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K310 BACKPLANE

THE BACKPLANE WILL CONSIST OF TWO 9 SLOT BACKPLANES
THAT ARE WIRED TOGETHER,

SLOT 1=9 WILL CONTAIN THE MEMORY MODULES,
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DEVICES

REQ N

GRANT N

COM/ADR CYCLE

DATA CYCLE

BAD DATA CYCLE

1/0 DATA CYCLE

MEMORY BUSY

1/0 BUSY

D@@d=D17,PARL

D18=D3S5,PARR

D2J=DIS

COMMAND/ADR CYCLE

MEMORY D21&D22

I/0

T CLOCK

TRANSMIT CUK

KSi{@2 BUS

- BUS SIGNALS

A MAXIMUN OF EIGHT

REQUEST BUS,0NE PER DEVICE

GRANTS BUS TO THE REQUESTING DEVICE

MASTER TRANSMITS THIS SIGNAL WHEN IT SENDS THE

COMMAND ADDRESS

ADDRELS£D

MEMORY TRANSMITS THIS SIGNAL WHEN IT HAS BEEN »BDREE
AND HAS ITS READ DATA AVAILABLE, MASTERS TRANSMIT

THIS SIGNAL WHEN THEY HAVE THEIR WRT DATA AVAILABLE-
N pIEMORY .

GENERATED WITH DATA CYCLE IF MEMORY

DATA WAS UNCORRECTABLE, ECC DETECTED A 2 BIT ERROR

ADDRESSED 1/0 DEVICE TRANSMITS THIS SIGNAL TO CRU
WITH THE DATA FOR AN 1/0 READ OPERATION

ASSERTED TO PREVENT FURTHER ARBITRATION OF THE BUS

BY THE MEMORY WHEN IT IS BUSY,

ONE OF THE DEVICES 1S BUSY PERFORMING

AN I/0 WRITE READ

LEFT HALF OF DATA WORD PARITY BIT

RIGHT HALF OF DATA WORD PARITY BIT

USED FOR ADDRESS AND DATA

D22 ASSERTED MEANS THE CYCLE IS AN 1/0

FUNCTION

D@1 ASSERTED MEANS THE CYCLE IS A READ

FUNCTION

p@2 ASSERTED MEANS THE CYCLE IS A WRITE

FUNCTION

ASSERTED MEANS THE CYCLE IS A

READ»PAUSE WRITE FUNCTION (MEMORY REFERENCE ONLY)

D14~D35 MEMORY ADDRESS

D14+=17 INDICTES DEVICE # DURING I/0 CYCLE

D4 READ PI REQUEST LEVEL SPECIFIED BY DiSeDi7

0% READ INTERRUPT VECTOR FROM UNIT SPECIFIED BY Didei?

D6 INODICATES AN T1/0 DATOB OPERATION TO THE UNIBUS

D18eD35 DEVICE REGISTER

D18 INDICATES UNIBUS ADAPTER REFERENCE FOR 1/0 CYCLE

D19&=18 AND UNIT @ INDICATES CONSOLE ADDRESS REGISTER

D20 &=19 &=18 AND UNIT @ INDICATES MEMORY 1/0 REGISTER

Gs-3
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T 7% NS PULSE 1352 NS CYCLE TIME
N S =2
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R CLOCK

RECIEVE CLK USED TO LATCH BUS DATA 75 NS PULSE

INTERRUPT N ASSERTED BY AN I/O DEVICE AND SENT TO CPU PI LOGIC,

THE 7LEVELS ARE PROGRAMABLE,

AC LOW

RESET

{, REQUESTING THE BUS

ANY DEVICE MAY REQUEST THE RUS, THE REQUEST MUST

RE CLOCKED BY THE T CLOCK

THE D INPUT OF THE FLOP MUST BE

STABLE BY T CLK TIME, THE REQUEST FF MUST BE CLEARED BY THE

END OF THE FIRST CYZCLE UNLESS A SECOND TRANSFFR IS DESIRED,

2, GRANTING THE BUS

THE BUS MONITOR WILL GRANT THE BUS T0 THE REQUESTING DEVICE
OF HIGHEST PRIORITY, EXCEPT UNDER THE FOLLOWING CONDITIONSH

A) MEMORY BUSY IS ASSERTED

B) THE CURRENT CYCLE IS A COMMAND ADDRESS CYCLE OR THE

CYCLE FOLLOWING IF THERE WAS A COMMAND ADDRESS CYCLE,

A DEVICE HAS CONTROUL OF THE BUS FOR THREE CYCLES IF THE FIRST CYCLE

WAS A COMMAND ADDRESS CYCLE OTHER WISE ONLY TWO CYCLES,

THE GRANT SIGNAL IS STABLE 52 NS BEFORE AND 1§ N 8 AFTER T CLOCK,

3, USING THE BUS

WHEN THE BUS IS GRANTED, THE MASTER MAY EITHER?

A) USE THE BUS VIA A COMMAND ADDRESS CYCLE,

B) NOT USE THE RUS

C) SEND I/0 DATA TO THE CPU

THAT 18, THE NORMAL FIRST CYCLE IS A COM/ADR

CYCLE, RUT THE BUS MASTER MAY AT HIS OPTION,

DECIDE NOT TO USE THIS CYCLE (EG BECAUSE OF A CACHE

HIT), NOT USING A GRANTED CYCLE IS EQUIVALENT TO

GIVING UP THE BUS, A REQUEST MUST BE MADE TO OBTAIN

THE RUS AGAIN,

4, MEMORY READ CYCLE

5, WRITE

A READ CYCLE IS INITIATED BY THE BUS MASTER AFTER

BEING GRANTED THE BUS, THE FIRST CYCLE MUST BAE A COMMAND

ADDRESS CYCULE, THE MEMORY WILI ASSERT BUSY IF

THE ADDRESS IS VALID AND FREEZE THE BUS, THE MEMORY WILL

SEND THE DATA AND DATA CYCLE,

BUSY WILL RE DROPPED BY THE MEMORY WHEN IT

IS FREE TO RECIEVE ANOTHER COMMAND/ADDRESS CYCLE,

CYCLE

THE WRITE CYCLE IS INITTATED IN EXACTLY THE SAME WAY AS 4

A READ CYCLE, THE MEMORY ASSERTS BUSY UNTIL IT Is FREE (S/6-7
Tcrm———



TO RECIEVE ANOTHER COMMAND/ADDRESS CYCLE, THE DATA AND

DATA CYCLE IS SENT ON ONE OF THE FOLLOWING CYCLES,

6, READ=PAUSE=WRITE

THE MEMORY STARTS A READ CYCLE AND SENDS THE DATA TO THE

MASTER AND THEN WAITS FOR DATA,

RUSY IS5 HELD TRUE FOR THE COMPLETE CYCLE, UNTIL THE

MEMORY IS FREF TO RECIEVE ANQTHER COMMAND/ADDRESS CYCLE,

7, 1/0 READ

AFTER THE CPU SENDS OUT THE ADDRESS THE DEVICE CAN

SEND THE DATA OR RETRIEVE THE

DATA, REQUEST THE BUS AND SEND THE DATA WITH I/0

DATA DURING THE FIRST CYCLE OR THE SECOND CYCLE

8, I/0 WRITE

AFTER THE CPU SENDS OUT THE COMMAND ADDRESS THE DATA IS

SENT ON THE SECOND OR THIRD CYCLE,

9, BUS LOGIC LEVELS

LOGICAL VOLTAGE

o) 3,4 V

1 ) +,8V

10, BUS TERMINATION

Za 120 OHMS |

BUS TERMINATION WILL BE AT BOTH ENDS OF THE BUS,

THE TERMINATERS WILL BE ON THE CONSOLE
MODULE AND THE MEMORY CONTROL MODULE

ONLY B648 TRANCIVERS CAN BRE USED,

11, BUS PARITY ERROR |

WHEN DETECTED BY THE CONSOLE THE CPU CLOCK

WILL STOP, THE CONSOLE WILL NOTIFY THE CONSOLE TERMINAL,

LF
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APRID 7290862

RH(E)

RH(E)

WRAPR(CONO APR)

100200

RDAPR(CONI APR)

7109240

LH(F)

RH(E)

E

19

29

21

22

23

26

27

28

29

32

32

33e35

INTERNAL REGISTER BIT FORMATS
YT YR T Y YR YYY Y Y Y Y E Y Y

a9 21 a2 23 24 25 1) 27 AR 29 i0 11 12 13 14 15 16 17
l--'.-‘.-'--*.----l--.--*-----#..---u----.Qq'.-.Q.---.‘.vDOOQ.q---Q.----’-----#---o-#n----b’.-..
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$CuverenaMICROCODE OPTIONSesscoconasusasnencncnsvassnlifasnsvesnssoanswnsnanMICRNICONE YERSION NUMBERvoaowweads
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.----v#vounutu----*-----*-----4-----Q----c+-----¢---Q-O---.-4----o¢-----l-----+-----+.----Q.----Q.----*.-.-.u

s€<wHDWR OPTION3-q)fl(--Q----.--n.--.---'-PROCESSOR SERIAL NUMBERswanvweonnanmannenssronssessaevanunesowncsrnnendi

6--o.-0.---.4-.---'.----4-.-.-‘--.--0---.-0-----4--.--fiu--w-#.--.-&-.---G---.-#----.0-----!-----4-,.-
-0-----'

iR 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 38
'-----+-.--.#a--.-l--.--¢-.---¢-.---.9----0---1-*-'-..I-q-..+-.-;-Qq---q&-.---§'--:-0----;..----0-----Q-..-.i

hd | TORES|EN #DI8 ICLR [SET # ! [PWRF #NXM [HERR |SERR #ITIM | JINTRQePI4 P2 |PI!
|.----§-----4--..-fi-q---Q-.-..Q-v---d.....#--.--*uuo--l.---QQOOU--#-----!---.-0--~--+-----i-----#—----&--.--!

INRES 10 RESET(RESET INTERNAL DEVICES AND GENERATE UNIBUS INIT

EN ENABLE CONDITIONS SPECIFIED RY BITS 24+31 TO CAUSBE INTERUPTS

DIS DISABLE INTERUPTS FOR CONDITIONS SPECIFIED BY ARITS 24=31

CLPR CLEAR FULAGS SPECIFIED BY 24«35

SET SET FLAGS SPECIFIED BY 2435

pPWRF POWER FAIL
N XM NON=EXISTENT MEMORY ERROR

HERR HARD MEMORY ERROR(UNCORRECTABLE)

8FRR SOFT MEM ERROR (CORRECTABLE)
ITIM INTERVAL TIMER

INTRQ GENERATE INTERUPT REQUEST

Pl PRIORITY INTERUPT ASSIGNMENT

ae -} @2 23 24 25 26 a7 8 a9 10 11 12 13 14 15 16 17
'.----*.-.-.Q-----’----.*.----4.---,..----*--q--#-.n-.l-..--4n----‘----.’----.+..'--+-.---I-----*----.*.-

--.I

$ConeveopnsnpsnsnssevsaNOT USEDeerencsasonncemedRPWRFESNXME ‘HERRE!SERRE.ITIME!'Q"--'-‘-'NOT USEDeesnuvenndd

Q.----+-.---4-----Q-n.--#-o--ot-n---i--.--*."--4.----l---..#u-q-00-u-.-la.---#.n---#----..-----0-----0--9.-.

18 19 20 21 22 23 24 25 26 27 28 29 3e 31 32 33 34 5
'.-..I‘I...C#'.f.'..g.--*'..--+'-..-.--.'-*-.-q-*-fl...'.....*I.fl.-*I.Q-Q'-.--.+-~.--fi.--q-‘-----*-.--.0-.--..

$¢ovoannsevapsvanansaNOT USEDenvseccensvunnvavnpaanned| PURF #NXM JHERR | SERR #TDONF! IINTRQePIL4 |PILZ2 IPILL1
l-----‘-.---Q--v--fl-v--'0-v--Qf'w---i.----#-----0--.--'----.0---.-Q.-n--i..---+----.0-----I-----§-p---+-----l
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CPU BOARD DESCRIPTIONS

General » All four boards are gynchronizedby the clock signals

produced on CSLi, These clocks come as T CLKS (trangmit) and R CLKS

(receive) and are very carefully deskewed with the logic on (CSL{,
With the exception of DPM, the four CPU boards only use T CLKS,

CSLY R CLK

CSL1 T CLK

DPES T CLK

C8L8% CLK ENABLE (L)

DPES CLX

CPU CYCLE

Refer to the logic on DPES, Note how the DPES CLK signals are kept

in gync with the DPES T CLK signals by timing all outputs of the

74537*%s at F312 and E314 with CSL1 T CLK DPE, This board only

yses one T CLK (DPES T CLX A) but generates seven DPES CLK signals

inelyding DPES CLK DP RIGHT, DPES CLK DP LEFT, and DPE5 WRITE PARITY,

These latter three signals are also ynder microcode gontrol, but
{f generated, are d4done so at DPES CLK tinme,

Similar circuitry is found on CRA2, CRM2, and DPMA, The point

bei{ng made here is that the CPU CLXS, whenever generated, are

deskewed and true (low) in the final 75 ns of a CPU cvcle, This
i{s also true for RAMFILE wrpites, CACHE write, PAGE write, STACK
write regardless of the bpoard,

Lpu-&



CRA BOARD

The CRA board contains the Control RAM Address logic as well as
36 bits of the 96 bit microcode word, Of the 36 bits, the 12ebit

J tield, 6epit DISP field, and 6w=bit SKIP fleld are used internally
on CRA, the J field not leaving the board,

(Reference should be made here to the three pages CONTROI, RAM LOGIC, SKIP/
FUNCTIONS, DISP/FUNCTIONS in the handout accompanying the print set),

CRA6 =Here the 36 bits of the RAM outputs are applied to the CRAS CRAM

register, bits 24 thru 35 applied twice to give both A and B

coples, This is merely to save stubbing on the backpanel, Note

that bits @0 thru i1 do not leave the board, These are the

12«bit J field, Apart from these, and the SKIP and DISP bits used

on the board, all other bits are defined by the table at left of

CRA6S and are still (July 1977) subject to change, The parity

chacking logie looks for even parity, the output signals go to CSL
to stop the machine in case of failure, The strange arrangement of

bits is due to layout considerations, Note also that CRA2 RESET

derived from the 8080 CSL, may clear the entire CRAM word at any

time, The cleared word of all zeros still has correct even parity,

CRAY{, CRA6 CRAN @@ thru CRA6 CRAM 11 is the J field, and is OR’ed

here with any DISP or SKIP outputs to generate the 12=bit CRA1 ADR @9

(wi1) address, One copy leaves here to drive CRM, the second copy is

used here on CRA, The top four mixers are drivenby CRA6 DISP EN 20

the lower four by CRA6 DISP EN 10, It should be clear from these

prints, and reference to DISP/FUNCTIONS sheets, that to dispatch on the

DIAG ADR register, or the SBR RET register, requires both mixers

to be enabled, Thus, DISP/SBR RET requires DISP function of 100 aei,
10@ generates DISP EN 20 and DISP EN 1@ (zeros to enable) and 091

seleets input i,

CRA6 DISP EN 20 only modities the upper 8 bits of the address, and

i{s usvally accompanied by one of the other two enable lines to

operate on the lower 4 bits, CRAS6 DISP EN 49 selects ohe of

eight dispateh inputs on DPEAs these return to the OR gates at the

lower row on CRAY to also modify address bits 28 thru 11},

The skip functions, most of which are also selected on DPEA, are
applied here to moedify only the least significant bit of the

address, Note that the SKIP enables may be given one, two,

or three at a time to enable skipping on one of three possible

cayses, and may also be given simultaneously with DISP/

tunctions, to give, for example, a conditional skip durina a

subrouvtine return,

CRA2 = The CLK eircuitry here has already been described, CRA2
STACK WRITE {s generated in syne with the first T CLK of the

multiple T CLK CPU CYCLE, to write the current microcode address

{r the next location on the stack, just in case this may be

a CALL instryction,
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During the last tick of a CPl cvele, and durinq the first tick of a 3}

tick eycle, CRA2 DISP & SKIP EN is evoked, This signal is

used to enable registers on this page that the microcode may

S8KIP or DISP on, We require these signalz not to change during

the last two ticks of a microcode cvycle,

The NICOND dispatch circuitry shown here is a priority encoder,
Note that all input signals come from the backpanel so that

priority may be changed by backpanel wiring, It is not clear to

me {f traps should be initiated, for example, before entering the

halt loop requested by the console, Such decisions are therefore

deferred by putting thenm {n backpanal wiring,

SKIP/functions 1@=1{7 and SPEC/functions 1P=17 are also decoded on

this print,

CRA3 =« CRAJ shows the subroutine stack, This hardware {s rather
complex and the reader will probably need to read this description

a couple of times,

To start with, we have C8L 8880 generated CRA2 STACK RESET to

initialize the pointerat power uyp, or when issued an MR request,
Note that the couynter {8 clocked with a T CLK, as a CPU CLK does

not oceur during RESET time, HOwever, counting is only enabled

during CPU CLK time by CRA2 SYNC to the carry in pin 7, Also,

ecounting is only enabled during CALL or RETURN microecode steps =
we don’t want the stack to change otherwige, When thege conditions

are met, then neither PAGE FAIL, OR, not RETURN will cauvse the stack

to increment, (RETURN ,AND, not PAGE FAIL will cause it to

deecrement,) FIRST CYCLE (s of course, not active) it is the last
cyecle when SYNC 1is active,

During the FIRST CYCLE (should be called FIRST TICK) of a CPU

eycle, CRA3 SELECT NEXT {s true, This signal cemplements bit 2
if pit 2 1s true complements bit 4; and {f bit 2 and bit 4 are
both true, complements pbit 8, This signal i{s thus adding two to
the pointer, _ |

If the counter eontains N, then during the first cyele (TICX) of
a CPU CYCLE, we write the current location into word N+2 of the stack,

urrent misrocode word neither calls nor returns
othing further happens,
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If callinga subroutine, or, if page fail {s
evoked, CRA3 SELECT NEXT is held true, addressing word N¢2 of the
RAM until the end of the CPU cyecle, At this point, this word
becomes the top of the stack, and is therefore loaded into the SBR RET
register, and the pointer is incremented,

When a DISP/RETURNis decoded from the current microcode word, the
hardware on CRA! dispatches on the contents of CRA3 SBR RET, CRA)
SELECT NEXT drops at the end 0f the FIRST CYCLE, to address word N
of the stack, Again, at the end of the CPU CYCLE, this word is
loaded into SBR RET, because it is now at the top of the stack,
and the stack {s decremented, |

Note that STACK RESET and CRA/M RESET are separate signals from
CsL4, 1t is thus possible to stop the microcode, perhaps exanmine
anether microcode word, then continue single stepping from the new

locatiocn, while maintaining the stack, Loading microcode, and

examinino microcode functions should not eclear the stack, The
reset is avallable for diagnostic purposes, XOR testing purposes, ete,

CRA4 = The CSL board has the apility to examine the outputs of

the CRAM register, as well as the CURR LOC, 8SBR RET, and CRA{ ADR

lines, This selection logie is shown on CRA4, The diagnostie
hardvare here i{s also used by CRM, and the read function i{s forced

to seven by CSL4 CRAM READ during diagnosis of CRM,

CRAS = The 12 least signifjicant backpanel BUS lines are received

here by the 8646 transceiver latches, under control of the 8387,

The console may load the CRAS DIAG ADR register, for addressing

any CRAM location, and then may load the RAM, one 12ebit word at

a time, via the CRA4 WRITE pulges, CRAS also buffers the bus data,
for loading the remaining 60 bits on CRM,

Note that when the console reads any 12 bits of data from CRA, the

8646 at E116 (CRAS) also drives BUS DATA lines 21, 22, and 23 with the
0dd parity generated by the other three transceivers, Thus the board

drives 15 data lines, three of which are purely driven to insure even

parity on the bus,

CRA7, CRA8, CRA9 = The remaining orints merely shows the address buffers

and the i1X RAMS, There are six rows of 12 RAM dips each, therefore,
ve generate six coples of the address lines for each of board lavout,

even though a cheaper board would need fewer address buffers, but

require care in layout,



CRM Board

The CRM board contains the remaining 2K x 68 bits that wouldn’t
£it on CRA,

CRM! = Here we have the address lines from CRAl, Address line 9¢

is also brought in, unused, for aestnhetic reasons, Address lines
@1=08 cross the top of the board, while lineg @6+11 cross the

bottom of the board, At each row of RAM dips, the address lines are
buffered, and the buffered coples qgqo to the 24 RAM dips in that row,

CRM2 » The CLK eirecuitry here has already been described, The second,
unused, 74537 is here to keep any skew here the same as on the other
boards,

The CRAM register here (CRM2 CRAM 36=95) {s the output that drives the res!
of the CPU, As with the 36 bits on CRA6, this reqgister may be cleared

via CSL4 CRA/M RESET from the console, (giving even parity), Also, as

on CRA6, the table at left is used to equate the CRAM bit numbers with

the specific functions that the rest of the CPU knows the bits by,

CRM)= Across the top of the page, and in the lowver right corner,

the parity circuitry continuously checks for even parity, The CSL
board continuously monitors this signal and can, under 8080 control

{mmediately stop the clock i{f an error occurs, Note that the MARK

BIT is fed back from the backpanel so that it is effectively not

used, This same MARK bit is brought to a test point near the

module handle, for ease of oscilloscope synchronization,

The diagnostic loaic in self explanatory, and is identjical and works

with, that logic on CRA4,

CRM4 thruy CRMB = These prints are effectively identical, each showing
one row of 24 RAM disks, or 12 bits of microcode,



DPE BOARD

The DPE board is the major data path board of the CPU, and the path

itself consists of the 2901 4ebit slices (DPE7 & 8); The board of

coyrse also contains logic to drive these paths, as well as the IR

register DROM, SKIP and DISP logiec, and the PI logic,

The actual data flow is shown on the page DPE in the small handout,
The internal flow of the 2921 4epbit slice is shown on the page AMD 2981,

DPEL and DPE2 = The 2921fs contain the major working registers, plus

ALU’s (Arithmetic=Logic Units) and eontrol for operating on the

contents of these registers, A Jsbit source field selects two

operandss a 3ebit function fileld determines the function to be

performed; and a 3«bit destination £ield determines where the results
g0, Refer to sheet AMD 2901, Al)l these fields are provided by the

microcode from CRM2, 1In addition, the source fields are separate for

the left and right half of the words, One of the source operands
may be selected as the input DBRUS,

Note that bit 2 of the destination field is

complemented, Thus the elght 2921 destination

codes are in a different sequence {n the

actual machine,

ODPEL also contains the control logic to control the end conditions of
the shiftt paths, and ig under control of the three SEL bits of the

SPEC/function field, Refer to SPEC/FUNCTIONS sheet for a further
deseription of the shift paths,

Note also that the 2901’s define a 4@ebit data path, Some instructions

(e,ger MUL, DIV, ROT,ASH{left])) require that the data to be shifted is
fipst shifted right into nine 4ebit slices before the appropriate shift
paths can be activated, due to the fact that the 36epit word initielly
ends Iin the middle of the end 4=bit slices,

DPE2 also contains the carry loock=ahead logie, This shouyld be self

explanatory, Note that the microcode can control carry from the left

half to right half word (via DPES/SPEC/CRY 18 INH),

DPE3 and DPE4 = Thése two prints contain the DBRUS mixers, Under
control of the microcode DBUS SEL, this mixer can select any ot

foyr {nmputs, |

DBRUS SEL = @ DBUS s PC FLAGS,,VMA
LD | = DP (2931 outputs)
3 2 s RAMPILE

! = 3 = DRM (from DPM board)

Note the hardware on DPE3 that will force a selection of DBM back

to RAMFILE via DPMS FORCE RAMFILE, This signal is evoked upcn MB
WAIT when a cache hit has occurred,
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In the lower left of DPE3 {s the BYTE DISP logiec, This ecircultry
exanines a byte pointer, to determine if we have a Tebit byte
in one of the five standard positions in the word, as shown below,

POSITION SIZE DISP

DP 90 21 92 03 24 08 #6 27 08 29 12 11
Byte 1 e 1+ 1+ 1 2 1 2 & 1 1 1 e 2 1

Byte 2 ¢ 1 & 1 y 0 e o 2 1 1 1 2 { o

Byte 3 g o 1 1 1 1 2 o ¢ 1 1 1 1 0 @

Byte 4 g @ 1 @0 @ @ g ¢ ¢ 1 1 1 1 e 1
Byte S e 2 6 @ o 1 a 6 2 1 1 1 1 1 1

Knowing that the required byte i{s one of these tive, the microcode
may use speclal hardware provided in the SCAD logic (DPM3) and D8M

logic (DPM{ & 2) to handle these bytes much more efficiently,

The parity logic, shown on both DPE3 and DPE4, generates ODD PARITY
tor each half word, These sianals are used both iIn storing RAMFILE

parity it loading the ramfile, and storing DP parity, if loading the

2901°s from the DBUS, This latter logiec is shown on DPE4, where a

16 x 4 bit RAM {s shown, This RAM {s loaded whenever the CRM2 DEST

field shows that we are loading the B register of the 2901, and two

bits Oof microcode are also loaded into the RAM at this time 1f this

parity bit is valid (ie, i{f the B register is loaded from DBUS,

unmedified, then parity is valid), The two bits are one for each

hal¢ word,

If the DBUS mixer finds that parity is valid, and if the microcode

also agrees to check parity, then bits are set in the 7418175 £1ip
tlops, Also, if bad parity was detected, a PARITY ERR signal is

sent to the CSL board to halt the clocks, (The operator may

also disable the clock halt via an instruction to the 89288,)

DPES » The CLK logic has been described elsewhere, HOwever,

there are a fevw unique conditions here, Firstly, the microcode

can evoke CRM2 DP HOLD RIGHT to inhibit the generation of DPE3 CLK

DP RIGHT to prevent clocking of the right half of the 2901 data

pathy and similar the left halt, Note also the generation of
DPES WRITE PARITY at the same time as a CPU CLX if enabled by CRM2

DEST #4 or NOT,02,

sone 0f the SPEC/functions are decoded hare, Note that SPEC/IR LOAD

and SPEC/XR LOAD are level so that both may be evoked together
(S8PEC/41 and SPEC/21 come yp together via SPEC/61), Also SPEC/ASH

TEST must be on level 4 to be evoked during the correct LEFT SHIFT

‘path,
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Loading of the VMA is under control of CRA6 MEMORY FUNCTION, (Refer

to CRA6 MEMORY FUNCTION page {n the handout,) CRM2 #i4 ynconditionally
loads VMA, and #12 loads VMA during the AREAD function only if the

particular macro instruetion requires it, (Generates DPEA DROM VMA

EN,) SPEC/SET SWEEP also reguires that the VMA be loaded, The main

VMA register is on DPM4, byt 12 bits of VMA are duplicated on DPE5S to

save backpanel pins, These 17 signals are used in addressing the

ramfile (cache),

DPES FUNC @1 i{s used by the 2901’s as the least significant function

bit, Among other things, this bit changes function 0 (S + R) Into

function t (S = R), During division, rather than skip on carry out

and selecting a microcode step that either does S¢R or SeR, we merely
control the function via CRM2 DIVIDE, This saves 132 ns per divide step

{n the division suproutine, Similarly, during multi{ precision, the
microcode can cause each step to be the same function as the last, and

automatically prorogate a previous carry,

DPE6 = The RAMFILE ADDRESS loaic is completely contained on DPE6, The

table shows the various addressing modes available to the microcode,

The Ramfile i{tself is a 1K ram, of which the lower 128 words are a 512

word cache, and the intermediate 384K words are available as workspace

to the microcode,

Funetion i (AC ,FN, §) may need further explanation, By use of the

7415181 ALU, and this function, AC’s such as AC+1, AC+2, AC~i, AC17

may be addressed, all in the current bloek,

All address lines are produced in a high and lov true version, and

have 4,7K ohm pullup resistors attached, due to the fact that the

LS151"s don’t quite provide enough high drive, Note also that the CRM2
RAM ADR nn lines are bufferred by S series and that the 2 x 4 MIX at

£E482 is also 8 series for speedeup reasons,

DPEY, DPES e These prints show the ramfile {tself, The lov address

lines drive the dips in the ninth row, and the high address lines

drive those in the eighth row, Note that each half word has its own

parity bit, FEach half word has even parity,

DPE9 » The PC flags are uynder complete control of the microcode via

DPES SPEC/PC FLAGS and the CRM2 & field, (Note that the # field enters

the DPE board only via selection via DBM mixer, CRM2 # nn therefore

appears on DPE as either DPM1 DBM nn or DPM2 DBM nn + 18,) The table

at the upper left of the print describes the method of control of these
flags, and the operation shoyld be selfeevident,

However, some things reauire further description, The carry flags,

$or example, are driven by SPEC/PC FLAGS and #17, to generate DPED

CRY2 FLAG, DPEQ,CRYI PLAG, DPE9 QR FLAG (and DPE9 TRAP | FLAG with
OV FLAG, conditionally, using the DPE9 DP OVERFLOW and DPE9 DP

OVERFLOW generated from the DP signals, Note that the carry signals
are generated from the carry logic on DPE2, and is only defined dyring

arithmetic functions, Also the DPE1 DP SIGN and DPEL DP 99 are only
the result of the arithmetiec function if the microcode nmakes them so

(eg,s» it is possible to add C(A) + C(B) and put C(A) onto DP lines
{nstead of the sum = this might be found useful for some strange purpose

put is not the intended mode of overation),
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Note also, that when adding two 36 bit numbers in a 4Pebit data path,
the correct answer cannot overflow42 bits, Thus DPE{ DP SIGN has the

correct sian, and need only be compared with DPEY DP 202 ¢to test for

overflow, Note also that CRY! is the exclusive = OR 0f OVERFLOW and
CARRY 0OUT,

DPE9 SPEC/EXP TEST is to he generated when the exponent is being put
back into the data path, At this point, the fraction in the data path

is poesitive, (i,e,, it has yet to be negated if it 1s to be a negative

number), As with the carry flags abeve, the SCAD logic on DPM3 and

DPM4 has two extra bits at the left, and cannot have overflowed yet,

The problem is merely to test if the i0ebit exponent in SCAD can now fit

{nto the 8=pit tield avajlable in the floating point word, Also, it

should be a positive number, Thus, for overflow testing SPEC/EXP TEST

merely has to test DPM3 SCAD 21, and for underflowv testing, ODPM3 SCAD 98,

DPE9 SPEC/ASH TEST is generated during a left arithmetic shift, This
. gfunetion (SPEC/44) must be 14, 24, or 44 as the SPEC fleld select bits
also control the shift path (4 for ASH left), The instruction must

start with a single bit right shift, to get all sign bits in the left

most 2921 4epbit glice, These sign bits are then merely rotated during

the ASH left shift, and compared with the bits shifted out to set overtlow,
Finally, the instruction must finish vith a normal (49=bit) left shift,

DPEA » This print contains the IR, XR and AC registers, the DROM

Ariven from IR, and more microecode SKIP and DISP leaglc,

The SKIP logic contains SKIP functions 20«27 and 42«47, Functions 20 and
40 are both zero (GND) because thege are the default cases after MASTER

RESET, Note alsgo, that many like funetions are on the same level, such

that the microcode may test them simultaneously if required, For exanple,
SKIP/14 (201100) enables both 40 and 28, to generate SKIP/=USER and SKIP/USE

1/0, which effeetively generates SKIP/1/0 LEGAL,

The DISP logic is here to save pins on the backpanel, As with the

SKIP logie, the J disp and AREAD disp must be on levels 2 and 3, as the

most significant eight bits of thege dispatches are generated on these

levels on CRA{ via DISP EN 28, The remaining dispatches are in random

order,

The DROM (Dispatenh ROM) consists of three programmable ROM’s to give
24 bits unique to each PDP=1@ i{nstruction, The eightebit J field gives

256 possible entry points into the execute code, The four=bit A field

is intended to give 16 possible ways of fetching operands before

dispatehing to the execute code, Similarly, the B field is intended as

giving multiple methods of storing operands generated by common code,

For example, ADD, ADDM, ADDB go through identical microcode to generate

the required suymy the microcode then dispatches on the B field, different

tfor these three instructions, dispatching three different ways to

store the answer, The DROM at Eii} contains control bits used

mainly to control the AREAD and J dispatches, and the AREAD MEM functlon,

DPEA DROM AC DISP is used for instructions, such as JRST, that further

decode to AC field to give unigue instructionst this is the vay the

mierocode enters unique execute code for them, Similarly DPEA DROM AmJ

is set for these instructions, such as those with immediate operands,

that dispateh directly to the execute code rather than fetching operands,
Note that this bit leaves the board = {t has the same function to periora

on the eight most significant bits of the AREAD dispatch on CRAl,
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Special hardware has been added to generate DPEA JURST, & which goes also
to CRA1 and is used during the EA MOD dispateh, Thus the migrocode
determines very early (at the same time that it detects indirect and {ndex

bits) that it has a JR3ST, @ instruction, and {s able to save one microcode

step on this timeecritical instruction,

DPER = This print contains the PI hardware, or most of it, At the bottom

of the print are the PI ACTIVE, PI SOFT REG, and PI CURRENT registers,

Their operation is quite scralghtforward, the signals labels are here

for clarity onlyy the signals 4o not go anywhere else, (Not even used

for reading PI status = the microcode merely remempering in a 299! registe;

what it loaded these with),

The BUS PI REQ nn signals are synchronized to the CPU CLK, ANDfed with
with the PI ACTIVE nn signals, OR’ed with the PI SOFT REQ nn siqnals, and,

1€ enabled by DPER PI ON prioritized to generate the highest priority of

these on the DPEB PI NEW nn signals, This level i{s compared with the
current PI level to check i{f an interrupt is required, This interrupt
request goes to DPM6, to generate a page fail on the next appropriate

memory reference,

Also shown {s the hardware required to put the current PI level on the

baeckpanel bus during the I/0 WRU (Whoware=yoy) cycle, Note how the odde

parity of these three bits is placed on the fourth bys line to maintain

even buys parity,

Four bits of the APR register are also appropriately located here = the
TRAP EN bit, and the three PI level bits, (The rest of APR is located

on DPMB), DPMB APR INT RFQ is shown enabling the 7418156 decoder, This

has an openmcollector output to drive thegse bus lines, These lines are

also pulled uyp here, with {K to +5v,
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DPM BOARD

The DPM board contains all the data path and logic necessary to make

memory requests (via the backpanel bus), which includes the VMA

register, hardware PAGE TABLE and CACHE DIRECTORY as well as all bus
interface, mixer and timing logie, The i1Pwbit SCAD (StepeCounter

ADder) logic, used for shift, normalize, and exponent arithmetics

for byte pointer updating and for storing 7epit bytes
, The APR

register 1is also on DPM,

DPM{ and DPM2 e These two bits contain the 8Seway J6enit wide DBM mixer,

This mixer {s under almost complete control of a three bit
microcode field (CRM2 DBM SEL nn), the DBM selection shOown in a table

on DPMi, The singla exception, also under microcode control, occurs

when selecting DBM/DP while simultaneously selecting one of five bytes

via the CRA6 SPEC SEL nn f£ield, This will disable the DPM} SEL 2 bit

to seven of the 36 mixers, selecting the required byte on those mixers,

thys depositing a sevensbit byte from the SCAD logic into the data path

word,

DPM3 = Here is the 10ebit SCAD logiec, Refer to DPM SCAD in the

handout, The fynctions available to the mierocode are shown in a

table, plus the selections available to hoth inputs of the adder,

gxponent arithmetic is always done assuming pogitive tloating point numbers

e but to save a microcode step, the hardware complements the exponent

field on input from a negative number, The exponent is input in the

excess 200(R) mode, hovever, and the microecode must Keep track of this,

The microcode may select one of the five 7ebit byte fields in standard
ASCII representation, (And put this byte back on any one of the five

standard positions = see DPM! description above),

For shift instructions, the ghift inputs (bits 18, 28=35 of the PpP=19

instruction) are also available as an input, |

And finally, for updating byte pointer, the position and size fields
of the byte pointer are available, though not immediately obvious,

Selecting BYTE { gives the position field, plus bit 6 of the DP on

input A of the adder) selecting SIZE qgives the size fleld plus a zero

on inpyt B, Selecting tunctions POSe=SIZE (A~B) thus subtracts the

gize from the first six bits of byte i, which is the position tield,

and the microcode can then put this result back into the pointer via

BYTE 1 selection on DBM,

1§ overflow occurs on this operation, the next microcode step selects
44«STZE, to subtract the size field from 44, The input 44 also has DP 26

as the seventh bit, for the same reason,

Finally, a tenebit number may be generated entirely by the microcode,

Also note that the entire SCAD logic is under control of the microcode

¢ #ield, and cannot be used whenever the# field is being used for

other purposes, The final register (FE and SC on DPM4) are controlled,

however, by unique microcode bits,
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DPM4 = The VMA register is contained on DPM4, as well as the SC and FE- -
registers, The VMA is enabled only during MEM functions, and during
the SWEEP function, Refer to CRA6 MEMORY FUNCTION in the handout,

To start a memory reference, the VMA must be loaded with the address,

and the VMA flags lcaded with the information to control the reference,

not necessarily at the same time, Those flags obvioysly associated with

the contents of the VMA, such as USER and PHYSICAL, are loaded with the
VMA, are shown on this page, and are prefixed DPM4 VMA, Note that 1/0

references are controlled by DPM4 VMA flags, and thusg, must be initiated

at VMA EN time, in this case via DP functions,

The DPM4 VMA AC REF loglic i{s also shown here,

OPMS = In contrast, those flags assoclated with the type of reference,

rather than the address, are to be found on DPM5, and are prefixed

DPMS MEM, Examples are DPMS MEM READ and DPM% MEM WRITE, These are

loaded via CRAS MEMORY FUNCTION, and may or may not pe accompanied by

1oading of the VMA,

A memory cvcle (whether MOS RAM, or 1/0 cvcle) is initiated when the

mierocode generates CRA6 MEMORY FUNCTION, The function is either

ynconditional (#i6), or dependent upon DPEA DROM COND FUNC (#17), _

In either case, DPMS MEM EN i{s generated, to enable loading the MFEM ¢lags,

However, the cyecle is only started (DPMS START CYCLE) {f DPMS READ EN

or DPMS WRITE EN is generated, and the cycle in prograss is not a READe

PAUSE=WRITE cvcle (DPM5 RPW CYCLE), Thus CRA6 MEMORY FUNCTION, without

$33 (READ) or #0585 (WRITE) wil)l merely act as an MB WAIT, but will also

clear the MEM FLAGS, (The preferred MB WAIT is via DPMA SPEC/MEM WAIT,

wvhich leaves the MEM f£lags unchanged,)

Note that DPMS START CYCLE {s timed with DPMA SYNC E, which i{s merely

the £inal tick ot a CPU CYCLE, 8tart Cycle is used to generate DPMY

BUS REQUEST, unless we are initiating a write cvcle in 8S (Single Step)

mode (which brinas up DPMS DLYD WRITE REQ) or else we have DPM5 STOP MAIN

MEMORY and are not loading VMA, We don’t wish to make the request if we

know we are going to get AC REF, PAGE FAIL, or CACHE HIT,

Also, at START CYCLE time, we generate READ DELAY EN, or WRITE DELAY EN,

These are used later to enable READ DELAY or WRITE DELAY, to delay the

CPY CLK ona subsequent MEM WAIT cycle, DPMS PAGF FAIL DELAY may also

occur at this time, The DELAY enables are turned of¢ as so0n as the

hardware recognizes that the delay is no longer required,

DPMS WRITE EN {3 inhibited during S5 MODE {f READ EN is brought up teo,

Thys RPW cycles, during S8 MODE, are converted to READ cycles, RPW

cycles myst always be followed by WRITE cycles) {f the RPW cyecle was not

changed, the START CYCLE for the following WRITE c¢vcle {s merely

inhibited,

Also, during 88 MODE, write cycles bring up DLYD WRITE REQ, DLYD

WRITE REQ does not generate BUS REQUEST until the subsequent MEM WAIT

cevele, Otherwige, during Single Step Mode we may generate a COM/ADR

cycle many milliseconds (Or even seaconds) before the data cycle,

DLYD WRITE REQ merely delays the cycle until the data is ready to be

sent; at which time both COM/ADR cycle and DATA CYCLE are both sent,
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The f£inal signal on DPMS {s DPMS FORCE RAMFILE, This signal {s

generated to convert DBUS/DPM to DBUS/RAMFILE on the data cyclse

gollowina a READ acCess, The hardware recognizes that the required

data is in the RAMFILE,

DPM6 = This print contains the hardware PAGE TABLE, whieh is a 512 word
x 16 bit ram, made up fo eight 286 x 4 bit rams as shown,

During SWEEP evcles, it {s intended that DPE2 DP 18 pe clear, to reset the

VALID bit, During this time, all eight chips will be enabled via pin {7

so that SWEEPing may oceur in 236 steps, At all other times, only one

ehip of each pair will be enabled,

When & memery cyecle is initiated, and only then, both DPMC 1 MSEC and

DPEB INTERRUPT REQ are loaded into a reglster to possibly cause a page

fail, Both are inhibited by VMA PHYSICAL or MEM WRITE, stopping interrupts

¢rom happeninag during physical memory references (ingcluding I/0 references),
or during writes to memory, This latter is to prevent interrupts fronm

eccurring during the second half of a RPW cycle, or from wasting time

{nterrupting just before storing answers awvay in memory after long multie

plication or division, (The microcode still has the abiiity to check for
interrupts elsewhere,) Either of these two interrupts, or NXM or BAD DATA

errors, will force PF DISP 10 low, which also i{nhibits the priority

encoder via DPM6 PAGING 0K, The encoder outputs then default hignh, allowing
NXM ERR or BAD DATA ERR to modify the PF DISP code, Any of these causes

generate PAGE FAIL,

The DPM6 PF DISP nn code is selected via DBM/® and placed via the 2981°'s

on DP 1821, The microcode dispatches via DISP/DP 18=21,

DPM7« The cache directory is a 512 x 12 bit virtval directory, wWhen the
VMA is loaded, VMA bits 2735 address the line number of the cache directory

the contents of which is compared with the virtual page numberin VMA 18«26,

as well as VMA USER, DPMT ZACHE HIT {s only generated when all of the

tollowing are true,

1, OPMB PAGE EN e Cache enabled via monitor, when paging is

turned on,

2, DPMS MEM READ Cache hits do not occur on write cycles,
We "Writeethru” the cache,

3, =DPMS MEM CACHE INH e Microcode may inhibit cache hits
during read cycles,

4, =DPM4 VMA PHYSICAL = Physical references never generate hits,
5, DPM6 PAGE CACHEABLE = Whole pages may be marked non=cacheable,

6, CSL)Y CACHE EN = (Via 745835 at £924) The console may disable

the cache,

As with the page table on DPM6, during SWEEP cycles all gix ot the rams

are enabled, to enable turning off the valid bits in only 256 steps,

At all other times, only three of the six rams are enabled,

DPM8 and DPM3 = These two prints shov the backpanel bus connections,

and the mixers that drives thenm,
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The logic on both prints is basically the same, During BUS REQUEST, the
COM/ADR data is selected via the mixer, the address itself may however,

be directly from the VMA or from the PAGE table, depending upon DPM6
PAGING OK (See generation of DPM9 PAGED REF), At non BUS REQUEST time,

the DP data is selected,

Parity is generated for each half of the bys, Outputs of the page table

may be sent to the bus 150 nsec after loading VMA, and the parity
generation is very time critical, Thus, the DPM9 MIX signals 1827
directly enter the 93848 parity generator, rather than use the transmit
parity output of the 8646 transceivers, Similarly DPM8 MIX 18 & 19 enter
the parity chip directly,

DPMC PAGE WRITE EN disables DPM9 MIX signals 19, 20, 23, 24, During
page vrite time, ve are not commuynicating with the backpanel bus, but
we still use the parity generator o generate the parity bit for the

page table, These four data bits are not used in the page table, We

coyld also have required the microcode to innhibit these four bits, but it

didn’t cost any hardware,

Roth DPM8 MBL PARITY and DPM9 MBR PARITY leave this board, and are checked

under microcode control at MEM WAIT time via the hardware on DPE3 and DPE4,

DPMA = Again, the clock ecircuitry i{s very similar to that on all other

poards, and has been described elsewhere,

DPMA CACHE WRITE and DPMA PAGE WRITE are both generated uynder hardware

control, synchronously with CPU CLKs, PAGE WRITE is generated purely via

the miecrocode (SPEC/PAGE WRITE), CACHE WRITE is generated either during
SWEEP cycles (SPEC/SET SWEEP) or during a memory wailt of a cycle that did

not generate CACHE HIT, nor, VMA AC REF, Simply stated, all cvcles that

caused a reference to main memory (and vere not aborted), or an I/0

reference, generate CACHE WRITE, Thus CACHE WRITES occur on data cycles

of both read and write cycles to main memory, TIf VMA PHYSICAL is set, the

directory entry is marked invalid, As well as the apove CACHE WRITE cycles,

MEMORY WRITE cycles to AC references generate DPMA RAMFILE WRITE, It is up
to the microcode, of course, to have the correct data on the DBUS when
RAMFILE WRITE {s generated,

Some of the SPEC/FUNCTIONS are also generated on DPMA, This logiec 1is

obvious, with the exception perhaps of SPEC/MEM WAIT, This function is
required auickly, and mugt alone not be gated by SYNC, (it is, of course,

SPEC/16),

Also, SPEC/3ET SWEEP and SPEC/PAGE WRITE must bhe capable of being

simultaneously evoxed, and the same for SPEC/PXCT OFF and SPEC/PXCT EN,

To turn PXCT off requires PXCT EN,

At the foot of the page, TRANSMIT 28«17 and TRANSMIT 18«33 are both

generated either by COM/ADR EN or DPMA WRITE CYCLE, DPMA WRITE CYCLE

{s generated at MEMORY DELAY time of a WRITE CYCLE («DPM5 MEM READ),
synchronized either with DPMA SYNC (normally), or by COM/ADR + 1 during

write cvcles initliated during Single Step Mode,
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DPMB = This print contains the APR register, except for the Pl bits

contained on DPEB,There are eight flags, each capable of causing an interrup

and eight enables, Any of the flags, and any of the enables may be

individually set or cleared via the nicrocode by the execsmode progran,

To clear or set the APR EN flags at the bottomof the print, the microcode
keeps a copy of these bits in a 2901 register, The contents of this

register is modified, then sent to these flags via SPEC/APR EN,

The eight flags at the top of the page may also be individually set or

cleared, To do this, however, requires that the microcode read the
register via the DBM mixer, As the data passés through the 29217g, the
microcode sets or clears the selected bits, then loads them back into the

APR register via SPEC/APR flags, This could all happen in one microcode

cycle,

Setring bit 32 causes an APR INT REQ, Reading bit 32 (via DBM or DPM2)
indicates that APR is interrupting,

DPMC = On DPMC we have the remaining bus access loqgic, plus the 4,096 MHz

oseillator and { MSEC interrupt counter, The counter clears at reset

time, and, when it overflows, generates DPMC| MSEC (if enabled by CSL4

1 MSEC E€N), This siagnal can cause a page fail on the next memory

reference, or can bhe checked at any time by the microcode,

The error flags, NXM and BAD DATA, and the BUS CYCLE flags, are set when

the correct inputs are enabled, All flags recirculate the same way, and
all are reset via DPMS CLEAR MEM CYCLE, which {s generated either via

SPEC/MEM CLEAR, or by the start of a new memory cvcle,
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KS1@ MICROWORD BITS SORTED BY PHYSICAL BIT
AL A A A 4 LA B A DAL A X LA Al X 2 X XLl i P A 2 XA YR i Rt A a X R XXX 2 X 7.\

CRAS6 CRAM 02 H CRA6 J @@ H NC

CRAS CRAM @21 H CRAG6 J @1 H NC

CRA6 CRAM 022 H CRA6 J 22 H NC

CRAS CRAM 23 H CRA6 J B3 H NC

CRAS CRAM 04 H CRAS J 24 H NC

CRA6 CRAM @5 H CRA6 J @5 H NC

CRA6 CRAM @6 H CRAS J 06 H NC

CRA6 CRAM @7 H CRA6 J @87 H NC

CRA6 CRAM @8 H CRA6 J 28 H NC

CRA6 CRAM 09 H CRAS J A9 H NC

CRA6 CRAM 10 H CRA6 J 103 H NC

CRA6 CRAM 1 H CRAS J 1t H NC

CRAS6 CRAM 12 H CRAG T28 H A12E2

CRA6 CRAM 13 H CRAS T@1 H A12M2

CRA6 CRAM 14 K CRAG6 CALL H B12F2
CRA6 CRAM {5 H CRA6 SKIP EN 40 B12M2

CRA6 CRAM 16 H CRA6 SKIP EN 20 L C12E2

CRAA CRAM {7 H CRAS SKIP EN 10 L C12M2

CRA6 CRAM 18 H CRA6 SPEC EN 40 H A12F1

CRA6 CRAM 19 H CRA6 SPEC EN 20 H A12NY
CRA6 CRAM 20 H CRAS SPEC EN 14 H R12F{
CRA6 CRAM 21 H CRAS DISP EN 42 L Bi2ny

CRA6 CRAM 22 R CRA6 DISP EN 20 L ciary
CRA6 CRAM 23 H CRA6 DISP EN 10 1, ciany

CRA6 CRAM 24A H CRAS6 CRAM PARITY BIT A H AL2F2

CRA6 CRAM 24R H CRAS6 CRAM PARITY RIT B H A12J2
CRA6 CRAM 25A H CRAS CARRY IN A H A12N2
CRA6 CRAM 258 H CRA6 CARRY IN B H A12R2

CRAS CRAM 26A H CRA6 MEM FUNCTION A H R12F2
CRA6 CRAM 26B H CRAS MEM FUNCTION B H B124J2
CRA6 CRAM 27A H CRA6 DISP SEL 4A H B12N2

CRA6 CRAM 27B H CRAS DISP SFL 4B H R12R2

CRA6 CRAM 28A H CRAG6 DISP SEL 2A H Ci2r2

CRA6 CRAM 28B H CRA6 DISP SEL 2B H €12J2

CRA6 CRAM 29A H CRA6 DISP SEL A H C12N2

CRA6 CRAM 29B H CRAS DISP SEL 1B H Ci12R2

CRAS CRAM 30A H CRA6 SPEC SEL 4A H A12K1

CRA6 CRAM 32B H CRAS SPEC SEL 4B H A12K2
CRA6 CRAM 31A H CRA6 SPEC SEL 2A H A1281
CRA6 CRAM 31R H CRA6 SPEC SEL 2B H A1252

CRAS CRAM 32A H CRA6 SPEC SEL 1A H B12K\
CRA6 CRAM 32B H CRA6 SPEC SEL 1B H B12K2
CRAS CRAM 33A H CRA6 SKIP SEL 4A H B1251

CRA6 CRAM 33B H CRA6 SKIP SEL 4B H 31282
CRA6 CRAM 34A H CRAS6 SKIP SEL 2A H c12K1
CRA6 CRAM 34B H CRA6 SKIP SEL 28 H C12K2
CRA6 CRAM 35A H CRA6 SKTP SEL {A H c12s1
CRA6 CRAM 35B H CRA6 SKIP SEL 1B H C1282
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CRM2
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CRM2
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CRM2

CRM2

CRM2

BIT

BIT

BIT

RIT

BIT

BRIT

BIT

BIT

BIT

RIT

BIT

BIT

BIT

BIT

BIT

RIT

RIT

RIT

BIT

AIT

BIT

BIT

BIT

BIT

BIT

BIT

BRIT
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RIT

BIT

RIT
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RIT

BIT

BIT

BIT

BIT

BIT

BIT

BIT

RIT

BIT

RIT

BIT

BIT

BIT

RIT

BIT

BIT

RIT

RIT

BIT

RIT

RIT

36A

36B

37A

378

IBA

388

39A

39R

404

448

41

418

42A

428

43A

43R

44l

448

45R

458

46A

468

47A

47R

48H

49

50

51

53

34

85

56

57

58

59
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65

66

67
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76

17

N
 

I
 
L
N
 
I
 
I
 

I
 

L
 

I
 

T 
I
 
T
 
X
N
 
X
t
 

x
x
X

e 
ol
 

i 
B 

=i
 

i 
~J

ke
 

s 
od

i 
o 

B 
e 

ofi
e 
ol
 

ol
ii

e 
v 

o 
e 

fi
e 

e 
ofi

le 
cf
ie
 o

fih
e 
o 

SI
S 

~i
he
 

e 
Pl
 
Sl

CRM2

CRM2

CRM2

CRM2
CRM2

CRM2

CRM2
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CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2
CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM?2

CRM2

CRM2

CRM?2
CRM2

CRM2

CRM2

CRM2

CRM?

CRM2

CRM2

CRM?2

CRM2
CRM2

CRM2

@6A

268

27TA

a7B

A8A

28p

A9A

298

1@A

1¢B

11A

118

12A

128

13A

13B

14A

14R

15A

15B

16A

16B

17A

178
I
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E
 
L
R
I
 
N
I
 
D
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N
 

L
I
 
N
N
 
N
N

 
N
 
N
 
K
X

H

RAMFILE WRITE H
SPARE

PARITY INH LEFT H

PARITY INH RIGHT H

DIVID

MULTI PRECISION H

22

21

@2

23

24

2%

FUNC

FUNC

FUNC

SQURC

SOURC

SOURC

SQURC

SOURC

SOURC

DBM S

DM 8

DBM §

pBUS

DRUS

oP B

oP 8

DP B

DP B

o
 
%
 
M
 
%
 
%

49 H

EH

H

H

HS
T

 
X
T
I
 
L
X

e
lN
 I
 
-

E L 04

E L 22

EL @1

E R @4

E R 02

E R O}

ElL 4 H

EL 2 H

L 1 H

SEL 2 H

SEL { H

ADR 10 H

ADR 04 H

ADR 082 H

ADR 01 H

A11D%

A11D2

AliMY

A11M2

B11D{

B11D2

R1i1MY

B11M2

c1101

c11p2

Ciimi

C1iM2

D11D1}

D11D2

D11M}

D11v2

E11D{

E11D2

E11M1

EiimM2

F11Dy

F11D2

FliM}

Fiim2

Al1EY

ATINY

B11E1}

B1iNY

CliE}

ciinN}

D11EN

DiiNg

EL1E}

E11N]

F11FE1}

Fi1iNg

A11H2

AJiR2

R11H2

R11R2

C11H2

C11iR2

D11H2

D1iR2

E11M2

E11R2

F11H2

F11R2

A11JY

AL181

B11J}

B1151

c114J1

c1181



CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CPM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

RIT

BIT

BIT

BIT

BIT

BIT

BIT

RIT

RIT

BIT

BIT

RIT

BIT

BIT

BIT

BIT

RIT

BIT

78

79

80

e1

82

A3

84

8%

86

87

88

89

96

21

92

93

94

95 T
 
E
 
I
 
L
 
X
X
 
I
 
I

 
X
N
I
X
X
I
X
I
T
I
T
X
I
X
I

X
T
I
 
X CRM2 CLX EN LEFT H

CRM2 CLK EN RIGHT H

CRM2 DP A ADR 1@ H

CRM2 DP A ADR @4 H

CRM2 DP A ADR 22 H

CRM2 DP A ADR 01 H

CRM2 RAM ADR @24 H

CRM2 RAM ADR 02 H
CRM2 RAM ADR 21 H

CRM2 DEST @4 H

CRM2 DEST 02 H

CRM2 DEST 91 H

CRM2 SC EN H

CRM2 FE EN H

CRM2 PARITY CHECK LEFT H

CRM2 PARITY CHECK RIGHT H

CRM2 CRAM PARITY BIT H

CRM2 MARK BIT H

ClUu~ TS

D11J1

D118}

E11J1%

E1181

F1iJ1

riiss

AllJ

AL182

Bi11J2

B1152

c11J2

C1182

D11J2

D1182

E11J2

E1182

F11.J2

F1182



KS1@ MICRO WORD BITS SORTED BY FUNCTION

CRM2 BIT 54 H CRM2 ¢ 2@ H N11EY
CRM2 BIT 35 H CRM2 & 2{ H N11N1

CRM2 BIT 56 H CRM2 % 92 H E11E1}

CRM2 RIT 57 H CRM2 % @3 H E1iN]
CRM2 BIT 58 H CRM2 ¢ @4 H F11E1}

CRM2 RIT 59 H CRM2 % @5 H FI1iNy

CRM2 BIT 36A H CRM2 # @6A H A11D1

CRM2 BIT 136B H CRM2 ¢ 26B H A11D2

CRM2 BIT 37A H CRM2 ¢ 27A H Alimy

CRM2 BIT 37B H CRM2 % Q7B H A11M2

CRM2 BIT 138A H CRM2 % OBAH B11D1

CRM2 RIT 38B H CRM2 * O8B H B11D2

CRM?2 BIT 395A H CRM2 & 092 H BiiMy

CRM2 BIT 239B H CRM2 # A9B H B1iM2

CRM2 RIT 40A H CRM2 # 10A H ciiD}
CRM2 BIT 44B H CRM2 # 1@4B H €1102

CRM2 RIT 4iA H CRM2 % 11A H CliMy

CRM2 BIT 41iB H CRM2 & (1B H C11M2

CRM2 BIT 42A H CRM2 # 12A H D11D1Y

CRM2 BIT 42B H CRM2 ¢ 12B H D1IN2

CRM2 BIT 43A H CRM2 & {3A H D11M1

CRM2 RIT 43B H CRM2 # 13B H D11M2

CRM2 BIT 44A H CRM2 & 14A H E110%
CRM2 BIT 44R H CRM2 # 14R W E11D2

CRM2 BIT 45A H CRM2 % 15A H E11M}

CRM2 BYIT 48R H CRM2 # 5B H E11M2

CRM?2 BIT 46A H CRM2 # 16A H F1iD1

CRM2 RIT 46B H CRM2 # 16B H F11D2

CRM2 BIT 47A H CRM2 & 17A H F1iM]

CRM2 RIT 47B H CRM2 ¢ 17B K F1im2

CRA6 CRAM 14 H CRA6 CALL H | B12E2

CRAS CRAM 257 H CRAS CARRY IN A H A12N2

CRA6 CRAM 25B H CRAS CARRY IN B H A12R2

CRM2 RIT 78 H CRM2 CLK EN LEFT H D11J1

CRM2 BIT 79 H CRM2 CLK EN RIGHT H N1151

CRA6 CRAM 24A H CRA6 CRAM PARITY BIT A H A12F2

CRA6 CRAM 24B R CRAS6 CRAM PARITY BIT B H A12J2

CRM2 RIT 94 H CRM2 CRAM PARITY BIT H F11J2

CRM2 BIT 74 H CRM2 DBM SEL { H F11R2

CRM2 BIT 7@ H CRM2 DBRM SEI, 2 H F11H2

CRM2 RIT 69 H CRM2 DBAM SEL 4 H E11R2

CRM2 RIT 73 H CRM?2 DRUS SEL 1 H ' At1Sy

CRM2 BIT 72 H CRM2 DBUS SEL 2 H A11dY

CRM2 RIT .89 H CRM2 DEST 21 H c1182

CRM2 BIT 88 H CRM2 DEST 22 H c11J2

CRM2 BRIT 87 H CRM2 DEST 94 H B11S2

CRA6 CRAM 23 H CRA6 DISP EN 10 L c12ny

CRA6 CRAM 22 H CRA6 DISP EN 20 L Ci12F1

CRA6 CRAM 21 H CRA6 DISP EN 42 L B12N1

CRA6 CRAM 29A H CRA6 DISP SEL {A H Ci2N2

CRAS CRAM 29B H CRA6 DISP SEL 1B H C12R2

CRA6 CRAM 28A H CRAS DISP SEL 2A H c12r2

CRA6 CRAM 28B H CRAS DISP SEL 2B H ci12J2

CRA6 CRAM 27A H CRA6 DISP SEL 4A H Bi2N2

CRA6 CRAM 27B R CRA6 DISP SEL 4B H Bi12R2

eor- 14



CRM?2

CRM?2

CRM?2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRA6

CRASG

CRAG

CRA6

CRAS

CRA6

CRA6

CRA6

CRA6

CRAS

CRAG

CRAS6

CRM2

CRA6

CRAG

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRAG

CRA6

CRAS

CRA6

CRA6

CRAS

CRAG

CRAG

CRAG

CRM2

CRM2

CRM2

CRM?2

CRM2

CRM?2

CRM2

CRAS

BIT

BIT

BIT

BIT

BIT

BIT

RIT

BIT

BIT

BIT

BIT

BIT

BIT

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

BIT

CRAM

CRAM

BIT

BIT

BIT

BIT

BIT

BIT

BIT

BIT

BIT

BIT

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

CRAM

RIT

BIT

BIT

BIT

BIT

BIT

BIT

CRAM

52

R3

82

71

80

77

76

75

74

91

62

61

60

20

a1

A2

A3

24
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aé

27
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29

10

11

95

26A

268

53

92

93

1%
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a6
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CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRAG

CRA6

CRAG

CRA6

CRAG

CRAS

CRAS

CRAG

CRAS

CRAG6

CRAG

CRAS

CRM2

CRAS

CRAG

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRM2

CRA6

CRAG

CRAG

CRAG

CRAG

CRAS

CRAS

CRAG

CRAG

CRM2

CRM2

CRM2

CRM2
CRM2

CRM2

CRM2

CRAS

DIVIDE H

bp

DP

DP

P

DP

DP

DP

DP 0
0
3
0

3
0
 
3
 
3
2
 
p ADR

ADR

ADR

ADR

ADR

ADR

ADR

ADR

FE EN H

FUNC

FUNC

FUNC

29

01

22
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26

a7

28

@9

1@

11

MARK

C
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C
o
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C
o
 
G
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t
 
C
a

MEM FUNCTION A H

MEM FUNCTION B H

MULTY PRECISION H

PARITY CHECK LEFT R

PARITY CHECK RIGHT H

PARITY INH LEFT H

PARITY INH RIGHT H

21

21

a2

04

1@

21

04

10

H

@2 H

@4 H
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X
T
 
X
X
X
 
L
 
X
X
X
 
X
N
 
K
X

BIT

RAM ADR

RAM ADR

RAM ADR

RAMFILZ

8C EN %

SKIP

SKIP

8KIP

SKIP

SKIP

SKIP

SKIP

SKIP .

SKIP

EN

EN

SOURCE

SOURCE

SOURCE

SOURCE

SOURCE R

SPARE 49 H

SPEC EN {0 H

Py ~27

L

. L

SOURCE L

R

R

H

21 H

Q2 H

24 H

WRITE H

18 L

20 L

40 1

1A

18

2A

2B

4A

! 4B

21

22

04

21

22

24

T
T
X
T
I
X
T
I
T
X
X
I
T
I
x
X

E
T
I
L
 
L
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X
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C1iE}

Fi181

F11J¢

E1181

E11J1

c1181

ci1J1

B1131

R11JY

D1182

B11H2

A1iR2

A11H2

NC

NC

NC

NC

NC

NC

NC
NC

NC

NC

NC

F1182

B12F2

B12J2

CiiNg

E11J2

E1182

B11E1}

R1INY

B11J2

A1182

AllJ

Al1EY

P11J2

C12mM2

C12E2

B12M2

c1281

c1282

C12K1
C12K2

B128S1

B1282

C11R2

C11H2

B1iR2

F11M2

D11R2

D11H2

A11NY

Bi12Fy



CRAS6 CRAM 19 H CRA6 SPEC EN 20 H A12N1
CRA6 CRAM 18 H CRA6 SPEC EN 40 H Af12F1
CRA6 CRAM 32A H CRAS SPEC SEL 1A H R12KY
CRA6 CRAM 32B H CRA6 SPEC SEL 1B H BI2K2
CRA6 CRAM 31A H CRA6 SPEC SEL 2A H A1281
CRA6 CRAM 31B H CRA6 SPEC SEL 2B H A1282
CRA6 CRAM 3BA H CRAS SPEC SEL 4A H A12K1

CRA6 CRAM 38B H CRAS SPEC SEL 4B H AL2K2
CRA6 CRAM 12 H CRA6 TOZ H AL 2E2

CRA6 CRAM 13 H CRA6 T8 H AY2M2
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KS12 MEMORY FETCH DESCRIPTION

A FETCH FROM MEMORY WILL OCCUR WHEN THE CPU WANTS TO FETCH AN INSTRUCTION,

FETCH AN ARGUMENT NEEDED FOR INSTRUCTION EXECUTION OR ON A PAGE TABLE REFII

(OCCURS WHEN PAGE IS INVALID), THE MEMORY READ CYCLE IS INITIATED BY THE

MICROCODE INSTRUCTION WHICH CONTAINS EITHER THE "START READ" OR "PETCH"
MACRO, THE VMA WOULD BE LOADED AT THIS TIME OR HAS BEEN LOADED PREe

VIOUSLY, WHEN THE MACPO IS USED THE MICROCODE WILL HAVE CRA6 MEMORY

FUNCTION AND CRM2 #16 SET WITHIN THE INSTRUCTION, THE OTHER WAY OF STARTe

ING THE CYCLE IS BY A "AREAD DISP", AT AREAD DISP TIME, WHICH OCCURS

DURING EA CALC, THE SIGNAL DPEA DROM COND FUNC OUT OF THE DROM MUST

BE GENERATED BY THE OP CODE OF THE INSTRUCTION BEING EXECUTED, CRA6 MEM

FUNCTION AND CRM2 #17 WILL ALSO BE SET WITHIN THE UeCODE INSTRUCTION DOING

THE AREAD DISP, REFERING TO DPMS, THE RESULT OF STARTING THE CYCLE IN

EITHER FASHION 1S THAT DPMS READ DELAY EN IS PRODUCED, THE LAST 75
NS OF THE U-INSTRUCTION THAT GENERATED DPMS MEM EN,WILL,WITH

DPMS SYNC E L,SET DP¥S5 START CYCLE,ON THE NEXT T CLK, BECAUSE OF

DPMS START CYCLEee=ea«DPMS READ DELAY EN, DPM6 MEM CYCLE,AND DPMS
REQUEST CPU WILL RE SET, DPM5 BUS REQUEST GOES TO THE ARBITRATION LOGIC

ON THF CONSOLE ROARD(CSL2),08L2 BUS GRANT CPU IS RETURNED FROM THE
CONSOLE BOARD, ON THE NEXT T CLK IT WILL CLEAR OUT DPM5 BUS REw

QUEST AND GENERATE COM/ADR CYCLE (SEE DPMC), REPERING TO DPM 8 & 9

THE PROPER SELECTION OF THE 4#2 MIXER IS MADE DEPENDING ON WHETHER

IT I8 A PHYSICAL OR PAGED REFERENCE, DPM5 BUS REQUEST WILL STILL BE

SET WHEN WE START THE COM/ADR CYCLE, ASSUMING IT 18 A VALID PAGED
REF, THE DATA SIGNALS WHICH ARE TRANSMITTED ONTO THE BUS WITH THE

COM/ADR CYCLE INCLUDE: BUS DATA 81, FROM DPMS MEM READ, SIGNIFYING
A MEMORY READ CYCLESBUS DATA(16=26) FROM DPM6 PAGE(16w26) WITH THE
PHYSICAL PAGE NUMBER DUT OF THE PAGE TARLE) BUS DATA(27+35) FROM

DPM4 VMA(27#3%) WITH THE LINE NUMBER, THIS SHOULD ALL BE SEEN WITH
THE BUS COM/ADR SIGNAL, THE MEMORY SHOULD RESPOND BY ISSUING MEMORY BUSY

ON THE SECOND T CLK AFTER THE COM/ADR CYCLE, IF THE MEMORY DOES NOT
RESPOND WITHIN COM/ADR#2, DPMC NXM ERR WILL OCCUR GENERATING AN

APR INTERRUPT OM DPMB,

ASSUME WE DID GET AN ADDRESS MATCH WITH MEMORY AND THE DATA

WASN®T BAD, THE DATA WILL BE TRANSMITTED BACK TO THE CPU WITH RUS

DATA CYCLE, THIS WILL OCCUR ON THE SECOND OR THIRD CYCLE AFTER COM/ADR,
DEPENDING ON THE WHETHER THE DATA BEING FETCHED WAS GOOD OR CORRECTe

ABLE, IF BUS RAD DATA CYCLE IS TRANSMITTED FROM MEMORY TO THE CPU

IT WILL CAUSE AN APR INTERRUPT(DPMA), THE MICROCODE INSTRUCTION
WHICH CONTAINS THE "MEM READ® MACRO IS USED TO COMPLETE THE MEMORY

CYCLE, THE INSTRUCTION WILL HAVE CRM2#16 AND CRA6 MEM FUNCTION SET,

PRODUCING DPMS MEM EN AGAIN, THIS, WITH DPM6 MEMORY CYCLE WILL

GENFRATE DPMS MEMORY DELAY, THIS SIGNAL IS USED TO HOLD UP THE CPU

CLOCK AND WAIT FOR MEMORY, FOR THE READ CYCLE, DPM5 READ DELAY IS

SENT TO THE CONSOLE BOARD(CSLS) TO STOP THE NEXT CPU CLOCK, THF
MEMORY COMES BACK WITH BUS DATA CYCLE, THIS WILL CAUSE DPMC MEM

STROBE TO CLEAR OUT DPMS READ DELAY EN, ONCE THIS SIGNAL IS

CLEARED OUT IT WILL FREEwUP THE CPU CLOCK AND WE WILL LOAD AND EXe

ECUTE THE NEXT MICROCODE INSTRUCTION,
THE DATA HAS BEEN LATCHED INTO THE 8646°8 (DPMBL9) FROM

THE BUS AS OPM(B59) MB(23e3%), THE DATA WILL GO THROUGH THE DPM
MIXER(DPM1&2) AS DPM(1&2) DBM(2@«35), IT FLOWS INTO THE DeBUS MIXER

(DPE1&2) AND OUT AS DeBUS(@P=35), THE FINAL DESTINATION, 2991 REG
OR AC, 1S SELECTED BY THE MICROCODE INSTRUCTION DOING THE"MEM READ",

THIS COMPLETES THE MEMORY FETCH, NOTE1 ANYTIME WE DO FETCH FROM MEMORY

WE WRITE IT INTO THE CACHE, CACHE AND RAMFILE WRITE ARE GENERATED

ON DPMA, THE VIRTUAL PAGE ADDRESS(VMA18e26) WILL BE WRITTEN INTO

CPU-45



THE CACHE DIRECTORY IN THE LOCATION SPECIFIED BY THE LINE NUMBER

(VMA27e35),IT IS STROBED IN WITH DPMA CACHE WRITE(SEE DPM7), THE

DATA WE FETCHED FROM MEMORY WILL BE WRITTEN INTO THE CACHE(DPET7&8),

THE ADDRESS TO BE WRITTEN INTO COMES FROM DPES RAMFILE ADR(28+29),

IT WAS PRODUCED FROM DPE5 VMA(26«33) WHICH IS INPUT TQ THE RAMFILF

MIXER ON DPE6, WE STROBE THE DATA FETCHED INTO THE CACHE WITH DPES

RAMFILE WRITE, THE DATA ENTERS THE CACHE FROM DPE(384) DeBUS(@0P=38),

Chu~ 49



K818 CACHE HIT DESCRIPTION

A CACHE HIT CAN BE GENERATEDON A READ FROM MEMORY,A FETCH FROM
MEMORY WILL OCCUR WHEN THE CPU WANTS TO FETCH AN INSTRUCTION, FETCH AN

ARGUMENT NEEDED FOR INSTRUCTION EXECUTION OR ON A PAGE TABLE REFILL

(OCCURS WHEN PAGE IS INVALID), THE MEMORY READ CYCLE IS INITIATED BY THE
MICROCODE INSTRUCTION WHICH CONTAINS EITHER THE “START READTM OR "FETCH®

MACRO, THE VMA WOULD RE LOADED AT THIS TIME OR HAS BEEN LOADED PREe

VIQUSLY, WHEN THE MACRO IS USED THE MICROCODE WILL HAVE CRA6 MEMORY

FUNCTION AND CRM2 #16 SET WITHIN THE INSTRUCTION, THE OTHER WAY OF STARTw
ING THE CYCLE IS BY A "AREAD DISP", AT AREAD DISP TIME, WHICH OCCURS
DURING EA CALC, THE SIGNAL DPEA DROM COND FUNC OUT OF THE DROM VUST
RE GENERATED BY THE OP CODE OF THE INSTRUCTION BEING EXECUTED, CRAG6
MEM FUNCTION AND CRM2 #17 WILL ALSO BE SET WITHIN THE U=CODE INSTRUCTION

DOING THE AREAD DISP, REFERING TO DPM5, THE RESULT OF STARTING THE CYCLE IN

EITHER FASHION IS THAT DPMS READ DELAY EN IS PRODUCED, THE LAST 75
NS OF THE Ue«INSTRUCTION THAT GENERATED DPMS MEM EN,WILL,WITH

DPMS SYNC E L,SET DPMS START CYCLE,ON THE NEXT T CLK, BECAUSE OF

DPMS START CYCLEeseww=nDPM5 READ DELAY EN, DPM6 MEMMORY CYCLE,AND DPMS
REQUEST CPU WILL BE SET, DPMS BUS REQUEST GOES TO THE ARBITRATION LOGIC

ON THE CONSOLE BOARD(CSL2),IF THE REQUESTED DATA IS IN CACHE , A CACHE

HIT WILL OCCUR AT THIS TIME, |

ASSUMING THE DESIRED ARGUMENT I8 IN CACHE, THE LOCATION BEING

ADDRESSED HAS AN ENTRY IN THE PAGE TABLE CONSISTING OF THE PHYSICAL PAGE

NUMBER, VALID BIT AND CACHEABLE BIT BOTH SET, THE HARDWARE SEES THE PAGE

IS VALID AND CHECKS THE CACHE DIRECTORY (ADDRESSED BY THE VIRTUAL LINE #)

TO SEE IF THE LINE IS IN CACHE, THE CACHE DIRECTORY CONTAINS VALID,PARITY,

AND USER BITS IN ADDITION TO THE VIRTUAL PAGE NUMBER FOR THAT LINE,IF

THE OUTPUTS OF THE CACHE DIRECTORY MATCH THE VIRTUAL PAGE ADDRESS,IF THE

ENTRY IS VALIO AND IF THE PARITY IS GOOD (ON THE VIRTUAL PAGE ADDRESS BITS)

DPM 7 CACHE HIT EN WILL BE TRUE,

##NOTE{SINCE A HIT DID OCCUR WE KNOW THAT THE DATA IN CACHE HAS BEE!

FETCHED BFFORE,WE ALSO KNOW THAT IT IS THE LINE THAT WE NEED(I.E,THE SAME

LINFE NUMBER FROM DIFFERENT PAGES CANNOT COEXIST IN CACHE),THIS IS SO BECAUSI

WE ADDRESS THE CACHE DIRECTORY WITH LINE # ADDRESS BITS,THIS IS A DEPARTURE

FROM THE KL{@ CACHE WHICH I8 A FOUR PART STRUCTURE,

PPM61 VMA{B8=26 ADDRESS THE PAGE TABLE YIELDING OUTPUTS PAGE VALID,WRITEAB]

CACHEABLE,USER,PARITY, AND PHYSICAL PAGE ADDRESS BITS 1626,

DPM71t VMA 27=3% ADDRESS THE CACHE DIRECTORY YIELDING OUTPUTS CACHE VALID,

USER,PARITY, AND VIRTUAL PAGE ADDRESS BITS(AS CACHE 18=26),

NAND GATE AT ES513 WILL GENERATE CACHE HIT EN IF THE FOLLOWING CONDe

ITIONS ARE METiTHERE ARE NO PAGE FAILS,PAGING IS ENABLED,WE ARE DOII

A READ CYCLE,THE CACHE IN NOT INHIBITED,THE ADDRESS IS CACHEABLE, Al

THE PAGE NUMBER IN THE CACHE DIRECTORY MATCHES THE VIRTUAL ADDRESS |

WANT TO REFERENCE, AS LONG AS THE VMA IS NOT BEING LOADED THE OUTPU

DPM7 CACHE HIT WILL BE TRUE,

DPMS Y THE MEM CYCLE ALREADY BEGUN MUST BE ABORTED,CACHE HIT EN CLEARS THE
K§10 BUS REQUEST,CACHE HIT GENERATES DPMY STOP MAIN MEMORY,THESE GO

TO DPMC TO ABORT THE CYCLE AS SOON AS POSSIBLE AND GENERATE MEM CYC!

ARORT TO THE MEMORY CONTROLLER,

PREVIOUSLY, WHEN DPM4 VMA WAS LOADED FROM DP, ANOTHER COPY WAS LOADED ON

OPES VIA DP 26«38 ,THESE ADDRESS THE CACHE DIRECTORY,

THE MICROCODE IS SELECTING VMA 26«35 AS THE INPUTS TO THE RAMFILE ADDRESS
MIXER AT THIS TIME, ANTICIPATING A CACHE HIT,RAMFILE ADR fAeii WILL ADDRESS

THE CACHE ON OPET AND DPES, YIZLDING RAMFILE 20-18,

DPM? CACHE HIT EN GENERATED DPMS FORCE RAMFILE WHICH FORCES THE DeBUS

c,vxe«.rgb



SELECT SIGNALS ON DPE3 TO GATE RAMPILE 0035 ¢+ RATHER THAN MEMORY DATA
(DBM), ON TO THE DeRUS,THE DeBUS DATA 32=35 I8 INPUT TO THE 2901*'s ON
DPE{ & DPE2 AND STROBED INTO THE 2921 REGISTER OR AL SELECTED BY THE
MICROCODE INSTRUCTION DOING THE *MEM READ",
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"DISPATCH ROM DEFINITIONS"

2 DCODE

- A/3€21%5>

READ=?

WRITE=1

DREAD=®?2

DBLAC=3

SHIFT=4

DSHIFT=aS

FPI=6

FpPa7l

RD=PFs210

DFP=11

10T=12

R/ac8311>

SELF=u4

PBLAC=S

DRLB=6

of 3 8.1

MEM=zL6

BOTH=17

$OPERAND FETCH MODE

j§ READ

$WRITE

sDQUBLE READ

1DOUBLEAC

) SIMPLE SHIFT

sDOUBLE SHIFT
sFLOATING POINT IMMEDIATE

}FLOATING POINT

sREAD, THEN START PREFETCH

s DOUBLE FLOATING PQOINT

§CHECX FOR IO LEGAL THEN SAME AS I

JSTORE RESULTS AS

s SELY

1DOUBLE AC

1DOUBLE BROTH
sAC

§ MEMORY

$BOTH

JBeFIELD WHEN USED IN FLOATING POINT OPERATIONS
ROUND/=«<8>

MODF /a3K9>

FlLeR/a3<10111>

AC=1i

MEMa2

BOTH=)

J/8€12123>

ACDISP/a<24>

1/2¢2%>

READ/=<26>

TEST/=<27>

WRITE/=<28>

VMA/3<29>D,1

A WRITE/=<33>

$ROUND THE RESULT

$ SEPERATE ADD/SUB & MUL/DIV ETC,

) STORE RESULTS AS

AL

§MEMORY

$BOTH

yDISPATCH ADDRESS (MUST BE 1420 TO 1775)

sDISPATCH ON AC FIELD

) INMEDRIATE DISPATCH, DISP/AREAD DOES A DISP/DROM

) IF THIS BIT I8 SET,

1 START A READ AT AREAD

)START A WRITE TEST AT AREAD

) START A MEMORY CYCLE ON BWRITE

)LOAD THE VMA ON AREAD

$)START A WRITE ON AREAD

CPd =52



CRAS MEMORY FUNCTION
LA L A 2 L L2 2 2 X2 3 b 2 L 7 2 3 3 2 |

THIS ONE MICROCODE BIT IS USED TO INITIATE A MEMORY CYCLE OR TO LOAD

THE VMA REGISTER,THE 18 RIT MAGIC # FIELD IS FURTKER DECODED TO EVOKE THE

REQUIRED FUNCTION.

WHEN #13 I8 TRUE ,THE QYCLE IS CONTROLLED BY DP BITS,THIS IS USED

TO REPEAT A REQUEST THAT PAGE FAILED, OR LOADING THE VMA DURING I0

INSTRUCTIONS, WHEN #12 IS TRUE THE CYCLE IS CONTROLLED BY THE AREAD

FUNCTION WHICH CONTROLS DROM OUTPUTS,

#

emwwy

A
 
P
 

S
 
I

]
®
 
-
3
 
O

10

it

12

13

14

13

16

17

MEMORY FUNC

LA BB A 20 R 2 % J

FORCE USER

FORCE EXEC.

FETCH

READ

WRITE=TEST

WRITE

EL

INH CACHE .

PHYSICAL(NO PAGING)

PXCT(SEE UCODE)

PXCT(")

PXCT(")

A READ FUNC

DP FUNC

LOAD VMA

EXTENDED ADR

UNCONDITIONAL CYCLE f

DP FUNC

FORCE USER

FETCH

READ

WRITE=TEST

WRITE

aw

INH CACHE

PHYSICAL

PREVIOUS

1/0 CYCLE

WRU CYCLE

VECTOR CYCLE
I/0 BYTE CYCLE

CONDITIONAL CYCLE(DROM) we

CPM= §3

A READ FUNC

DROM READ CYCLE

DROM WRITE TEST

DROM WRITE CYCLE



"MICROCODF FIFINS == SPFRC"

:ng FOLLOWING SPECTAI. RUSCTTAN ARE NECODED ON DPE1, PPES, AND UPvA3
| = E s C T2 EE SRS SIS ST SIS TSI SIS ST ITTISTIET

18! EFFECT ! fRAR SPET !

1=y ON SHIFT ! 3 I A !

el PATHS PRI oN DPYS !

1T (SEF PPE1) : ' ! F41
s RS EZS2RCR SRS 2SI ISSISITISSIIIIITISSS

2 NORMAL, ! CRY 18 U4H J

31! FA ) { TR LOAD !
lwe

121 ONES ! CSPARED> {

'..

R RNOT ! P OLOAN !

L1y ASHC ¢ ASH TEST !

€ !L LEUC ! KXP TEST !
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) THE SPEC FIELD I8 DEFINED AS A 6=BIT FIELD, THE TOP 3 BITS
y ARE SPEC SEL A, SPEC SEL B, AND SPEC SEL C, THE LOW 3 BITS ARE
} THE SELECT CODE,

3?EC/‘<51'56>D,@

=10

CLRCLK=11

CLR I0 LATCH=12

CLR I0 RUSY=13

LOPAGE=14

LOPXCT=16

WAIT=17

PREVe20

LOADXR=21

APR FLAGS=23

CLRCSH=24

APR EN=25

MEMCLR=227

SWEEP=34

PXCT OFrs3f

INHCRY18=49

LOADIR®E4Y

LDPIwd3

ASHOV=m44

EXPTSTa4S

FLAGSS46

LDACBLK=47

LDINST=6

)DECODE # BITS
sCLEAR 1MS NICOND FLAG

sCLEAR IO LATCH

1CLEAR IO BUSY

sWRITE PAGE TABLE

sLOAD PXCT FLAGS

§MEM WAIT

sFORCE PREVIOUS CONTEXT

PLOAD XR #, USES PXCT FIELD TO SELECT

$ CORRECT AC BLOCK

sLOAD APR FLAGS

JCLEAR CACHE
1SET APR ENABLES

yCLEAR PAGE FAULT CONDITION
§SET SWEEP

) TURN OFF THE EFFECT OF PXCT

g INHIBIT CARRY INTO LEFT HALF

sLOAD THE IR

sLOAD PI SYSTEM

)TEST RESULT OF ASH

s TEST RESULT OF FLOATING POINT

)CHANGE PC FLAGS

s LOAD AC BLOCK NUMBERS

tLOAD INSTRUCTION

$ THE SPEC FIELD IS REDEFINED WHEN USED FOR BYTE MODE STUrF

BYTE/=<54156>

BYTEim}

BYTE2m=2

BYTE3s3

BYTE4s4

BYTES=S

) THE SPEC FIELD I3 REDEFINED WHEN USED TO CONTROL SHIFT PATHS

SHSTYLE/3<54156>

NORM=A

ZERO®mY

ONES=?2

ROT=3

ASHCwm4

LSHC=S

DIve§

ROTCa?

12 42=RIT REGISTERS

pSHIFT ZERQ INTO 36 BITS (ASH TOP 2921%1)
tSHIFT IN ONES

tROTATE

pASHC

sLSHC
§SPECIAL DIVIDE

JROTATE DOUBLE
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"MICROCODE FIELDS we DISPATCH"
2222223222223RR I oRC SRS ISR ISRESSSINEERSRISES ]

IE232cE Sz IS R ISR I NI SRS RIS SEEEEARSCESSISTIITRTES)

NOTE: DISP EN 4@ & DISP EN 1@ ONLY CONTROL THE LOW 4 BITS OF THE

JUMP ADDRESS, DISP EN 20 ONLY CONTROLS THE HI 7 BITS, TO 00

SOMETHING TO ALL 11 BITS BOTH 20 & 42 MUST BE ENABLED,

!

! ! DI CRAY ! CRAY { DPEA {
! {11! DISP { DISP l DISP l

' ! 81! 19 ! 20 ! 40 l

§ | P} | } i
] l lll:lll‘:'fll’ll'flll'llISIIS'IS'II'.8'.8883'83"8888IIIS ’

§ { @ |} DIAG ADR ! DIAG ADR | 2 i
s lp---n---wo---q-QO-!qu9--quqvn-qvOQQQQQQOQOQOQUQQ--909-l

i t ! RETURN } RETURN } DP 18e21 H
’ lu--q---n-qnn---p--n9nqq-.qnw.q-u-vnvvnqcach--cououonqoI

! i 21 MULTIPLY { J | J {
] [veneernonsnonenneorrrasnnapaensananensasgunagenspnaccana]

) !l 31 PAGE FAIL H A=READ | A=READ {
$ |ewornmosrosecnnsrnersernvanerraanensngasesnacenserasenns|

} ! 41 NICOND ! NOT USABLE ! NORM !

3 lu-.---nq------!-agpwn---Qq-naqwq-q-qnnqppqnqoq--Q--qan-]

' {51 RYTE { NOT USABLE ! DP 32+38% {

? lQnonn--q-.-----qnonancv-valQQ--QQQQanQ-QQQQQ--..-qu.-[

' | 6} EA MODE | NOT USABLE | DROM A !
’ |ovoarpncssprecnvencpenarnsennsanersrranevensraneravecosen|

] 1 71 SCAD ! NOT USABLE i DROM B !

!

)

!

)

DISP/2<57162>D,70

CONSOLE=Q2 pCONSOLE DISPATCH

DROM=212 } DROM

AREAD®1)} tA=READ

PP LEFTal JDP 18=21

NORM=34 s NORMALIZE

DP=3S jDP 32«35

~ADISP=16 sDROM A FIELD

BDISP®l7 )DROM B FIELD

RETURN=RA4] s RETURN

MUL=362 sMULTIPLY

PAGE FAIL®mH) gPAGE FATIL

NICONDs64 §NEXT INSTRUCTION DISPATCH

BYTE=6S §BYTE SIZE AND POSITION

EAMODE=66 1EFFECTIVE ADDRESS MQDE

SCADA=67 1Ji2 IF SCAD BIT 2 m»

O- 54



"MICROCODE FIELDS == SKIPTM

|szazz3:22s 33z ES RN IS ISR SN EENESSNEEIRR=S2ES]!

) i 8} CRA2 l DPEA { DPEA l
| K | SKIP ! SKIP l SKIP l

' i 11 19 ! 20 ! 49 !
) ! P} } ! !
’ |222 0382303832320S SRS RNSRESS NSRS SCR ST EZE3EA]

) 1 9} ? ! a I @ {
! !.-'flQ'Q..-Q-Q-Q..-QO....Qq..9..-fl,.’-QQQ.flQ-QQQ-.!Q-DQO!

’ I <SPARE> ! CRY @2 ! CARRY OUT !
| !nnwsan--w-q99--099nvq.on-ww--qnnqounpwqqucq-.'--qcoa--l

’ } 2} AD=O ! ADL SIGN ! ADLm@ {
, ;nq--cq..'--q.-.---.q--.n..q--QQQQ-O-.Qq----Q----uq-UQQQl

' I 3} SC SIGN ! ADR SIGN ! ADR=Q !
] !'QQ’QQEQFPH.-Q..Q--.PQ-QQ.OOOQQCQQ.Q'QQDQ.Q-.Q'-.'.--“:

) 1| 4} EXECUTE } USER 10T ! »JSER !
] lQQQQQQQQQQOQQ-'-OQQQQQ9-flQ.!-QQQQQQQDRQQIFQQGQQQ"'Q'..‘

$ ! 51 =pUS IO 8USY | JrFCL SKIP | FPD FLAG !
' l QQQ-QQQQ!Q.".,'!‘QQQQQQ.,‘QQ'Q”QQ..,Q‘.Q'QPQ!Q.F.P'Q..-!

’ 1 6 1 «CONTINUE ! CRY 24 ! AC % I3 ZERD !
H {nnn-w-q---och-q--c-qqnqv-nq.qnwuncqcmnnco.-qqoqococh-l

! i} 71 wi MSEC ! TXXX ] INTERRUPT REQ |
’ jzz3xn=S rZEEZS SIS SIS CE RS ISSSIARITSESISITIRIBTARES A

SKIP/3<63168>D,70

INLGL=B4 $( NOT,USER)| (USER IOT)!(CONSOLE MODE)

LLE=®12 sAD LEPFT ,LE, @

CRYO=31 tAD CRY =2

ADLEQ?=32 tADDER LEFT = 2

ADREQZ2=3) JADDER RIGHT = 0

KERNEL=34 ?NOT, USER

FPDm1358 sFIRST PART DONE

ACO=136 tAC NUMBER I8 ZERO
INT=}? ) INTERRUPT REQUEST

LE=42 $ (AD SIGN)I(AD,EQ,Q)
CRY2=xS1 JAD CRY @2

DP2aS2 tAD SIGN

DP18xS3 $1AD BIT {8

I0T=%4 jUSER IOT

JEFCLmSS }JECL
CRY1=S6 $AD CRY 1

TXXXmS7 s TEST INSTRUCTION SHOULD SKIP

ADEQAn62 $AD,EQ,2

8C=63 18SC SIGN BIT

EXECUTE=s64 gCONSOLE EXECUTE MODE

«I0) BUSYabS s .,NOT, /0 BUSY

«»CONTINUES66 JCONTINUE
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SUMMARY POWER UP MICZROCODE SEQUENCE
PP PO AN RPN NP I RAN S E TSP NG YN OR ORI IR RN RSN NSRS NN NP RTNRRARS RS e N

INITIAL CONDITIONS)

1,1 MSEC CLOCK IS OFF

R REERAEBRCTIRSIIIRERIPICRIRIRERIR

START MICROCODE AT ZERO(SMmBM?)
T T IYISIR LA E L L LR T -2 )

!
MYOPROCAPGOIVIOPPRRNSTINI TERNNRNNR

PUT #/377777 IN MASK REG,SHIFT IT

LEFT ONCE,’OR* A #/1 INTO BIT 35 TO

YIELD 1’8 IN 36 BITS, 8 IN =2,+1,36,37
'Y IYTI LR LY A A4 XA D2 L A LA b A bl A

!
NPROOPTONPIRCNODN PPN REEMPRNRN

SHIFT THE 36 BITS OF ONES RIGHT

ONCE TO YIELD THE MAG REG(ZERO

IN BRIT 3,18 IN THE FOLLOWING 35,
CFY Y YIS I IR YR LY PR L L L AL Al LA

!

NP NOPTO ROV NSP RNRCEREERNRTS

LOAD THE XWD1 REG WITH A ONE IN

BOTH KALVES VIA #/%

TYY Y YL Y Y R L L LY L L AL LAl ]

!
PN CRVRNIR VAN NN TEONVERRNRSIRRARES

TAKE THE RIGHT HALF OF XwDi(=1)
AND PUT IT INTO THE ONE REG
NI PRRNONRRENEERONTETROIRTRRNSIRRE

!
OPRRATORCPTOOTRARTR NARONPRGIERN N

DO A CALL WHICH LOAD S THE TOP OF

THE STACK,WE WILL NEVER RETURN TO

LOCATION ZERO OF THE STACK AGAIN,

Py YT YIS EILLELE L 2 L L 2L

!
FTYYTIT I XYY LR L YL A R A AL AL L L LA

PUT THE #/3760@Q3(ADR OF THE HALT

STATUS BLOCK)IN THE AR,THEN PUT
THIS INTO THE MICROCODE ADDRESS

SPACE SPECIFTED BY #,

TYTI LI YT rI LI AL L LY LA L L L

!
P Y YT LI LYY ST L L L L LY L L L L L

LOAD THE UBR WITH ZERO AND LOAD THE

VMA WITH ZERO CLEARING THE MEM

CONTROL LOGIC
et YT LI IT Y YL YT L L DL L L L L L L L]

QOQ.QQQQ-QQQ--QQQQQ-QQQnw-q-q.-vqo-

CLEAR ERR AND LOAD THE PREVIOUS AND

CURRENT AC BLOCKS WITH ZERO
"’Q.'.-'Q-‘QQ‘.Q."'...‘.QQQ.QQQ..

!
Q'P...-’--.QQ"-‘.....-flfl.‘..flfl.'.. PSPPI

CLEAR FLAGS REG AND DISABLE ALL APR -
CONDITIONS AND ZERO ENABLES CPH-55>
Q-...-.QQ-..'.QQQ..Q-QQ-Q.-QQ-QQ.‘.

AB st 2O



!
bl A L A A A LA A A A L Lt 2L 22 R I AT YT

CLEAR LOCATIONS IN MICROCODE WORKSPACE

WHICH HOLD THE TIMEBASE
LA A A d A A LA A L L AL L LI ALl Il X 1 3

!
LA A LA AL M Al A AL 42 L i 2 2 2 L LAt AR 2 27

GO OFF TO COMPUTE THE POWERS OF TEN

STORE IN UCODE WORKSPACE
LTI LT LI Y YT Y T YT Y Y Y Y P Y Y

!
LA Z LA LA A A A AL L Ll L4 L L AL LA Ll Ll Ly 2 2/

ADD THE POWERS OF TENeDID THEY EQUAL

#/332656 IN THE LEFT HALF?

I XY T I I YT YT Y YR Y R PY Y YT Y Y] |

o
 
P
 

H
a
m
 
P
 

P
h
o
m
 
G
 

D
e
n
 
P
u
n
 
G
 

G
u
n
 
D
o
 
o
 
P

Fo
]

LA X 2 2 2 2 8 2 2 2 LA R 2 2 A A & 2 2 2 1 1 2 J

CLEAR PT STATE AND HARDWARE
L ITYIIYIIITIYL PP Y YT Y Y Y )

!
PRSP ARSYNSIRERRERNNESRaRRg®

CLEAR LEFT PC=GO TO EXEC MODE
YT T Y YT I Y I Y I ITYYY YT T YY XY )

!
T XYYLYY YL Y YRS Y YL Y]

CLEAR TRAPS
LA A A L 2 2 A LA AL 2 4 2 2 L 2 LA LY A2 1

!
NP PRI NI PN NOPPRVAOTRERTRN

STORE HALT CODE AT MEM 2

AND PC AT MEM 1

-nqqpngnoqq.-Q-qnn-cupqw!-

!
.'!QQQQ.O.Q-QQ.Q'-Q?flflfi!"

DUMP 29@1 REGS TO MEM

YT Y Y TN YL Y Y Y Y YY)

PR RCRARPNARARRSAR RSP Oa®

SET HALT FLAG ON CSL AND

RETURN TO RALT

LA X S XX I 1 3 K31 23 2 2 L.X L 2 2 4 & X 1

INO
LY TR EY P YT YT Y Y )

STORE HALT CODE IN MEM 0

LA A LA ALLTIYL L2 L LY L)

|
LTI T I Y Y YT Y YIS YTYY)

DUMP 2931 REGS TO MEM

LA AL A X 2 L A 2 F 4 L A 2 XA 2 LAz 1)

|
I XTI LYYY P Y LY Y

SET HALT FLAG ON CSL AND

RETURN TQ HALT LOOP

LA L A 2 A X L LA X A2 2 22X A 0 2 X X RN J)

ceu-S 1



FLOW?}

*Poogeanaven

SAVE ARX
SNy PEPeeRN

!

!
rrrTTYT Y Y Y Y

SAVE VMA

NY L L]

l

!
CYTYYT Y Y Y Y X

GET ADR OF HALT

STATUS BLOCK

ewecessaeesew

!
|recnonewas

DUMP REGS

YTYY Y YL YL L

!

!
T P YT I L LI LY

REWRITE AR,ARX

AND VMA

LRII YT LY I )

!
'

JUMP TO HLTLOOP
LA A A A L L K 0 L A 2 J

DUMP THE 2921 REGISTERS MICROFLOW

P YT I T YT LY L L DL L RS Y L DAL L L LR DL L LAl L Ll Al Ll bl hl bl LAl b

INITIAL CONDITIONS?

{,SM1 CONSOLE COMMAND IS GIVEN

2,CACHE DISABLED,{ MSEC CLK OFF

WORK[SV,ARX] ,[ARX]

WORK [SV,VMA] ,[ARX)
[ARY] WORK(HSBADR]

[ARX]WORK [HSBADR)

ABORT MEM CYCLE,

CALL [DUMP]

[AR) JWORK[SV,AR]
VMAm[ARX]

LARX)_WORK SV, ARX]

NOT, [P1],LOAD PI

RETURN (6]

A -ep

SAVE THE ARX IN THE MICROCODE

WORKSPACE ADDRESS SPECIFIED BY #/212

SAVE THE VMA IN THE UCODE WORKSPACE

ADRRESS SPECIFIED BY #/219

READ ADR OF HALT STATUS BLK

FROM UCODE WORKSPACE #/227

WE ABORT MEM CYCLE TO CLEAR 00T

ANY PAGFE FAILS WHICH MAY BE OCCURRING

WE WRITE THE CONTENTS OF THE 29081 REG

INTO THE MEMORY LOCATIONS SPECIFIED
BY THE HALT STATUS BLK ADORESS



MOVE INSTRUCTION MICROFLOW(FROM CONSQLE)
(AL LA A4 A L A4 A L A Al 2 LAl XAl Rl L 2 A il R il Al lXilyee Rl Xyl i XX Ry Xysd X q.)

INITIAL CONDITIONS]
LYYYL Y YL Y LYY L

1,CPU IN HALT LOOP

2,1 MSEC CLOCK OFF

3,CACHE IS OFF

4,CONTINUE SET

5 EXECUTE SET

6,28/DATA

7.,EX 20000020802¢ FROM CONSOLE

FLOWS

FROM EXECUTE SET

!

|
oYeseowypsas®R

SET UP 293¢

REGISTER

nemencePRew

{

{

{

H

|
L LA L2 L LA 2 B2

LOAD THE VMA

START THE FETCH
LA X X 2 X 2 3 3 4 4L )

!

{
PPV EPONENE

FINISH FETCH

(' TYTY XTI X XY X 2 K ]

!

!

L AT LI LR L L L)

DISPATCH ON

INDEXING OR @
LY XYY T YL Y X

!
SYeseooewew

NOMQD

Pemeseesan

!

!

!
oeewennouse

READ ARGUMENT

THEN PREFETCH
apqueeseeew

|

{
eeerespepee

STORE DATA

NICOND DISP

sr=oonEreeEn

[AR] .VMA IO READ

[AR)L[ARY ,OR,#,

$/208320,H0LD LEFT

VMALIARIWITH FLAGS

MEM READ, [HR] MEM

LOAD INST

EAMODE DISP,J/EACALC

EACALCs[AR] EA,

PXCT DATA,AREAD

MEM READ,

[AR]_MEM THEN FETCH

INST DISP

ACLCAR),NEXT INST

ol &/

PUT FPLAGS IN THE AR TO FORCE EXEC,ST

AN 10 READ CYCLE,PHYSICAL ADDRESS AN

UNCONDITIONAL CYCLE(VIA #/2412308)

THEN PUT THE ADDRESS OF THE CSL REG!

SPECIFIED BY MAGIC #/200009

(WHERE THE INSTRUCTYON IS)IN THE RIG

HALF OF THE AR

LOAD THE VMA FROM THE DATA PATH AND

START THE FETCH FROM THE CONSOLE REG

(VIA #/36,DP FUNC,LOAD VMA,EXT ADR,

AND UNCONDITIONAL CYCLE,

READ INSTRUCTION FROM 8646°S AND LOA
THE IR AND HR

HERE DUE TO NO INDEXING OR 8

AREAD DISP BASED ON DROM

1,DISP TO USQ(42(HARDWIRED ON CRA2)
+DROM A FIELD®14)
2,LOAD VMA WITH 2@8=EA(VIA DROM VMA E

CRA MEM FUNC,CRM #12)
3,START READ OF ARGUMENT(VIA DROM RE

READ ARGUMENT FETCHED FROM 8646°8 INTO THE A
##NOTESTHE PREFETCH IN THIS CASE RES

IN SOME RANDOM VALUE BECAUSE THE PC

AN ARBITRARY VALUE,WE ARE EXETUTING
SINGLE INSTRUCTION,

THE DROM B FIELD DIRECTS US TO STOR?

THE CONTENTS OF EA(20) INTO THE AC,

DO THE NEXT INSTRUCTION DISPATCH

THERE ISN’T ONE S0 WE HALT



e
 
P
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P
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S

CONSOLE HALT

RUN IS8 RESET

[ X X KR L R 4 & X A 3 J

!

!
'Y TI YT T YL L)

SAVE THE PC

& HALT CODE

Z. X YT X X & 2 2 2 3 4 J

!

{

|

GET HLTSB ADR

NPOSONPOPREP

l
enoweERERe®

WRITE HALT

STATUS BLOCK

enesenvavew

|

l
NONPVERPRNNETN PRERNN

RETURN TO HALT LOOP
(I XT3 3T R R X 2 R 8 3 8 2 K 4

Pt~ ¢z

THE CONSOLE CAUSES THE HALT

(1.E, DROPS RUN}

WE PUT THE CODE WHICH CAUSED THE HA]

(IN THIS CASE 2,8AYING CONSOLE) IN

MEM LOCATION 2 AND PC IN {,WE THEN

PROCEED TO SBAVE THE VMA AND AR IN TI

UCODE WORKSPACE,

WE RETRIEVE THE FIRST HLTSB ADR FRO!

THE UCODE WORKSPACE(227) AND DUMP

THE CONTENTS OF THE 2901 REGS IN ME!

##NOTESTHE LOCATIONS IN THE UCODE

WORKSPACE ARE ADDRESSED VIA THE

# FILED WHETHER READING OR WRITING



RDIO

{ CONTINUE SET

INSTRUCTION MICROFLOW{USER MODE)
.'.,Q'Q..-’...QQ?.,.!Q-..-‘fl.'-QQ.flQQ..flQQQ.’-q.fi.@flfl..',......'fl....QQQ--.

INITIAL CONDITIONS)
CMPOTEPPORNNPOUONSORRTNBy

2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN*T PREFETCH

4,RUN IS SET

S.NO TRAPS OR INTERRUPTS OCCURRING

6,ACi/202

6A,100/RDIO 0,00(1)

THIS IS THE CONTROL REG IN RH!il

7« 101/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 100

6B,20/1776760

5,CACHE DISABLED,

{2/READING THRU UBA#1

Ly 2 X 3 2 K B X & R 2 3 2 £ X J

START FETCH
L 2 2 2 X 2 X X R X 0 3 B B B B ]

!

|

!
[(2)vowan]

!

H
CURPRONOTLPRI ENOS

INSTR HAS BEEN FETCHED
L LA L LA 2 L0 A2 2 2 2 1.

!

|

l

!
(P X2 3L 3 X2 1 2 X X2 X X 3 X X

INCREMENT PC

1 MSEC CLK 18 OFF

STARTIVMALLPC], JTHE VMA I8 LOADED WITH 1@@
J/XCTGO AND WE START A READ CYCLE TO

FETCH THE INSTRUCTION /1408

FIELD DEFINES(FETCH,READ,VMA

EN,UNCONDITIONAL CYCLE)

XCTGO? JREAD INSTRUCTION FROM B646°

MEM READ, LOAD IR AND HR

(HR)LMEM, LOAD

INST,3T,J/1INCPC

INCREMENT PC,LOAD VM,

INCPCIVMALIPCY+1, DO EA MODE DISP
LE R L X 3 8 & § 2 & B 2 X % 2 & 2 X K |

|

{
L YT I Y I YYY Y}

BOTH

LTIT LT XY ] 1]

}

!

{

|

l
YRMPRYRORENTS

FETCH INDIRECT

WORD

LA ALY L2 LA A X & 2

}

!

}
YTY YT Y YY)

ANY MORE EA

CALCULATION?
I LD L L LYY L]

!

!

(HR). [HR]+XR,
LOAD VM3,

PXCT EA,

START READ,

J/FETIND

FETIND}

MEM READ,

[HR] 4MEM,

- HOLD LEFT,

LOAD INST EA

thntPCI'

EA MODE DISP,

J/ EACALC

EA MODE DISP,TURN

OFF PXCT,J /EACALC

IT I8 BOTH INDEXED AND INDIRECT,INDEX FIRST,

ADD THE CONTENTS OF THE XR(20) TO EA,RESULT

(20) I8 PUT INTO THE HR AND VMA,BEGIN READ

CYCLE,(#/240112a>START READ,LOAD VMA AND
UNCONDITIONAL MEM CYCLE,)

RETRIEVES THE CONTENTS OF 22, PUTS IT IN THE

HR AND LOADS THE INDEX AND INDIRECT REGISTER

IT WILL BE CHECKED FOR FURTHER INDEX AND 8,

DISPATCH ON INDEXING OR INDIRECTION

OF THE FETCHED DATA,THERE WAS NEITHER

CP4- &3



NOMOD

CTTTITT YY)

|

!

i

!
wRegEOIRYeRe

J0 LEGAL?

Y Y Y YL E L L L ]

l1YES INO

! |

uuo

e
 
P
 
G
a
n
 
S

!
ovepsRPeC

RECOMPUTE

EA
I EY ¥R L4 3

|

!
*VNsPpPERIREew

GET EA
L X R 2 4 & 1 )

!

l
*ooeeesew

LOOK FOR

INDEXING

Ll A A L A L A L

l
H

l

P PORNS

ADD INDEX

VALUE
LLELA L L 2 L J

!

|
L L K L4 LA LA

FETCH DATA

WORD

avegereonsw

|

!

!

l

[ A 2 X F A X 3 X 2 2/

CHECK FOR

BYTE

MODE

owePeavERaARe

|

l

!

TESTESyEITe,®

LOAD VMA AND

[AR)LEA,

PXCT DATA,

SKIP I0 LEGAL

INST DISP

CALL [IORD]

TL(HR], #29,

CLR I0 BUSY,

CALL [IOEA)

I0EA}

AREAD DISPATCH ACCORDING TO DROM{40

(HARDWIRED ON CRA2)DROM AREAD(12)a52)

WE AREZ LOOKING FOR EITHER EXECUTE,USER 10T

OR =USER FLAG TO BE SET IN ORDER TO SKIP,

(SEE DPE A)IF NOT IN A LEGAL MODE TO DO

THIS INSTRUUCTION UUQ OUT,IF LEAGAL
WE DO AN INSTRUCTION DISPATCH WHICH

CAUSES US TO GO TO THE EXECUTE CODE

VIA 140@(HARDWIRED) +DROM J FIELD(68)

CHECK FOR INDIRECTION AGAIN VIA#28 AND

CLEAR 10 BUSY(VIA CRA2 SPEC/CLR BUS BUSY)
WE DON’T SKIP SINCE THERE IS INDIRECTION,

WE GET THE SAVED EA FROM THE UCODE

[AR) WORK[YSAVEYWORKSPACE,PUT IT INTO THE AR AND

J/IOEAT

IOEAIS

READ [HR),

DRUS/DP,

LOAD INSTR EA
TLTHR),#/17

[AR]. [AR] +XR,
HOLD LEFT

VMAL[AR),

START READ

MEM READ,

[ARIMEM,

CLR I0 LATCH,
RETURN [1])

B DISP

(BRILVMA IO READ

VMALLAR),OR, [BR) WITH FLAGS

CONTINUE EA CALC,

PUT THE CONTENTS OF THE KR ONTO THE

DBUS AND LOAD THE XR(DPEA) ,CHECKING FOR

INDEXINGCUSING #17,CHECKS FOR ANY BITS

SET)THERE WAS INDEXING TO AC1 IN THIS CASE,

WE ADD THE CONTENTS OF THE XR(22) TO THE EA(
WHICK IS IN AR,PUT THE RESULT(22) INTO THE A

LOAD THE VMA(VIA AR),FETCH CONTENTS OF 20

/1776792 ,READ THRU MB’S INTO AR, CLEAR

THE 10 BUSY LATCH(CRA2) VIA

CRA2 SPEC/CLR IO LATCH

DISPATCH

BASED ON DROM B( J FIELD(S27)+4DROM B FIELD

(10)=537,1T I8 NOT BYTE MODE BUT WOR

MODE,80 WE PUT THB FLAGS IN THE BR VIA #/241

TO FORCE EXEC,START A READ CYCLE,PHYSICAL RE

AND DO AN IO CYCLE,

LOAD THE VMA FROM DP(#13)

cru-ef-



D0 THE

10 READ
venseovesvenn

{

{

!
T TITYTY LY

I0 BUSY SET? IOWAIT:
erorvsanmenw SC..54,

|YES I{NO SKIP/=T0BUSY

}

!

! (1]

! 4
weosmee SC_SCei,

SET YET? SCAD DISP,
menege it,

ConYESw| NO | SKTP/«10BUSY

{

!

l
TTYYTTY Y

SC NEGATIVE?

LA A L 4 & L2 1 2 1

S
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e
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P
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P
e
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e
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G
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w
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WITH THE "OR" OF THE CONTENT

OF THE AR AND BR,(1776708 AN|

FLAGS RESPECTIVELY,WE THEN START THE I0 FETCI

CYCLE TO READ THE RH1i{ REG(1776700) -

WE WAIT FOR UBA! TO SET 10 BUSY

THE STEP COUNTER IS LOADED VIA #208,IF 10 BU:

IS NOT SET WE SKIP

THE STEP COUNTER WILL CONTINUE TO BE DECREMEI

UNTIL EITHER 10 BUSY IS SET OR THE STEP COUN'

GOES NEGATIVE

1YES I[NO

! !

(3} [ (3)=A HARD PAGE FAIL WILL OCCUR

SEE PAGE FAIL FLOW, 00094

THE CPU HAS TIMED OUT,

!
eveevewew

10 BUSY T0W21 RELOAD THE SHIFT COUNTER WITH 102

RESET? SCO8/58/1008, AND SKIP WHEN IO RUSY IS RESET

AL LAl L L e L) SK1P/=I0RUSY

{LYES INO

! !

H

| [4)

l !

sRenewen TOW3g ATTEMPT TO CLEAR THE LATCHED I0

RESET YET? CLR I0 LATCH, BUSY,DECREMENT THF STEP COUNTER,TRY

LA L LT LT L STEP SC,J/10W4: TO CLEAR IT AGAIM AND CHECK IF SE’

c*aYESe| NO |

!

! 10W41s

LYY YTy I J/ZI0W3s

LYES INO

| !

1) (4)

G
o
m
 
G
o
m
 
P
 

B
e
m
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P
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m
 
P
e
n
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P
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m
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e
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e

T T T L MEM READ,

READ WORD [BRIMEM,

FROM MR®’S B DISP
Sowognenneerw TRIAR), %4,

{ J/7I0ORD2

l

!

AL AL AL L L L L CLR IO LATCH, ONCE RESET KNOW THAT THE UNIBUS

SC NEGATIVE? SKIP/=10 BUSY DEVICE BEING ADNDRESSED HAS RESPONDED

TO THE UBA WITH SSYNC AND THE DATA

WHICH RESET I0 RUSY,IF BUSY REMAINS ¢

AND THE SC GOES NEG PAGE FAIL ,

CAME HERE BECAUSE I0 RUSY RFESET AND THE UBA

PUT THE DATA ON THE KSi@ BUS WITH 10 OATA CY!

READ THE WORD FROM THE 8646°S AND PUT IT INT(

THE BR AND CHECK FOR BYTE MODE,(OURS ISN’T)

(oM~ 5"



TTIIYITILI Y Y Y

PUT INTO AR

PSP RAOEPEaEBEN

!

!

|

!

!

l
L X L X 2 L X L A A 2 & JdJ

STORE DATA
I YT Y L RS L2 L L J

!

!
(L A L X A 4 & 2 2 2 X 2 J

DONE

NICOND DISP

!

(2]

[AR]., [BR]

ACL[AR],
J/DONE

DONE}

s RETURN 3

THE CONTENTS OF THE RHi1 REGISTER (776720)

18 PUT INTO AC(@),THEN JUMP TO DONE,

LOAD THE PREVIOSLY INCREMENTED PC INTO
THE VMA AND START A FETCH OF THE NEXT INSTR,

NEXT INSTR FETCH,

FETCH

Clre— Cé



PRIORITY INTERRUPT MIQROFLOW

AL XY LI R Y YT R Y P Y Y Y Y Yy LYY Y YL I Y I P Y Y Y Y Y

COMMENTS1 THE FOLLOWING 18 THE MICROCODE FLOW FOR HANDLING INTERRUPTS
INTERRUPTS CAN OCCUR WHENEVER THE MACHINE 18 IN A MEM CYCLE THAT IS !

A PHYSICAL REFERENCE OR WRITE CYCLE OR WHEN DOING SPECIAL MEM WAIT A!

CLEAR FUNCTIONS,THESE ARE "OR"ED TOGETHER TO PRODUCE A SIGNAL CALLED
WAIT,MEM WAIT ENABLES PAGE FAILS FROM THE IMSEC CLOCK,AN APR INTERRUI

OR A CONTROLLER INTERRUPT ON THE KS19 BUS,THE PAGE FAIL STARTS THE

INTERRUPT ROUTINE,

INITIAL CONDITIONSS
VPO PUNOPINPPERNAN

1,CPU IS DOING A MEM CYCLE

2,THE MEM CYCLE IS NOT A WRITE CYCLE OR PHYSICAL REF(PAGING HARDWARE NOT USE(

J,CACHE AND {MSEC CLOCK ARE OFF

FLOW}

LYYYY YY)

MEM WAIT SET

T rII I LY T YT Y )

!
L2 KX L2 X A L 4 8 X J

INTERRUPT REQ

(2 2 X X 1 2 1 1 2. 3 X

L L2 X X A A 4 2 & 3 1}

PAGE FAIL
PTOBSRRCIEORS

!

!
PRNOPPRPATERINN

SAVE AR,BRX,

YMA, ARX

(LYY T XY YL LY 0L T )

!

!

!

]
WP oANTReEPSERew

READ PF DISP

BITS(12,4,2,1)
L2 2 X 4 2 32 2 L L X 2 2/

!

{

!
T YT Y Y Y YT Y]

DISPATCHED DUE

TO INTERRUPT

CNOUPVOPOITEORPON

!

]
VNN RRRIOPRN

CHECK IF CLOCK

OR INTERRUPT

L AL L L L LA L LA L L

»

:

DPMBIMEM EN MEM EN TRUE DUE TO UCODE EXECUTION,MEM EI

GENERATES MEM WAIT,

DPM6IMEM WAIT ENABLES INTERRUPT RFQUEST TO CAUSE

A PAGE FAIL AS LOKG AS VMA JUST LOADED IS NOT TRUE,!

CRA3ITHE ADDRESS OF THE MICROWORD DOING THE MEM WAIT

IS SAVED ON THE TOP OF THE STACK,

U37771PAGE FAIL BEGIN THE PAGFE FAIL,SAVE SOME REGIST

WORK [SV,AR) u[AR) .

WORK([SV,BRX),.[BRX)

[BRX] LVMA

WORK[SV,VMA] .[BRX])

WORK [SV,ARX]. [ARX)

PFD:(PAGE FAIL DISP) READ THE PF DISP BITS(12,4,2,1) FROM

DBM/PF DISP,DBUS/DBM DPM& INTO THE 2901°’S,PF DISP | IS TR

AD/D,DEST/PASS,3T, DPEAITHESE ARE INPUT VIA DP 18s21 ON

DISP/DP LEFT,J/PFD DPEA PRINT TO GENERATE DISPATCH BITS

| WHICH GO TO CRA1 PRINT TO AFFECT THE

LOWER C=RAM ADDRESS BITS,

WORK[SV,BR] .[BR], SAVE BR IN THE UCODE WORKSPACE AND

J/PFPI} JUMP TO FIND OUT WHAT CAUSED THE PF

PFPI{ WE CHECK TO SEE WHETHER THE PAGE FAIL WAS CA

SKIP IRPT, BY THE IMSEC CLOCK OR AN INTERRUPTING DEVICE

CALL PISUB, IF INTERRUPT REQ I8 UP(OUR CASE), IT WILL

J/PFTY GENERATE DPEA SKIP 49 L WHICH WILL TURN ON

CRAY CRAM ADR BIT 1! TO CAUSE A SKIP,

ClU—¢7
ryy.yy/l . PSS
bRF e TV



Y YL Y YT YL L Y]

WERE WE FETCHING? PFT1j}
veangnesswecasmeen [AR]_WORKISV,VMA)

IYES INO

! |
i[

<—-——~!

G
r
 
G
t
 
G
 
G
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H
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G
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F
u
e

>

(IPYYYITIIS LT L Y

HANDLE INTERUPT
L LY 3 2 L 2 2 2 2 LA A2

!

H

!

!

!
PREOPPERNENPEFTe

READ THE

INTERRUPTING

LEVEL
Y YY Y Y3 3 L LT X

l
NOPRPPRNPOSORA®

PUT NEW LEVEL

IN THE Pl REG,
PRENPORNNSPREN

!

!

|
LA L X 1 2 1 2 2 3 2 B X J

SAVE PI LEVEL

LLE LI L L L L A2 4 1

!

|
NN PERSPERN

DISABLE

FURTHER

INTERRUPTS
(A X R X 3 2 3 7 A 2 & 1 ]

! .

|
NPPOPERNEOPONN

LOAD FLAGS FOR

WRU CYCLE

LA L L L L L LA 2L L

!

}
NePaPEEEgwaARSNe

START WRU
nverr
L4o 7]}

PoeuepBnPpENeERPaRe

LD LA L A L A L Lo L A L J

BACKUP THE PC
TYTIIT YT Y YT Y]

- ABORT MEM CYCLE

THE SAVED VMA IS READ FROM UCODE WORKSPACE ON

RAMFILE 0e«35,THRU DBUS MIXER AND INTO

THE AR,TEST WHETHER WE WERE DOINGA

FETCH WHEN WE PAGE FAILED BY CHECKING

VMA FETCH BIT(2),IF THE FETCH BIT WAS NOT SET

WE HAVE BEEN THRU INCPCt AND LOADED THE VMA

[PCl(PC]=Y, WITH PC +1,WE NEED TO BACK UP

HOLD LEFT THE PCIF THE FETCH I8 SET,wE

HAVE NOT LOADED VMA WITH

PC+1 YET S50 THERE IS NO NEED

TO DECREMENT IT,WE ARF SETTING UP FOR NEXT

INSTRUCTION EXECUTION WHEN WE RETURN FROM THE

INTERRUPT ROUTINE,

TLC(AR),FETCH

J/CLEANED #»NOTEIWE WOULD NOT HAVE GOTTEN THIS

END STATE, INTERRUPT IF THE LEVEL INTERRUPT WAS

SKIP IRPT, NOT HIGHER THAN THE CURRENT LEVEL,

J/PFT2

TAKE INTERRUPT(J/PI)

PIj READ DPEB PI NEW(4,2,1) THRU THE D»BUS MIXER

AD/D,DBUS/PI NEW, ON DPE4(BITS 19,22,21) TO THE 29@1°S

ON DPE2,THE NEW PI LEVEL IS

PUT ON DP({B»21) TO THE DISPATCH

MIXER(DPEA) ,THESE AFFECT THE LOW

ORDER 4 CRAM ADR BITS ON CRA |,
DEPENDING ON WHAT LEVEL WE INTERUPTED

ON,THIS LEVEL IS SENT TO THE PI REG,

DISP/DP LEFT,3T,

J/P1

(PI)alPI] OR,#,

#/XXXX,HOLD LEFT

J/PIPX X 18 THE LEVEL,THE LEVEL IS BROUGHT

TO THE 2941°S BY THE # VIA DP 2127,
WE THEN LOAD THE REG ON DPE9,

(I,E, #/4000@ CORRESPONDS TO LEVEL i,

PIPX3 SAVE THE LEVEL IN BOTH HALVES OF THE BRX,

(BRX1..0XWD[X],
J/P110

P11y THE #/200 I8 USED TO SET DP 28 TO DPEB TO
[AR)L(PI]) ,AND NOT, ¥, TURN OFF THE "PI ON" BIT UNTIL WE

PI,ON/1 FINISH SERVICING THE INTERRUPT,CLEAR

oNOT,(PI),LOAD PI ANY PAGE FAILS WHICH MIGHT OCCUR BY

STOPPING ANY MEM CYCLES

[AR]L.VMA 10 READ,

WRU CYCLE/A

LOADING THE AR WITH FLAGS VIA THE

#/241300 SETS UP FOR A WRU CYCLE TO

FIND OUT WHO IS INTERRUPTING,

(#/241300=>FORCE EXEC,READ,PHYSICAL REF,
1/0 CYCLE,WRU CYCLE)

AS SOON AS THE CPU GETS BUS GRANT ON

DPMC. THE WRU CYCLE WTLL ORIVE PI XMI

ENABLE,PUTTING THE PI LEVEL OF THE INTERRUPTI

CFUu-E3

VMALIAR]IWITH FLAGS
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S
 
P

!
eoosgrasaesneaw

ANY RESPONSE?
LA L B X L 2 4 L L 4 2 2 K

MEM READ,

(AR MEM, 3T,

SKIP SDR,EQ,2

DEVICE ON BUS DATA 18e=17(14 IS PARITY FOR THI.

ON DPEB,LOAD THE VMA WITH FLAGS VIA DP,(DP WA

DESIGNATED BY #13,THE #36=2>L0AD VMA,BXTEHDED ,

AND UNCONDITIONAL CYCLE) -

LOOK FOR SOMEONE T0 RESPOND FROM THE PI LEVEL
WE TRANSMITTED(I,E, ANY BITS 18«35 COME BACK

WITH I0 DATA CYCLE?),.,8KIP IF NONE SET,

{YES {NO

! !
! LIAL LY L] )

l NONeVECTORED [(AR] . [BR])#2 NO BRITS(18+35)SET, ASSUME THE INTERRUI

! INTERRUPT [(AR] .[AR] 4%, WAS FROM APR DEVICE(DPER),TAKE THE VAl

! essrassesvnve $/49,H0LD LEFT OF THE INTERRUPT LEVEL,SHIFT LEFT ONCI

! | [ARYL[AR)+[EBR) ADD #4@ AND ADD THE RESULT TO THE

| l J/PI40 CONTENTS OF THE EBR TO YIELD AN ABSOL!

! { ADDRESS OF THE INTERRUPT INSTRUCTION,

l PoRassanseen VMAL[AR], LOAD THE VMA AND FETCH THE INSTRUCTIO!

l LOAD VMA VMA PHYSICAL, FROM THAT ADDRESS,

l FETCH INSTR MEM READ, [AR].MEM,

! recwwnencesns LOAD VMA,3T,FORCE EXEC

| !

! 1)

!

!

wescgmaaasewe THE UBA WITH THE PI LEVEL THAT WAS TRANSMITTE!

VECTORED [ARX] .9, FROM THE CPU WILL DRIVE ITS HARDWIRED DATA LI!

INTERRUPT J/VECINT AS LONG AS THE INTERUPT REQ IS UP,THE DATA LII

'TEILTY YT L LY

!
!

l

!
wescesenvesseen VECINT!

WHICH CONTROLLER

INTERRUPTED??

!

|
LT TY LYY L Y

SET UP VECTOR

CYCLE

!

|
L2 1 2 2 0 2 2 2 2 2 2

LOAD VMA AND

START VECTOR

CYCLE
neoeNSRPaTReaD

m
 
G
a
s
 
S
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n
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P
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r
 
P
u
s
 
P
 

B
u
n
 
S
 

S
e
u

[{AR).[AR]%2,

3T,SKIP DPiB8

[ARX]L.[ARX)+[XNWD1],

[ARJL.VMA 10 READ,
VECTOR CYCLE/1Q

[AR)L[AR]) ,OR,ARYX
VMAL[AR) WITH FLAGS

IT DRIVES 18 SLOT DEPENDENT,UBA#1=19,UBAN282D

ETC,.THE CPU REALIZES AT THIS POINT THAT IT I.

A VECTORED INTERRUPT AND IT MUST RETRIEVE THE

VECTOR ADNDRESS FROM THE INTERRUPTING DEVICE,

LOOKING FOR THE DATA LINE WHICH IS ASSERTED B

THE UBA,TAKE THE DATA,SHIFT LEFT UNTIL THRE BI

SET IS AT DPi8,THEN 3KIP,THE UNIT # WILL BE I

BOTH HALVES OF THFE ARX,

SET UP FOR VECTOR CYCLE,LOAD THE AR

WITH FLAGS FOR CYCLE SPECIFIED BY
#/241240n>FORCE EXEC,READ CYCLE,PHYSI

REF,10 CYCLE,VECTOR CYCLE,

THE UNIT # OF THE INTERRUPTING DEVICE

FROM ARX TO BITS {4~17 IN THE AR,LOAD

THE VMA VYA DP#13 AND START THE VECTO

CYCLE TO GET THE VECTOR ADDRESS,THIS

IS AN IO READ CYCLE TO THE
APPROPRITE UBA WITH BIT S ON(DURING

COM/ADR CYCLE)SIGNIFYING A VECTOR CYC

THE UBA BEING ADDRESSED SHOULD SET 10 BUSY AND HOLD I

SET UNTIL IT HAS THE VECTOR ADDRESS OF THE INTERRUPTI

DEVICE,THE CPU WILL EFFECTIVELY GIVE UP THE KS19 BUS

AFTER THE THIRD TICK,YO0 BUSY WILL NOT LOCK THE

ARBITRATOR A3 MEM BUBY DOES,WHEN THE UBA RECIEVES THE

VECTOR ADR FROM THE UNIBUS WITH S8SYNC 1T MUST REQUEST

THE KSi® BUS AND TRANSMIT THE ADDRESS WITH 10 DATA QY

cru-69



sompenesnepne

READ THFE

VECTOR ADR

(XY I Y YT Y Y Y T

|

-
 
e
 
&

!

|
IETTYPP Y Y T

DIVIDE VECTOR

BY 4

LITITTYYYXYY

!
L L L2 L L A L A L & A

ADD POINTER &

START FETCH
LA 2 2 F 32 0L X2 B2 1 7|

!

!
I T I XY T T XY T 1)

COMPLETE FETCH
L2 2 X 4 2 R 4 B 2 B 2 3

l

|

!

MEM READ, [AR) MEM

[BRI. EBR+#,#1020

[ARX). [ARX]+(BR),
VMA PHYSICAL READ

MEM READ, [BR]MEM,

3T,SKIP ADR,FQ,0

[AR].CLARY ,AND,#)#,5,

3/174,J/VECINT

VECIN1tLAR) [AR)#,5

LOAD VMA,FORCE EXEC,

START READ,J/PISUB

MEM READ, [AR]MEM,

LOAD VMA,3T,FORCE EXEC

READ THE VECTOR FROM THE 8646’8 INTO

AR ,ADD 100 VIA # TO THE EBR,ADD THE

RESULT TO THE [ARX]J(UNIT # IN BOTH
HALVES) ARX alUNIT#,,100+EBR+UNITH,

FETCH A WORD FROM THAT PHYSICAL LOCA

INTO THE BR,THIS 18 A POINTER FOR TH

UBA#,IF ZERO HALT WITH 182 HALT CODE

*AND’ THE 7 BIT VECTOR ADDRESS WITH

#774 AND SHIFT RIGHT TWICE,(THIS IS

BECAUSE FEWER LOCATIONS ARE REQUIRED

10 MEM THAN IF DEVICE WAS ON A PDP11

ADD THE POINTER FETCHED PREVIOUSLY

WITH THIS RESULT,LOAD VMA AND START

FETCH OF THIS ADDRESS,VIA #240012

FETCH INSTRUCTION INTO THE AR,

VMA NOW HAS THE EA OF THE JSR

SEE WHETHER A JSR QR XPCW INSTRUCTIO

IF NEITHER HALT WITH 181 HALT CODE,

OTHERWISE JUMP TI INSTR EXECUTE CODE

PUT THE OLD PC(OF INSTRUCTION WE WER

GOING TO EXECUTE WHEN WE PAGE FAILED

IN THE BR WITH FLAGS AND WRITE THIS

INTO THE EFFECTIVE ADDRESS OF THE JS

AT THIS POINT THE AR CONTAINS THE EA

OF THE JSR,ADD ONE TO POINT TO THE

FIRST INSTRUCTION OF THE JINTERRUPT

PROGRAM,MONITOR MUST REMEMBER T0

RESTORE THE OLD PC AND FLAGS,

! (1)

! {
wraencessevsss [AR) ,XOR,#,#/2843490

TEST JSR OR 3T7,8K1P ADL,EQ,0,3T,

XPCHW J/PIJSR
PwesEceoevaTRe

1 XPCW }JSR

! {

{ wesswen PIJSRISTART WRITE

! EXECUTE FORCE EXEC,

| JSR {BR]JLPC WITH FLAGS

! wesseen MEM WRITE,MEML[BR)

! ! [AR).#,#/P,H0LD RIGHT

! ! [AR)L[AR)+1, (PC)LIAR],

H ! LOAD FLAGS,J/PISET

! i

{ l

! { -

| l [(2)

! 4 H

l ReBKeacseerers [FLG!.[FLG].AND.NOT.#-
! CLEAR PIX FLG,PI/1,J/P1EXIT

! CYCLE

i Teeognenew

| l
! weerweenaw .

{ RELOAD PI1 PIEXIT3 ,NOT,(PI),LOAD PI,

! REG J/DONE
| (Y TY T YT Y Y Y

! !

! (3]

}

!

§
cod-7p



[BR).FLAGS
EXECUYE AD/ZERO,LLOAD FLAGS

XPCW J/PIXPCHW
saeseonase|

!

cecancnans PIXPCWIVMAL[AR],

STORE FLAGS START WRITE,MEM WRITE,

& OLD PC MEML[BR]

! VMAL[AR)+{,LOAD VMa,
START WRITE

MEM WRITE,MEM.[PC]

P
l
 
e
 
G
 
R

J/XJRSTF

MEM READ, [BR],MEM

(T XTI YT Y Y 2 7

FETCH FLAGS

& NEW PC (AR]J.[AR]+1,LOAD VMA,
LA L R L 4 L 3 2 START READ |

1 MEM READ,[PC) LMEM,

! HOLD LEFT

! READ(BR),LOAD FLAGS,
i UPDATE USER

(2}

(3]

!

Sceayoneppne

FETCH INSTR

NICOND DISP

Ll A L A L A 2 4 A J

!
LR 2 A L 2 2 2 A2 23 XA 21 R A2 4L 2 2 2 XXl 2 2 2 XX )

EXECUTE INTERRUPT PROGRAM
VOO EPSORNYTNO NSRRI UNINRNGONERENRNYS

!

! ‘
NTOOYPTIODYPNTIOSCOAERN POPITOIDIRNRNNERNNS

MONITOR RETRIEVES OLD PC AND FLAGS

AL AL A X LI LA A Xl XIS XY TR T 2 X 2 7 )

!

!
Ll A A A Al L A L A A L LA L L AL AL AL AL L L L LA L) L

INSTRUCTION FETCHeNICOND DISPATCH
Q-qQ.Q.-Q-.-..-thnflqnntntnq---qnflqfl

1 .

!
LTI Y Y Y P Y T Y P Y T T Y T Y YT Y YY)

CONTINUE NORMAL OPERATIONS

[(AR).[AR)+{,S8TART READ,

DONEJVMA_IPSY,LOAD VMA,
FETCH,NEXT INSTR FETCH

PUT FLAGS IN BR,EA OF XPCW POINTS TO

A FOUR WORD BLOCK,EA=>EA+3,

WRITE FLAGS IN ADDRESS SPECIFIED BY

INCREMENTS EA AND WRITE THE OLD PC I

EA+t

FETCH CONTENTS OF EA +2,WHICH CONTAI

NEW FLAGS,PUT THEM IN THE BR,

INCREMENT THE AR TO EA+3, LOAD VMA

AND DO A FETCH OF THE NEW PC,

PUT IT INTO THE PC REG,

NOTESHOLD LEFT BECAUSE ONLY SECTION

ZERO USED,

FETCH THE FIRST INSTRUCTION

OF THE INTERRUPT HANDLER



ADD INSTRUCTION MICRO FLOW
XTI TY LR RIS L LA LY AL DAL LI LI LI L LI bl Ll il bl bl bd bbbl bl

INITIAL CONDITIONST
YT LTI IR I YT S LY LY

1,CONTINUE SET

2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCKH

4,RUN IS SET

5,N0 TRAPS OR INTERRUPTS OCCURRING

6,108/ADD 8,20

7, 101 /ANY PDP10G INSTRUCZTION

8,PC REG CONTAINS 129
9,CACHE DISABLED, { MSEZ CLK IS OFF
12,22/DATA

YT I LYY LY LY L)

START FETCH
YT I XISLY Y

]

[L

!
2'-----.’

§

{
(X X T L YR L L2 & 4 B A 4 2 1/

INSTR HAS BFEEN FETCHED
ORGSR ERYEVCERTTRRN

!

!

]

!
T XYY I ITI L L L L L L 4 A

INCREMENT PC
evecerorsTgEeSeOTOOen

l

l

!

l
T PYTTYTYI T I YTV T LYY ]

NOMOD

NP VRN DIRNCRRNNI RNNRS

!

!

[
 

O 
N
 

I

!
AN NOANPRTRBENNRRTEN

READ ARGUMENT THEN

PREFETCH
'Y YYYY YR L L L B 3 L L L L A 3 X

l

{

{
eY T T YT I I Y L L L Y

EXECUTE THE ADD 9,29

STARTIVNA[PC],

J/XCTGO

XCTGO1Y

MEM READ,

(HRYMEM,LOAD

INST,3T,J/INCPC

INPCIVMALIPCI+Y,
EA MOSE DISP,TURN

OFF PX{T,J EACALC

EACALCILAR] LEA,PXCT

DATA, AREAD

PAGE 1

JTHE VMA IS LOADED WITH 10¢

AND WE START A READ CYCLE TO

FETCH THE INSTRUCTION

SFIELD DEFINES(FETCH,READ,VM}

EN,UNCONDITIONAL CYCLE)

fREAD INSTRUCTION FROM 8646°!

LOAD TR AND HR

$ THE ADD INSTRUCTION

WILL PREFETCH BUT

IT MUST FETCH ARGUMENTS

FIRST,INCREMENT THE

PC AND LOAD THE VMA

EA PUT IN AR

INSTR,AREAD DISP

- BASED ON DROM

MEM READ, [AR].MEM

THEN FRETCH, INST DISP

[ARY [AR)+AC,

CrPH -T2

1, DISPATCH TO US® (4@

(HARDWIRED ON CRA2)+DROM

A FIELD=a{®)

2,EA=20 LOADED INTO VMA VIA

(DROM VMA EN,CRA MEM FUNC,CR!

3.START READ OF ARGUMENT(VIA

DROM READ

READ CONTENTS OF 28 FROM 8641

LOAD VMA FROM PC(101), START

PREFETCH VIA #140712, DISPATI

DISP TO EXECUTE CODE VIA

DROM J FIELD

AR CONTAINED CONTENTS OF 20



meeenseascsnnemencsnss. AD FLAGS,3T, ADD CONTENTS OF AR AND AC

LA K K2 2 F L E b 3 XX A J4 X Xy X ¥|

STORE THE DATA STACIACSLAR]), STORE DATA INTO AC(Q)
LDESTINATION

DO NICOND DISPATCH NEXT INSTR SELECTED BY THE DROM B

FIELD(1S5)

YT YYITIEYIZTII LYY YUY

! THE NICOND DISPATCH HARDWARE

(CRA2)WILL SHOW THIS

! MEMORY CYCLE IN PROGRESS,THE
A INSTR DID A PREFETCH,OISPATC

TO XCTGO

2 TO READ IT FROM THE 8646°'S

Cru-732



SOJE INSTRUCTION MICROFLOW(USER MODE)

q-y,,ynnoyftjrcnooqw.---9'-Q---nn--nwflfl!9'nflg'flflntql—fln.--!-----q--.-.

INITIAL CONDITIONS!
YT YT LD L L L Y L L L L}

1 ,CONTINUE SET

2.,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN I8 SET

5S.NO TRAPS OR INTERRUPTS OCCURRING

6,190/80JE 2,20

7,28/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 129

9,CACHE DISABLED, { MSEZ CLK IS OFF

T YL Y LYY Y Y]

START FETCH STARTIVMALLPC], §THE VMA IS LOADED WITH 100

Peceensssenanenny J/XCTGO AND WE START A READ CY¥CLE TO
! FETCH THE INSTRUCTION

! $FIELD DEFINES(FETCH,READ,VMA

! EN,UNCONDITIONAL CYCLE)
2.-..--.1

!

|
Y Y Y Y L L L A B 22 L L A

!

v core- 74—

INSTR HAS BEEN FETCHED XCTGO? $READ INSTRUCTION FROM 8646°S
I LLLLLL LAl MEM READ, LOAD IR AND HR

} (HRILMEM, LOAD

{ INST,3T,J/INCPC

!

!

PO RPN RNRERRRe® DO A EA MODE DISP

INCREMENT PC INPCIVMALIPC )+, INC THE PC,

L L LD L L L Ll bl bl bd EA MODE DISP, TURN LOAD THE VMA

! OFF PXCT,J EACALC

!
Y T YT YT YY) .

NOMOD EACALC3 LAR) JFA, AR GETS EA=20,AREAD DISP BASED ON

emecnescwese PXCT DATA,AREAD DROM, {,DIRECT TQ EXECUTE CODE VIA

l DROM J FIELD NUE TO CONTROL SIGNAL

l DROMA=RJ BEING TRUE

t 2,LOAD VMA WITH EAS28( VIA DROM VMA

! EN,CRA MEM FUNC,CRM #12)

scemerengenses (BR)AC=1,AD FLAGS,

EXECUTE 3T,JUMP DISP SURTRACTS ONE FROM THE CONTENTS

INSTRUCTION OF THE AC AND DISPATCHES ACCORDING

wecceasenncssee T0 THE DROM B FIELD=2(J FIELD+
! DROM B FIFLD(1520+221502))

}

{

[AC)=0?? AC.[BR),TEST, TEST IF RESULT=O
gt Y Y Y T T T L T SK1P AD.EQ.QQJ/JUMPA

INO lYES ,

{ Y Y T L L LI T X JUMPAIPCLIAR]), THE EAC20)WAS IN THE

{ FETCH NEXT INSTR HOLD LEFT AR, WE LOAD THE VMA

! NICOND DISPATCH LOAD VMA,FETCH, AND FETCH THE CONTEN]
i XTI Y YL Y LY L) NEXT INSTR FETCH OF EAVIA #/1400812,

!

i



! 2

l

!
.‘--.....-.-..fl....q,.

FETCH NEXT INSTR

NICOND DISPATCH
32 XY X3 X 2 2 0 & B R X 2 R X |

!

l
v

2 XCTGO}

DONFE$VMALIPC),LOAD VMA

FETCH,NEXT INST FETCH

THE VMA IS LOADED ANI
WE START A READ CYCLE

TO FETCH THE CONTENTS

OF PC 101 VIA #140017

GET THE NEXT INSTR FROM THE 8646°S

Cou-75



TLNE INSTRUCTION MICROFLOW(USER MODE)
e Y YT T Y Y Y Y T YT YT YT LT Y PARY L LY Y A I E L L LAY LI LI ALl LYl L

INITIAL CONDITIONS
L X I X 1 L BT 3 2 32 L 2 X X 2 2 2 2/

1,CONTINUE SET

2,EXECUTE NOT SET

31,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN I8 SET

S.NO TRAPS OR INTERRUPTS OCCURRING

6,138/TLNE @,MASK

7., 121/ANY PDP1@ INSTRUCTION

TA,102/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 1@0

9,CACHE DISABLED, 1 MSEC CLK IS OFF

Y 2TYTLR L L L L

START FETCH STARTIVMALIPC), §THE VMA IS LOADED WITH 108

AL L LTI L L DL L L) J/XCTGO AND WE START A READ CYCLE TO

4 FETCH THE INSTRUCTION

! #FIELD DEFINES(FETCH,READ,VM

! EN,UNCONDITIONAL 2YCLE)
2mawsase]

!

i
LI X LY B A LA L L L L A A A d A

INSTR HAS BEEN FETCHED XCTGOY $READ INSTRUCTION FROM 8646°
PeeseResYRNeETEERRRR MEM RFEAD, LOAD IR AND HR

{ [HR) MEM,LOAD

! INST»3T,J/INCPC
) /

! 
:

plprgigppRp TS T YT T T T T Y | INCREMENT PC,PUT INT

INCREMENT PC INPCIVMALIPCI+L, VMA &DO EA MODE DISP
YT Y YT Y Y Y I YL Y Y EA MODE DISP,TURN

! OFF PXCT,J EACALC

{
LR XL L X L 2 2 1 _

NOMOD EACALC1AR,(EA], AR GETS THE MASK,AREAD DISP BASED ON

ePecovenany PXCT, AREAD DROM

{ {,GO0ES DIRECT TO EXECUTE CODE( VIA
! DROM J FIELD AND DROM A=J)

!

Pecenesswny

EXECUTE fAR) L [AR]SWAP " THE MASK IS PUT IN THE LEFT HALF OF

INSTRUCTION {BR)L[AR]) (AND AL AR,IT IS ANDED WITH THE AQ,THEN WE

neaasenesmn TEST DISP NISPATCH ACCORDING TO THE ‘OR® OF

! (J FIELD AND DROM B FIELD)
{

noneesenes READ [BR]1,TXXX TEST, WF ARF LOOKING FOR THE RESULT IN BR

{BR)=Q?27? 3T,J/DONE TO BE ZERO IN ORDER T0 SKIP,
oveessnane

{NO {YES

{ !
v !

i )

{

FETCH NEXT VMAL(PCl+1,FETCH WE CAME HERE ON THE SKIP,WE INC: THE

INSTRUCTION NEXT INST FETCH FOR THE SECOND TIME(THE FIRST WAS A"

cru-74



ICOND DISP

!...-..

!1

! v

} 2

v

LTI YT Y Y Y Y Y ‘

FETCH NEXT DONEsVMA_(PC],

INSRTUCTION LOAD VMA,FETCH,

NICOND DISPATCH NEXT INSTR FETCH

PPeeseoTRNeeN

|

!
v

2

Cra-77

INCPC)WHICH ESSENTIALLY DOES THE SK
WE LOAD THE VMA WITH 182 AND

FETCHITS CONTENTS

THE MASKED RESULT WAS NOT EQUAL TO

SO WE LOAD VMA WITH PC=1@1 AND FETC

CONTENTS



MOVE INSTRUCTION MICROFLOW(USER MODE)

Q...OQ..'.Q.-.'-QQ-'.!’.-QQEQQ-QQQ.'QOQ'QFQ.QQQ.Q.Q"’QQ.Q--Q‘.
.'._.Q-'-.

INTTIAL CONDITIONS?

{ ,CONTINUE SET

2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN IS SET

5,NO TRAPS OR INTERRUPTS OCCURRING

6,1A9/MOVE 7,20

7,2A3/ANY PDP1# INSTRUCTION

8,PC REG CONTAINS 1@
9,CACHE DISABLED, 1 MSEC CLK IS OFF

START FETCH

!

!

!

2.-.-.--1

l

!

INSTR HAS BEEN FETCHED

!

l

!

l
e Y Y L LI L L R L L L L

INCREMENT PC
Q...-p....-.-pncoqu

!

NOMOD

!

!

!

Q.O..‘-.Q‘Q‘---.Q-'.

READ ARGUMENT THEN

PREFETCH
.-.‘.---_....--.-Q..-

!

|
ey T T Y LY E T L L L L LA LA/

STORE THE DATA

NICOND DISPATCH

!

|

v

2

START3VMA(PC),

AC_[AR] ,NEXT INST

g THE VMA IS LOADED WITH 100

J/XCTGO AND WE START A READ ZYCLE TO
FETCH THE INSTRUCTION

$FIELD DEFINES(FETCH,READ,VM

EN, UNCONDITTONAL CYCLE)

XCTGO? ~ JREAD INSTRUCTION FROM 8646°;
MEM RERD, LOAD IR AND HR

[HR)..MEM, LOAD

INST,3T,J/INCPC

INPCIVMALIPC) +1, INC PC,LOAD VMA

EA MODE DISP,TURN DO EA MODE DISP

OFF PXCT,J EACALC

AREAD DISPATCH BASED

ON DROM

{,DISPATCH TO US@(4@(HARDWIR

ON CRA2)+DROM A FIELD(10))

2 ,LOAD VMA WITH 28(=ER)

3,START READ OF ARGUMENT

EACALCt[AR] ,EA,

PXCT DATA,AREAD

MEM READ, READ THE CONTENTS OF 20 FROM

{AR)MEM THEN 8646°S INTO AR,LOAD VMA FROM

FETCH, INST DISP START THE PREFETCH

THE DROM B FIELD TELLS US TO

STORE THE CONTENTS OF 22

INTO AC,

NICOND DISP SHOWS MEM CYCLE 1IN PROGRESS

BECAUSE OF THE PREFETCH

cPut ~7§8



MOVEM INSTRUCTION MICRO FLOW(USER MODE)

NN PPN NN NP NN NOPORAT RS ARICNONN ORI NVGAPRVRIOP RSP VARSI RNERTOI NIRRT IRw

INITIAL CONDITIONS;)
XYY Y Y Y YLLK

1 ,CONTINUE SET

2,EXECUTE NOT 8SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN IS SET

S,NO TRAPS OR INTERRUPTS OCCURRING

6,120/MOVEM 2,20

7.101/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 129

9,CACHE DISABLED,

START FETCH

, ! .

!

!
Aewncawse)

!
t
.

PPNV CTRETURNERRODN

INSTR HAS BEEN FETCHED

!

!
LI YT T Y Y ¥ P 2 3 2 X L A X I L2 1)

INCREMENT PC

T XY Y I 32 23 1 L R 0 3 2 X 0 1 % 1 ]

{

!

!
ST TYY T XYY Y LY )

NOMOD

!

!

l

|

!

FETCHES ARGUMENT
XTI LYY YT T T L Y Y )

!
LI L LT AL L1 LA L LA B 44

STORE DATA
(I P T R L LA 3 3 B A L 2 3 1 .

!

!
sswegresnevsssney

FETCH NEXT INST

NICOND DISPATCH

AREAD

1 MSEC: CLK IS OFF

STARTIVMALIPC],

J/XCTGO

XCTGO1

MEM READ,

[HRJQMEHILOAD
INST,3T,J/INCPC

INPCIVMAIPC])+1,

EA MODE DISP,TURN

OFF PXCT,J/ EACALC

EACALLI[AR]) EA,PXCT DATA,

[AR)LAC, INST DISP

MEM WRITE,MEML[AR],

J/DONE

DONEsVMA_(PC1.,LOAD VMA,

FETCH,NEXT INST FETCH

ClLu-79

JTHE VMA IS LOADED WITH 100

AND WE START A READ CXCLE TO

FETCH THE INSTRUCTION

$FIELD DEFINES(FETCH,READ,VMA

EN,UNCONDITIONAL CYCLE)

gREAD INSTRUCTION FROM 8646°S

LOAD TR AND HR

THE MOVEM WILL NOT DO

A PRESFETCH BECAUSE
IT MUST WRITE MEMORY,

DO THE EA

MODE DISP,PC+1m10}

LOAD VMA

AREAD DISPATCH BASED ON DROM

1,DISPATCH TO U41

(U4124@ (HARDWIRED ON CRA2)
+DROM A FIELD(1))

2,START A WRITE VIA DROM WRIT

3,LO0AD VMA WITH EA(28)VIA

(DROM VMA EN,CRA MEM FUNC,CRM

#12)

THE CONTENTS OF THE A ARE

PUT IN THE AR

DISP ACCORDING TO DROM 8

DO A DATA CYCLE SENDING DATA

FROM AR TO MEM TH1S COMPLETES

THE MEMORY WRITE CYCLE

HERE WE LOAD VMA FROM THE

PREVIOUSLY INCREMENTED PC

AND FETCH THE CONTENTS OF 10/
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JRST INSTRUCTION MICROFLOW(USER MODE)
qp.p---.---..Q--qn--—----Qqqu.uQQQQ--QQOQ-QQQQQQQ.-Q.OQ.Olnootnnn---..

THE JRST CASE IS UNIQUE IN THAT HARDWARE DETECTS IT AND NO EXECUTE ULODE
IS REQUIRED TO GET THE JOB DUN
q.-qq..nnqq--.---Qq--..-q-p-.-qnflmquq,a'q.qq."p..--QCQQQQ-.-

.-!QQ-‘O

INITIAL CONDITIONS)

1 ,CONTINUE SET

2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN 18 SET

5,NO TRAPS OR INTERRUPTS OCCURRING

6,108/JRST 2,200

7.295/ANY PDP1@® INSTRUCTION

8,PC REG CONTAINS 100

9,CACHE DISABLED, 1 MSE

START FETCH

|

!

!
2eusavenl

l

|

Q-QQ------nq-.n..d

INSTR HAS BEEN FETCHED
Q’..--....-'..----

!

|

!

!

INCREMENT PC

!

!

JRST CASE

NOMOD

NICOND DISPATCH
-.-Q'...-...-‘--'..'

!

!

v

2

fiTARTSVMAg(PC]'

¢ CLK IS OFF

EA MODE DISP,TURN

OFF PXCT,J EACALC

(PC).[HR),HOLD LEFT,
LOAD VMA,FETCH,

NEXT INST FETCH

eT

§THE VMA IS LOADED WITH 100

J/XCTGO AND WE START A READ CYCLE TO
FETCH THE INSTRUCTION

$FIELD DEFINES(FETCH,READ,VM?

EN,UNCONDITIONAL CYCLE)

XCTGOY JREAD INSTRUCTION FROM 864678
'MEM READ, LOAD IR AND HR

[HR]MEM, LOAD

INST,3T,J/INCPC

DO EA MODE DISP

INCPCIVMALLIPC) +1, INC PC,LOAD VMA

GET NEW PC(200)

FROM RIGHT HR,FROM

¢ FIELD WE LOAD VMA

AND BEGIN A FETCH OF

CONTENTS OF 209



IDPLB INSTRUCTION MICROFLOW (USER MODE) ‘
-n--qo-ccc-.puog—-yonannnnqw-qq--w--q--qéngqqmp-qngflamgnmnpnnqi-n-qunng-

INITIAL CONDITIONS?®
Yt rYy Yy iy X2 R R L R L L b ) i ]

1,CONTINUE SET

2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN®T PREFETCH

4,RUN IS SET

5,NO TRAPS OR INTERRUPTS OCCURRING

6,40/010700200020

6A,100/1LDB 2,49

6B,20/DATA

6C,21/3770000000090

7, 181/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 149

9,CACHE DISABLED,

START FETCH STARTIVMA[PC),

{1 MSEC CLK IS OFF

yTHE VMA IS LOADED WITH {28

erecsenewaseannae J/XCTGO AND WE START A READ CYCLE TO

! FETCH THE INSTRUCTION

! $FIELD DEFINES(FETCH,READ,VM

! EN,UNCONDITIONAL CYCLE)
ZQQ-U-QQ‘

|

!
XTI2 L A L ) LA Al Xy

INSTR HAS BEEN FETCHED XCTGO? JREAD INSTRUCTION FROM B646°
Y XY P I R L X A B A L A L L) MEM READQ LOAD IR AND HR

! (HR]) .MEM,LOAD
! INST»3T,J/INCPC

!

!
oTeeeePIVSERNeORNeRe®

INCREMENT PC IN CASE INCPCIVMALIPC]+Y, EA MODE DISP

l

EA MOSE DISP,TURN

OFF PXCT,J EACALC

INC PC & LOAD VMA

meecsenccan EACALCY PUT THE EA(40) INTO THE AR,DO A DROM AREAD

NOMOD [AR)LEA, DISPATCH, 1,DISPATCH TO 4@ (HARDWIRED BY
sencsswsan PXCT DATA, VIRTUE OF AREAD DISP(CRA2)+DROM A FIELD®?

! AREAD 2.LOAD VMA WITH EA(42) DUF TO DROM VMA EN,
! CRA MEM FUNC,CRM #12)

! 3,START A WRITE TEST VIA DROM WRITE TEST

! 4,3TART A READ OF 490
!

ercansssns MEM READ, FETCHING THE CONTENTS OF 40 YIELDS THE

READ DATA [AR]..MEM, BYTE SIZEC?),BYTE POSITION(L’ST)

resanssnae INST DISP AND BYTE MEM LOCATION(21)REMEMBER

l THAT THE INCREMENTING PORTION WILL OCCUR

! FIRST,THE CONTENTS OF 44 GO THRU THE 8646°S
! WE DO INSTRUCTION DISPATCH

} ACCORDING TO DROM J FIELD TO GET TO EXECUTE
!
(1 X 3 Y Yy ¥

BEGIN CALL 1IBP THIS IS A MACRO WHICH CAUSES US TO INCREMENT

EXECUTING THE RYTE POINTER,WE SUBTRACT THE SIZE FROM

INSTRUCTION THE POSITION FIELD AND LOOK FOR THE OVERFLOW
sPawpnasens

!

{SCAD @3 AND FIRST PART DONE FLAG,WE HILL

DO A Y WAY DISPATCH ON THESE TWO SIGNALS,OUR

coL-52-
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!

YTYL Y Y ¥

OVERFLOW

(SCAD @9)

SET

CY Y YLLYY

!

!
CY Y YY Y I LY 1

INCREMENT

ADDRESS OF

POINTER

Y XX X 2 X L B 4 1

!

!

!

!

EA CALCULATION

|

!

!

INDEXING?

L2 T X X X X B 1 2 4 J

!

!

!

LOAD VMA
FYTYIXL IR L T 1 X

!

}

!
LI rr 37 32 3 1 5 5 3 1 ]

COMPLETE THE

DATA FETCH

aseseseasaw

!

{

{

!

AL L L L L Ll A

START NEXT

INSTR FETCH
weymeGANGEEeR

!

|

BYTE DISP

!

B
 

e
m
 
S
e
s
 
f
u
u

SET P TO 36-S8,

J/NXTWRD

NXTWRDS

(AR). [ARY+},

HOLD LEFT,

START WRITE

MEM WRITE,

MEM.,[AR],RETURN

LDBIREAD [AR),
LOAD BYTE ER,

FELP,3T,

CALL [BYTEA]

BYTEA:

SET FPD,

EA MODE DISP

VMALLAR],
START READ,

PXCT BYTE DATA,

CASF HAS OVERFLOW BUT NO FPD FLAG,

THE POSITION FIELD WAS POINTING TO THE LAST

BYTE IN LOCATION 26,3UBTRACTING SIZE FROM

POSITION CAUSED OVERFLOW AS IT SHOULD IN

THIS CASE.WE WILL BUMP THE ADDRESS ONE AND

SUBTRACT THE SIZE(7)FROM 44(0CTAL) TO POINT

AT THE THE FIRST BYTE IN LOCATION 21,

THIS IS WHERE WE BUMP THE DATA ADDRESS,WE

START A WRITE(VIA #4,5,16)TO THE RIGHT HALF
OF THE EA(49),

NOTESTHE VMA WAS PREVIOUSLY

LOADED WITH 47 WHEN WE FETCHED THE POINTER

INFORMATION,

[4)

READ THE INCREMENTED POINTER INFORMATION

FROM THE AR AND LOAD THE XR TO CHECK FOR

INDEXING AND INDIRECTION,
THE FE REG IS LOADED WITH THE INCREMENTED

POSITION FIELD,(3%)

THE FPD PC FLAG IS SET VIA #4(SEE PC FLAGS

ON DPE) AND WE ADDRESS

THE RAMPILE WITH XR,IN THIS CASE THERE IS NO

INDEXING(XR®Q),WE DISP ACCORDINGLY(I,E, CRAM

ADR 12 IS SET) |

THE VMA 18 LOADED FROM THE AR(21),WHICH WE

PREVIOUSLY INCREMENTED AND LOADED,WE THEN 8T

A READ OF 21 VIA #3,14,16(READ,LOAD VMA AND

J/BYTFET UNCONDITIONAL MEM CYCLE RESP)

BYTFET} PUT THE WORD IN THE BR AND MASK THE SIGN BIT

MEM READ, ourT,

[BR) _MEM,AND ,MASK,

RETURN [1]

VMAL[PC], LOAD THE VMA FROM PC(101) AND START A FETCH

FETCH OF THE NEXT INSTRUCTION

FE_FE,AND,8%,38/08770,
READ [AR], WE DISP ACCORDING TO WHICH BYTE WE WANT (I I

BYTE DISP, THIS CASE) AND GO LOAD THE BYTE INTO AC.

CALL [LDBi) THE AR CONTAINS THE POINTER,BR HAS DATA,FE H

THE POSITION OF THE BYTE,WE MASK OUT THE

JUNK IN THE FE,

cru-53
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D
e
w

jeocnonvanens

LOAD BYTE LDBi1 THE "7«BIT LDB"MACRO CAUSES US TO TRKE THE D)

encownmmease 7=-BIT LDB, FROM BR(SCAD A/BYTE 1 SELECTS THE CORRECT BYI

! SCADA/BYTE 1, PUT IT ON THE SCAD LINES ANO THEN BECAUSE OF

! J/LDB7? DPM1 HARDWARE ,WE LOAD THIS THRU DPM MIXER B8]

{ 28e34(3% IS JUNK) ,THRU THE D BUS MIXER INTO

! THE BR, “

LDB78AD/ZERD, MASK OUT THE SELECTED BYTE AND SHIFT IT ONE

| RSRC/DA,DBUS/DBM PLACE TO THE RIGHT,

{ DBM/#,4/376,A/BR,

! B/BR,DEST/AD#,5,3T,

! RETURN[2]

!
|ovesnenneceas ) _ _

STORE DATA AC[AR], PUT THE BYTE INTO AL@, CLEAR THE FPD FLAG ANI

NICOND DISP CLR FPD, T0 READ THE PREFETCHED INSTRUCTION FROM THE

LT LT L L DL L L NEXT INSTR THE B646'S

|

{

}

(2] XCTGOt

cte~ 8%
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CONSOLE

The console ((0SL) board; contains the main clock source, and arbitrates

access to the backpanel bus, as well as the 8080 based console hardware,

The operator controls the machine via console functions typed in via
the console terminal to the 80803 he may load and check microcode; read
and write memoryj stop and start the clocks sinale step the clock:

halt the machinesy start at a given location) execute an instructioen,
ete, He does not have gquite the power of the KLi? congole, in that
he does not have all the diagnostiec features; he cannot, for example,

read the Pl status at any instant, nor can he at any given instant, read
the VYMA or PC registers or read the AC’s, (Many registers, in fact,
are internal to the 2941, and are not available even were the board

on an extender module and an oscilloscope avallable,) [However, when
enteriny the halt loop, either upon executing a halt instruction
or when requested to stop by the 8480, the microcode deposits the

PC and current block of AC’s {n main memory, to make these

avallable to the console, as well as the reason for halting,

before interrupting the 8088, Thus the operator does have this

{nformation available via the mierocode, i1f not by diagnostic

hardware,

The eonsole has the same access to the backpanel as the (PU, and
can therefore read or write any memory locations, and initiate

any 170 that the CPU can (except I/0 to the internal CPU

registers PY and APR), These it may also do, if the microcode 1is

loaded and the CPU is functional, by executing the reguired

1/0 instruction,

The console may also load microcode (2K x 96 bits), read it back

to check it, and has access to the same diagnostic points as are

avallable to the KL19 console, Thus the operator can read the

current microcode location, next location, current top 0f stack,

ete,

At power=up, the console may load microcode automatically from the

disk, or may be programmed to wait for console commands to do so,

or may load microcode from the console terminal (which is a direct

line to system 1865 on the prototype), It is intended that any

unused microcode space will be used to run module oncewsOnly

diagnostics at power=up time,

CSL-2



CONSOLE

THE CONSOLE MODULE INTFRFACES A SERIAL LINE, CTY OR KLINIK, TO THE

K8i{% RUS, THERE ARE TWO MODES OF OPERATION, USBER AND CONSOLE,

THE CONSOLE WILL ONLY RECOGINIZE SPECIFIC THE CHARACTERS

LISTED RELOW WHEN IN CONSOLE MODE,
WHEN IN USER MODE THE CONSOLE WILL ONLY RECOGINIZE */,

ALL OTHER CHARACTERS ARE PASSED TO THE MONITOR,

START 8480 AT XXSK XX

BC BOOT AND CHECK, CHECK MEMORY AND VERIFY CRA/M DATA LOADED

EX XX EXECUTE INSTRUCTION XX

MK XX MARK MICRO CODE WORD XX IS ADDRESS SPECIFIED

UM XX UNMARK MICRO CODE

TR TRACE UNTIL ANOTHER CHAR IS RECIEVED

PD X # DISABLE PARITY DETECTION

3 ENABLE ALL PARITY DETECTION

2 DISABLE DP PARITY DETECTION

g COMMANDS CURRENTLY IMPLEMENTED

jenane CSL VD,104 Hisss

*Z jENTER USER MODF

*\ s ENTER CONSOLE MODE

LA XX 1 SET MEMORY ADDRESS

LI XX ) SET 1/0 ADDRESS

LK XX s SET 8080 ADNDRESS

LC XX $ SET CeRAM ADDRESS T0 BE WRITTEN AND/OR READ

EM XX tFXAMINE MEMORY LOCATION XX
EM PEXAMINE MEMORY

EN sEXAMINE NEXT, LAST FUNCTION(EK,EM,EI)

EB JEXAMINE BUS & 8038@ CNTRL REGS

EI XX sEXAMINE §/0 REGISTER XX

EX )EXAMINE 1/0

EK XX JEXAMINE 8080 LOCATION XX

EX s EXAMINE 80884 10OC

DM XX $DEPOSIT MEMORY WITH XX DATA ‘

DN XX {DEPOSIT NEXT LOCATION WITH XX, LAST FUNCTION (DK,DM,DI)

DB XX yDEPOSIT XX DATA ONTO THE KS10 RUS

DI XX tDEPOSIT I/0 REGISTER WITH XX DATA

DK XX JDEPOSIT 8¢80 LOCCONLY RAM LOCATIONS STICK)
MR gMASTER RESKET

cs sCPU CLK START

CH pCPU CLK HALT

CP XX $CPU CLKX PULSE, XX 18 HOW MANY CLOCK PULSES, NO ARG GIVES 1 C@

1 s SINGLE INSTRUCTION

LF JSET DIAG FUNCTION TO WRITE
DF XY tWRITE DATA XX WITH DIAG FUNC FROM "LF" CMD

EC XX §EXAMINE C«RAM AT ADDR XX

EC $EXAMINE CeRAM,,CURRENT CNTRL REG, NO CLKS.-CURREHT LOC AS ADDR
CSL-%



]o

EX

ST

SM

HA

co

PE

CE

TE

LT

RC

EJ

TR

PM

ZM

RP

XX

XX

XX

XX

>
4
 
>
 
>

XX

tDEPOSIT CeRAM WITH XX (IN 32 OCTAL CHARS

tEXECUTE INSTRUCTION XX
P START KS81@ AT ADDRESS XX

1 START MICRO=CODE AT XX

sHALT THE PROCESSOR(EXECUTE HALT INSTR)
gCONTINUE THE PROCESSOR

sPARITY ENABLE A@sDYSABLE ALL,,7=ENABLE ALL,{=EN "DP" PAR,2=EN "CRM"
sCACHE ENABLE, @= DISABLE CACHE, 1sENABLE CACHE,<CR> CURRENT STATE?

11 MSEC ENABLE, @= DISABLE { MSEC,1=ENABLE 1 MSEC,<CR> CURRENT STATE:
sLAMP TEST, LIGHT THE THREE LAMPS ON THE FRONT PANEL

tREAD CRAM DIRECT,FUNCTIONS @«17(NO RESETS,NO LOAD DIAG ADDR,NO CPU (

JEXAMINE JMPS , PRINT CRAM ADDR SIGNALS(CUR,NXT,J,8UB)

$JTRACE = REPEATEDLY ISSUE "CP%"& "EJ" CMDS TILL ANY CHAR TYPED

$XX(IF TYPED) WILL BE A CRAM ADDRESS AND THE TRACE COMMAND WILL

$ TRACE UNTIL IT GETS T0 ADDRESS XX, WHEREUPON IT WILL STOP

s PULSE MICRO«CODE « ISSUE SINGLE "CP",EJ"
$ZERO MEMORY = ZERO K812 MOS8 MEMORY
tREPEAT, REPEATS LAST LEGITIMATE COMMAND UNTILL ANY CHAR IS TYPED,

$CAN ALSO BE LAST COMMAND ON A LINE, AND WILL REPEAT THAT LINE, IE,

1EM 0,EK 9,EC O,RP WILL REPEATEDLY PRINT AN EMR,EK® AND ECO,,
$TO STOP OUTPUT ON THE TTY TYPE "CONTROL=0O",,TO RESUME OUTPUT TO
$ THE TTY TYPE "CONTROL«QO" AGAIN

jreewNOT IMPLIMENTEDSD SELECT DEVICE, COMMAND TO SELECT OR CHANGE DEFAULT ¢

BT

LB

*U

*0

*s

*Q

RUB=QUT

INOTES¢

3BOOT SYSTEM,,MICRO=CODE IS READ FROM DISK AND LOADED INTO THE
$CONTROL, STORE,THEN THE MONITOR BROOT IN RLOCK/TRACK/SECTOR @

318 LOADED INTO MEMORY AT LOCATION 6P@ AND STARTED

s LOAD BOOTSTRAP,, LOADS ONLY THE BOOTSTRAP 1¢ CODE FROM BLOCK 8

§ TRACK AND SECTOR @ OF THE SELECTED DIYSK

JRUB=QUT CURRENT LINE

)8TOP TYPE=OUT TO THE TTY |

1 STOPS TTY OUTPUT & HANGS 8280 WAITING FOR CNTRLeQ
sRESUMES TTY OUTPUT

JRUR OUT THE PREVIOUS CHARACTER TYPED

SEVERAL COMMANDS MAY BE PUT ON A SINGLE LINE, WITH COMMANDS

SEPARATED BY COMMAS



K312 BUS ARBITRATOR

L L L KL A L L R LA A L L 1

CONTROL OF THE K814 BUS MASTERSHIP OCCURS ON PRINT C8Li, A BUS MASTER ALWAYS

HAS CONTROL OF THE BUS FOR AT LEAST TWO TCLK CYCLES,THE ARBITRATOR WILL

GRANT THE BUS TO THE REQUESTING DEVICE OF TGHE HIGHEST PRIORITY UNLESS
1 /MEMORY BUSY IS ASSERTTED, IN WHICH CASE THE ARBITRATOR IS DISABLED UNTILL

THE END OF THE CYCLE OR

2/THE CURRENT CYCLE IS A COMMAND ADDRESS CYCLE

3/THE CYCLE IMMEDIATLY FOLLOWING A COMMAND ADDRESS CYCLE,

CONSOLE DATA REG
T YL IR YT L L L L L L A L

A CPU COMMAND ADDRESS 10 READ 224002 WILL READ THE CONTENTS OF CSL I0

RECISTERS 102,104,176,118AND 112,THESE REGISTERS(8 BITS EACH) CONTAIN

THE LAST INSTRUCTION EXECUTED FROM THE CONSOLE OR DATA FOR A DATA cYCLE,

THI8 FEATURE 1S USED WHEN STARTING UP THE OPERATING SYSTEM, THE 8280 CODE

WILL WRITE A JRST ADR IN THE DATA REGISTER AND ISSUE EXECUTE AND CONTINUE,

THE 10 EXECUTES THE JRST TO THE START OF THE BOOT PROGRAM AND CONTINUES

TO COME UP, |

THE DECODE OF THE COMMAND ADDRESS DATA LINES OCCURS ON CSL4 AND SETS

e¢SL4 10 READ WHICH GENERATES CSL4 DATR CYCLE,THIS SIGNAL OPENS THE READ
GATE ON THE 4X4 REGISTER MEMORIES WHICH PRECEDE THE 8646 TRANSCIEVERS,AT THE
NEXT T CLK THE CONTENTS OF 102,104,106,118,112 WILL APPEAR ON THE BUS WITH

I0 DATA CYCLE,

INTERUPTS

KS1@ CAN INTERUPT THE CONSOLE BY ASSERTING DPMB CSL INTERUPT L

PIN=FI8L1 |

THE CONSOLE CAN INTERUPT THE KS14 BY ASSERTING CSL4 INT 10 L

PINBFI8T2

8082 CONSOLE ERROR CODES
PPN PTPOTRNERNBTNENERNPOR®Ny

?ILL ILLEGAL COMMAND

NI NOT IMPLIMENTED COMMAND

201 UNKNOWN INTERUPT(CONSOLE GOT INT BUT NO CHARACTER)

7BFO BUFFER OVERFLOW CONSOLES INPUT BUFFER FILLED UP

?D CYC DATA CYCLE FAILURE

?2C CYC COMMAND /ADDPRESS CYCLE FAILURE

BN BAD NUMBER WAS TYPED

TNBR NO BUS RESPONSE(GOT NDO GRANT FOR MY REQUEST)
PNDA NO DATA ACKNOWLEDGE(WAS RECVED RY CONSOLE AFTER A REQ)

TIA ILLEGAL ADDRESSeQUT OF RANGE

?RA REQUIRES ARGUMENT
IDNF DID NOT FINISH(IF EXECUTE DOES NOT CLR CONTINUE)

7DNC DID NOT COMPLETE(NO HALT LOOP AFTER SM OR HA)

ANAR NO ARGUMENT REQUIRED

ESL—§



DEPOSIT THE BUS FROM THE CONSOLE
LT L LR L LY R A A ALl A A LA Al LA Al bl Ll Al b Al L Dl Al Ll A d L A L Aol dob Bl b d Aol A L A dodad Ao

COMMANDDB XX (36 BIT DATA ARGUMENT) DEPOSIT DATA PATTERN TO KS18 BUS
DESC: THIS COMMAND PERFORMS AN INTERNAL LOOPBACK FUNCTION TO CHECK

THE ABILITY OF THE CONSOLE BOARD TO WRITE DATA THRU THE KSi@

BUS TRANSCIEVERS AND READ IT BACK WITHOUT ERRORS,THE COMMAND

IS SPLIT INTO TWO PARTS WHICH WRITE AND READ THE ODD AND EVEN

10 REGISTERS LOCATED ON CSI, 6,7,8, THE FIRST PART WRITES THE 0DD
REGISTERS NORMALLY USED FOR COMMAND ADDRESS CYCLES,READ THE DATA

BACK AND COMPARES IT TO THE DATA SENT,THE SECOND PART WRITES THE EVE
REGISTERS NORMALLY USED FOR DATA ARGUMENTS(AND FOR A JRST INSTRUCTIO
TO START KS1@) ,DNES THE READ AND COMPARES,THE READ OF BUS DATA
OCCURS THRU THE D BUS MIXERS ON CSLA PRINT,THESE RETURN INVERTED

DATA TO THE DRUS, A FAILURE IN THE FIRST PART WILL YIELD a ?C CYC
ERROR CODE,A FAILURE IN THE SECOND PART WILL YIELD A 2D CYC
ERROR CODE,

FLOWS
(Y YY YT L L L LY L L k.

WRITE THE 0DD 10 REGS
PPN P NN PRRROBRNENRNS

l

l
PP RPEBDPPRNTERNNPODERTEWESR

SET CONSOLE REQ & T ENB
Y TYYY YT Y Y LYY S LN LN X X

!

|
PRIRPN NDPRSEPR

MAKE SURE RUS REQ CAME UP
p.q..-..fl.-.."..'..-..

!

l
(T XY T YT Y L L P Y R 11 2 2 X2 3 1}

READ THE DATA AND COMPARE IT

|

|

!

PPN PRPOICORNRINVNRORNPOTIRIARDN

WRITE THE EVEN 10 REGS

VPPNVRPN PIR R RRPERS

|
l
YT YT I LY LAY Y R Y L L L A

SET DATA CYCLE BIT

!

|
CY T Y XX Y Y LR PN L 2 0 . 0 3 & 2 0 R R X J

SET CONSOLE REQ, T ENABLES

AND LATCH DATR SENT
PO ORNEARTORNEERPEERNR RREB N

!

}

CHECK FOR BUS REN AS ABOVE
(Y Y Y YL XYL LB X0 X 2 L 4 0 X & 4 & J

:

110 WRT 103,105,107,111,113

g 10 WRT 210/141

10 READ 3@1(LOOK FOR 20)

IF IT DIDN®T PRINT NBR ERR MSG

BUS ARBITRATOR ON CSL1 IS RROKE

§I0 READ £,1,2,3,103«IT8 WRONG FLAVOR

S0 8484 CODE MUST INVERTe=eIF THE COMPARE

FAILS PRINT ?C CYC ERROR CODE=eCHECK THE

DATA PATH,CSL OR KS1¢@ BUS IS BROKE

110 WRT 102,104,1746,110,112

110 WRT 114/1

110 WRT 212/163=+DATA GOES OUT

cif(:zé



L L A L L L L A ALl L LAl LA R Al d b

CHECK FOR DATA ACKN

(YT YI I X X L LR LY XY L 2 L L2 X 1.

|

!
PRecsrsaRERenNERRRTRERey

READ AND COMPARE THE DATA

AS ABOVE

PPOOPNOTOTRRTALG RPN RR

) SHOULD BE THERE AS A RESULT OF DATA CYCLE

ON CSL4 PRINT

ySAME AS ABOVE BUT IF DIE HERE PRINT 7D CYC
ERROR MSG

eS5E=7



DEPOSIT CRAM FROM CONSOLE _

PRPORNPONENNCRERNNNSRERPRRRSP RRNY PR NNTNOS RSSO EDPSRRRNNSRYRN TS

COMMANDIDC XX(96 BITS) INTO ADR SPECIFIED BY PREVIOUS EC,LC COMMAND

| DF XX(12 RITS) INTO ADR SPEC BRY PREVIOUS EC,LC,LF

DESC CRA CONNECTS TO LFAST SIGNIFICANT 12 BITS OF Ksi1@ BUS,THE CONSOLE
CAN DEP/EXAMINE THE CRAM REGISTER,CURRENT LOCATION,THE TOP

OF THE SUBRTN STACK AND THE CRAM ADDRESS LINES,THE SELECTION

OF THE 12 RIT SEGMENT T0O BE READ/WRITTEN IS DONE BY

CSL4 DIAG 4,2,1 H, CSL4 DIAG 1@ H DETERMINES WHETHER CRA OR

CRM IS INVOLVED,36 BIT8 MICRO STORE IS ON CRA,60 BITS ON CRM,

A BUFFERED COPY OF THE 12 BITS IS AVAILABLE TO CRM FROM CRAS,

BRUS DATA 21,22,23 ARE DRIVEN BY THE PARITY OF THE 12 BITS TO

MAINTAIN EVEN PARITY ON THE K812 BUS,THE DF COMMAND I8

PROARARLY THE BETTER TROUBLESHOOTING AID BECAUSE THE PREVIOUS

LF COMMAND WILL DEFINE KNOWN DIAG BITS AND 12 BIT DESTINATION

IN MICRO STORE,

FLOWY
NV PYPETRNBRVRNENEIIIFERIREERaBaR

8780 I0 WRITE 210/144
e YT YT I I Y YT T LY LT Y L Y LS 2 L 2 L

|

!

|
MPPPP OGS NECTANVNPNNRANAPERPERDPSS

C8L4 DIAG 1,2,4,190 B
(T XYY LYY LS DL LA DL L Al L bl ool d

IPINSIF18CH

! F18D}

! Fi8E1

! Fi8F1
PRNOPRNOPSDOPPRNTENONPRSI POSeER

CSL4 CRAM WRITE H

$8@8A SETS CONSOLE REQ,T ENB

TO ENABLE TRANCIEVERS, AND

CRA R CLX TO LATCH THE DATA

TO CRA

)8A8G DOES IO WRT 205 WITH DESIRED

DBUS RITS TO SET DESIRED 12 BIT SEGMENT

}808@ DOES 10 WRITE 204/5 TO SET THIS

IPINS1Fi8Al} {

| |
nsqegensyreaRene Y YT YT Y YT YT Y Y Y

CRA4 WRITE XX=XX CRAS BUS DATA 24#35 L gDATA ARGUMENT FROM K810
evonssseseesTREw T Y Y Y P Y Y LYY BUS LATCHED AS CRAS BUS

BUFF 24#35)AVAILARLE TO

CRM AS BUS DATA 24B=33B

12 BITS STOBED TO RAMS



EXAMINE CRAM FROM CONBOLE

N Y T T Y Y Y Y Y YN PP YRY Y P YRS YL LY LR LY L LI L L L L LA LDl L LDl

COMMANDIEC XXXX(@=3777) OR EC
DESC1PRINTS THE CONTENTS OF LOCATION XXXX IN MICRO STORE

IF NO ARGUMENT,LAST CRAM ADDRESS EXAMINED OR DEPOSITED

FLOW}
Y Y YIIIYYI Y Y Y LY L Y Y]

CLEAR THE CRAM REGISTER
CYTYYI LI YT YL YL L LY L L L

|PINSt FilbBKis

! C8,4 CRAM RESET H

!

l
RPN PRGN RNRRRATRRR

LOAD THE CRAM ADDRESS
PPN ARNETNERNER R TSN

IPINST (C18D1=

P
u
s
 
P
e
m
n
 
P
a
m
 
P
o
m
 
P
 

P
e
n
 
B
a
x
 
s
 
D
e
m
 
B

YYTYTYTI LYY I L LY A L L L L L L

PULSE THE CLOCK TO LOAD

THE CRAM REGISTER
.'-'.’-‘..-.-‘.-...-..’.

|PINS:T Di18Cls

! CSL4 SS MODE H

! ci8ul=

}

CSL4 CRAM ADR LD H

! CSLS CRA/M CLK EN L |

! P
-".!..-’.PQ.'.QHQQQQQQ.

READ THE CRAM REGISTER

SPUPPT RS INCTRNRCORERENRSP

OR ADDRESS OF LAST LC COMMAND

3178080 10 WRT 204/1«8ETS CRAM RESET WHICH

GOES TO CRA6 AND CRM2 TO CLEAR THE CRAM REG

2/808¢ IO WRT 204/2 CLEARS THE RESET BIT

$1/8080 IO WRT 103,108,107,111,113 LOADS

THE ADDRESS ARGUMENT INTO THE IO REGISTER

2/8082 10 WRT 115/0 NO BUS CYCLES

3/8080 I0 WRT 210/144 »SETS CONSOLE REQ,

T ENB,CRA R CLK

4/8083 10 WRT 204720 SETS CRAM ADR LDeLOADS

THE DIAG ADR REG ON CRAS FROM BUS BITS 24e

3% THRU INPUT @ OF MIXERS ON CRAl THE CRaM

ADR GOES TO INVERTERS ON CRA7TJTHE ENABLE CRA6

DISP EN 20 L IS TRUE DUE TO PREVIOUS CRAM REG

RESET

/80808 10 WRT 204/0 TO CLEAR THE CRAM ADR LD

11/8080 10 WRT 204/010 SETS SINGLE STEP

2/8088 10 WRT 206/2 SETS THE SINGLE CLK

THTS ENABLES THE NEXT T CLK TO GATE THE
ADDRESSED MICRO WORD INTO THE CRAM REG

11/808@ I0 WRT 205/FNCe(SEE TABLE)

2/80480 10 WRT 216/111+8ETS CONSL REQ,

|PINS: F1B8C1=CS8L4 DIAG 1P H CRA T CLX,R CLK EN

| F18D1eCSL4 DIAG 4 H 3/8089 10 RD 2,1,2,3,103 READS DATA FROM

' F18E{=CSL4 DIAG 2 H RECVR LATCHES TO 82892 RAM LOCATIONS
! F18F1=CSL4 DIAG { H 4/8080 10 WRT 210/@¢ CLOSES THE LATCHES

!

!
.PQ.."'Q.Q."Q.....Q'..

READ ALL CRAM BITS YET?
..-.Q.O..Qfi'...'..flfl..-.

1YES {NO

! |

!

|
T LY L L L L L L L Ll L

VERIFY A AND B COPIES
YRLR L Lt L A Ll L

{YES INQ

! o

JCONTINUE IN THIS LOOP READING

12 BTTS AT A TIME OVER K810 BUS 24133
UNTIL ALL CRAM BITS ARE IN 8080 RAM

.
—
,
—
.
—
.
.
.
—
.
.
.
—
n
.
—
.
—
.
—
.
-
.
-
.
—
—
'
.
—

§WHERE TWO COPIES EXIST COMPARE THEM IN 80882

csz-j7



P
u
n
 
D
e
a
n
 
o

!
Ll A A 2 LA L L Xl 2 I X

PRINT VERIFY ERROR MSG jTRY AGAIN «CHECK DATA PATH IF SOLI
LA L DL AL XL AL L L L Y 1.} FAILURE EXISTS

B
u
n
 
P
u
n
 
G
u
n
 
P
a
n
 
v
 
P
o
r
n
 
D
S
 
P
a
w

_
—

MRQePEseNsNepRNCENERRCATYW

PRINT THE CRAM CONTENTS

ON CTY

(I Y PP YL T TS P YRR YR Y T

TABLESTHE ACTUAL CRAM REGISTER BITS ARE GATED THRU CRA4 AS DIAG 24«35 AND

FROM THERE TQ THE BUS TRANSCIEVERS TO THE CONSOLE BOARD,BITS FROM

THE CRM BOARD ARE GATED TO INPUT 3 ON CRA4 ROTTOM MIXERS,THIS INPUT

SELECTION IS5 FORCED RY CSL4 DIAG 12 H,

CRAM RITS DIAG FNC

L3R a

1223 4

24Am35A S

24R»35R 6

J6A=47A 12

36Re47B 13

48=5%9 14

60=71 18

72=83 16

84=95% 17



MASTER RESET FROM CONSOLE
(LTI YL L L EEY YT Y LY LY LY PN T T PR T TUY YUY Py Ry g rppapige gy S e yrappupep

FLOW}
Y I I LI T Y e Y Y P T Y T L]

SET 0’S TO RUN,EXECUTE,CONTINUE $8080 WRT I0 212/0 TO CLEAR THESE
LA A L A d A A A A B A g L L LA 2 L R 0 4 L L2 X 0 2 2

| PINSs E18CimRUN H

} E18S1sEXECUTE H

! D18V23CONTINUE |

!
I T LY Y YL Y Y P Y LY Y Y LY

INSURE CPU IS STOPPED $CLEAR SOFTWARE RUN FLAG
YT Y YR P Y T T P T LYY LY Y SET SINGLE STEP VIA IO WRT 204/10Q

| PINS: DiBCi=CS8L4 SS MODE H CLR SINGLE CLK AND CLK RUN VIA
l ' I0 WRT 206/0

}

l
L2 L XX X 2 2 2 0 & £ L & X X 2 2 A 2 £ R & £ 5 B 2 3 1 2 J

ISSUE RESET JVIA BOB@ IO WRT 108 WITH BIT 7

LA 2 P 2 2 2 a0 b 2 X2 L XY 4 L X2 X A 2 3 2 X}

!

!
LE 2 X 2 2 2 L 2 A L & 2 2 2 L 2 A 4 2 & 2 2. R & 2 % 1 2 J

INSURE CLEAR (@ INT IS LOW | JVIA 8080 IO WRT 20%5/4
LA A L X A X 2 1 2 L A a2 4 & X A 0 L L LB R A L 2 2 2 1.

!

!
(2 1 X XX X2 2 2 XX 3 X 3 L X X1 2 XY 1AL X 2 X ¥/

SET UP CURRENT PARITY SETTINGS JVIA B808@ WRITE 120 +DESIRED BITS

!

!
LA L LA R A L A L L LA 2 A A B A A A 0 L LA LA L 2 J 1 J

-1SSUE DP RESET,CRAM RESET §jVIA 8080 10 WRT 284/5

LA LR A 2 AL A B E A B L A A A A A 4 L A A 4 A 0 & K 2



EXAMINE MEMORY FROM CONSOLE
ALl LI LA L R L LI LI EX T LI LT LT Y BT LR T T T T Y Y ey Sy

DESC} THE CONSOLE MUST ISSUE A COMMAND ADDRESS CYCLE ON THE KSi0
BUS WITH THE MEMORY ADDRESS,IT THEN WAITS FOR MEMORY TO
RESPOND WITH DATA AND THE SIGNAU DATA CYCLE WHICH LATCHES
THE DATA IN THE RECIEVERS,

FLOWS
LA L A L A A X A X A Ll X X LA L2 2 X ]

SAVE THE ARGUMENT JVIA 8082 IO WRT 103,102%,107,111,113
LA AT 2 2 X R Y rERY Y ¥ SAVES 36 BITS (19 LS BITS MAX USED)

!

!

! |
LA L T 24 22 1 32 X A X2 T ¥ 2 X 2°F X )

SET COM/ADR CYCLE JVIA A080 10 WRT 114/4 SETS THE BIT
PReseTeoerseRsRRCTRERER. IN THE 4 WORD MEM ON CSLS8 PRINT

!
H
P XY T Y YY Y Y Y Y XYY )

START THE COM /ADR CYCLE

PRESET NXM TIMER ON CSL3

ENABLE RECIEVER LATCHES P)VIA 8088 10 WRT 210/343 COM/ADR

LA LI ALl Al d bl Ll bl L CYCLE BEGINS ON LEADING EDGE T CLK

IPINSS PR18BJ2=BUS COM/ADR CYCLE AFTER BUS RFQUEST AND BUS GRANT

! THIS BUS REQUEST DOES NOT GO TO

! BACKPANEL BECAUSE CONSOLE 1S THE

! BUS ARBITRATOR,

!
LA L LA L A L L LA X 1 L L. X 1 2 2 4 3.2

MAKE SURE BUS REQ WENT 0OUT JVIA 80880 10 READ 321 (LOOKING FOR 22)

(212 XYY YR 1 31222 X 2 XY XY Y 7]

|YES I{NO

1 STRNOPeSPaVaREDe N

! BUS ARBITRATOR FAILED §PRINT NO BUS RESPONSE ERROR MSG
| LY LY P YY T TN T Pyrry SEE PRINT CSL1}

iflnfl.-.!--Q.-----O—QnDn
MAKFE SURE DID NOT GET NXM $VIA 10 READ 3@1 (ABSENCE OF 1e0a)
(T YT T Y Y PPy Y Py Y Ty v NXM TIMER WILL TIME OUT 4 R CLK

! ! TICKS AFTER START OF COM/ADR IF NO MEM BUSY

LYES INOQ
l (I I T T YT P T P Y T Y ¥y

{ BAD ADDRESS OR
! HARDWARE FAILURE JPRINT NXM MSG

! AL LI LA L LOOK AT DATA BITS ON

| BlUS AT COM/ADR TIME
LA L L 2 A A L 2 A A 1 2 4 3 & L 0 4 1 2

LOOK FOR DATA ACKN $VIA IO READ 381(LOOK FOR BIT 0)

PR RrserARTROREaRRRE S SHOULD RE THERE AS A RESULT OF DATA CYCLE
IPINS: Bi18L2s ! COMING BACK FROM MEMORY

I1BUS DATA CYCLE L !

! l

lYES INO
LA A X 2 3 L 2 X 2 L X ¥ X X ]

MEM DID NOT RESPOND 1IN

15 MICRO SECS $IF OTHFER EXAMINE
LTI YT I T YT Y Y Y Y TS COMMANDS WORK THE

CSp—p2 MEMORY IS PROBABLY

e
 
G
-
 
S
u
)
 
S
u
n
 
S
 
S

--- LVT P



LA A L A4 LA 2 I YT Y Y Y T 3 Y

GET THE LATCHED DATA AND
PRINT IT JVIA 80288 10 READ 2,1,2,3,10)
LLE LT T Y T Y ¥ LT T ey I0 WRT 21@/¢ TO ENABLE R CLKS AGAIN

CSL=/2



DEPOSIT MEMORY PROM CONSOLE
A LA LA AL L AL Ll L L LI IS L LI LI AT LYY LTI LY Y Y Y Ty e Y Ty Y T L Ly L Ly

CONDITIONS$THE DEBIRED ADDRESS TO BE WRITTEN MUST HAVE BEEN LOADED
BY A PREVIOUS LA OR EM COMMAND

DESC$STORE THE ADDRESS AND DATA INTO R@8@ IO REGISTERS.SET THE
APPROPRIATE BITS FOR THE COMMAND/ADDRESS CYCLE AND DATA CYCLE

AND DO IT RY ENABLING T CLXS,

FLOWS
PRaASPEPRNOOTORESOONEY

STORE THE ADDRESS INTO I0 REGISTERS
(XTI XX Y XA XA YT Y P ISR Y Y Y 7Y |

!

!

!
-"’.Q.-.-P-QP.-QHO.QQDHQQ-!QR‘..QQ

STORE THE FUNCTION BIT FOR COM/ADR

MEMORY WRITFE

I YYYT IS Y YRR Y P PY LR Y YR YR 2% ¥ 3

!

!
L A2 1 2 2 3 2 £ & 2 A 2 A 3 K X X 2 5 X A 2 L B R 0 R 3 1 4 2 3% % J

STORE THE COM/ADR CYCLE BIT
I Y YT T Y LY S P LY R LY L 27 )

!
{w

LA L X L X 0 X 4 & 2 L & 2 3 K 2 2. 4 2 0 2 A 2 £ A 2 X X B £ 2 1.

STORE THE DATA ARGUMENT IN

10 REGISTERS
2 2 XYY T T X X 2 Z X X X XX ¥ 2 X X R 2 X2 2 X 4 X X X J )

!

!
PO ONTRNOPNPOONNVORPRRERRRPRPOPRPWmY

STORE THE BIT FOR DATA CYCLE
T I I I YT I ISR R YL Y Y SRR LY Y LYY Y]

!

{
LA L XL 2 L A A 0 2 2 L X R L AL X 2 2 2 2 2 X R 2 4 3 1

po 1T

SET BITS FOR CHECK NXM,CONSOLE REQUEST

T ENABLES

L2 L L2 LA LA R XA A LA LA LR A LA AR LA L LA L

!

!
(Y XY XY Y3 XYL 3R R 2 2 X R0 0 X 3 % 3 /

MAKE SURE BUS REQUEST WAS GENERATED

INTERNAL ON CSL BOARD
(T YT Y YXYY YN Y YLD L L L X L Y R 2 % X

!

!
!

LY L A & R 1 LALEL LA L A LEL &L

MAKE SURE DID NOT GET NXM
(I P X XY 2 L X 2 X 3 X & L X B X B & R 2 2 L R 2 B N R 2 X/

CSe—/ 44—

pVIA I0 WRT FROM RAM TO

8782 REGS 103,105,107,114,113

ADDRESS ARGUMENT 1S FROM PREV!

EM OR LA COMMAND

JVIA 8080 IO WRT 113/2

JVIA BP8O IN WRT 115/4

sVIA 8080 IO WRT 192,104,106,

;VIA 8080 10 WRT 114/1

pVIA 8080 I0 WRT 210/360

ISSUE COMMAND ADDRESS CYCLE 0!

FOLLOWED BY DATA CYCLE ON NEX'

T CLK

tVIA I0 READ 301(LOOK FOR 20)
tARBITRATOR ON CSL1 PROBABLY

FAILED IF NO BUS RESPONSE MS8G

sVIA I0 READ 301 (100=mNXM)

MEM SHQULD RESPOND ON THIRD T

AFTER COM/ADR WITH MEM BUSY T¢

CLEAR THE COUNTER



START THE MICROCODE FROM THE CONSOLE
LI LI L L L LI Al AL Rl Il Pt Y Y Y LYY Y P Y P Y P L Y L T Ty

COMMANDESM XX UCODE NORMALLY STARTS AT ZERN WHICH IS DEFAULT ARGUMENT

FLOWY
eNeeeRwsRRRsACssTResRNRRY

ADDRESS. ARGUMENT ZERO??

LA LA A X b 2 A d B A o d A L 2 L L K R4 LA JJ

|YES INO
! VOO PRONPNNSS R

! STORE THE ADR
l PTORNPOSanaPeRaeREwn

{
YYTYT YT YL PP YT LY YT Y

DEPOSIT ONES IN MEM LOC @

SPosrmcapnascssreRaTREaRS sVIA DEPOSIT MEMQORY CODE=SEE DEP MEM FLOWCHAF

!

|
LA L LA 2 B R L A A R 2 4 L 2 L L 2 X L 4 4 J

RESET THE MACHINE y)VIA MASTER RESET CODEeSEE FLOWCHART
2 X 3 2 2 4 2 4 0 2 L LA J & 2 & X 2 4 K 2 2 J

!

!
TrYYYYYYT YR YL Y Y Y Y

STORE THE CRAM START ADR $ZERO I8 DEFAULTe=ADDRESS IS WRITTEN INTO

LAITTLII LI LA LI LLLL LY THE DIAGNOSTIC ADDRESS REGISTER ON CRAS

{C18D01aCSL4 CRAM ADR LD 1/CRAM RESET VIA IO WRT 204/}
{F1RK1=sCRA/M RESET H 2/STORE CRAM ADR IN 8080 IO ADR REGISTER

H VIA I0 WRT 1083,10%,1¢7,111,113
{ 3/8SHIP IT TO CRAS DIAG ADR REG

! VIA I0 WRT 218/144 AND 204/29

{
LI XXy r i 2 52 & 0 2 1 2 32 &2 X 2 X 2 4 1 2 2 J

START THE CPU CLK RUNNING 9BY SETTING SINGLE CLK AND CLOCK RUN
Y L T I LI T I r VIA IN WRT 286/3

!

!
LA A L L A L L LA A A L A A A L 2 A LA LA AJ

WAIT & LITTLE THEN CHECK JVIA I0 RD 38A(LOOKING FOR 19)

TO SEE IF HALT LOOP FLAG ON

T L LT P MICROCODE WILL SET A FLOP ON THE CSL4
! PAGE WHEN IT ENTERS THWE HALT LOOP,
! IF JTS NOT ON PRINT AN ERROR MESSAGE

!
L X L P Y L L B X 2 3 R E X LA 2 4 2 2 k2 K 3.

EXAMINE MEMORY LOQCATION ZEROD § THIS I8 WHERE THE MICROCONDE WILL STORE
B e A N Y L L L L L L THE HALT STATUS WORD NORMALLY ZERO ON STARTUI

! SFE THE EX MEM FLOW IF PROALFEMS HERE

{

l
LA L L L L LA X R A L X0 L A X L L 2 L A d L L X

PRINT THE HALT STATUS CODE AND THE PC s EXAMINE MEM LOC § TO GET THE PC
Y Y T T Y Y Y Y Y P Y P Y SR P Y Y L Y MICROCODE PUTS IT THEREAS WELL AS

IN HALT STATUS BLK

AYX Vig



EXECUTE KS{? INSTRUCTION FROM THE CONSOLE

(I I LT AT T T LY R Y P Y P Y Y Y Y Y Y Y Y YT YT Y Y Y ST YY)

COMMANDSIEX XX(36 BITS)

NDESCYTHE COMMAND EXECUTES A 12 INSTRUCTION,THE MICROCODE MUST BE STARTED

AND SITTING IN THE HALT LOOP,THE CPU ISSUES AN I0 READ TO THE

CONSOLE YN RESPONSE TO EXECUTF AND CONTINUE,THE INSTRUCTION IS

PASSED TO THE CPU OVER THE KS1@ BUS AND THE MICROCODE EXECUTES IT,

FLOW]S

Y YT I T Y LYY LTI LY T LY

STORE THE ARGUMENT JVIA 8080 10 WRT 102,104,106,110,112
Y YT LYY T Y T Y Ty THIS IS 8@84& DATA REGISTER

!

|
pq-_gq..q....p’.q'.p”flnn

SET THE BIT FOR I0 DATA CYCLE sVIA B8Q80 IO WRT 114/2«THIS WILL STROBE
T T T T Y T L Y Y P P Y Y Y Y THE INSTRUCTION TO THE CPU WHEN UCODE ASKS

|

{
L2 XY X 2 2 2 2 2 & X 2 2 4 4 2 L A 2 4 0L L & 1)

SET THE RITS FOR EXECUTE

AND CONTINUE JVIA 8080 I0 WRT 212/3
LY T L X L 2 F 3 F. K L E 3 & 0 L K A 3 R R 1

IPINS: D18T2=CSL4 EXECUTE L

! D18V2=CSL4 CONTINUE L
! R18N2®rBUS JO DATA CYCLE L

!
(P XY YL P R L LA L R B X 2 2 X L 8 B R 2

CONTINUE CLEARED BY CPU YET? $VIA 10 READ 3084(SHOULD BE @)
YT YR IY IR LT YL L L L)

JYES INO
l bbb b bbb Ll L §MICRO CODE SHOULD CLEAR CONTINUE

PRINT ERR MSG

DNFeDID NOT FINISH

(1A X X X T X X XY X E B R & X X |

-
G
 

G
w
m

l
(T X X X X 4 X 2 1/

DONE

crsenencsncms 3IF WE HAD DONE A ST COMMAND TO START THE KS19
WE WOULD HAVE JUST FINISHED EXECUTING A JRST

NOW ALL WE NEED TO DO IS ISSUE CONTINUE AND RUN

AND WE’R IN BUSINESS,

MICRO CODE ACTIVITYeTHE CPU I8 SITTING IN THE HALT LOOP(4=3)
WAITING FOR EXECUTE AND CONTINUE THE SEQUENCE FOLIOWS

NOTESLOCATIONS MAY CHANGE WITH VERSIONS=THIS IS VER 19

LOC? MACRO1? COMMENT!

4 HALT LOOP

2228% [AR),VMA IO READ ) SET UP THE COMMAND ADDRESS BITS
1500 [AR) L[AR),OR. #,#/200008,4 LFFT (ADDRESS OF CSL REGISTER

3501 VMAL[(ARIWITH FLAGS $ START THE I0 READ
3502 MEM RD, [HR) LMEM,LOAD INST 1TR GETS THF INSTRUCTION

3503 EA MODE DISP,J/EACALC GO DO ITeCLEAR CONTINUE WHEN DUN

A A0l I



CONSNLE BOARD UARTS=«SWITCH CONFIGURATIONS
=S =SESTISSCSSISSSSSSSSISSSSEISSSISSSEESR

CTY*=BOTTOM BERG CONNECTORe=SWITCH PACK E508 FOR BAUD RATE SELECTION

KLINIK=TNP BERG CONNECTOR»=SWITCH PACK E509 FOR BAUD RATE SELECTION

BAUD SWITCHES

RATE 1 2 3 4 5» 6

TSz EsETSEEESCISsSSEESCEISCEEISEEIEESEESISSSSIITTTSRS TSSSSS

110 0 0 0 0 0 0

e Y Yy Ty I TR PR PR YL PN L L L L L L L A ]

150 0 0 0 i 0/1 0
-.Q-u--n-q.-na..QQ.-Q..-QOQQQOOQQOQ-.PQ?#-QQQ.----p-q---9-

300 0 0 1 0 1 0

P RN AN NP NESR T eeT RN AR NN TSRS ERNROERRNPRNENT S RCNEREOOR® RN

600 1 0 0 0 1 0

Y T T YT E I YT YIS R Y S P LY L L S L AL Al R b b R bl ol b bl bl

1200 0 1 0 0 i 0

et T YT YT YT AV Y R P Y P YL Y YL IS LA LR L R Ll L ALl Al

1800 0 1 0 1 1 0
e YT IIYI T YT L L LY Y A S R L L L L Ll L Ll R Ll d L bl Al b

2400 0 0 i 1 1 0

-.‘QQ'-.-O-Q.Q-QEQQQ!‘-’E.Q..-Q’Q-'!—--QFQ.'-P.-.”!.!Q-’QQ

4890 0 1 i 0 b 0

F.Q-QOG-OQ9-9?.-FIQOQP-QQQQ---!Q”-...-'!-PQQ!-E---.F'..Q’.

9600 0 1 1 1 1 0
---n-----Qq-QQn—Qpp-----.?QQQQQOQQQnunncqpu.pgg-qgupgp--q.

*NOTE1SWITCH 5=8TopP BIT SELECTION 0=2 STOP BITS 1=1 STOP BITS

CSL—17



I'Ifilliilii!IIQ!IIll.llll.lliiiill#lllfl.il*li’ill’lli'il'iill*lI'Ql'lGGIi!ll.l‘.lll’.'..lIQ*!!&II!I!'Illiil*lllllll*l"ill'fi"

DRIIs)

READ I/0 @

! NSy ! DR1156

{

!

IR DATA 2R B DETA 29

!

!

(32223222222282R

!

!

!

!

!

»W
 
o
=
 
s 

e
 
e
 

v

DRSS

R DATA 3¢

BRFBERBER BRI BB BRBERBE AR AR BB R BERRRREB DR BERP LB ERERRRERRR IR B EHRBBES SR PRI BERBERBERREPSBERBB RGN RN

!

e
 
v
m
 
p
e
=
 
S

I

DBUS4 !

R DATA 3%

e
=
 
e

i

!

!

!

R DATA 32 |

i

! [
 

o
l DRYS2

F DATA 33

-
 
v
 
e
 
G
 
G

I

NRUSY

R NDATA 314

e
v
 
G

t

pDBUSY {

{

!

R DATA 35 1

!

!
»

Y I I 222 Y Y2 2 RS T R XS RSN SRR S22 RSS RS RS 2R 22222222 RS2 R X2 2 2 2 00 k) *Gill’lillllblililiiiil.!.iil'i*li*ll#*illifl‘lll!
DRUS3

REAND T/0 4

I nBUS? ! NRUSE

H !

! b

iR DATA 22 ! R DETA 2}

! !

! !

(2223 X2 22222 EAXA 2SR 2R X2 2R

READ 1/0 2

BARERR RN B DEAE PR R RPN DY

| DRBUS? DR::Sh

!

!

IR DATA 12

!

! 1

REEERE RN SV R VR BB RN S FSP USROS

R

READ 1/0 3

H

H

b

)

L)

!

2]

DRUSS

R CATA 22

ERAERBRBRBREDRBB AR REBR B IR A EFREAARRARRERAER RN

=
 
B
 
P
m
 
S
 
B
 
A
= DRUS4 H

R DATA 23

B
a
 
B
o
 
P
 
b
 
b
=

*

i

!

!

P DATA 24 |

}

!

*

!

!

!

{

!

!

*

DRUS2

R DATA 25

=
 
P

 
B
 
e

 
a

!

DRUSY

R DATA 26

!

[
P

!

nAuS2 !

H

!

R DATA 27 !

!

}

»HRBARBSRERERSRERRRBERERBRBSRR N N R TRN RN

iibl'Illlifliillll}!i'llili'ilill&i*}“fillllil*i'iiflllli&*l}'*ll*lfiliIIiil&ll.l!l'!!ll**i**lill**ifill
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READ I/H 102

YT Y s X S XY ST XTI A ALY R Z AR 2 22 R R A2 A2 A2 XSS SRS SRS RL YRS LSRR AR AR 2222 A R R st d i 222X S SRS 2 sl dd

|} DAUSY l DRUSH i DRUSS ] DRUE4 ! DBUS3 1! DRUS2 ! DRAUSY ! DRSO i
{ i ! it ! } !

{ REC PFE ! SPARF PE 1 ADPT { CRAM ! MEM 11 DP PARITY ! TRA PARITY | SPARE PARITY |

$ L ! 1. !1 PARTTY ERR 1 PARYTY EPRR ! PARPITY ERR 1 ERR L { vRR I ! FRR U !
! ! I 1. ! L. ! L. 1! ! ! !
! ! L ! ! g l ! l
" * »2 22222222222 XX RS2 YRS AR 22222222222 22 R 2 R 2R RS RS2SRRSR S RS RS2SRRSR RS SRRRZRSRRRRRR R ]

READ T/n 101

AERRRERARN LG RR B ARG BRI RN PSR A PR B R BB GG A F R T RE R B EBERRPRERR AR RBERERERR R RSB BB SRR RE R RS AR RS R R R G LR R BRRUER BB RRREB BB RRUERB RS DR R A RN

I nRUIS? ! DRITSH bl DRII5S ! DRISY ! DRUS3 1 pBUS2 ! DRUSH { DBUSY !

! l 1 ! : ! ! : !
} ! L ! ! 1! ! l MMC REF !
! PI REQ 1 { PT wEgQ 2 1) P1 REQ 3 | Pl REQ 4 | PT REQ § 1! PT REQ 6 | PT REGQ 7 ! ERR 8 {

! ! i i $ 1! i ! H !
! ! i1 ! ! 1 ! ! )
I A R I I T L I R L I I T T T R e Yy Yy ey e R R R F R RN s

REAN 1/0 {42

SRR BPRBB LB B S BEFR BRI RN B BB BRRBPBBE SR UBEREERBEBRB DR PR RRER SR RRUARERUBERRERRRERRRRERLARERRRSRRRRRR TR RBERERRAWRRRERBUERENERERN

{ DRUS? ! DrRUSH 1 DRSS ! DBUS4 ! NRITS 3 i} DAUS2 ! DRUSY ! DBUSe !
! ! il ! ! 1 ! l !
! i ' ! ! ! 1l | 1 {

{ R RC LO I R PFRSET 11 R VEM RUSY l R 1/0 RUSY ! R BAD DATA [! R COM ADR | R 1/0 DATA ! R DATA !

! ! i H H t! 1 ! |
l ! 1 ! ! i 1 ! !
» »[ Z XX 22 R RS2 X R XA SIS S S S Y SRR S YRS RIS SR RS SRR RS SR RS SRS LRSS SRR SRR SRS YS SRS S SIS AL AL RS AL RS R R RS X ER

RFAD 1/0 123

RRBSRUBER BB FRRBESRBLBERBRR R ERRBUE A RN RBRERBRSSRREREFREPRBEESRRBRUGRREBR RRRRRERS SRR RBRERRRERERRRBERERERERBRRRFR RSN ERESERRSR N

| DRUSY ! DRI'Sh i DRSS ! DRUS4 ! DBUS3 I DAUS2 ! DRUS] ! nNRUSP 1
! ! il ! i1 ! ! )
! ! i ! ! i ! ! !

! SPARE PE | SPARF PF il R PAR RIGHT |} R PRR LEFT | R DATA @ 1 R DATA 1 | KR DATA 2 ! R DATA 3 |

l L ! L ' ! ! i1 ! ! !
! ! 11 { ! 1! ! ! !
L R Yy Yy Oy ey Y Ty T Ty y N TR T R Y R Y T RN RS AR SRR SRR XY 22
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READ 1/n 300

[ Y s Y 2y sz 222 222 2 2 222 2 R 2 22X SR SRS SRR R R SRS SRR R S S SRR SR ARZZ A R X2 242 R 222 RS RS SRS YRS YT ZS SRS R Y

! nDRUSY ! nRUSE ) DRSS ! DRUS4 ! DRUS3 1! DRUS2Z ! DRUS] ! DRUSY !
1 I3 ! ! 1t ! !

! ATy { ~TY CHAR '] KLINTK 1 KLINIK ] new 1! RUN (1) ! EXE CUTF | CONTINUF !

! BIT ! LFNGTH 1! RIT # $ LENGTH H HALT LOOP I H ! H ! H !
! (5%) ! (S4) 1l (SW) ! (SW) ! il ! ! !

I 1 'l 1 ! 11 ! ! 1

BURHBEBBE I W ARSI FERBBERUEFRBERTIERNUTRERERERRRRERBURETBERBBERBREB U BB ERERNS BB RERNBRERRRBER R RAERBUBERREFRBEFRRRBRRESERBAARBERARERS

REAND 1/0 301

XY 232222 22222 X Z 222X X2 SRR YRS Z AR SRR RS SR F EE R SRS ER YRS FYFA RN YR RN ER S AR SR IR SRR A 2SS R LSRR LRI SRR SRS SRR YRR R R Y YN

{ DBUS? ] DRUSSE 1 DRIISS i DBUSY ! DRUS3 1 DRUS2 : DBUSY 1 DRUSY |

! { il } 1! ¢ ¢ )
! 12 ] XM it PANEL { 8Us ! PE (1) i} CONSOLE ! ROOT i NPATA ACK !

{ TNTERRUPT K 1! LOCAL ! REG ! H 1! ENABLE H ! H ! R {

{ H H ' H ! } i (SW) { (SW) ! !
! ! 1 ! l 1! ! ! !
BRABE RS BRBER BRI EDEBEBERERRRNBDERERFRRERRABRBRBERBERRERERABHBEPOFRRGREPR B ERSRRBRRRNNR S BN RN NSRS ERRRNRRRRRANERERASRBED N

REAM T/0 302

FRFLERBRNB RS S FRERR R RB UGB RRBRERRRRRERRERSFERRBRERGBE RS BERBPBRBLB AR RRER I RN RBRBEBRE RN R BRRFREXARIRE AR FERRRERURRRRGRREREFRGERS BN

| DRUST ! PRUSe 1 DRUSS ! DRi)S4 ! DBUS3 1 DRUS2 ! DRUSY 1 DRISA !
! b i ! ! 1 ! ! !

! ! ) ! ! 11 KLINIK ! TERMINAL | KLINVIK !
1 » ! 2 ' P 1 A ! 1,0, H ¥ ENABLE ! TARRIER ! CARRIER

} ! tH ! i ! 1! ! ! !
! ! 1] 1 ! 1 ! ! !
Yy 2222222 X X s X X 2 N X R 2 X2 2 2222322 222X PSRRI RRS ST RRASAP SRR RSRZ 2SR RSSSZ RSS2 IR 2FSZ SR SRS RL 2SS RS A RL LR IS R 2 2 2

READ [/0 323

RBRGRER BB R BB E DGRBS TR RS R U R AR AR BB PR ERER BB RBREP R RN B R R B RS R RIS A R BB BERBRRRRRERBRFRBRR AR RR RSB RB SRR ARAR AR RRBIRE RN R R B RE W

! DBUSY { DRUSSH i1 NRUSS ! DRUS4 i netisy 3 DBUS2 { DRUSH ! DBSY !

| { i { b 3 ! ! !

{ ! 1! ! { i H ! !

! 2 ! 2 1l 2 ! e { 2 1! 2 ! ¥ l 4 {
{ { 4l ! ! i ! ! !

! ! i ! } 1! i ! !
" e »(ZXXZ 2T RZ 2RSSR RE 2L RRUBEAERRBEREABBRRBSRRBR BB RRBRERTRBRRPRRBRRR DS BRARRAERBRBEERBRRRXRERERABEFBRRBUBERBB RS R G RRERN
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:2:1‘i:2‘32:§".".“*""‘l"."'..*.."i.'..’.""',l".*.i**““"*".’“‘**“*".".'.l'"”".'l.‘.“."’*'fl"l'**“"l (AL X 2T TRTYYY
| SRUS? I nBUSE 1 PRUSS ! DR.J184 ! PBUS3 1 NBYS?2 ! PRUS] | DALSA !
! ' I} i ! i ! !! ! ' CRAM ! CRM ADR | ss ! oP : STACK ! CRAM |
! 2 ! a 1 WRITE ' LOAD ! MODE P RESET : KESFT ! RESET )
! ! ' ! ! L H ) y ! K I
! ! 1 i ! 1 ! ! |
I I T 2T X} ll‘l“l".*"*.*."’“‘i'l"'.'fl"..'..'*.*.'l‘l*""l“'*"."‘"'."“'fl‘..""‘i!."l".*. .""I‘.”*'*""“"'""I'l'.

WRT 1/0 205 .
l*lfill!lllll!llil*iibll!'li!!l'lil*lll!li{l!lilll#Ii'l&fli’&llibl*lil&llillhlll!*i*}lllifiihil!iniill*lll*li*li*lfii*il!l&ll!’iiu
| nauSY ! DRUSK 3 DRUSS ! . DRUS4 ! PBURJ 4 DRYS2 } DRUS1 ! DBUSK !
| ) i ! ! 1! ! ! !! ! 1 CTR 312 l ! 3! ! ! l
! 2 ! 2 L3 INTERRUPY TRAP ! CRAM 1! DIAG 4 ! DIAG 2 ! DIAG 1 !! ! I L ! ENg ! READ 1 ! { !i i i ! ! I | ! !*IifillllillItiilI&iillliiilllililIlii!llllli.lll&illllill*!*i&l'&bi&i&!iililllii&liIilllliIlill'il'il&illlil%l{**llflllhllIill!

WRT I/0 226

EREN "‘II'Illiliill—lili!*illl‘fiifl'lliil.&lllIilIl."ll"ll'llblillII»l'}"il!lllilil.lI!I.'l‘l"’ll.“llllfll'lillilli*lllllll'I.l.l! DRUST ! DRNSA i DRUSS ! DRUS4Y ! DBUS3 I DRUS2 H DRUS1 H DBUSQ l! ! 1 ! H 3! H ! I
H { 1 l ! 1! i ! !! 2 ! a 1! 2 l o i a i 14 ! SINGLFE ! CLK RUN !I i Il ! l 1! ! CLK H ! H i! 1 i ! ! i ! ) !fllllll&il'IIIlillilihlilblllilll!llllll!&iilllillill!IQ&*!I#Ili!il&lili&ll!l!llllll!l'!ldib!liiil!*ll*&ll!'lilil#&!&ilflliliII'

WRT I/0 219

lIll.lllllllll!i!!il.l*lilllllilliiiililllillill.iilill*&ll&l'*ilill!llIiillilillllii!llli{l&ii!lll&ll**l!'ll&&llliIlill!!lflli

DBRUS?2 ! DBUSY. DBUSY
! NBUSY ! DhiiSe 1! DRIISS ¢ Drus4 } hRUS3 i ! !! ! i ! 1! ! ) !! CHECK ! CONSOLE !} T ENA ! T ENB ! SRA T CLK 1Y CRA R CLK | LATCH ! R CLX !! NXM l R¥Q 1] FOR 1 FOR DATA | i1 ! DATA ! ENB L !l ! I COM/ADR ! CYCLE ! 1! ] SENT ! !! ! I ! ! 1l ! ! !!iil&‘l!illllliiiillll!!b!illfil&li!iil.lIG!G’!GIlilil&&!lill*!!i&illlilliillb&l'ilii.lliilldlil'ii*lIl!&llllililliiilll!ill!lfl

4RT 1/0 212

REBBGERRBRBBERRABBRBEROR PR RE D NN (222 LR XXX EY ST Y llillll‘ll.!!.llil'lllllli‘ii!liii'biI}illii*!'l'l“l'li*l"lll'!'&'! DBUSY DRISE DBUSS ! briJS4 i DRUS3 DBRUIS2 I DLYVECE | ! bRUSP!

RUN EXECUTE
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WRT 180

’&'l..il'.'llii'iDl.II'.li.IllEl“‘i*"l“flillillllflll'llfllll"l.’fll.!I!*'lDiiill‘llI.Qll!i*
lflil‘lllll*l!l!llil’ll.ll.*lifil*’ii

! DRAUST { DRUSS DRUSS i DRUSS ] PRUS 3 NRUYB2 i nhusi DRUSA
{ H !

DETETT DFTECT EMABLE PISABLE B

! ! }

.'ll‘lll’ll’l'll'liliillllii*l'ill&*llfll‘ll’li&illllil'id.!"i!l&’l
l.llllll&'.ll

CYrBTE
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1
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!
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.

!

)

est TSI TZ YT RS AR RS SRR S AL AL E AR A S LA

! 
1

1 
B

! ! ! ! 1! !
1 RFSFT ! PE NFTETT CRMTM PE ! DP PE ! CACHE {1 1 MSEC ! ¥
| ! 1 t 1 !
! 1l

»* 
* %

WRT 101

QilllllllllllliilliIlllllllill}il*illl!li&*li!llnilllilll*.lil!*lllll&l&lli‘i!lh*ii*l*lii*ill
li.iillill!ill.llllIl&il.*li&*dl&

1 DRUST i DeUSH il NRIISS ! DRUS4 ! DRUS3 1! DRIIS?2 l DRUS1 ! DBUSH {
l 11 ! ! i ! ! !
! ! 1 ) ! MODEM 1 ! } !
! 4] l 3 1 12 ! e { DTR i TEST ! CARPRIEFR l FAULT !

! 1 1 ! ! i1 ] ! !
! ! 11 i ! g l ! {
* 

.
Ii!fiill{llh'.l&.illli&'!liilll’li'illlllfill!.l'l.ifii*.l'fiiilI!’illiIl.iil*il*ll*****l.l*lli'i

*‘ii&.liillllillll*ilil*.'lllll

WRT 102/183 PATA/ADR

!II&NI!!I'!.I!lll!ll!!Il!llll!ll&&l&il!ll!!Ilillllllflill'&llllllil&ll!*illll&lihi*iIill&l*
il&*'li{**ll*lillil&ii*!llllllil.lll

| DBUSY { e 3VET . i PRUSS l CRUS4 1 DR1IS3 1] DRUS2 ! DRUS1 { DRUSE !
! ) ! $ 4 ! ! !
l } 1 ! ! 31 ! ! !
[ DhTA 28 | patTa 29 ! DATA 37 | PATA 31 | DATA 32 1} DATA 33 ! DaTA 34 ! DATA 35 !

! ) il ! ! i ! ! !
! ! 1! ! l 1 ! ! !
Qlllullill!lllllolll’l..ll!ID!lll&llll&lili&&lli!.llllillll!l&#iilllili!Qlliliillii!ll*l*i&

il#filil'liiiliillliililill*llil!iil

WRT 194/1¢5 DATA/ADR

lll.u'iillii!.il.lli'lllli!IQO%ll#lll&lfithlliifiidlllllliiliu!*%ilv*i!&liI!il&iilli*llll!&%lll
ll{l*lli.ldil&llllhil*l*¢'i§!lii

{ DRUIST ! DRUSHK 1 DRUSS { DRUS4 i pDBRUS3 il DRUS2 { DRUSY { DBUS? !
! } Iy H 3! ) ! !
! : i { ! 1! ! ] !
| DATA 22 ! paTa 2¢ !l DATA 22 | DATA 23 ! DATA 24 1) DATA 25 | DaTa 26 | DATA 27
| i 1 ! ! i ! ! !
! 1 1 } } 1 ! ] !
Dliififli!llllllinl!lIII.!GI!!iill'.li&ll.!l!!G#QInlliIli&lliillQflllllbilllill!ll!%l**iilll!‘

lib.I!biill*lliIlnl%lli*&lllilillll

WRT 106/187 DATA/ADR

liblfl&lii!ll&hil.ll!ll&bllIllii&!ilQillhi*ifliilI&QlillilllblIllIl!!Di*lil&Qillllh*lflllll&!lfil
flli*illI!li’Ib!lll&ll..#llilfi!&ll

! ORUST DRSE nRUSS ! DRIISY 1 nauUs3 DBUS2 ! DBUSY { DBUSY
!

DATA 12 DATA 15
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CATA 13 i DATA 14 DATA 18 I DATA 19 |
1 ! !
X 

l
») } !
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|
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WRT 1174/111 DATA/ADR

Ililillllillll&l&iiiii&l!llIllcli'!iilIGI!iiill*li*&li*lillililllbl!!li!l’ib.lliliilllllll!
ifi!l&llI!Ill*liI'iilii&{}u|§||;|'|p

{ 0BUST PRUSS ! DRUBS { PRUS4H { pBUSI neys2 { DBUS! i DRUSH

!

CATA 4 PATA 5 NATA o DATA & DATR 12
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! {
NDATA 7 | DATE R |

1 i

!! i : !
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WRT 112/113 DATA/ADR 
|

iiilll#l&lil&lfilliliiblliliIillllilil.lil&d&li!l*il!lfi*l**llllili'hl.il!ill!illli!lilli'l&ili'i!llll}***lli*ll*lliillili!.ll!!

| DBUST l NDR1US6 nNRYSS ! DBUS4 ! DBUS3 DRUS2 ! pRUSY 1 DBUSH

-

DATA 1 DATA 2

!

1

! DATA @

!
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WRT 114/115 ADR/CATA

O g T T T YT T TR Y T Y R Y N PSR TR AT R TR S E S L R L S bbbl b i bl b eblbdeldod Addoh Aoolohiiiolobefaliofeelefodd

| DRUS? ! NR1ISK ' DRUSS l DBUS4 ! DRUSB3 il DRUS?2 | DRUSY ! DRUSS !

! ! ‘! ! ] 1 ! : i

! ! e 1 ! H ! ! !
i 3 ! A il A ! 2 { RAD DATR !} COM/ADR ! 1/0 DATA ! DATA i

! ! t! ! } CYCLE 3 CYCLE i CYCLE ) CYCLE !

! ! i ! ! il { |
gtr T T e T T T T FY T R TR R R Y NSNS AL AL XL L PSSR L LS A S LSS LA A AL AR A b A loh bl Al

! ! ! : ! !
.Iflllil&&lfil'llllilil*ii.llll.!li'lliiil!*llfilli*l*ll*lil*i“i*ii}l.|Ill.ll*l!l.!i.fil#’l*ll“fi‘lllllllil*.*l‘ll*

illlliGil.llll

ART 116

gT Y T T T T T T ST T N S T TR R R T AT S TA TSI LIRS L 222 ASL LS S AR A A Al Al Al bl ddolnfotetotod feliied

| ORUSY l DRLISE 1! nBUSS | DRIJS4 ) pBRUSI i DRUS2 | DBUSH ! DRISH !

! ! 1! ! ! 1! ! !
! 4! ! l il i I CSL INTERRUPT !

s 1 » 4 ? ] ] ! ¢ il 2 ! ] 1 THE 12 {
! vl H } i ! ! !
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!
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WRT I/0 200 CTY UART ARTTE STATUS REGISTER(DATA BUFFER IS I1/0 291) _

SRR UG EERNR R IR R NN BN BRR B RN ER BB RBRARR R R AR ERB GRS R ERRERERSRB AR BB RN RDRUBERRRERRBRRE LSRR RBRSRP R BB RN RN BB EN DU NN 000

1 DBruSsY i PRUSE i DRSS ! DAUS4 i NBUS3 i! DBUS2 { DRUS1Y ! OBUSO !
! ! 1 ! ! 3! ! l !
] I 't ! } 1! ! ! ]

| HUNT vODE | UART 1! REQUEST { RESET ] SEND 3! RECEIVE ! TERMINAL ! TRANSMIT |
! ON(SYKC) ! RFESET 1 TO SEND I, ! ERRORS } BRREAK CHAR 1! ENABLE i READY { FNABRLE !
{ ! b1 t { H i 1 L ! !
Y L T Ty Yy Y ey R ey e e S R R R A eI AL i T Y

ART I/0 228 CTY UART READ STAT!S REGISTFR(DATA BUFFER IS I/0 221)

SRR UBREEB R AR B SR EP RO T RR NG RBERB AR AR RRRAR R RIS R BB SRRERRRR AR R R RBB BB R BRRRBRBBRBRRBERREDESRBPSRERRARRERRER RN RERBAEAERRROUNO Y*

| DBUST H rauss I NRUSS ! DRUS4 ! DRUS3 H DRUS2 ! DBUS1 ! DBUSYH !
! ! - 11 ! ! 1 l ! !
I ! 1 ! ! I ! l !
I DATA SFT ! SYNC 11 FRAMING ! DVERPUN { PARITY ! TRANSMITTER | RECEIVER { TRANSMITTER }
1 RFADY ! DETECT 1! ERROR ! FRROPR ! ERROR ] EMPTY ! READY { READY !

! ! l } 1 ! | !
B RN AR RN RO RSN R RN TR RN E R RN B R R R R BN B RN R RN B AR RN R BB ERBRR AR R BB EN R RR R RBRRRBR BB RRRRE R BN R ERE AR BB AR R RS ERRRBARER AR AR R RRR RN

WRT J/0 272 REMOATE UART WRITE STATUS REGISTER(DATA RUFFER IS 1/0 283)
FRBUEARPEER B R AR SRR RNBERREBBPERBRBEBERBRREBRUNBBBRBERRRB ABBERUR RS RRBRBRABRRBBERGERBR RSN RENRR RGN NN NN REREBERIRAERNS

| ppUSs? ! NRUSE I NAUSS H DRIIS4 | DRUS3 1 DRUS2 ! DRUS] { OBUSA !
! i 1 i { i1 | ! !

i { L ! ! I | ! §
! HUNT MODPE ! UART 1l REQUEST ! RESET l SEND Il RECEIVE H TERMINAL ! TRANSMIT !

| ON(SYNC) | RESKET t TO SFEND L i ERRORS { PRFAK CHAR i ENABLE l READY ! FNABLE !
! ! il ! ! H 1! ! L i !
PRI RE N E RN R RN RN R RO RN RS R RN NP R R R R R R R RS RN AR BB BB R PR RN IR RR RN RN R R R AR BB ERERRR DR R RER SRR PR R R RRSRE RN E RN SIS G R RREER R RN

WRT 1/0 222 REMOTE UART READ STATUS REGISTER(DATA BUFFER IS I/0 233)
Y Ty Yy Yy Ty Yy Yy r T R Ty Xy E Y r Y Ty T Ry Yy R Y Y R R R Yy Y R e R R A L R e I I R

{ DBUSY ! DRUSA 31 npuss ! DRUS4 ! DBUS3 i DBUS2 ! DRUSY ! DRUSA }
! ! i ! i1 ! ! !

{ ! 1 ! ! 1! ! ! !
! DATA SET | SYNC 1 FRAMING i OVERRUN ! PARITY t1 TRANSMITTER ! RECEIVER { TRANSMITTER |
! READY 1 DETECT ) ERROR ! ERRDR ! ERROR I EMPTY ! READY ! READY i

! ! ' 1 ! il t ! }
T L L L T Ty Yy Yy e Yy Ty R e I e L S LS s S Y

LF
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10 ADDHESS

alT FUNCTION

- [N PP 8

0o MMCS ERR HOLDL .

01 MMC4 UNCOR ERB HOLD

V2 MMCQ KREF ERR

03 MMCT PARTITY FRY ASSERTED

54 MMC3 FECC OIN

U5 MMCA4 ERR CP

ite mMYCYV FRR C4an

Ul MMaCa FRW C20

o MMEG- BERe CI10

0 MLG kkk Cd

10 MMCY KRR C2

100000

SET wHEN ANY ERRUR CONDITION 1S

DETECTED bY THE MEMDRY CONTROLLER,

CLFRARFD BRY «RITING A 1 INTO RIT 00 DF

THE CONTROL STATUS REGISTER,

SET INDICATES THAT THe ERROR BREING HELDND

wAS UNCL<RECTARLE CR IHAT THE wDRD TKAT

HAD THE FRROF HAD MORFE THAN ONE RIT

»ROMG,

- REFKESH ERR IS SET 5,5 1 SEC, AFTER A

wRITE CR FEAD PAUSE WRITE COMMAND ADDKESS

IS ISSUeD IF 0 wr1ITFE DATA TS RECIEVED,

REFRFSH FRR CLFAKS 0UT ANY CYCLE AND PREVENT!

ANY MORE THANSFERS TU Uk PROA TAE 408 CKIPS,

THY CONTROLLER sl CONTINGE TUO RVYFFFSHA T e

MGS CHIPS ST nd [RS8 P MERTKY aTH1 GCTHK,

CLEARED RY abITING o Y} INLTO RIT g2 0OF THE

STATUS REGISTeR, OF i,

WHEN THE SEMUOGRY 200 ROR HAS

PETFECTED A PARITY t%kUOk Utr 1THE RS10 KU,

THTIS FEROR CAM BE SET pY ARITING &4 1 INTH

RIT 03 OF THE STATUS SFGLOTFR, FAKITY EHK

CAN BE CLEAREL HY «PITING A O INTH BIT 03

OF THE STATUS WECQTSTEFR Op MR,

ASSERTED WHEN THE CORPRRCTION LNGIC I8

OM, WITH THTIS BIT OFF THE MEMORY

CONTROLIFR wILL STILL DETECTI FRROMP3 KHUT

NO CORRECTIUNS WILL RE MADE, ECC 1S TURMNED O

Mk OR wRITING A O INTY RBIT 38 OF THE STATUS

RrEGISTER,

PAKITY 611 OF THE CORRFCTION CODE,

CNRKESTIUN CULF &17 Céu,

CORKECTIUN CODNE M1 €20

CORRPCTION Clpr RIT CHO0

CURFECTION CUOF WIT ¢4

CHkEECTIUN Clu b wIT 22

AVLAND



11 MMTA4 FRK (Y

12 MMES DowWER FALTD

13 GRS ED

14 “”F%IEFH ALDE 1}

15 MOy B WROACDE LS

| ¢ MACH FRR OADDE {h

17 MUCR FHK ALDK {7

| H . MMCH RRROADTE 1w

19 MMCH EFK ADDEK V9

0 Mecd Bk AL 20

21 M2 PR ADNDER 1

42 MMOn bES Afifl% /7

43 VEEN ek B0 2

/4 BMCR P e A D

‘h e o rRROL s

26 R DR B S S O N PR AN

7 AT Few AL D7

YR CIFY AR Wi n 7o

29 M¥CQ FRR Al b 20

30 MMCH FRROADDR QO

I mMe] REOANDK Y

32 MuCs ER® ADDE 37

33 MulCa pRR OALBE 33

34 MuoR FrRk OADDK 34

38 MMOR FRr ADDK 34

THE, YEMORY WILL MOLD

ERR:P FOR THE
ALYA

CHkERCTION

SE0

Thp

g

by

T

WATTELY

AR

w17 e

HTT

1T

Py

BIT

R1T

BT

S

RT!

{4

15

16

17

R

19

30

31

37

33

33

35

THE ERROR ADNRESS,

FIRST FrRRNOR THAT

RIT MUST HF CLEARED 19

Merf-3

[T

oy

b

v

-

Bk 11

AR ;fl ‘] i

ACK ¢

U I |

AN SRR

NSE T

inla

iy

vk

(¥

Rl4

1Y

(W)¢

b

O

UF

OF

al3

.

THE

18 DETCCTES!,

[HE MEMORY Tu KOLD A

'

S LNY

LT YO

ATN

I T I 2

CVwrs (R TE

1S TN ALl

Ve, CLEABED

HEGTETER,

REGISTEE,

FEGTISTrW,

WEGESTER,

HESTSTRE,

REGLISTER,

mEGTSTERR,

FEGTSTER,

RESTRTER,

rt GISTen,

WEGYSTER,

VEGTSTrE,

BT NTER,

He LISTEY,

WE " TEb,

REGISTER,

REGCLISTER,

ke GYSTEY,

HEGISTER,

kREGISTER,

weGISTER,

FRuiN AT DRSS REGISTHER,

TRE ek~ ALLHRESS

The Paxtrn woukESS

THE ErMUw GLORESS

ThHE FRbin ALDKESE

[ P RKDE ADPRESS

THE FRE{L ADDKESS

Ire ereil ADOBESS

THE FEROR POTRESS

PRE PR AN LSS

b flkiis AP erAR

Teb Wb LGRE DS

Prd URpitp ADGRERS

b R R R A Wk RS

I N I

O S A VR S PYRR 3 SR

THE FRRNAY ADDRESS

THE b RklUk APDREFSS

ITHE FrREDYE ADDRESS

THY LRECYK ADDERSS

Tt Fyyrk 4D KESS

THE ErrGx ADKESS

ik

ECC CNDF AMD Tr

AlT 00, Ty FER

Db FRRE

FOTYPE ub

Nk HOLD



ADDRESS HBITS

1i=16 SELECT +n1ICH “eMORY CONTROLLER

17«19 SELFCT Wl Ve smOPY AWHAY mNAKD

20=21 SELECTS ONE 08 3 wikDS ON THE SELECTED AwklLy RQOART

22«2H T Ra ADDHESS [ IT8ES

29=15 T COLUMK ACDKESS LINES

P-4



MOS MEMORY

WRITE CYCLE

A write cycle 1s started wher the controller raceivoes a write command

address word from the KsSl@ Rus. The format is as follows:

DZ = @ Memory Operation

D1 = @ Not a read operation (MMC3)

D2 =1 Write Operation (MMC3)

D14-16 Memory Controller (always zzsroj

D17-19 Select Array Board (MM(3)

D2¢~21 4 word Sclect on Array Board (MMC3)

D22-28 Row Address [(MMC3)

D29-35% column Address (MMC3)

when the Command Address Cycle i, (MMGA) starts the operation the controller

compares the address portion of thé.qommand address to see if it is an existing

address giving an Address Match (MMC8). Address Match and - Rei. Add En

(MMCB) with (MMCC)R Clk causes RAS F/F (MMCA) (Row Address Stroke)

to set. This sends RAS to sclected array board the RAS signal strokes

the 7 (seven) address lines into one of four words of MOC chips o t =
y

D1

sclected array board.

On the next "R" Clk we switch the address lines with Column Address

Ernable i. (MMCA) and 75 nsec later "R"TM Clk B . {MMCC) sets CAS (Column

nddress Strobe MMCA) sending the column address to the array boards.

The CAS signal strobes the 7 address lines into the c¢olumn part of the

MOS chips. This conditions one of 16k word for the data to be written

into mémory. This part of the write operation is the same as the read

operation.

Bus Data Cycle L (MMCA BUS Data il) tell the controller whon the data

to be written has arrived from the KS1@ BUS. All timing is stopped

until BUS DATA H (MMCA) generates WR DATA L. (MMCB) at which time “R"

Clk. are enabled again (MMCB). The data 15 transmitted on MOS DATA



Write Cycle (cont.) 2.

(MMC6) €-35 and into the control board. The signal GEN CHECK BITS

H(MMCB) causes 7(seven) bit check code to be generatea (CF, C40, C20,

Cl0, c4, C2, Cl) on 4x2 mixer (MMC4). This check code goes out and

becomes MOS DATA 36-42 (MMC6) and is store in memory with MOS DATA

@@2-35 (MMC6). The 43 bits of data are written intoc the selected

word of the MOS RAMS when the write signal WE H (MMCB) is sent to

the selected array board.

Tre signal MEM BUSY (MMCB) gct set at data cycle time or 2"T" ¢lks after

C/A cycle (MMCA).

M-



MOS MEMORY

READ PAUSE WRITE

A Read Pause Write is started when the controller receives a write

and Read command address word from the XS1@ Bus. The format is as

follows:

D@ = @ Memory Operation

Dl = 1 Read Opcration (MMC3)

D2 = 1 Write Operation (MMC3)

D14 = 16 Memory Controller (Always Zero)

D17-19 Select Array Board (MMC3)

D20~21 4 Word Select on Array Board (MMCT3)

D22-28 Row Address (MMC3)

D29-35 Column Address (MMC3)

The generation of RAS & CAS is the\same as the read and write operations.

Because a read and write was decodedon MMC3, MMCA generatcs Pause.

The signal Read Pause 2nd Half (MMCB) let the data read go down KS1C

bus at which time any correction or detection would have been done.

The read pause 2nd half signal generates Pause Write (MMCBE)} which causes

GEN CHECK BITS H (MMCB) and BUS DATA H (MMCA) to write the M(OS DATA O -

35 and 36-42 into the selected word of the MOS RAMS when W E H {(MMCB)

is transmitted. The first bus data cycle (MMCR) transmits the data

rcad from the memory to the master of the KS10 Bus. The sccond data cycle

(MMCA) tell the controller when the data to be written has arrived from

the KS10 Bus master.

jp
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MOS MEMORY

REFRESH CYCIE

Each location in the MOS IC's must be refreshed every 2 msec.

and take approximately 15 usec. for each row. The refresh

address and refresh count are done (MMC9) by 4 binary counters which

are controlled by "T" clocks. The first two counters track the re-

fresh address. The next two count to 200 at which time a refresh re-

quest is made and the refresh address is dated to the address rixer

by the Refresh Address Enable (MMCB) signal. This causes Refresh Set

RAS (MMCB) which enables the row address strobe to all MOS chips on

all array boards.

1f there is only a count of 16 left and refresh request (MMC9) is still

set then Refresh Error F/F will set (MMC9). This causes the memory

to lock out. The only thing that will happen is memory will constantly

refresh to preserve data integrity in MOS nemory.
n~

P



MOS MEMORY

READ CYCILE

A read c¢ycle is started when thc controller receives a rcad command

address word from the 1IS10 Bus. The format is as follows:

D@ =P Memory Operation

Dl =1 Read Operation (MMC3)

D14 - 16 Memory Controller (Always Zero)

D17 - 19 Select Array Board (MMC3)

D20 - 21 4 word Select on Array Board (MMC3)

D22 - 28 Row address (MMC3)

D29 - 35 Column Address (MMC3)

The command address cycle i. (MMCA) starts the operation. The controller

compares the address portion of the command address word o see if it is an

existing address giving a address match (MMC8). Address Match and - Ref Add

En (MMCB) with (MMCC)R Clk causes RAS (MMCA)RoOw address strobe to set

And sends RAS to selected array board the RAS (MMCA) signal stiobaes the

7 (seven) address lines intc one of four words of chips orn the selected

array board.

On the next "R" Clk we switch the address lines with Column Addreass

Enable . (MMCA) and 75 nscc later "R"ClkBL (MMCC) scts CAS (Column

Address Strobe MMCA) sending the column addresc to the array boards.

The CAS signal strobes the 7 address lines into the column part of the

MOS RAMS and starts reading from one of the 16k words. The data arrives

at the output of the MOS RAMS in abcut 160 nsec¢. tat@»r and proceeds down

the MOS data lines to the Control board. A delay is set up by F/F T3

and T4. The setting of F/F T4 (MMCA) starts the transmit MMCA) data

down the KS18 Bus to the Bus Master. This data has not. Leen checked

vet for single or doubkle bit crvors. If there are no singl. or Jdouble

bit errors the word is fransmittcd again with the signal data cycle 1

(MMCA) pin BL2. Checking for single and double bit is done by comparing

the MOS DATA bits (MMC4) with the seven ECC bit (MMC4) which should cancel

gach other out. If a singlc kit s in errxor correct enable is generatoed

(MMCS) which causes the placement. of the correct bit (MMC2) on the K310

bus. This corrected word is transmitted for two cycles. Moemory Busy

(MMCB) will stay set until data cycle occurs. LE therc is a double bit

e



detected Uncorrectable Err H (MMC5) is generated which causes Bad Data

¥MIT (MMCA) to send signal BUS BAD DATA CYCLE L. (MMCA) Bad data cycle

will produce a page fail in the CPU if the Cpy requestad the word.

Bad data cycle will produce a time vut if the UBA or some other 1/0

device requested the word.

( ) = Page number

jp
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UNIRUS TO K517 ADAPTER

THE ADAPTER I8 AN INTERFACE BETWEEN THE UNTRUS AND THE K812 AalSs

ADDTTIONAL ADAPTERS MAY BE PRESENT ON THE X818 BUS ,UP T0 4 TOTAL

THE UNIRUS SIDE WILL HAVE A BUS ARBITRATOR,

THE KS1? SINPE WILL APPEAR AS AN I/0 DEVICE

THE UNIBUS ARBITRATOR WILI, HAVE THE FOLLOWING REQUEST!

INT INTERRUPT

NPR DATO TO MEMORY

DATT TO MEMORY

DATOR TO MEMORY

cpPU 1/0 READ
T/0 WRITE

NPR TRANSFERS DATA TO AND FROM MEMORY

EVEN UNTBUS WORD ADDRESS WRITES WILL ZERO THE

LOWER HALF WORD IN MEMORY UNLESS THE READ PAUSE WRITE BIT

1S SET WHICH FORCES A READ PAUSE WRITE CYCLF

ODD UNTRUS WORD ADDRESS WRITES WILL CAUSE A READ

PAUSE WRITE CYCLE

ADDPESSES WILL RE MAPPED VIA 64 REGISTERS

BR7«4 WILL INITIATE AN INTERRUPT REQUEST TO THE CPU PI LOGIT
BRELT ARE PROGRAMMABLE AS ONE LEVEL WHILE

BRR55&4 ARE PROGRAMMARLE AS ANOTHER LEVEL,

cel CAN PFRFORM A UNIRUS 1/0 REGISTER READ OR WRITE,
THEY WILT, CAUSE A CPU REQUEST

TO RE ISSUED TO THE UNIBUS ARBITRATOR,

1/0 READ DATA WILL BRE LATCHED WITH SSYNC WHICH

WILL REQUEST THE KS1@ RUS, THE CPU WILL RECIEVE

1/0 DATA WHEN THE ADAPTER BECOMES THE KS1i@ RUS

MASTER,

I/0 WRITE DATA 1S SEND TO THE DEVICE WITH MSYNC,

THE CPU CAN ALSO ADDRESS MEMORY OM THF UNIRUS IF IT IS

IN THF RANGE OF 64«124K

INT INITIATED RY AN I/0 READ WITH BIT S5 SET
WHICH CAUSES AN INT REQUEST TO THE UNIBUS ARBITRATOR,

WHEN GRANTED THE MODULE WILL LATCH THE VECTOR ADDRESS

AND RFEQUEST THE KS1@ BUS TO FINISH THE T/0 READ,

INTERNAL REGISTERS

763190 STATUS REGISTER

7632X¥ 64 MAPTNG REGISTERS LOADED VIA SM1@ RBRUS

lf
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STATHZ REGISTEE Te318p

READ/WRT RIT t2 I'DICATES ONTRUS RRBITRATOR TINMEOUT
MOYOSADW RECTEVED WITEIA & MICHN RK2. Nk

OF ADDRESSED NON EYTSETRUT DEVICE KRGISTER

ARCNEVITE ADDBESSED *0ON EXTSTENT akrwdhy

{f CLEARS HIT

READ/WRT BRIT 16 INPTIZATES RAD MEMORY DATA Ni Pl TRANSFER,

MASTER wILEL TIME 29T 0N HAD ¥EMONRY NATA 1§

RTT 2R T8 SET

1 CLEARSE RKIT

READ/WRT BIT 2v THMNIZATES SY{A RIS PARTTY TRR)F

1 CLEAKS BTT

RFEAD/WRT HIT 21 700 ADDRAEFSSEN KOY FYTSTEAT CEVICE

1 CLFAwS BIT

READ RTT 24 16 YR 7 TNTERRUPT REQIFST

READ RIT 25 22 K NR 4 INTERRUDT REQUEST

READ RIT 26 A DR D7 1LOYW

CLEARKD O REGTISTER #RITE

RD/WRT BRIT 28 NTSRALE TRANSFER On NNJORRFITAGLF DATA

WRT ONLY RIT 29 TSSUE HNTRIS [SMTTATTIZF
RD/WRT BIT 10=32 BT LEVFL AF A%6,T AND

RDOD/WERT ATT 33=-38 PT LFEVEL NF &8RS AND4

A2 EXZ IR RS AR AR EER RN EEE RIS RS RERER R EEE SRR REFEFE F NSO SR SIS I A WVe

TIME AAD KS1a (v WRK O RRG AT TRES TN LSS <k

1 12 33 19 35

VEL HIGRY (P11 00, 04

Y R Y Y Ry R R R R R R R R R R R R L L T o

MAJY TESLMTE REGTISTER 753149

WRT ONLY RTT 3% ZHANGE MDPR ORES

ART ONT, BTT 314 CIRRLE PR ARAD LRNANND

MAPPTING ReSUTSTEES TAIAMAO=T7¢3277

LOATED VIARTTS 21=35%

RTT 2% 13 VALID pTY

PIT 24 1S 38 RIT BASP (EER FNARLE (8yFn 3 Wi R"S REOADTufr))

RIT Y9 15 ERARSLE UPPEE TWn NITS OM XFEp

BIT {H TS SATNTFARNCE PRISF FOR FVEN AND OBD “Ev)RY wx]lES

PEAD VI! BPTTS 1he2h AND

RET 9 TS PAGING RAM PARITY 0O0A2UTED ON READ

RIT H YIS VALYD arTT

RYIT 7 1S I BTT FAST F#FR RIARLE

HIT & TS NYRAREF OppER 2 ArTs

MTT 8 TA CATUTEC ANCE Pallar

RTIT 1 18 (A LARITY

MPROANPRESS CAMUVRDSTNY 0TSe MY L g

4 m e mm v PR ”pA_7 ‘\L ol ] 28



{1 ADDRESS 16 15 14 13 12 11 19 2 1 2
11 BRYTE

==HALF WORD

UNIRUS ADDRESS BITS 16«11 ADDRESS THE PAGING RAM WHICHE SUPPLIES
THE UPPFR ELEVEN RITS OF 1@ ADDRESS

LF
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THE {1 SINDE OF THE UNTBUS ADAPTER RESPONDS TO EVERY MSYNC EXCEPT FOR ADDRESSE-

GREATFR THAN 64K TF THE ASSOCIATED VALID BIT IS SFT AND THE PAGING RAM PARITY

MAY RE PRESENT NN THE UNTRUS IF ITS ADDRESS IS RETWEEN 64 AND 124K

UMTRUS DATA FORMAT: PR PA 17 o

UNTIRUS DATA CONVERSION: ADD @ A B
ADD 2 C D

@ 17 1R 35

12 WORD A B C N

1/0 REGISTER CONVERSION SM1Qe= UNIRUS

12 ADDRESS 18 3%

11 ADDRESS 17 e

L BE-4



IINTBUS ADAPTER WRAP AROUND TEST

S e e e T PP PP e

EI UBRA%#,763000 JADR DOF PAGING RAM FDOR LOC ZERU

DI 40000 (VALID),140000(36 BIT,VALID),240000(48 BIT,VALID)

ET UBA#,76310} $ADR DOF UBA MAINT REG

DI 1 sBIT 35 FOR WRAPAROIUND

EI UBA#¥,ADR JLOAD MEM ADR TO BE WRITTEN

DI

EM

$LOW DRDER 2 UNIBUS ADDRESS BITS ARE DISCARDED ,WE ARE DOING

JA 16 BIT WRAPAROUNDCOQ SAYS 8 BIT UNIBUS BRBYTE MODFE NR NOT

1C1 SAYS RH OR LH

tEXAMPLES 3,,0=LH MEM LDC O

3,.4=LH MEM LOC 1

3,,6=RH MEM LOC 1

XXXXXXX(DATA PATTERN) pAILL LOOP THRU DBA TO MEM LOCATION

MEM 1,0C sDIN IT GET THERE??

CEA-4T



UNTBUS SIGNAL PIN FINDER

ZETIRIITZSSTIITZAITTIEN

UNTRUS BACKPANEL M3014 CONNECTOR

SIGNAL PIN PIN ASSIGNMENT

NAME ASSIGNMENT JACK PIN
-+ 334+ 3133+t 4 i 3 531 ittt it ti1ti ittt ittt 11t i1ttt it i1 1ttt 21

AOOL BH2 J? D

AO1L BW1 J1 B

AO2L B.J?2 J1 J

AO3L B.J1 J1 F

AO4L RK2 J1 N

AOSL BK1 J1 L

AOGL B2 Ji T

AOTL BL1 J1 R

AOSBL BM2 J1 X

AOSL BM1 J1 v

A10L BN2 J1 BB

Al{lL BN1 J1 Z

A12L BP2 J1 FF

Al13L BpP1i J1 Do

A141, BR2 J1 LL

A151L BR1 ' J1 JJ

A16L BS2 J1 RR

AlTL BS1 J1 NN

ACLOL Briy J2 LA

BBSY L ApP2 J3 BB

BG4 H BE2 J3 X

BGS H BR1 J3 T

BGA H BA1 J3 N

BGY H Avi J3 J

BR4 L BND2 J3 v

BRS L BC1 J3 R

BR6 L A2 J3 L

BR7 L AT2 J3 ¥

Co L BU2 J3 NN

Ci L BT2 J1 TT

DOO L AC1H J2 B

DO1 L AD2 J2 F

D02 L AD1 J2 D

DO L, AE2 J2 L

D04 1, AF1 J?2 J
DOS L AF2 J2 R

D06 L AF1 J2 N

D07 UL AH2 J2 v

DOR L AH1 J2 T

D09 I AJ2 J2 Z

D10 L AJ1 WJ2 X
DIt L AK?2 J2 DD

D12 L AK1 J2 B8

P13 L AL2 J2 JJd

D14 L ALl J?2 FF

D1S L AM2 J2 NN

T YT T XTI T Y I T A T R NS SR LR L AL L L L A R L L

GND AR2 THE FOLLOWING PINS

GND AC2 ON Ji J2 J3 ARE

GND ANY GROUNDED

GND AP1 A 538 HH

GND AR1 ¢ U KK

GND AS1 . E W MM



GND AT1 H Y PP

GND AV2 K AA S8

GND BB?2 M cC yu

GND RC?2 P EE
YTy Y YIS EEY Y PR Y YR AR LR R RS RN RN A R XA N 2 2 X 3 ¥ 4

GND BD1 J1 ‘A

GND BE1 J2 TT

GND BRT1 J3 DD

GND BV2 J3 RR

INIT 1, AA1l J3 Z

INTR L ARl J3 FF
MSYN I, BV1 J3 LL

NPG H AUl J3 D

NPR L As2 J3 B

PA L AMi J2 LL

PR I, AN2 J2 RR

+5V AA?2 - -

+5V BA2 - ol

SACK L AR2 J3 TT

DCLO L BF2 J3 A/

SSYN L Bt J3 JJ

LEA-7
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NOT VERIFIED

T’éAn K

" | H765 T
PoWE(RRsSuPPLY tISV - +5V |

REG |

ACLO ~a- 5411686 |
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LH PowerR svpPLY (H7(3‘0,7>

INPUT.

90- (28 VAC e 180-256 VAC

47- 63 Hz.

1IZA @ 120V norwal wmadimuwmt current

A wayi wua

OUTPULT.

Vv A P-P Noise ¥

+ 5.0 0~ 25 SO0 wmV

+ 3.0 0- 10 50 mV

+ 12.0 D-— 10 120 mV

- 5.0 o— 1 506 WV

- 15.0 O- 2 180 mV

* 50 KHz < Neise < 20 MHz. RE?FPC aund deift not to
exceed tolerance [iwits. Tolevance -?ot- all ou‘f‘f:u‘)s

iS .t l.sb/o.

BACKUP!

The LH inter{aces with 4 DEC 43V Rattery Pack.
30 secends @F bcxckuP ave ?mvia\zd -For: +5-0V/ZSA'.
+12.0 V_/ioA; omal - 5-0\//11\. Bateries will ot |
supPly Jower to 4he refiula&ors with ‘the uut ofC.

The %(lcwi cond ifiens cause ba*{efi) AMsconnect
—F\'\o\m Yhe e wlators:

a Dowef gwi—{c-‘n ‘Q\@mm Console oFE
b. Ac Livne not l\ow.

C- 30 second backup explired.

d. Low bat\'erj voltoLde.
€. OPer\ Circuu'{“ brea\ e,

POWER. FAIL S\&NAL !

U'Pon nemovq,( @F Ac Enpm’t -Powe\* F;Ju:[ OLDGS no'f‘ ‘{t‘ut

( O Volts) »{‘or 14- lb msec. The output o{—"fizuz LH

will rewmoun in P(’.&!A!(‘A“.‘ien —Ce'r al least A m<ec



after Fower Fail is asserfed. Line voltade En‘(‘crru.fim
of |ess than 14 wusec. will not cause “Power Foi
1o be asserted.

OVERLOAD!

@verlaao\ (>“0%; <146% oP ro\+€cf oul load> 1S
current [iwuted o within 10% of 'rated currewt
“FO‘” a short circudtd CorndiHion. Rempval @{’“HM;
Loult condibion causes recovery Lrom ever|cad.

OVERVOLTAGE !

Overvolfake (> 0%; < 120% of nowinal oui‘gwf) i<
crowbarvdd. Ceew bar veacts within 50 ysec.to
WM. 2 asec @\rervo\h@e gu(se. Recovery

gs effected by wanually cyetbinmg oFF tan on.

ONER TEMVERATUTCE.!

Therwmal slutdown is ‘Fmv?dtd-

OUTPUT SEGUENCING!

—5.0V wmust exceed mafiu,i'lwu e\a 4.0V Eefiorc +12.0V
fuvrns en. )

t12.0V wust ol\rolp tv less ‘Hhan 1.0V b(&re ‘Hie
WA W T LLeke oF- e -8.0V (g |less Than 2.0V
o\uwfflg‘ ‘h/\\"h @F\O.

If -5.6v is shert civeauted the +12.0V s i<
cveow bavred.
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PEVICE ADDRESSES AND VECTOR ASSIGNMENTS FOR K810
P e e P 2 P e e 2 AR R P R R R A Y e R LYl RS R L g g

DEVICE # ADDRESS VECTOR UNIT BR LEVEL JUMPERS/SwITCHES
T Iy Yy YT YIS Y YRR R A LR R LR YT S E LR S L LR L L LA L R R

RHi1 i 778700 254 i 5

RH11 2 772440 224 3 5

(T XX Y XX N XN 2 A X 2 3 F Y B & R K R B K R & % B 3 B 3 B 3

LP20 1 775400 750 3 4

LP20 2 775420 754 3 4
Y YIS IR YR L L YL P L LY L 2L L

DZ11 1 760010 340 3 5 A/1 ON V/4,5,6,0FF

2 760020 350 PITTO DITTO A/2 ON V/2,4,5,6 0OFF

3 760030 360 FOR THE REST A/1,2 ON V/3,4,5,6 QOFF

4 760040 370 A/3 ON V/2,3,4,5,6 OFF

+10 ETC +10 ETC

FYY LI XY A AR R R 2R N B 4 R B A L B LB R A L A 2 L.

KMC11 1 760540 540 A/3,4,6 OFF V/1,2,5 OFF

2 760550 550 A/1,3,4,6 OFF Vv/2,5 OFF

+10 ETC +10 ETC

NOTESLOWEST ACCEPTABLE CS REV D,

NOTEIFEACH BACKPLANE SLOT CONTAINING AN MB8204 MUST HAVE WIRE CA{ TO CB1 REMOVED,

SHOULD THE MODULE BE REMOVED FOR ANY REASON THE WIRE SHOULG BRE REINSTALLED TO

INSURE THAT THE NPG SIGNAL WILL BE PASSED ALONG THE UNIBUS,

DUP11Y 1 760300 570 AZ4,% OFF Vv/2 QFF
2 760310 600 A/1,4,5 OFF V/1,2 DN

+10 ETC +10 ETC

CNOTE:LOWFEST ACCFPTABLE CS REV F,STANDARD FACTORY SET JUMPERS(FODR RELL 201

COMPATABILITY)ARE AS FOLLOWSIW1l IN W% 0OUT

w2 0UT Wwé IN

W3 IN W7 IN

W4 IN

Y YLy yrax X 2r Y 2 P R R X R 0 2 R B4 & Lk A0 X 4 ]

"5c- /



EXTERNAL REGISTERS

T3 BCCESS AN EXTERNAL REGISTEFR THEF EXTERNAL IN INSTRUCTINNG GENERATE

AN EXTENDED 30 BIT ADRRESS wRICH 18 USED AS AN 10 ADDRESS,BITS 14=17 ARE N

CONTROLLER NUMBEHRS AND HITS 1835 ARE USED A8 THE REGISTER ADDRESS
,AN

EXTENDED ADDPDRESS 185 kFAUTRED TO ADDRESS CONTROLLERS OTHE& THAN ZERD,

1,E“n THE PROGRAMVER MUST USF INDFXING OR INDIRECTION TO YYRID THE LESTRED

EFFECTIVE ADDRESS, FOF EXAMPLE » TO WRITF THE FIKST CONTROL STATHS REGISTIFR

IN THE RH11 WITH B WRITFE FUNCTINN CODE OF 61, ASSUMING THF RHIL IS5 ON THFE

FIRST 10 CONTROLLFF ,THE PRNGRAMMER COULD EITHER

1/%RTIO AC.,O(XR) WHERE XR({INDEX REGISTER)ICONTAINS 1,,776700
AMD AC CONTAINS 61 OR

2/WRTID AC,QDRPLS1 WHERE THF LUCATION DRPCHAY CONTRINS 1,776700

AND AC CONTARINS 61 OR

1/wRTTN AC,776700(%XR) WHERFE XR CONTAINS THE CNNT & 1N RITS 14=17

AN ADDRESSING SCHEME SUCH AS THIS COULD BE USEFUL FOR USING CNMMON

CODE AMNDNG DIFFERFNMT IN CONTROLLERS,

BYTE INSTRUCTINN § wILL THKANSFER ONLY # BITS OF DATA FROM THE LEBI'S OF AC,

CURPENTLY THFRE ARF FDUR SLOTS ALLOCATED FOR 1IN CONTROLLERS,THESE ARF NOW

UN1AUS ADAPTER MODULES ,THE CONTROLLER NUMBERS ARF HARDWIRED ON THE nACKPLAYE,

SLOT

19

17

16

15

UBA PAGING RAM

WRTIO(713)

AC,»7630XX

RD10(712)

AC,7630XX

RAM P

EN 16

VRLID

1/0 CONTROLLERS

1

?

3

4

EXTERNAL REGISTERS BIT FORMATS

PE T I I e Y R L L R R e

1n ADDKRESS 763000=763077

00 01 0?2 03 04 05 06 n7 08 09 10 11 12 13 14 15 16 17
fi.----Q------+--.--§----q-}--.---’:-----*-v--.*-----‘-.---qi.--.-#--u---’------fin--.--

’.-.-..‘-.---&-----0-----*-----'

'(--..------.-----—---------..----------------n--NDT USED.----OQ------..-.-.-------'
-.---cw.-.----.--------)i

.-----4----'.*--.--*.-----‘.g----+-----*-----‘,-.---4------*-----b-q---+-----'-
----*----u‘--...n‘-‘.--Qr.----0-----*

1R 19 20 21 22 23 24 2% 26 21 28 29 30 31 32 33 34 b
*---..Q-----a’---p--l-----#-----#.-.--i-.---¢;----Q--—--fl---a--+-----+-----«I

----q#-----+-----I—----+-----¢.---.{

#MAINTIENYIG !EN36 lvA!,lDz(-----NOT USE‘D-)!(.------PAGE BITS---lOADR 16 THRU 26--.----.-------.---.-..------)i

0------..-.---Q-----*.----fi-----{.-----&-----Q-----.}------fl..-u--fi-----+--
---*-----*---.-¢p----)-----,}-----*-.u--i

0o 0t 02 03 04 0b 0o 07 08 09 10 11 12 13 14 15 16 17
i-----+-.--.4---..*-----&.----4‘-----*-..--*-----Q---.--'-----*qt----&---'-*--..-#-.-.-"--

---*--‘-‘+-----+-‘---*

l(.---l--.--!-----l-----IRAH PlHAINT*ENlfi IEnN3b !VALID*PDDAR!-----!----.i-.---;----q1-----6-----1(-----9AGE »

I-----Q-----+-----I.----0--.--4-----'-----«}-----Q-----'—--.'.}------&------*----
-#---Il-#.-.--i\-----+-..--¢-----*

18 19 20 21 22 23 24 25 26 27 24 29 30 3 32 33 34 35
i-----q-----+a----*-.---‘--c--+-----0-----¢-—---+-----l.—---¢-----+-----*.--9

-0-----0-----i-----*-----+-----i

spA¥ BITS 10 ADR 10-26--.--..-.------------.-----.---)l(-------—u-HUT USED--.-----.--.-------n
.------------)i

i.----q-----0----’l----‘+-----4-----&-v---+-----+-----A-p---+-----+-----l-
--.-q;----&-----#-----*-----+-----i

RaM PARITY BIT MAINT MAINTENANCE PAUSE FOR EVEN/ODD MEM WRITES
DTSABLE UPPER 2 RITS 0N UNIBUS TRANSFERS FN 36 FNARLE 36 BIT FAST MODE TRANSFEKRS
PAGE IS5 VALID RNPAR PAGING RA* PARITY COMPUTED ON READ



¥

UBA STATUS REGISTER 10 ADDRESS 763100
eYT P AR Y L X A L L A

18 19 20 21 22 23 24 25 26 27 28 29 30 31 P a3 34 35
*-----¢-.---Q-.---Q-----Q----.#-.---*--n--+-----+g---.q_.-g-*-----+--~-.*----

-4-----0-----*-----4----n+-----‘

WRTID(713) #C TIM|C RADJC PAR®{ NFD|{Cmew=esemees=e=NOT USED ON ARTwemea>»i} KFRIVIN[T#KkowmaPTHororescudtnnu
nuepemmmae>s

',---—¢-----Q~.¢---¢-----+--.--4---n.-*-----#p--n--t----.&--.-.*.--—--}-----“--u--n&
-----é----.i------}------’.-----.fi

18 19 20 FA| 22 23 24 25 26 27 28 29 30 a1 32 33 34 as
*-----*-.-v.Q-----l-.---+—----¢-----‘----n+-----+ynp--i-----*-----+-----l-----&--

.’-0-----&----—+---—-+-.-.qfi

RDIN(T712) » TIM} BAD|] PAR¥ NFD] *INT HIINT LIPWR 1.# (DXFR | $iwomenpPplHoarevonadtdnupenmmnnpP I man>s
*---‘-+.---.*..--.'---.‘*..--.fi--C---‘--‘--fln‘------*---fl-*-----‘--.’-#n--'-‘D

fi---*-.-."‘-.--..-----*----.+---.-*

18 R/W TIM UNTRUS ARBRITRATOR TIMFOUT~NN SACK IN 5 MICRN SEC»CP ADDRESSED NDN EXISTENT DEV REG
nR PEV ADDRESSED NON EXISTENT MEMORY 1 CLEARS THE ®BIT

19 R/% BAD HAD MEM DATA ON NPR TRANSFERSMASTER WILL TIME AUT un BAD MEM DATA 1F 28 SET=WRT CLEARS THE BIT
20 R/Ww PAR K§10 RUS PARITY FRRNR*WRITE CLEARS THF BIT

21 R/w NED CPI! ARDRESSED NON EXISTENT DEVICE=WRT CLEARS THE 17

24 KNNLY INT H INTERDPT REQUEST ON BR6 QR BR7

25 ENhLY INT 1. INTERUPT REAUEST NN BRS NP BR4

26 RONLY PWR L, AC 1.Ow Op DC LO#WeCLEARED ON REGISTER WRITE

28 R/W OXFR DISABLE TRANSFFR ON UNCORRECTABLE DATH

29 wNNLY LBINIT TSSUE UNTBUS INIT

30=37 R/w PIn FI LEVEL OF BR&,BR7

33=135 R/W PIL PI LEVFL OF BR4,BPRS

UBA MAINTENANKCE REG In ADDRESS 763101

18 19 20 2) 22 23 24 25 26 27 28 29 30 31 32 33 34 35
*------}-----‘------‘-----+----.+-----{-u---‘.-----‘--.---l----n-.:.----+-----*

--.--+--.-...----'---.-*--.--#--.--*

"(-".-‘-‘.'-"-"--'---‘.----.--'.---.'NDT USED-------------------.---n-----.-----n-.-
-.n..----.)ECNPRGIEWRAPI'

l-..--Q-.-.--’------I.--.-:Q-..---:&—---.*-----‘----.4-.---i----.*-..'-+-----*--
n--*---..*.----*-.---‘-punonf-.---*

WwONLY RIT 34 CNPRG CHAMGE NPR REG

WONLY B1T 35 FEWRAP FNARLE MPE wRAP ARDUND

MEMOKY ST1ATUS REGISTER 1N ADDRESS 100000

seesenssvosnPesosbehews

THE MEMNORY WILIL HNLD THE FRROR ADDRESS,THE ECC CNNE AND THE TYPE OF KRKOR FOR THE FIRST ERROR D
ETECTED,

RITOO,THE ERFOR HALD ALIT, MUST BE CLEARED TN ALLNw THE MEMORY TO CONTINUE AND THE CAPTURE THE

NEXT ERROR IN THE STATUS REGISTFR,

00 01 02 03 04 0% ub 07 . OR 09 10 11 12 13 14 15 ié 17
-l-----4-----*...--*-----:0------4.-----fi-----‘------*u----*-----*---w-:‘ -----*-----+---n-¢---¢-*-----#---'-fi-.----*

*HOLD [HAD DIR ERpeP FRR{ECCON| CP # C40 | C20 | €10 » €04 § Cu2 | COY #PFAIL| 1 JADR14#ADRILJADRLIGLADRLT»
*-----4-..--{--..--.!-----#-----fi—---—l-----+----p‘------.’-----*.-----Q---—.*w-.--+--

-u-#u--.u“-----Q-.----’-------fi

18 19 20 7] 22 23 24 25 26 27 28 29 30 31 32 33 34 35
*...--‘--...*..--.I-fl---*.----+.-.--*w----‘-u----+-----‘--.'-+.--C-'¢.----*,

.---*------0--.--*.----*-'--‘*-.--q“

*Anfi1flzhnpiquDRQOunnh21zADRQ?zADRZB%AD9241ADR25!ADFZb*ADR??zADQZH1ADR29*A09301A09311ADR
321ADR333ADR341ADR35¢

‘-----Q--—--4..---.---c-.‘-n---+---—-i----.q.-----\'---n--l-t--.‘..----4—-----fl---
--‘.-...-q....-*--.n-*.DGQOQ-----i

0o HOLD MMC% ERR HOLD SFT On ERROR COMDITION DETECTED BY CONTROLLER~CLEARED wWHEN WRITTEN
01 hAD N MMCA {UNCNK ERK HOLD SET SAYS FRROR IN REG WAS UNCORRECTABLE

02 R FHR MM QEE FRAR RFFRFSF ERR SRT 5,5 USEC AFTER COM/ADR 1F NO NATA RFCIEVED,CLEARS ANY
CYCLE TN PRDGRESS AMND REFRESHFES THE M0OS ARRAYS,CLFARED WHEN WRITTEN OR MR,

N7ISE -3



03 P EFRR MMC7 PARITY ERR ASSERTTED

04 EcCON -MMC3 ECC ON

ns cp MMC4 ERR Cp

ne 40 MMC4 ERR C40

07 Co20 MMC4 FRR 20

ng c10 MMC4 ERR €10

ng cna4 MMC4 ERR C04

10 Co? MMC 4 FRR CO2

11 coi MMC4 ERR (COU

12 P FAIL wmpMCS5 POWER FAILED

13 1 IINUSED

14«35 ARRXX MMCR ERR ANR14#35%

IADDRESS BRITS
evsgeewsessaD

14=16 SELECT CONTROLLER

1719 SELECT ARRAY BRDARD

MMC RECIEVED A PARITY ERR ON THE K§10 BUS, S8ET

BY WRITING 1 Tu HBIT 3sCLEARED HY WRITING O TU EIT J OR MR,

THE ERROR CORRECTION LOGIC IS5 ENABLED WHEN DN, wHEN OFF ERFORS WILL STILL BE DETECTED
BUT NN CNRRECTINNS MADE,TURNED ON BY Mk QR IO WRITE TH B1T 3% OF THE 51ATUS REG

PARITY BIT OF THE CORRECTION CODE

CURR CODE

COKRCTION

CORR CODE

COARR CODE,

CORR CODE

CORR CODE

BIT C40

CODE BTIT C20

BIT C1v

Co4

RIT CO2

BRIT CO1{

SFT 1F MEM WAS L{ST POWEP QR BATTEKRY RACKUP FAILED,CLFARED WHEN WRITTEN,

ALWAYS ASSERTED _

RITS 14=35 OF THE ERKOR ADDRESS REGTSTER,

20=21 SEI.LECTS UONE NF FPOUR WOKDS ON THE SELECTED BOARD

22=28 7 ROW ADDRESS LINES

29=35 7 CcoOLiIMN ADDRESS LINES



RH11 RPA4/%/6 PEGISTFR BIT FORMAT

' ! { ! H ! } ! ! ! } { ! LUNIBUS!
! ! ! ! ! ! H ! ! ! ! ! JADR IY0TEMRUS!IDCY. I1RHLY |} ! !

ADR [PRINT INAME | } H
.---.-.-..-------------.-..----‘-.Q-.-----C----.-.--.-.-.----.-'--'.‘-....-..--

.----.-.._'-'--—..-‘-.----.---u-‘-----------.--.-.-..-

180 ) ! 122 21 12?2 123 124 125 126 127 128 129 130 131 132 133 114 135 ! !

MBUS ! ! I Cis! Cia! €131 C121 C11t 22l ce9! e8| Co7) reel a5l ce4] CO3) c¢221 Cco1}) Cceal {
fl,‘-.-.-.--..------.-------.C.--.---.---.--.-------O-----.—-'.--.‘.-------.'

---.-.-----.---.---...--'.-..-.--------.-—-.-----.---.

! ! ! ! ! ! ! ! ! ! ! ) " ! ! ! ! ! ! l
[
N

P2 LRGIRGHIRPCSILSC ITRE InCPE 1@ {1DVA IPSEL {A17 !A16 IRDY ITE 1F4 1F3 172 J ¥ tFe GO 177672011 W

s | LRPWE fwr18 1WwC14 (wC13 1wl12 LACTY LWCTA w209 1wCas 1wCal IWCPAR {WCES fwWegd LWCA3 1 ACa2 TWCEY tweed 1776702
----------------.--.---..----.--o'-----.-..----.-_-------------------------

------------------c-On------..---.----------.-------

o= | JRPARA IRA1S JRAL4 !RALY [RAJ2 [RAY! IRAYIA IBAPQ JRAME IRAAT (3RA6 [BAAS IRAQ4 IBAR3 [BAR2 |BAGL lBAGR 17767084

a5 1SS53I8SHIRPNA 14 1a ia {TAYLH ITAGR !TAQ4 1TAG2 1TAQL L@ 197 10 1SA16 ISA@8 !S5A44 15AP2 {50081 17767861W

o=} IRPCS2INIT IWCE PR INFD [NFM 1PGF !'MXF IMDPF 1OP {IR ICLR IPAT !BAY U2 1ul jue 1776713
-we -.-.-----.------..-.----..--.-.---.----C-..--.-...-’-..----..‘.--.---.---‘--.-

----..-‘-------'-‘.---'-.---.--.---------Q.--'--

B1s !RGH IRPDS JATA !ERP iprp Y M0 1ARL 1LST {PGM IhPR IPRY IR'A) IDEY 1pLe4 IGRYV tDIGR [DF27 IDFS 1776742}
! ! ! ! { ! $ ! ! ! 1 ! 10 g 1e {a 12 1e ! !

'-.l---.fl---._-.--.-.-.--.-.----------.---.---'.-..---.-----.----'---------
.--.----------fi---.---...-'-..---.--..-.---------.----.

A2 |PG? {RPERLIDCK !UNS 10RPT IDTE 1WLF 1IAE 'AOE !HCRC {HCE JECH |JWCF IFER JPAR !RMR JILR JILF 1776714}W
-.m-.----.-.-.------.---.---.--------.------.‘-.u--...---w----------.-.--------

--..--.-----..---'------------------------------

a4 |DP IRPAS @ 9 i 'a 12 ‘o te 134 YATAT JATA6 IATAS JATA4 [ATA) IATA2 IATAL JATAQ 17767461W
-Ou»-.------..----...-..-.----.--.--.------..--.--.-.---.-----------.-...---

-.---.-.-------.------.n-------.----‘---------.----.--

27 IDPA RPN O e 12 19 e 1sC4 183 1sc2 IsC1 ISCO lEXTY LEXT? 10O 10 i@ 19 17767231}
..uy-.--..-.-------------.---.-.-----Q..--I.---.-----.--.'.---.--------.--..----

--.--.--.-------.b-n-------.----------.q-------.----

e | |RPDR !DR{S IDR14 DAt {DBR12 (DALY {DR1Z JDRAY INRAR |NBAT |DROE {DRAS {DAR4 IDBE3 1DBE2 (DRI 1DBIA 1776722}
--n-.--.--n-.-----.-----.-------c----.---'.-.-.--.----.------.-'-----.---.---.

-.--.-.9-----.---'.------------.----.------n--------.-

@3 JECIRGIIRPMR [0 Y 12 12 10 JHCT !SBD !ZPT IDEN JECCE IMWR [IMRD IMSCLKIMIND !MCLK 1DMD 17767241w
--n-..-----------onc-----.---------------.-.-.-n---.---.--0.----.---.----.----

-.-.---.---.--.----.--..-------------I-'.----.---.---.

@6 JECPR IRPDT INEA ITAP [MOH |2 IprRO 1@ e IDTE IDT? JOT6 lpTS IDT4 IDT3 1DTZ IDTY IDT® 1776726}
-.u----.-------.----.---.--1-..---.----------.-.----.---...----------.-..------

-----.---------------.---.--------.--.----.-----....-

14 JECH tRPSHN }S%39 1S~34 ISN32 l1sn3Y L1528 1SN24 1§SV22 1SN21 [SN18 |SN14 ISN12 [svil 1SNBB ISNMU4 1SN@2 LSNOY1 17767391

11 ]RGH IRPAF 1SGCH [P 0 IF¥T221ECCT IHCI 19 !0 1OFS? JOFS6 1OFSS !OFS4 !OFS] 10F52 IOFS1 LOFS@ 17767321W
..m-----.---.-.-----.---.-.---.------..-.--n-..---.-.--.-----'-------------'-.

-.--u--..--------..-------—-----.-.--.------.-------ym

124 551 {RPDC 1D 14 i i 12 1o le 1DCP9 1DCA8 |DCeT 1DCP6 {DCBS IDred 1DCY3 I1DCO2 IDCYL [7767341NW
} ! ! ! ! ! ! ! InCio | ! } ! ! ! l ! ! 1

--o---.----.--'-..-0----.---..-.’.---o-.-..--.-.-.-----.-.---.--.---...-..-
.--.'-.—Q.----.-’.---’-.-'.--..-.-.---.--..-’-.----...-

13% 1S5S RPCC !¢ 1 LA 2 154 10 te 1CC09 JCCAB JCCAT ICCR6 1CCAS (CCHé 1ecay (cce2 lccet 17767361
! ! ) ! ! ! ! | 1¢Cie ! ! ! ! ! l l ! ! !

-I-l...--.-...----.--.----.-.-------------.--.--..'..--------O----...----.--.u-
----.--------------—.--D---OI'-------.------.-----.

14% LECH |RPER2LIACUNS!A 1pLY 132VI LIXE JNHS I!MHS IWRI' (FFN ITUF ITDF IMSE !CSU 1#sU ICSF LWCU 177674081HW
{ ! INC ! ! 10 ! l ! ! {ARS | ! {RAW |} ! ! ) ! {

-.-..--.-.----------.--‘---.--..----.-----.--.-’-.-—--..‘-I.-t.'.--'-..-.-.----
.---..-.-'.'---.-.-.------..--..----'---‘l--.--IW

15« {ECT |KPERIINCYL ISKT 7 1@ 1é e 'y 1 e 1@ {ACL IDCL IDISE JUWR 19 LVUF IPSU 17767421W
! ! ! ! tnpe ! ! ! : ! } l ! 135VF 10 ! {WAO IDCU ! !

.—.--.-.-.---n--..---.-..-o.-c------------.---.-..---------.--.-.--------.----.--
-u---..----.n..----------.....------.--.-.-------.n

16 FC2 IRPECYI12 9 12 14096 |2v48 135024 1512 1256 1128 |64 132 116 18 14 12 11 17767444
-.------------.--.---.---.---.---------.-.--.-.------.---..--------.-.--.-

----------.-----...-------.--n-.--.O.----...--.--.--....-“

17 1ECH !RPEC21# 19 10 1 {4 IBITIQIBITS [BIT8 {RIT] 1BIT6 {BITS IBIT4 IRIT) JRIT2 IBTIT1 IBITE 1776746}
-‘---.--------..-.-----.-.----------i-—---------..----------.'.-'-..-...----.---.

-..-.-.---.---'.--.-.-..--.-----—---.-----------.-u

1 ,SHAREDP REGISTER C15e013,018=206 IN RH11 #wWHERF TA0 ENTRIES TOPskP#4 BOTTOM=RPA6 WeREAD/WRITE ee=fH1t REGISTER
RF.ST STORED IN NRIVE

MISe- §



RH11 RMO03 REGISTER B1T FORMAT

MBUSIRHI1 JPRINT) ] ! ! ! ! } ! } ! ! § H 4 ] i JUNIBUS|

ADR [NAME ILDC ! i l ! ! l i ! ! l | ! ! | } i IADR . INOTE
--.m.‘--.----u-----.-----.---------------...-------.'-------------p.-.p---—--.--—------un--.--

---..-----.Q-.-.----u----------------q

10 | ! 120 121 122 123 124 12% 126 127 128 129 130 } 31 132 133 ]34 135 ! }
.-.n-..-----'u'--------.--------.---n-----.------uq-n----------..---------------------

---.-p-----------U--D----.--.---...-.-------

MBUS | ! 1 C150 Ci4! C13! €12} €11} C10l ¢€09! coOBl 07y CO6l (OS5 coay cCo03} coz2i cO01l COO} {
.-.n--------l-------------------—------.--Q---------------------.-----p----.------------

-.------.-------------------u-.-.---------

00 JRMCS1 | 18C VTRE IMCPE 10 {DVA IPSEL [AY7 lAl6 IRDY IIE {F4 1F3 1¥2 1Fd LFO 1GO 177670011 ,R/W
--.n.--.----.--------------t...--.----------------.---F.q-----Q-------------.--fl.-----.---

-n-..-------—--p.-..---—-----.----------n

em LRMWC | IWCES IWC14 IWC13 JWC12 JWCI1 IWCI0 [WCO09 [WCDB [WCOT7 [WCO06 [WCOY IWC04 [WCO3 |wWC02 [WCO3) LWCO00 1776702 R/W
---fl---.---g'-----.---.-.----.--..----------------------.---.-.--------.---------------------.

---------.-—-----------.--—-----.

== |RMBA | [|RA1S 1BA14 IBAI3 {BR12 [BAll [BA10O {BAO9 |RAOS |BAO7 JRAO6 JBAOS }JRAO4 |BADI [RAO2 |BAOY {BAOO 1776704 }R/W

--—n----.---'--‘--—---.----.---------------------------.--.--w--..-.-n------‘------------
-.----.-.--------fl--.----n----n-----------

05 IRMDA | 1o io 10 {0 lo JTAQ4 |TAO2 |TAO1 10 ) io 18A16 |SAOB (SA04 1SA02 !S5AUL [776706|R/H
Q--u.n------'------------.-.---'-.-------.--"-----.‘-----..n-.fl--.-.--.---.-..------------.--'-

—-----.------‘-----..---.-----------

=w |RMCS2 | IPLT 14CF |UPE INED INEM |[PGE [MXF [MDPE |OR {IR JCLKk JPAT |BAI [U2 tul Juc 1776710 R/W
Qo-u-.------------n.---.----.'-.------.---.p----.----..-n--.-------.-----------------—

----.-------------.-----------.------------

01 [RMDS | ATA IERR JPIP IMDL JWRL LBT [PGM |DPR {DRY |VV o 10 10 10 fo 10M 17767124R
---u...----------q--.-------..--n-.------'-.----..-----.---..---------w--.------—n----

.------'------.----Q-.---------u--------Q-.

02 |RMER1 | INCK JUNS 10PT INDTE JWLE JIAE (AOE |HCRC JHCE |ECH \whF JFER JPAR IRMR JILR LILF 776714 )R/W
--.m--.-----'----------.--.o-‘-..---------.-.-—---.--n-..-—---.----------.-----------.----------

.--.----.--.------------.-.-----

04 |RMAS | {0 10 {0 {0 {0 10 {0 {0 IATA7 |ATA6 JATAS |ATA4 [ATA3 JATA2 |ATAL |ATAO 1776716 R/W
---fl---..'..--.-----.---.-I..-.---.-‘-----.---.-------—----..-.----.---.-.----.--..-

--.-------..-.Q-.------.....---fl---.---------

07 JRMLA | {0 10 10 10 {0 }SC1e }SCB |SC4 |[5C2 [8C1 ¢ iv 10 l10 10 10 1776720}R
.I.m-.n-.--.-.---.--------.-------..n.-q-.-g------Q-----.--u--------.--n----q'.-------

----------------.---p----.-----p.------------

»» |RMDB | |\DRYS IDB14 |DR13 |DB12 |DB11 |DBR10 {DRO9 (DROB IDRO7 jDRu& JDAUS JDBO4 |DBO3 |DBOZ2 |DBO1 [DBOO 17767224R

---m--.-.---'-----.----I------.-.---'----’-..-.-..------------.—----.----------.--------
..---------.----.'--------------------------

03 |RMMR1 | {1NCC tRaG |ERL JREXC JESRC JPLFS |ECRC |PDA JPHA JCONT LIPS JEFCC {WD LS JLSaT LDMD 1776724R

...I..'III.'..'.'...I..l..'IQ.O...I..'.......!.II.I..l......l.l..ll...ll'.....l’......’
...ll.l.".Il.l......l'...'.'..,.'.

! IDBCLK JDREN ! DEBL IMSTOPIMCLK [MRD 'MURDYI MOCYL{MSERRIMOF IMSCLKINC [MWP IMIND IMSC IDMD 1776724(U
-------.---------.------------n-‘--------.p..-------.-------------------------------

----n-o--------o------------—---------------

06 IRMDT | {0 {0 {MOH 10O {DRQ@ |0 10 \DT8 |DT?7 (bT6 DTS DT4 |DT3 (DT2 DTt IDTO 1776726]R
--u-----.--.l---'---....---.--.--Q.--Q--...--.--.---.--.---n---------.---.--.-----------

-----.-.---n----------—.-----------c-------

10 IRMSN | 1SR00015400035200015100018800 1S400 18200 18100 !8BO 1540 1520 1510 1SNOH ISNO4 }SNO2 |SNO1 17767301R
-------.n---.--.-.--.---.------------.--g'-------n------.--npv--n.-.------------------

-p--------.---------------------------.----

11 JRMOF | {0 {0 lo IFMT16JECT JHCI 10 1V JOFF Dlo 10 {o {o {0 {0 10 }7761321R/W
--c..------...------I---.---'..--------------n--n-.--n----------q---.----------------q--.-----

.----t------p.’..---------------------

12 [RMDC | 10 to {0 10 10 }o 10 IDCS121NC25%61DC1281DC64 IDC16 {DCOB {DCO4 [DCO2 |DCO! 1776734|R/W
---------..n.-------.-----n-.---'.--.---------------u-----------.---.---u.--.-----.-

----.-----.--..--.--..-----—-------c--------

13 |RMHR | 10 1o 10 1o 10 10 10 } 0! 0 o 0} 0 ! 0 ¢ n | 0! 0 {776736]UNUSED
fl......---.--..------O.--.w---.-.--.---.-.--.----.-.-------------------'---.----.---------

.-un’...--..--.-h--------.-------------

14 |RMMR2 | IREQA !REQB |TAG ITEST JCCTAGJCHTAGIBRY |BBE {BR7 |BBb IHRS JBR4 BRI {BB2 IBB) IBBO 1776740}R
------.--.---.--.."--------.'.-----..------------p------------n----6.---.-q--------

--u..n--.-qn.--u.-,---------------u-----.---

1% |RMER2 | $0 1SK1 IoPE JIVC {LsC |LBC |0 10 INDEVCK]O 10 {0 IDPE 0 10 iv 1776742 R/W
--------.--.l--...-----.-------------------.---—-...------.------------I----------.--.----..--.-

.------.-------------.--------------

16 |RMECY | {0 10 10 1P40Y61P204BIP10241P512LP2%6 [P128 P64 {P32 |P1e P8 P4 P2 Pl 1776744 )R
F-‘--fl-.-I--QI.----.-.-.----.---.-------.-.--------.-.-.---.n-----n------.-.-------

-------n--------—.---..u------—------p---------p-

17 IRMEC2 |} 10 10 1o 10 {0 IPATI1{PATIOLPATY [PATH IPAT7 LpATH [PATS [PAT4 IPAT3 {PATZ2 IPAT1 177b746]R
D-.-.----.-‘.----.'I-.------.-----------D-'--..--.-.--.l--'--I---------.-..-..---.-..--.-.

--.---g----.----------..--------.---------

1,o= |RMBAE | 10 10 10 10 10 10 10 10 10 1o 1A21 1A20 tA1Y JA1B JA17 IAte |T7767501R/W
----------.-Q---.--.--.-----...-----------.--------.-.---..--.----------.--------n-—------u-u——.

--p----.-'-----------------------n--

== |RMCS3 | JAPE IDPEHIJDPELO!WCEHI{WCELDIDBL 10 to 10 LIE 10 10 JIPCKI}IPCK2JIPCKIL IPCKOL 776752 R/W
-.--------n‘l-------.-..--..-----..--.-.-..--’-----"-----..------‘.------.-------.-..-----..---.-

--..---'--fl--------------fi-.—----.

SHARED RFGISTER (15«013,C10eC06 IN RFH11 REST STORED IN DRIVE # emzRH]] REGISTER
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RMO3/RP0O6/RH11 REGISTER BITS IN PLAIN ENGLISH=REFER

_ T rrY P YY YT EY EI Y P E LY L LAY LY L LA L LR ok A b k)

30VU 30 VOLTS UNSAFE

38VF 35 VOLT FAILURE

A UNIBUS ADDRESS EXTENTION BITS

ABS ABNORMAL STOP

ACL AC 10w

ACU AC UNSAFE

ADE ADDRESS OVERFLQW ERROR

APE ADDRESS PARITY ERROR

ATA ATTENTION ACTIVE

BA BUS ADDRESS

BAT UNIRUS ADDRESS INCREMENT INHIBIT

BBX AUS IN LINES =FUNCTION DEPENDENT QN TAG LINES

BIT BURST

BLC RURST LOCATION COUNT

cC CURRENT CYLINDER

CCTAG CONTROL SFLECT OR CYCLINDER SELECT TAG

CHRTAG CONTKO[, SELECT OR HEAD SELFCT TAG

CLR CONTROLLER CLEAR

CONT CONTINUE

CSF CURRENT STINK FAILURE

CSu CURRENT SWITCH UNSAFE

DB DATA BUFFER

DBCLK DEBUG CLOCK

DBEN DERUG CLOCK ENABLE

DBL DOUBLE WORD OPERATION

DC DESIREDR CYLINDER

DCK DATA CHECK

DCL DC LOW

DCU DC UNSAFE

DE1 DIFFERENCE EQUALS ONE

DEBL DIAGNOSTIC EBL

DEN DATA ENVELOPE

DEVCK DEVICE CHECK(DC OR HEAD SELECT FAULT)
DF20 DRIVE FORWARD 20 INCHES PER SEC

DF5 DRIVE FORWARD § INCHES PER 8EC

DIGB DRIVE TO INNER GUARD BAND

DL64 DIFFERENCE LESS THAN 64

DLT DATA LATE

DMD DIAGNOSTIC MODE

DPE DATA PARITY ERROR RECIEVED

DPEHI DATA PARITY ERROR=0ODD WORD

DPELO DATA PARITY ERROR EVEN WQRD

DPR DRIVE PRESENT

DR@ DRIVE REQUEST REQUIRFED

DRY DRIVE READY -

DT DRIVE TYPE

DTE DRIVE TIMING ERROR

DVA DRIVE AVATLABLE

EBL END OF BLOCK LEVEL

ECCE ECC ENVELOPE

ECH ECC HARD ERROR

ECI ECC INHIBIT

ECRC ENABLE CRC OUT

EECC ENABLE ECC OUT

ERR ERROR

ESRC ENARLE SEARCH

EXT EXTENTTON . -

F FUNCTION HIEE—§



FEN

FER

FMT1e

FMT22

GRV

HCE

HCI

HCRC

TAE

1E

ILF

ILR

IPCKX

IR

1vC

I1XE

LBC

LBT

LS&T

LSC

LST

MCLK

MCPE

MDF

MDPE

MHS

MIND

MOCYL

MOH

MOL

MRD

MS

MSC

MSCLX

MSE

MSERR

MSTOD

MURDY

MWp

MWR

MXF

NBA

NC

NED

NEM

NHS

OCYL

QES

OFF D

OM

OPE

OP1

OR

PAR

PAT

PATXX

PDA

PGE

FATLSAFE ENABLED

FORMAT ERROR

16 BITS/WORD FORMAT(MEANS THE SAME AS FMT22)
FORMAT 22 SECTORS

PERFURM OPERATION

GO REVERSE

HEADER COMPARE ERROR

HEADER COMPARE INHIBIT

HEADER CRC ERROR

INVALID ARDRESS ERROR

INTERUPT ENABLF

ILLEGAL FUNCTION

ILLEGAL REGISTER

INVERTED PARITY CHECK BITS

INPUT READY

INVALID COMMAND

INDEX ERROR

LOSS OF BIT CHECK

LAST BLOCK TRANSFERRED

LAST SECTOR |

LAST SECTOR AND TRACK

LNSS OF SYSTEM CLOCK

LAST SECTOR TRANSFERRED

MAINTENANCE CLOCK

MASSBUS CONTROL BUS PARITY ERROR

MATINT DRIVE FAULT

MASSBUS DATA BUS PARITY ERROR

MULTIPLE HEAD SELECT

MAINTENANCE INDEX

MAINT ON CYL

MOVING HEAD

MEDIUM ON LINE

MAINT SECTOR PULSE

MAINTENANCE SECTOR COMPARE

MAINTENANCE SECTOR CLK

MOTOR SEQUNCE ERROR

MAINT SEEK ERR

MAINT SEARCH TIME OUT DISABLE

MAINT UNIT READY

MAINT WRITE PROTECT

MAINTENANCE WRITE

MISSED TRANSFER

NOT BLOCK ADDRESSED

NOT CONNECTED

NONEXTSTENT MEMORY

NON EXISTENT MEMORY

N HEAD SELECTION

OFF CYLINDER

OFFSET INFORMATION

OFFSET DIRECTION

OFFSET MODE

OPERATOR PLUG ERROR

OPERATION INCOMPLETE

OUTPUT READY

PARITY ERROR

PARITY TEST

PATTERN

PACK DATA AREA

PROGRAM ERROR Misc— 54



PGM

PHA

P1P

PLFS

PLU

PS

PSEL

PSU

PXXXXX

R&G

RAW

RDY

REQA

REQRB

REXC

RMR

SA

SBD

SC

SCG

SK1

SN

SXXX

TA

TAG

TAP

TDF

TEST

TRE

TUF

U

UNS

UPE

UWR

VUF

vy

WAQ

wC

WCE
WCEH]1

WCELOD

WCF

Weu

WD

WLE

WRL

WRU

WSU

DT

PROGRAMMABLE

PACK_HEADER. ARF3 .

POSITIONING IN PROGRESS

PACK LONDKING FOR SYINC

PLO UNSAFFR

PROM STRORE

PORT SELECT

PACK SPEED UNSAFE

ECC POSITION REGISTER BITS

RUN AND GO

READ AND WRITE

READY

REQUEST ON PORTA

REQUEST ON PORTB

RECIEVED EXCEPTION

REGISTER MODIFICATION REFUSED

SECTOR ADDRESS

SYNC BYTE DETECTED

SPECIAL CONDITION

SIGN CHANGE

SEFEK INCOMPLETE

SERIAL NUMBER

SERIAL NUMBER

TRACK ADDRESS

CONTROL SELECT TAG

TAPE DRIVE

TRANSITIONS DETECTOR FAILURE

COMMAND SEQUENCFR IS BRANCHING

TRANSFER ERROR

TRANSITIONS UNSAFE

UNIT SELECT

UNSAFE

UNIBRUS PARITY ERROR

ANY UNSAFE EXCEPT READ/WRITE

VELOCITY UNSAFE

VALID VOLUME

WRITE AND OFFSET

WORD COUNT

WRITE CHECK ERROR

WRITE CHECK ERROR=0ODD WORD

WRITE CHECK ERROREVEN WORD

WRITE CLOCK FAIL

WRITE CURRENT UNSAFE

WRITE DATA

WRITE LOCK ERROR

WRITE LOCK

WRIRE READY UNSAFE

WRITE SELECT UNSAFE

ZERD DETECT

MISC—§B



)

Uiy TMO2 REGISTER BIT FORMAT

MBUS ! H L 1 ! ! ! ! ! ! } ! ! ! ! ) ! ! ! !
ADER INAME ) § { ! ! ! ! ! { 4 ! ! i l { ! ! ! ! INJTE
'-u-.-----.---.------—---n--------------n

--.-..o-------.q-.-

10 ! : 12 ' 122 123 124 125 126 t27 128 129 130 LR D 132 133 134 135 ! H

MPUS! 1 : v oC1S! F14l 2131 C120 Citl C1al ca9r ZeB) CATL Ciel caAnl Cv4l Cc@A3l 221 Call (28l ,
.-"------.-.---------.---.-..-.--.--.----------.-.-..--.---.n------’------.---

-n-.-----"..-.--..--------.-—--.fi----------.-.-....

| ! ! H ! ! ! ! ! i ! H ! ! ! | H l i ! !
'—“..------.--.--..-.----.---------..-..-----------.-.-.-----.--.-..---------

--.-------.------.--u--...----'.--.---.--..--.-----.

A9 1CONTROL 1 i ! ! ! ! tovas | ! ! : : IFS iF4 LF3 1F2 ¥l {FA/GO! ‘2w

@y |STATUS ! VATA JERR IPIP tMNL PWRL O GROT NG 1DPR- LPRY 153C IPES ISDWN LIDBH {TTM {poT !8LA ! IR

22 |FRROK ! 1rAR/ LUMS 1OPT IDTE INFF 1CS/ JFCEF !NSG PEF/ {ING/ IDPAR IFMT ICPAK !PMp IILR IILF ! IR
{ ! H ! 1ITTM ! ! JLRC LVPE ! ! ! ! ! ! ! !

! Icre |

A3 IVMAINTENANCE | 1upFR LMCET LMDF6 IMNFS [MDF4 [ MDF3 {MDF?2 IMDFL JMDF@ | SWC IMC IMOP3 140P2 IMOP1 1MOP@ MM ! {R/w

24 JATTENTIOYM ! INC INT INC INC INC INT INg 1 JATAT !ATAG 1ATAS JATA4 [ATA3 IATA2 JATAY JATAV | IR/W
'-m-----’-I.--...--.---.-....----..-.---..-----------.-------...-.--..------.------

---------.-----------.--.---.-I..------------.

A5 JFRAME ZOUNT ! 1FS15 1FA14 IF213 LFC12 !FC11 IFCIQ® LFCE9 JFCI28 IFCPT IFCA6 |FCAS FCA4 IFCH3 IFCH2 IFCAL \Fcee | JR/W
.-:n-------------.I-.---.-.-.----.-..‘--.--.--.-.-.-----.-I.--Q.-....---.--—--.-.----

.---------.---------.0------.----..’--...----

@6 IDRIVF TYPF ! (NSA ITAP IMOH 17 CH IDRQ ISPR INC !Ceassm=ces=ses=eDRIVE TYPE PQedR-esceccmescscsenansaseenncns|f
..m.-n---.-------.---.-'-----.--'----..--.------O-p.-..I-.OO.---.-.--.---.---.-.-

-------n..-------.--------.-----------.------.--

@Y {CHMECK JHARMCTFER e tNZ INT INC INC I{NC tNe 1CRCP ICRCT JCRCH CRCS ICRC4 ICRC3 ICRC2 iCPC1 JCRCA® INRZ {R
-.--.-..----.-----....---.----l----.-...------..-.--.-.n'--------I--.-.-----I--

..-..-'-------.--------.Q----.-----------.----..---

@7 LCHECK CHARRZTEF INEC INT INT INC !'NC I{nNC INC I1DT4 PINTT INT6 (DTS IDTI IDPT9 IDT! IpT8 iDT2 | PE IR

11 I TAPF CONTROL] 1ACCEL 'F2S ITCW LERD |NC IDEN |DEN IDEN JFMT IFMT IFMT IFMT [EV 1882 !s8S81 (sS8@ ) IR/W
! ! ! ! ! : IDTE | 12 i1 1o ISELY ISEL2 ISELY ISEL® IPAR | ! ! ! !

Q.----.....--.-.--.--.---.-.-..-...--.--..-.-----.----...--.-
---..-.--.'---.-.-.--.-

1@ JSERIAL NUHRER TSH1S ISV¥14 JSN13 1SN12 !1SN11 ISN1@® I1SNG9 |SNB8 1SNAT 1SN@6 ISNBS5 !SN#4 18N©3 1SN@2 15Nl jSNaa | iR
---‘----.--.-.--.---.----.-.---..--.----.-.------.-------.-.---GI-----..--.----‘

.--..-‘---.-.-Q---_.---.--’.----.-.--.---.---..-q

---.-------.-------.--..-------.--.-.--
-..---

#HARDVWIRERP SET

M/JIL-' é



MAGTAP REGISTER BITS TN PLAIN ENGLISH

....‘-......--.-—..--.-—.----.---.t-'.-...--.-..------'-..-QOQQI---.-.--..-----..---'-'.'
-.--l.-.-flw-Q-.---------..-.---.-----

rRIGTIN

55

s§8

S5

/85

S

NAME RIT¢#

PR R ET LR K K X 2 2 A

7CH 12

ACCL 15

ATA 19

ATAOwT

BOY At

COR/CRC 18

CPAR a3

CR(Aw?

esS/ITM 12

DENJe2 PR=if

NDPAR "s

NPR 28

DRO 11

DR 7

DTR=T

NTAPeRrA APwTR

DTE 1?2

DVA 11

EAQDTE 12

EOT i1e

ERR 14

EVPAR a3

FCAP=1S

FCE 79

FCS 13

FMT 74

FMT SFL7A=3]

FX Ael

j4s]:) a3

ILF ]

ILR 21

INC/VPE 26

MC s

MDFAwR 2Twi§

MM no

MOH 13

4oL 12
MOPQe3 P1=34

NC

NEF 11

NSA 15

NSG »8

OPI 13

PEF/LRC A7

PES a5

PIP 113

RMR 2]

8NWN na

81.A e

SNAAw1S

SPR 12

850e2 PPR=P?

S8C 26

SWC vh

DESCRIPTION

-.-----.--.---.-.-----..-.----------..-.-.-'....-..--.--.--..--...'--‘---
fl---.-.'-.-...----.-..'.-...--.

7 CHMANNEL UNIT wMEGATFD ON QCH DRIVF UR POWER LOSS

ACCELERATIONSET WHEN TRANSPORT NAT AZTIVELY READING OR WRITING

ATTFNTION ACTIVEmATIN L INTERFACF SIGNAL ASSFRTED

ATTFNTION SUMMARY PSEUDD PEGISTER(Y RIT PER TMP2) BITS

BEGINNING OF TAPE

CONRECTARLE DATA ERROR(PEYOR CRQC RFAD DOUFS NOT MATCH COMPUTED CRIC(NRZI)

CONTROL BUS PARTITYeICORRFCT PARITY DETECTER

CRCC BITS FNR LAST TRANSFFR [N NRZ1 40DE

CNRAECSTARLE SKEW(PE) OR TLLFGRL TAPE “ARK(NRZI)

SPECTIFIFS TAPE CHARACTER DENSITY

DATA BUS PARITY ERROR

NRIVE PRESENT«HARDWIRED SET

NRIVE REQUEST REQUIREDNEGATED TO INDICATE SINGLE PORT UNIT

HRIVF READY=TMO2 AND SELECTFD TRANSPORT READY FOR COMMAND

NFAD TRACKS=TRACK MAY HAVE DROPPED ONE OR MORE RITS DURING THF TRANSKFFR

NRIVE TYPF A11sTU16 ¥12=2TU4S

NRIVE TIMING ERRORCLASS B

HRIVE AVAILARLE HARDWIRED 8FT

TNARLF ARORT ON DATA TRANSFER OPERATIONSeENABLES ABORT ON ERROR REG RITS15,7,6,5
EMD OF TAPE

COMPOSITE ERROReANY BIT IN ERROR REG 1S5 SET

EVEMN PARITY ~FVEN PARITY READ/WRITTEN DURING NRZI OPERATION=IGNORED IN PE MYODE
FRAME COUNT RFGISTER RITS=COUNTS TAPF EVENTS .

FRAYE COUNT ERROR«CLASS A

TRAME CODINT STATUS=SET AT END OF WRITFR I0 FRAME COUNT RFGeRESET ON FC REG OVERFLOw

FORYAT=DATA TRANSFER WITH INCORRECT FORMAT CODE DETECTED

FARMAT SELECT CODFeesSFE BRELOW

FIUNCTION CODE RITS

INENTIFICATINN BURST(PE) DETECTED=ASSERTED TILL NEXT TAPE MOTTION COMMAND

ILLEGAL FUNCTIONCLASS B

ILLEGAL REGISTER«CLASS A

TNCOQREZTABLE DATA FRROR OR VERTTZAL PARITY ERROReVPE QN NR7) READ OR

NEAD TRACK ERRORS AN) /NR SKEW OVFRFLOW ON PE READ

ARAINTENANCE CI1OCK

WAINTFENANCE DATA FIELDeBUFFERS NATA ON wRAP OPFRRATION=LRC AT END OF NRZI TRAN
SFERS

MATNTENANCE MODE

NEGATED TO INDICATE NON =MOVING HEAD UNIT
4NV ON LINF=TAPE LOADED AND ONeLINE

MAIMT OPERATION CODFE

NOT CONNFECTED®UNUSED

MONEXECUTARLE FUNCTION=ZLASS R

NOT SFCTOR ADDRESSED»ALWAYS ASSERTED

YONSTANDARD GAP TAPE CHAR DRTECTFD DURING FIRST HALF OF EOP

NPERATION INCOMPLETF«CLASS B

PF FORMAT FRROR OR NRZ1 CHECK CHAR ERROK

PHASE ENCONFD STATHUSNDRIVE ZONFTGHRED FOR PE NPERATION

POSTTIONING IN PROGRLSS~=ASSERTED BY TMA2 DN SPACE OR DRIVFE ON REWIND

RFCISTER MODPTFICATION REFUSFD=RFG WRITE ATTFMPTED DURING TAPE OPERATION

SETTLE DOWNweTAPE MOTTON T8 STOPPING

SILAVFE ATTENTION=SFL SLAVE HAS COMF ON LINE

SFRIAL NUMBFR OF TRAMSPCRTeRZD REPPRESENTATION(4 RITS PER PTGIT)

31,AVF PRESENT

SLAVE SELECT BITS*SPECIFIES UNIT ¢ OF TRANSPQRT T0O RE USED

31.AVE STAUS CHANGE

SFLFCTED SLAVE CLOCK=WRT C1L,NOCK STANAL GENFRATED KRY SEL SLAVF

fi"’/‘ S v 7



TAP 14 ASSFRTED TO INDICATE TAPE TRANSPORT

TCW 14 TAPF CONTROL WRITE=SET ON TC KEG WRITE=RESET ON MOTION COMMAND

TM w2 v TAPF MARK DETECTED

UNS 14 UNSAFE=CLASS R

AR], 11 ss ARITE LOCKeWRITE LOCK KING INSTALLED

§S3SELECTED TRAMSPOKRT

SmANY TRPANSPORT

4sTMB32 LOGIC

FORMAT SFLECT CONFS

SYSTEM CODE DESC

popi1a nAAR CARF hyvp

pnppia A1 TTRk=NOT !ISFD

PDPIA eaLa ASCIT

pDpPi{A 2211 COMPATIELE

pPDP11 11490 NORMAT

PDP11 1191 CARE NUYPp

PhP11 1112 15 “ARVEREL

MISC — 8
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NRIVFE COMMAND FUNCTION CODES

fi.-..--..-'-.--.-.-.-.'-...-.-.-Q‘-...-'--.---.--‘.-..-....--..-.-..----------.-.
.-..-.-.-’.--....-..----..-..--.-..-.----'-------.-

COMMAND CODFR(OCTAL) FIXFD HEAD D8N MOVING HEAD DSK MAGNETIC TAPE
-.'..--------.-...---.-.-------.-‘----O'-"----.-'---.-".---‘....-.-..---.--..-..----.-.-.

--.-..--Q'..--'.--.--.--.--.-..----.--.‘-

a4 NNOP NOOP NOOP
QF...'--.-..:-------tv-----"----.---.-.--.--..n--fl.------.-----.n-.----..-----".-

--.---------..‘-----o-n.-----.-

@3 UNLOAD ) REWIND,OFFeLINE
s.--.-.-...--.--..-.o--'-..-..--Q-----..---.-..--..'..-------.-...’.-..--...n-,.--.-."

.-..Q-.-.---.---.--..--p.-..--------n-.-.---.

as SEEK
D..-..-----.------..O..--.---..------...-.--.--'-----’-.D‘---Q-.'-.-.-.--

---.-.---

a7 RECALIBRATE REWIND
wn-..---I-------..-'.-..-.--..---.---....-'--.-"---.--'pdofin-.-.---.--

---'.-.'I.’ni-

11 DHIVE CLEAR DRIVE CLEAR ' DRIVE CLEAR
q.------------.--...----.'---.------...--..-.--.--.--.---.-—-I---.---.-.Q..---.----.--.--.

.Q-..------------.----.--.---.-----------q

13 RELEASE
-----.-------q---..----.-.--------------.-.w----'----.-------n---.--.------.---.--

u.-n-cv.u-..

13 OFFSET
q-q------...--..--..--------.-------------------qp--.---------.---p.--

---.---.---

17 RETURN TO CENTERLINE _

q-.-.---...---------------------.-.-----.-u-—------I------.-Q-------.--------O----..-----’p.
---.---.-----.-U--.-.-.-.-.-----.--..---

[3 READ TN PRESET READIN PRESET READIN PRESET
q-.-.---.-..------------n----I--c-----n---,-.----.n.----u,.--.--.-..----'--

-u------------.-------.---.--.---

23 PACK ACKNOWLEDGE

'-----------..-..-'-.-.'---.---.-..--.--‘..--..----.-.--.------.--’.-.-'----.---.-”----.-.
-----'.--..-.--..--.------.....-.----.---.

as ERASE
.'----..--.-----..-..------.-----.---.--.--..--.---.-.----..-.-.----Q.-..—.'-----..-.--

-----.-.-..---..-.-.--.Q..--.-.-----.--..-.-.

27 WRITE FILE MARK
o'..---------u.--.----.---.----------------..-...--.-.--.-.----.

----------..-.--..-----

31 SFEARCH SEARCH SPACE FORWARD
.-.-.--.--’-.---..---------.----.'--.---.------.-----------...-------.-.---..—.I-Q--.

----------------.-.--.----.--.------------..--p

33 BACKSPACE
Q.-I.------------—.-.-.n....---------.-------.-----.'.-----..------...-..-p.-.-I--.--..---

------.---.---.---..-.----.--.Q.-------.-.

51 WRITE CHECK DATA WRITE CHECK DATA WRITE CHECK FORWARD
q---..--n.‘.----.--.-n-.-------.-----.-u..----'--m--.---.----...-.-.-I-.Q.'..,Q-----.--

--.-u------.-----..o.---.-----.-..---------Q.

33 WRITE CHECK HEADER/DAIA
a.-----.--.-.--.’.-----.--t.----n-‘-..----..---Q-----.-.----.‘-..q-.---.q-.--.-.---I-..---

---------------O..-.-l---.------.-.--..---

57 WRITE CHECK REVERSE
'--n--Q---..-----..------.-------------I--.--------.---------------'-.--..-.----.--

-.------..-----..-.-.-

61 WRITE DATA WRITE DATA WRITE FORWARD

.-q'--------'.-----l..-v-------'n-----------..---O..-Fp.-----..--..-.-..-.--C---..qtnth.pngunnotnfl
nnn--.---.---------'.---..--#-.--'

63 WRITE HEADER AND DATA
'-.n.--....----------.----.----.-------------..--'..--..-----O-..-.----.---.---li---.-q-

.--.-----.------.-.-n-.---.----------,-.--y-

71 READ DATA READ DATA READ FORWARD
'-.m-...--.-------..---------.-.-.-------.'--..-.D---'-------..-H------

.-------.----.-Q.-I.--.---

13 ' READ HEADER AMD DAT
'--m--.-'---.-----.------.-.-----------.-.---..---....---'----.I.--.-.-.---O.-.---..----

.I-----.-...-.--.-'---..-.-----..-----------

17 REAN REVERSE

.'-'Q-----.----..-..-..--’---..-.--..-....-..-
..--

-.-.-.....----..-..-..‘....‘..------.-------.

A SE -P



1TO GET A DZ TO INTFRUPT MAYBE???
DI 760020(CSR)/110

DI,.760032(TDR)/105 |
t~ READ THE INTERUPT VRCTOR DO WRU CYCLE
El 20005000000

JTHEN IN READ T0 GET THE VECTOR
FI 10001000000

JTHE RIGHT MOST BTITS SHOULD BE THE VECTOR

KS10 OPTIONS JUMPER AND SWITCH CONFIGURATIONS
--F--..'.Q-..-."-PQQ'.-Q-fl’-"’...’..g-”!!?qQ--'fl'Q..”-!’.--.—-".----..--

LP20=LINE FRINTER CONTROLLER
LA DL L L L XY LY T PN Par g gy Ry

M8566 CONTROL LOCATION ARCDEFQ2
JUMPER STATE FUNCTION
L N ¥ X N ] L2 X & X X J LA 4 X L LA K 2 1 ]

w1 IN(#1),0UT(%#2) ADR BIT 4

w2 In | ADR BIT §
b b Al L A 4 2 A L LA X AP LI X Y Y P Y L Y Y N T LS

W3 IN ADR BIT 6

w4 IN ADR BIT 7
w5 ouT ADR BIT 8
Q-ou.un---n-'QU-Q-OQQQDQQQQQQnQQp--gmqq

Wé ouT ADR BIT 9
w7 IN - ADR BIT 10

we ouT ADR BIT 11
el AL L Al A L A L E S 2 Y LTI YL LYY ¥ Y R ey ey

W O onuT ADR BIT 12

Wio OUT(#1).,IN(#2) VEC BIT 2
---u---...y'.9--'--.-Q-.-Q-..QQ-!'QQ..F'Q

Wit IN VEC BIT 3

w12 ouT VEC BIT 4
wi3 In VEC BIT 5
-------——uqnflqflunuqqFQ-!-OQQ-Q---Qn.P---Q

W14 IN VEC BIT 6
wis In VEC BIT ?
Wié IN VEC BIT 8
bkl A bl A AL L L L R I A P Y T L L L YT T L Iy g ey iy

Wi=9 CORRESPOND Tn BASE ADR 775400(UNIT #1) AND T775420(UNIT $2)
W10=W16 CORRESPOND TO VECTOR 750(#1) AND 7%4 (#2)

DIP SITE E6 CONTATNS PRIORITY PLUG RR4 54w08776

MB587 DATA PATHS
LA A X X L XX 3 K F X X ¥ F ¥

w1 ouT INSTALL, TO ENABLE PARJITY

W2 IN INSTALL FOR DAVFU

CABLF

C “E IS5 BCO6R,CONNECT FROM BERG CONNECTOR (J1) ON THE M@SQ7 MODULE,R18 SIDE
TU4ARDS MODULE(RED LINE AWAY FROM HANDLE),TD CENTER SLOT OF RECEPTICLE HOUSING
MOUNTED IN THE CONNECTOR TRAY(RED LINE TOWARDS THE CONNECTOR FASTENER,

VlAVEY. 4



2. The only intcrrupt function implemented for devices is

the dispatch function (i.e., interrupt vector). Unlike

the KL106-B, which dispatches to and executes the

instrucion in the DPT location specified by the vector

3ddress, the ¥S10 first references an EPT location

determined by the UBA number (EPT + 100 + CONTROLLER $).

It then uses this word as an exec-virtual address of a

table and executes the instruction at TABLE + VECTCR/4.

. The X510 implements two levels of PIA for I/0 (Unibus)

ievices, one PIA can have a higher priority than the

other. The PI level (1-7) assigned to Unibus devices

“interrupting on B8R levels 7 and 6 is set by loading a

high level PIA (bits 30-32 of UBA status register). The

Pt level (1-7) for devices interrupting on BR levels 5

and 4 is set by lOading a low l2vel PIA (bits 33-35 of

UBA status rogisteri.

Table 4- lists the hatd-wired intercrupt vectors and BR levels for

the wvarioug K$S10 1/0 (Unibus) devices in a fully configured

sysiern, Tt als»n ind.cates which PIA, high or low level, |is

asscciated with cach device,

o %
Y



2. The only intcrrupt function implemented for devices is

the dispatch function (i.e., interrupt vector). Unlike

the KL10-8, which dispatches to and executes the

instrucion in the EPT location specified by the vector

iddress, thve ¥KS10 first references an EPT location

determined by the UBA number (EPT + 100 + CONTROLLER #§).

It then uses this word as an exec-virtual address of a

table and executes the instruction at TABLE + VECTOR/4.

3. The K510 implements two levels of PIA for I/0 {(Unibus)

Tevices, one PIA can have u higher priority than the

other. The PI level (1-7) assigned to Unibus devices

interrupting on BR levels 7 and 6 is set by loading a

)hiqh level PIA (bits 30-32 »of UBA status register). The

PV leovel (1-7) for devices interrupting on B3R levels 5

and 4 is set Dy lcading a low l=2vel PIA (bits 33-35 of

UBA status rogjister).

Tab.w= 4-2 Jists the hard-wired interrupt vectors and BR levels for

the wvacious X510 1/0 (Unibus) devices in a fully configured

sysierm, Tt als»> indicates which PIA, high or low level, is

asscclated with cach device.
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