two usec)
Sectcr ccnditicn (sectcr interrtupt request is held
until it is dismissed, rut the M"sector ccnéiticn®
recores true ccncurrert with the sector interrupt
request and false at ttre secend werc time
afterwarcs) .

Frocessor data 1late (microinterrurt serviced tco
late)

Ccntrcller data late (hardware gprcklems)

Sector overflcw (still reading, writing, erasing,
or woré-interrupting at sectcr gulse. Reading
writing and erasing are turned cff aré no future
word interrurts will be r1ecuiested).

Unit deselected.

—--Jnusec~~--

* Reguires reset by KSET~ or KCSET-. Reading, writing, erasing,
and word interrupting are prevented by ary cf these errcirs.

Note: All errcrs prevent writing irside the file.

Takle €: KSTAT Bus Data

1286
1288

1290
1291
1294
1297

13C0
1303

1306

1308
1309
1311
1312
1315

1316
1319
1322

1324
1326

1328
1330

1333

1335

1338
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Arpendix A: Summary of Microinstruction Bits 134
Fielc¢ Size Positicn Fearing 13-
EA 11 2-18 Brarch address 1347
ET 2 11-12 Brarch tyre: GC1IC, CalL, 13245
RETURN, EGCIC 12 4
BC 5 1317 Branch conditicr (EC@ inverts 1372
the reaning) 1202
LA 5 18-22 left bank address: @/1 = use X, 13°¢
273 = use AC 13
RA 5 23-27 Righkt bank address: 2/1 = use 1372
X, 273 = use 2C 1373
Ps 6 28-33 Select input tc E 13:2
gs 3 Ju-3€ Select inrvt to ¢ 13¢ 3
AF 5 37-41 ALU furcticn 1322
ES s 4z-46 Bus scurce 137
ED 5 47-51 Bus Jestinaticn : 137.
Fl 6 52-€7 Functicn 137
E2 4 58-61 Zeccrd Function 137
SA 8 62-€9 ccratchrad acdress: <2JE = use 1387
SA CR X 1382
BRKP 1 71 Freakrcirt . 136«
IRIG 1 72 Scope tricger 130

Total 72 136
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Arrendix B: Sunmary of Eranch Ccnditions

BC Neaning EC
{octal) : {cctal)
g Always 9
1 ¢ odd 21
2 *24108 = @ 22
3 K =1 23
4 *L1U < @ 24
5 H=1 25
6 X240 26
7 —— 27
10 ALU = B 3P
11 G =1 31
12 *2 < B 32
13 -—— 33
14 *A1U < @ 34
15 J =1 35
16 Y 20 36
17 -— 37

Meaning

Never

Q ever
ALUB # O
K =

ALU 4

ool
"
[ ~ VAN S

X <

@«
]
e X2 I Y

< Gy
te

]
Qv

- -

*preserved acrcess interrvpts in BALUBC

MAXC 8.2 / Page 35
Juvly 26, 1972

Reference

endix E

wrm wiN

3
3
A
3
Arperdix E
3.3

Arpendix E
3.3

3.3
Arrendix E

1390

1393
1394

1397
1398
1399
14C0
14C1
14C2
14C3
1404
1405
1406
1407
1408
1409
1410
1811
1412

1414
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Arrendix C: Summary of Frimary and Secondary Furcticns

F1l (Cctal) KAME MEANING

D -—— No action

1 IREF MAFREF (XCT@, RP), E~XCT2

2 BIREF MAEREF (XCT2, RP), I~XCTZ

3 RREF MAIREF(XCT1l, RP), E-~XC7T1

_4 RREFDXEK MBAFFEF (G, FP)

_5 RMWREF* MAFREF (XCT1l, RP ANLC WF), E-~XCT1

_6 RMWREFLCXK* MAEFEF (¥, RP BNL WF) _

) WREF** MAEREF (XCT3, WP), E~XCT3

12 WREFDXEK** MAEFEF (0, WP)

11 XREF MAFREF (T, XP)

12 - _

13 LOADMDRL MCR{ 36-39 ~E[32-3%]

14 WRESTART %% ¥ Start the write cycle cr & RNwW.

15 —-

16 KNDRL~ KNCR[36-39 ]~E[32-35] _

17 KWRESTART Start the write cycle cn a KRMW.

28 KRCATA E{0-35 ]~KTATA[B-351,
KNMTR[0-3S~E[2-353,
KVDF[ 36-39 1nKLATA[ 36-29]

21 KWDATA B[ @~35]-X"CR[2-35],
KCATRA[@-3S1~E[B-32],
KDATA[ 36-39 }>KMIR[ 36-39]

22 SIGNCVA Fequest NCVA interrcgt

23 INCY Y-Y+1

24 DECY Y-Y-1

25 NEGY Y--Y

26 YKPTR~ Y-U4QQE « E[33-35] * 2£B

27 —-

38 INCX X~X+1

31 CECX X-X-1

* Must be accompanied ky F2=IKHINT

**  Must

end of the instructicn.

*%% The

WRESTART.

* instruction
INHINT if MDR is

ke acccmpanie€d by F2=INHINT if MIR is not lcadec ty the

after WRESTART rust be acccrranied kty F2 =
nct loaded until twc instructions after

14°

(@Al

1419

1421
T4z4
1427
1430
1622
1435
145 %
MR
1445
1447

16 ¢
j4s2

1495

1657
14e T

14¢2

1445
1447
166 %
1477
14732

1675

1477

15759
1451
1643
T4 e
14¢=

-
&
[YolnY el
[eA3R o

1499
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Ncte: MAPREF (umbit, permission) is CUM-~CUM CFK umbit, start 1501
rercry reference if G = 2 and permission = 1, and G = G CF 1502

(rermissicn = 8) .
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Appendix C:

NAME
INCAC
CECAC
SETF
SETFC
CLEARF
CLEARFC

SETFE
SETSF

CARRY1
CJESJC

SETHCVF
SETOVPCZ1
RCYAQ
RCYNOTALUQ

RCYQQ

LDPALUH
Q35ALUG

READALU
XMASK
SAMASK
BAMASK

AMASK

MAXC 8.2 / Eage 38
Suly 26, 1972

Functions (Continued)

MEANING

AC~AC+1l
AC-~AC-1

F-F CF S

F-F CF S IF EC is trve

F~F ANC NCT S

F~F ANLC NCT S IF EC is true

F~(F Ck S IF EC ELSE F AND NCT §)
#its of F selected ky £[3z-135) are
set tc (F ANLC S ANLC -2£23)4#8 (F[32-
353 are X, J, H, and G)

Surrlies ingut carry = 1 to 21U
Supplies ingput carry = J to ALU and
sets J to ALULCZ

Sets E tc ALUC@ # ALLCL °
PCA-~ALUCE,  EC1-~AILUCl, CVF-~(2LUCT &%
ALUCl) CF CVF

Change cycler input from EQ tc 3¢
Change cycler ingut frcm PL to (KCT
ALU, Q)

Change <cycler input frcr FD tc Q0.
Change (C~R RSE1l tc C(C-~R RCY 1.
Crarge Q ®SHE1 & Q LSH1 into ¢ RCY1 &
Q LCYl.

Pcent't lcad F it ARITE=H
Modifies ¢ LSHl. See table 3.
Or ALC result with bus value
srecified bty source

Sets P mask to 2%*[ X ANLC 77E] - 1
Sets P mask tc 2**[ (NCT SA) AXNC 77B])
-1

Sets F mask tc 2*#[ (NCT EA) AXD 778 ]
-1

Set P rask tc 2**AF - 1

15C5

15C8

1511
1513

151¢
151+
1521
1524
1527
1529
153¢

1233
1535
1536
1539
1541
1542

155¢C
1251
1552

1560
1561

1564
1557

157¢C

1573
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(Y READS Cr S with FLus value sgecified by 1575
A . scurce. 1576
KNEWCOMM Reset disk ccmmand lines if 1577
destiraticn=KSET~. 1578
61 LOADS Write bus intc S 1580
62 . - ARM~= ARM~E[20-35] 1582
63 . ARM B[ 20-35 }~2RM, E[1-4]~INTNO, B[£2] - 1585

INT
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{Cctal)

Aprrendix C:

NAME

PREIRET

IRET

FRZBALUBC

POP

MAXC 8.2 / Page 40
Jtly 26, 1972

Functicns (Ccntinved)

MEANING

Prorises returr frcm interrupt after
next instructicn
Feturn from interrurt

Prevert 1latched bus and AIU kranch
conditions frcr changing at the end
of this instructicn. Ineffective if
INT = 1.

Fop the stack. Must nct scccrrany
CALL cr FETURN.
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P2

——————

&

i
Q

[
[

=
w N

fhe
Pl

{Cctal)

Aprendix C (continued) :

USED

READS*
KNEWCOMM #

LCADS*

WRESTART*

RCY2Q*
CARRY1=*

ASHOVF

RCYQQO*

pPCP*

ACFS

MAXC 8.2 / Fage 41
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Seccndary Functicns
MEANING

Frevent an after ttis

instruction.

interrurt

NEC-~B[24-35] and rrevent an
interrupt after thris instructicn.

Set the high Lit cf the SD memory
address sc that the address is in D
rather than s.

Or £ with data on bus.
Reset disk ccmrand
destination=KSET~,

lines if

Load £ fromr data c¢n bus.

Start the write cycle on a RMW,
Nc Acticr
Bits cf

set to (F AND € AND -28E) #0
35] are X, J, E, ané C).

F selected by S{32-35] are
(F[32-
Change cycler input tc @C.

Suprlies infut carry = 1 to AIU.

OVF~ (PR#Fl) CE CVF, disable loading
of P[£]), C#-P35 cn ¢ FSH 1.

Charge cycler input to ¢C. Change
Q~R REH1 to ¢~R RCYl. Change ¢ RSH1
& ¢ LSH1l into Q RCY1l €& ¢ ICYl.

kcp the stack.

G~{77776@0 ANL S = £). Cverridées the
usual setting cf G ty MAPVA-.

*Also provided as a primary functicn.

1608
1611

1613
1614

1616
1617

1619
1621
1623
1624
1626
1628
1629
1631
1634
16 36
1638
1639
1642
1645

1647
1648

1651
1652

1654

1657

1659
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Summary of Fus Sources and

MAXC €.2Z # Fage 42
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Lestinaticrs

lrofeuioiroiroirolroinotroino b= s

NO. (Octal) SQURCE BDINATION MEANING
_v NULL B~ Ncne, Bus talue is @
1 X X~ 8-kit, Xx-register
_2 Y Y-~ 9-kit, Y-register
3 AC AC~ 4-bit, AC register
_4 *MAP *MAP~ 18-kit, Magr memory
_5 *D ¥D~ 36-cit, Cispatch rmemory
_6 *S S~ 36-bit, Scratch pad merory
7 %Y I~ Instructicn memory, Ltits
B-35 if F2=INHINI, sOo 36~
71 ctherwise
1p MDR MDR~ Prccesscr merory data
register
11 MDRL Fxtra 4 bits o©f memory
data
11 RERAL~ MZR~E and start reacd
12 MAR Memcry address recister
12 RNMNW= MAR-E and start read-
mcdify-write
13 - WRITE~ MAR-B and start write
14 *KMDR *KMDR~ Disk mencry data register
15 *KMCRL
15 *KREAD~
16 *XMAR Cisk remcry address
register
6 KWRITE~
7 —— KRMNW~
o *KUNIT KUNIT~ Disk unit in F£[33-35]
1 *KSTAT Fut dicsk status on bus
1 KSET~ Beth ccrtrcller ard file
2 -— KCSET~ Contrcller c¢cnly
3 *NOT F
3 ISPLIT~ X~B[14-17], G~{E[13]=0)
4 Q
4 FSPLIT~ Y~B[£-8]
5 *ALU
5 BSPLIT~ X~B[6-11], Y~E[0@-5]
*Slow

**Very slow.

I can only be sent tc P register.

16- 2
1642

16,9
1671
1674
16717
16 :C
16 41
16 5
1% -3

1674

155}
1632
1€ %<
16 :%
16 =
17 1
174

~d

17
17
17
17
17
17
5
17.
17 .
17>
17 ..
17
17 ¢
17
17 3
17 .
17 <%

-

[ AN S N ]

N

w \
- at ed b -

{ws

(G ]

Y -l

1745

178
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Pppendix D: Bus Scurces and Destinaticns (Continued) 1751

Nc. {(Cctal) SCURCE BECIMNATICN MEANING 1754

26 STACK B[ 25-35 ]~ top entry of 1757

: stack. Illegal if 1758
ccmkined with CAI1I or
STACK~

26 STACK~ Fush stack twice, leaving 1760
B[12-23] ¢cn top and E[1l- 1761
11] next tc the tcp. G-G 1762
or (E[2 }=9)

27 NPC 11-kit prcgram ccunterxr 1765

27 MAPVA~ Y~B[18-26], NAR[ 27~ 1768

3531=B[27-35], G~(((S IF F2
= ~ ACFS ELSE ALU) AND

777768B) =8) , CUN-UM,
X~B[ 28-35 ] 1769
32 -_— *NAEU~ T~ ( (CTM,Y) AND 17748, 1771
Y-v+l, 1772
" MAP[ T ]~MAE[T+1)~NMAB[T+2] 1773
- SMAP[ T+3 ]~E[ 18-35 ] 1774
31 XTCP E{ 8-5 J~%[ 30~35] 1776
31 XSPLIT~ Y-E[2-8 ], BC-F[9-12], 1779
X~B[ 14=17 ], G=H=(E[13 ]=0) 1780
32 : _— YSHIFT~ Y[ 27 }~E[18 ]. Y[ 28-35 ]~ 1782
B[ 28-35] 1783
$Slcw 1785

*sVery slow. IM can only ke sent to the P register. 1788
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Appendix E: Summary cf Flag Register Bits

EIT NAME SET/USED

v OVF Turned c¢n by SEICVEC@l if CVERFICW, by
ASHOVF if PLAF1

1 PC@ Set tc ALUCL ky SETICVECIL

_2 PCl Set to ALUC1 by SETICVECOL

_3-4 No srecial uses

_5 UM Used tc set CUM by NAFVA~

_6~-13 No srecial uses

14-17 XCT#-XC13 Tsed to set MAF address ard CUN by some
REF destinaticns

18-26 No special uses

27 CcuM Currert user ncde. £gee 4.3

28 No srecial use

29 IENABLE Interrupt eratle

39 No special use

31 NOVA Set by Ncva tc¢ sigral prccessor

32-35 On SEISF, the flags selected by cnes in
€[ 32-3%] are set tc T ANXL S AXNC
(—282) ) +0

32 K Used by K=£ brarch condition

33 J If Fl1 = JCLCARFYEC set to A1UCZ and used
as CARRYIN Used by J=0 kranch condition.

34 H Set by XSPLIT-~ tc (B[13]=J), by scme KEFS
to the selected XCT1 bkit, Yy SETFCV to
ALUCOZ#ALUCl, Lty PS = PQ RCY Y cr P RCY
44-Y tc (Y > 44E). Used kty LOACFALUH and
H=@ branch ccrditicn.

35 G Set by XSELIT~ ané ISFLIT~ tc (2[13]=8),

by STACK~ tc G CR (E[2]=2), Ly MAPVA-~ AND
NOT ACFS tc (ALU ANLC 77776£=£2), Lty ACFS
tc (S AND 77776@3) =8, ky REFs to G OR

17¢

17¢
17¢

17¢
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{map violation). Used Ly C35ALUG and G=# 1838
tranch cenditicn.
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Appendix F:

SMI device

addre:ze
{I=input
tc Ncva)
{(O=Output
tc Ncva)

218 ¢C

.216 O

215 O

214 ©

Name

CR

BR#A

BR1

ER2

FIR@

PIR1

PIR2

PIR3

RUN

MAXC 8.2 s Eage ué6
July 26, 18972

Maintenance interface devices used in the rrocessor

Bit nare ard significance

Ccntrol register

g:rIC
1z EE
Z2:EIM
3:EEC

4:=55
5:5ETRUN
6:EURESET
T:EEM

1 UG

10-1

Bus recister; gated tc prccesscr bus when

REGTOR=1.

processor tits £-15.

Bus

register;

NCcva

Nova Lkits §-15 correspond to

Eits 0-15 are

processor bus bits 16-31. -

Bus

register;

processor bits 32-35.

tcva

Lits 3-11 are

Fseudo-instruction register
Nova Bit: Drccesscr

-1
- €
7-11
12-15

0

1-¢
7-S
10-14
15

2-3
4- &
9-14
1%

B2-2
3+10
11

Bit &

RUN=1 in the crocesscr.

BI[£0-£1)
BC[ £0-£4 ]
LAL 31-35])
RA[ 31-34]

RA[35°
ESEL[ £2-25 )
QSEI{ 72-22]
ALUF( ££-04 ]
SRC[ £7 ]

SRC[ 01~-04 ]
DEST[ 28-24 ]
FCX[ £2-85 ]
FCN2[ £2 ]

FCN2[ £1-23 )
SA[ 28-15]
SCOFE TRIGCER

instructicn €iel’

Eranch typ

Erarch ccnditicn
ILeit kank address
Richt tkank acdcress

Fiaoh* kark address

P rultirlexer select
¢ rultirlexer select
21U furcticn

Eus scurce

Etvs source

Eus destination
Frirary furcticns
Seccrdary functicns

Secondary functions
Scratchpad address
Fcr celtucaing

cf this register = 0 indicates

are undefined.

211 other bits

- A s
S . N
Fs

LR S e S Ry

-

b =~}

~d
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BP

B3

MAXC 8,2 / Page 47
July 26, 1972

Prccessor bus bits 0-15 are input to Nova

Processor
Nova Lkits

Processor
Nova kits

bus bits
Cc-15.

bus Dbits
8‘11 °

15-31

32-35

are input to

are input to

1898
1899

1901
1902

1904
1905
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Arrendix G. More Than You Really Wanted tc Krcw Akcut Disk
Centrol

Part I: The Disk Drive to Ccntroller Irterface

The disk drive (Century UCata <cystems model 213 cr 215)
ccrmunicates with its unit controller over a »MAXC <catle. Cisk
ccrmands, disx status, and data bits travel endlessly tack and
forth over this cable. Signal raths consist cf +twistec rairs,
one grounded at ftoth ends, the <¢ther driven with an oren
collector TTL gate at cne end and resistively terminated at toth
ends. The signal paths are lcw true or lcw active. Trirteen
signal raths are reserved for commands from the urit ccntrcller
to the disk drive. %hat follcws is a mcdified excergt fror the
CDS 215 Interface Specificaticn. Kcte that this secticn dces not
describe disc control from the viewpoint of rmicrcprcsrars. It
discusses the signals to which tte unit ccrntrcller Tust
interface. Microprograrming ccnsideraticns are in part II of
this aprendix. )

Module celect
Selects the disk <dcrive attached tc the ccntrcl urnit and
enables it to accept signals rresented cver tle ftus ané tag
lines and to generate sicnals on the status lires,

Drive Eus (8-8)

Nine 1lines to transmit address ard ccntrcl infcrmation as
determined by one of three tag lines:

TAG IINEES

- Line Name Control Set Cyl Set Feaé
Drive Bus @ Cyl 256
Crive Bus 1 Wr Gate Cyl 128
Crive EFus 2 RC Gate Cyl 64
Drive Bus 3 Seek St Cyl 32
Crive Fus 4 Rst HC Reg Cyl 16 Hd RAdd 16
Drive Bus 5 Erase Gate Cyl 8 FC ACC 8B
Crive Fus 6 Se€l HA Cvl 4 Ié¢ A¢c 4
Dxive Eus 7 Rtn 222 Cyl 2 Eé 2dd 2
Drive Bus 8 Hd adv Cyl 1 Ed Add 1

Set Cylinder Tag
Incdicates that the cylinder nurter cr the Lkus lines is stable
and loads it intc the cylinder register. This functicn cces
not initiate a seek creraticn. '

b
¥al
(g}

13!
1 ¢
1<t
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Set Head Tag 166
Incdicates that the lead address is stakle on Bus lines & 1968
through 8 and loads it into the head register. This functicn 1969

must Le rreceded ty a reset head functicn, since the unit
internally OR's the new head acdress with the previcus cne.

Ccntrcl Tag 1673
Indicates that Ltus data is stakle ané contains ccntrol 1975
inforraticn. The cicnals on each ¢f the nine tus lines are 1¢76

defined as follows:

Bus # {No Function) 1980

Bus 1 (write Gate) 1584
Scecifies that cata cn the Write [ata line from the unit 1686
ccntrcller is to ke written ¢r the currently selected 1¢87 -

cylinder cf the Disk Drive.

Eus 2 (Reagd) 1991
Srecifies that the data on the selected cylinder and 1993
head be transmitted over the Read Data lire tc the unit 1994
ccntroller,

Bus 3 (Seek Start) 1668
Provides a vrpulse wrich starts a seek cperaticn. The 2CC1
seek creration cavses the head carriage mechanisr tc
mcve fromr its rresent address tc a new address. This 2002
frnction normally follows a "set cylinder" cperasticn.

Eus 4 (Reset Heaé Recister) 2C06
Provides a rpulse signal tc clear the Beaé Address 2CC8
Register {Heac €8 ccnditicr). 20C9

Bus 5 (Erase Gate) 2C13
Enarzles the selected EHead tc Stracdle Frase reccrded 2015
data. To ensure a corplete Straddle Frase of the guard 2C16
bands c¢f a <cdata reccrd, the EFrase Cste must remain
active for 28 us + 12% after the %rite Gate is inactive. 2017

Eus 6 (Select Heac) 2021
Select the head addressed by the Head Address Register. 2024

Eus 7 (Restore) , 2028
Initiates arm mction tc Cylinder @0@. The Cisk Crive 2031
will generate a "seek complete”™ signal when dcne.

Bus 8 (Head Advance) 2C35
Prcvides a pulse to increment the Heaé Adcress Register. 2038

In additicn, two other signal paths (Sequence Pick In and 2041

Controlled Cround) are used tc turn the disk unit rotaticn on and 2042

off remotely, ané one non-standard signal gpath (Termination
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'Power) provides +S5vLC, #.9 amps, to a resistive terrmirsticn klcck
located at the disk unit.

Trhere are ten signal rathks ir the cakle reserved for status
inf ~rraticn frcm the disk unit to the ccntroller:

Mcdule Selected
Indicates the disk wunit 1is selected and nct ursafe. Tre
Modole Selected signal cccurs withir S8£ nsec. frcor the
leading edge cf Mccéule Select.

Gated Attenticn
Indicates that either a power-on sequence, a seek ccrmand, or
a restore is ccmpleted. This signal is reset by the read
gate.

Drive Ready
Indicates that a selected seek ccrmand has keen succes
completed and that tke Disk Crive js ready tc reac or

On-Line
Indicates the heacs are externded and the Cisk Crive is ready
to ke orerated ky the contrcl urit.

Sector
A pulse on this 1line indicates the keginnirg ¢f a sectcr.
Pulse width is 87 us & 20%. Jitter shculd ke less thran 128
microsec.

Index
I< set on one and only one sectcr cf a revcluticn. The oulse
width is 88 wus +207%. Index 1is delayed frcmr <cector Ly
arprcximately 120 micrcsec.

Lrive Unczafe
A signal on this line indicates the selected Cick Crive is
unsafe. Within the Tisk Drive, safety circuits are grovided
tc protect the recorded informaticn.

The follcwing conditions inside the Tisk [rive generate the
unsafe signal.

{1) LCCUNSAFE - Any dc power surply output lcw.

(2) ELUNSAFE - A read wursafe ccrnditicn is: Ccntroller
initiates a <celect EHead Lkut no hex
becomes selected or ogcre than cre hread
kteccres selected cr nc select lread 1is
initiated from the ccntrcllexr kut a read
keccres selected.

(o]
>
r
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{3) RCY,s . (ERGATE + WRIGATE) - Disk Drive not ready for
operation fkut Write or Erase Gates raised
ky controller.

{4) RDGATE . {ERGATE + WRTGARTE) - Read gate and write gate
cr erase gate raised by ccntroller.

{5) IWOXN/ . IEON ~— Write current cff and erase currenrt on
fcr lcnger thar 6@ micrcsecends.

{6) IECK/ . IWON - Frase current off and write current cn.

{7) EFGATE . IEON/ - Erase gate up and erase current cff.

- {8) IECN . ERGATE/ -~ Erase gate down and erase current cn,

{%) WRTIGATE . IWOK/ - Write gate up andé write current cff.,

{18) IWCN . WRTGATE/ - Write gate down and write current cn.

{11) SEZRUNSAFE - Crive oscillator low, Eeacs extendecé and
nct up tc speed, or SEEKERROR during
forward rcticr cf FIRSTSEEK or RESTORE.

{12) AIR FILTER SYSTEM FAULT.

.Seek Incorglete

Irdicates that the Drive has been directed tc a ncn-existent
cylindexr or has failed to generate Seek Ready within 1 sec,
cf a "Seek Start.m

cf Cylinder

Indicates 'that the head address register in the Gisk érive
has advanced from hkeaé¢ address 19 tc 20 in response tc a Head
2dvance command.

2108
21C9

211
2112

2114
2115

2118
2121
2124
2127
2130
2132
2133

2135

2138
2140
2141

2145
2147
2148
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Write Current Sense 2172
1his signal indicates trat ncrral write current is present. 21 ¢
write current sense is active within 18 vs frcr the leacing 2151

edge of krite Gate.

The ™"Gated Attention," "End of Cylirder," and "write Current 2177
Sense" signals are not present in the disk status wcrd presented 270
tc the MAXC processor because they are irrelevant tc MAXC's rcde
of operaticn or Lecause trey are redurdart. In acdition, tlree 24
other signal paths (Sequence Power, Sequence Pick Cut, and Heads
Extended) are used to sense the rotaticnal status of the disk 217

unit fcr AC and CC power sequencing purposes.

There are twc signal paths (irplemented with ccaxial catleg) 21+
which carry serial data to and from the unit ccntrcller. During 211
write oreraticns, negative-ccing edges c¢n the write data line
trigger a corplementing flip-flor in the disk unit, wkcse s*tate 217

is written Lty the selected read-write head on the cisk.

Similaxly, diring a reacd creraticn, a flux reversal sensed by the 2%
selected read-write head (correspcnding tc a change in the state 274
cf the complementing flip-flop during writing) fires a cne-stot

in the disk unit wkich sends an 80 nancseconc¢ negstive-ccing 21!

pulse onto the reacé data line.

The following takle surrarizes many of the important 217
rarameters of the Century Cata Systems 213/215 disk drive:

Maximum Head Positioning Time 55 rs 2
Maximum Track-tc-Track Pcsiticning Tine 19 ms 27
Maximum Rotaticnal Latency 2% nms 2° 7
Recording Method Lcukle Frecuency, PARE
bit seriai 21
Reccrding Surfaces Available per Crive 29 21
Number or Recording Heads per LCrive 23 (@0-23 E cctal); 2%
cne per cisk surtface 2
Type of Eead Straddle Erase 2°
Cisk Rotaticnal Speed 2423 FTNM +2% 21
Nurber cf Cylinders per LCisk Fack 425 (023-625 B cctal) 2
Track-to-Track Spacing 2.0@85 irches rcminal 2°
Mipnimum Recommended Time per Bit 364 ns ' 27
Maximum Start Time 93 seccncés tc ready 21
Maximum Stop Time 11 seccncs 27
In general, the drive kus lines should ke stakle fcr at least 2172
289 ns before activaticn ¢f any tag lines. Active tag 1lines 21«
should rerain active for a period of at least 828 ns, arc¢ guiced
tag lines (for all c¢ccmrands except read, write, or erase) shculd = 27
remain active for at most 19 us. Fcllcwing the de-activation of 2.0
all tag lines, the drive bus lines shculd remain stakle fcr at
least 208 ne; then all bus drive lires shculd ke de-activated for 2.

at least 429 ns.

- e——
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Further infcrraticn con the disk unit is available from the 2204
Certury Data Systems (Anaheim, Califcrnia) Interface 2205
Syecification, Model 2715 LCisk System, and from the Mcdel 215 Disk 2206

Drive Maintenance Manual (which also includes circuit diagrams).
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Part II: Prcgrarming Consideraticrs

Many frogramming consideraticns relate tc errors, and these are
in Table S.

1. Selecting the unit (= loading RUNIT recister) is acccrrlishred
automatically ty the harcdware pricr tc a disk micrcinterrurt and
nc cther units «can te referenced *ntlrg the interrurt rcutine.
The function YKETR~ is provided especially fcrx disk
ricrcprograms. It is planned that the interrupt instruction will
include

YKPTR~, X-KUNIT;

This will select the right rank checksum register ané the 16-wcrd
scratch merory array peculiar tc the urit cavsing tre irterrupt.
Non-interruprt programs select a disk urit by exrlicitly lcaiing
KUNIT.

2. OCre microinstruction must elapse after explicitly celecting
KUNIT~ as a destinaticn cr after the start ¢f a dJisk interruigpt
rout ine ktefcre dcing a KSET~ cr KCSETA.

3. KSET~ commands must be serarated by wrore than two
ricrcseccnds. Eu*zng the interim the "ccntrcller rnct xeaﬂn" rit
returned by KSTa will e ©cne. This tire delay rerrits the
ccrrands to be presented to the disk according t¢ tlre vunustally
slow specifications ¢f CDS's disk urits.

4. Tc rperform a seek it is necessary tc 1cad the cylinder
" register using one KSET-~, wait for ccntrcller ready, and then
start the ceek.

5. The mindex sector™ incdication will rerain trve (or false) for
the entire dyration of a sector.

6. KSET~ cormands with XKNEWCCMM must rmrerge & scratct pad
register ontc the tus kecavse KNEWCCYM is a differert rare for
the REALS functicn., KNERCOMM shculd be used on a KSET-~ given in
the following circumstances

clearing the head register;

setting the heac register;

selecting the head;

setting the cylinder recister;

starting a seek;
but not when changing the state <¢f read, write, anc erase
(cecause this will glitch tle select heaé line).

7. There is one kit ccunter per urit. A sectcr rilse resets the
bit ccunter to 3 and generates a sectcr interrugt xecuest. Afrer
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that tire word interrurts, if enabled, will cccur at 48-~bit
intervals (reasured frcr the sector pulse). This reans that skew
0f the reader reccrd is an integral nurkber cf word times from the
gsectcr pulse. Eit clocking is discussed kelow.

8. 1rere is cnly cne bit-clocking mechanisr per disk unit. When
a unit is nct reading, bit tinirg 1is defined Lty the write
cscillatcr. When a unit transiticrs frer nct reading to reading,
bits are not clocked wuntil the synch pattern 1is reccgnized.
Thereafter bit timing is controlled by the data reccrdeé con the
disk. The first kit clccked is the first cata kit. When reading
is 1later storred, tits will be clccked ky the write oscillator
agair.

8. 1he synch pattern is a sequence of eigkt ccnsecutive cne's (4
ones in tor 36 tits and 4 cnes in the tag kits). <The <ccntroller
must read at least 22 ricrosec cf all-zerces preamble prior to
the synch pattern to ensure prcper correctiocn for the worst case
differences in frequency and rhase retween the write cscillator
ané the reac data. The first data wcrd shculd immediately follow

the eynch gattern.

12. Feading should be done only over valid preémkle &ancé cata.
If a read is started cver an eraseé ar<a or cther wrcng-frequency
pattern, then the fhase-lccked lccp may ke =0 kadly ccnfused tlrat
it cannct ccnverge tc the correct freguency. If a kad spot
occurs during a read, several bit tires elarse before the locking
circuit lcses synch. There are actually two pltase-lcckeé¢ lccgs:
one for «ccarse lcckirg, the cthrer fc¢r finre lccking. The coarse
lecking locp is on when the unit is rnct reading. 2s soon @as a
read 1is started, the fine-lecking 1c¢cp is turned on. The fine-
locring locp ray nct ccnverge if the frequency error 1is too
grea<t, and this is the reason why reading shculd e started crnly
cver valid preamble.

11. To start a read cr write at the current arm position, it is
nece ssary tc go through the follcwing rainful sequence of disk
ccrrands:

A. Clear the heac recister.

B. kait for ¥contrcller not ready"™ to ke 2. (akcut 2 us).
c. Set the head register to the desired value.

D. wWait for controller ready (akout 2 us).

E. Select the head.

F. wait 3 us before Qriting (and erasing) at the selected

heac. 10 us ray elarse after head =selection Lkefcre
reliatle read data aprears.

2257
2258
2261
2262

2263
2265

2267
2268

2269
227¢
2272
2273
2274
2275
2276
2277
2278
2279
2280
2282
2283
2286
2289
2292
2295
2297

2299
2300
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G. S us of garktace may Le written befcre valic¢ cata is
written.

ke irplicaticns of B, T, and F are that it is irgractical
to do 2, C, E and start readirg <¢r writing without tiring
separation Letween ther, and since the timing requirements on
interxrurt routines are so strinagent, it will frcbably be
necessary tc begin creraticns at a sector as fcllcws:

A. During sectcr interrupt, clear the heac register. Maybe
the 2 usec wait can ke «cverlarred sc that the FhLead
register can k¢ set durirg the sectcr interript routine
also.

- If necessary, wait during thre first wcrd interrczt.
Then select tle read.

C. Skip the second wcrd interrugt.
D. Start writing or reading nc sccner then the thirc wcrd
interrurt.
1z2. write gate and erase gate should ke turned cn in the sare

microinstructicn aré nct in tte sarme' KSET~ that turns reac gate
off (or “unit unsafe" cccurs).

13. Every record written on the disk shculd ke fcllowed Lty at
least nine bits of valid data sc that a word interrupt will te
triggered fcor the final word of the record.

14, An erase turn-cff "tlast" may encanger data 2£ us tehiné the
write read. Ncne cf cur ccntacts at (LS are corvincirg. Thre
purpose of erase 1is t¢ narrcw thte data sc that acdjacent tracks
are reoise prctected kty an erased gquard band. To insure this
erase chould be kept on for 22 us after write is turned ctf,
Erase may not be continued for lcnger than 68 us cr the hariware
generates an "unsafe" error. Head select shculd rerain staktle
fcr at least 1 us after erase is turned off.

15. Disk wcré interrurts may ke dismissed ty either XRZCATA or
KWCATA, regardless cf whetter readirg, writing, c¢r rcthirg 1is
being done on the unit itself.

16. When a write is started, there are twc hardware tuffer words
cf interest. One of these is presented for writing cnto the
disk, the cther for access Ly KWZATA. <£ince tte first wcrd of
prearble written should ke all zerces, kotl kuffer wcics stculd
ke zeroed during the twc wcrd interrurt rcitines prior tc the cne
which turns cn the write gate.
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