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K819 BACKPLANE

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

SLOT 1=9 WILL CONTAIN THE MEMORY MODULES,

1 9 1t 19 1 9
A ¢ u U
0 N N
B N T I
T
c 0
L
D 8
ARRAYS M
E RH11
1
F 2
sLoT
19 UNIBUS ADAPTER
18 CONSOLE
17 RESERVED
16 1/0 CONTROLLER
15 1/0 CONTROLLER
14 DPM
13 DPE
12 CRA
11 CRM
9 MEMORY CONTROLLER
8 ARRAY 64K
7 ARRAY 128K
6 ARRAY
S ARRAY
4 ARRAY
3 ARRAY
2 ARRAY
1 ARRAY 512K
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DEVICES
REQ N
GRANT N

COM/ADR CYCLE

NATA CYCLE

BAD DATA CYCLE

I/0 DATA CYCLE

MEMORY BUSY

1/0 BUSY

D@@=D17,PARL
D18+D35,PARR

D23=D1AY

COMMAND/ADR CYCLE

MEMORY D214&D22

I/0

T CLOCK
TRANSMIT CLX

KSi{@ BUS

- BUS SIGNALS

A MAXIMUN OF EIGHT
REQUEST BUS,0ONE PER DEVICE
GRANTS BUS TO THE REQUESTING DEVICE

MASTER TRANSMITS THIS SIGNAL WHEN IT SENDS THE
COMMAND ADDRESS

ADDEEIS£D
MEMORY TRANSMITS THIS SIGNAL WHEN IT HAS BEEN »BBRES
AND HAS ITS READ DATA AVAILABLE, MASTERS TRANSHIT
THIS SIGNAL WHEN THEY HAVE THEIR WRT DATA AVAILABLE -
Lol prEMORY.

GENERATED WITH DATA CYCLE IF MEMORY
DATA WAS UNCORRECTABLE, ECC DETECTED A 2 BIT ERROR

ADDRESSED 1/0 DEVICE TRANSMITS THIS SIGNAL TO CPU
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 IS 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

ne@ ASSERTED MEANS THE CYCLE 1S AN 1/0
FUNCTION

D@1 ASSERTED MEANS THE CYCLE IS A READ
FUNCTION

D@2 ASSERTED MEANS THE CYCLE IS A WRITE
FUNCTION

ASSERTED MEAN8 THE CYCLE IS A
READ=PAUSE WRITE FUNCTION (MEMORY REFERENCE ONLY)
D14«D35 MEMORY ADDRESS

Di4=17 INDICTES DEVICE # DURING I/0 CYCLE

D4 READ PI1 REQUEST LEVEL SPECIFIED BY DiSeD17

D5 READ INTERRUPT VECTOR FROM UNIT SPECIFIED BY Didei?
D6 INDICATES AN 1/0 DATOB OPERATION TO THE UNIBUS
D18eD35 DEVICE REGISTER

D18 INDICATES UNIBUS ADAPTER REFERENCE FOR I/0 CYCLE
D19&=18 AND UNIT @ INDICATES CONSOLE ADDRESS REGISTER
D2@ &=19 &=18 AND UNIT A INDICATES MEMORY 1/0 REGISTER
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R CLOCK

RECIEVE CLK USED TO LATCH BUS DATA 75 NS PULSE

INTERRUPT N ASSERTED BY AN I/0 DEVICE AND SENT TO CPU PI LOGIC,
THE 7LEVELS ARE PROGRAMABLE,

AC LOW

RESET

{, REQUESTING THE BUS
ANY DEVICE MAY REQUEST THE BRUS, THE REQUEST MUST
BE 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 CYCLE UNLESS A SECOND TRANSFER 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 5@ NS BEFORE AND {5 N 8 AFTER T CLOCK,

3, USING THE BUS
WHEN THE BUS 1S 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 FQUIVALENT TO
GIVING UP THE BUS, A REQUEST MUST BE MADE TO OBTAIN
THE RUS AGAIN,

4, MEMORY READ CYCLE
A READ CYCLE IS INITIATED BY THE BUS MASTER AFTER
BEING GRANTED THE BUS, THE FIRST CYCLE MUST BE A COMMAND
ADDRESS CYCLE, THE MEMORY WILL ASSERT BUSY IF
THE ADDRESS 1S VALID AND FREEZE THE BUS, THE MEMORY WILL
SEND THE DATA AND DATA CYCLE,
BUSY WILL BRE DROPPED BY THE MEMORY WHEN IT
IS FREE TO RECIEVE ANOTHER COMMAND/ADDRESS CYCLE,

5, WRITE CYCLE
THE WRITE CYCLE 1S INITIATED IN EXACTLY THE SAME WAY As 4
A READ CYCLE, THE MEMORY ASSERTS BUSY UNTIL IT Is FREE (5767

e sl



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,
BUSY IS HELD TRUE FOR THE COMPLETE CYCLE, UNTIL THE
MEMORY IS FREF TO RECIEVE ANOTHER 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
1 2 +,8YV

{6, 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 BE USED,

11, BUS PARITY ERROR
WHEN DETECTED BY THE CONSOLE THE CPU CLOCK
WILL STOP, THE CONSOLE WILL NOTIFY THE CONSOLE TERMINAL,
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INTERNAL REGISTER BIT FORMATS

LT LY A DS Y R R L LT )

APRID 722062
12 21 a2 23 24 (4} (1] 7 (4 29 10 11 12 13 14 15 16 17

Esccesienmantonncnicarenjnnnnniaoncclionnurianenetonsansieunnsiraccrnjeannelicuanairsacntnanachirenvetrunnctrnank
RH(E) $CuvensanMICRNCODE OPTIONSecccssconnsusararncncnovsannliaonsencsncncansnncranMICRICONE VERSION NUMBERwewowwuds

|---¢-¢---oo&-----’-pcononouooow.---i.----Q—----4-.---.:-’--Q-n.--*-..y-d-.--.Q-.o--t---.-h-----+-----+-----l

18 19 20 21 22 23 24 23 26 27 28 29 3a 33 32 33 34 35
'-----Q—.---f.---n;-.---y-----@-----“.—--o&--c.-&.--c-ﬂnnro-4-O--0+---o-i--..-0-----0-----i—----%-----f--a--.
RH(E) #€esHDWR OPTIONSvadiCwonmonnannanessreenr=PROCESSOR SERIAL NUMBERsroosennannanssnsenanseseevacnanunscesncwnnondi

l--..-0‘---o#-----"----+-.-.-¢--c--.-—-.-'-----4.----.---.~00--.-¢-.---G'---ot----..u--.-’-----0--9--‘-----'

WRAPR(CONO APR)
700200
18 19 20 21 22 23 24 25 26 27 28 29 3e 31 32 33 34 3%

.-----9-----+n-n-..-----¢..---¢-.---nq--u-+---n~+-v---¢~q-.-ﬁno-v-+-----&-----+-----0-----'-----0-6---§-~--~¢

E L4 | TIORES|EN #DIS ICLR [SET #» ! {PWRF #NXM IHERR |SERR #ITIM | JINTRG#PI4 |PI2 PI]
I.----‘----.*.--.-‘ny.--&-.-..Q.---lQ..-u.*p-...#.-.--‘.---'+..---Q-q.--.---.-0--..-4.----'-----Q—.---Q-..-.i

19 INRES 10 RESET(RESET INTERNAL DEVICES AND GENERATE UNIBUS INIT

20 N ENABLE CONDITIONS SPECIFIED BY BITS 24«31 TO CAUSE INTERUPTS

21 DISs DISABLE INTERUPTS FOR CONDITIONS SPECIFIED BY RITS 24=31{

22 CLPR CLEAR FLAGS SPECIFIED BY 24+35

23 SET SET FTLAGS SPECIFIED BY 24e33

26 PWRF POWER FAIL

27 NXM NON=EXISTENT MEMORY ERROR

28 HERR HARD MEMORY ERROR(UNCORRECTABLE)

29 8ERR SOFT MEM ERROR (CORRECTABLE)

32 1TIM INTERVAL TIMER

32 INTRQ GENERATE INTERUPT REQUEST

33e35 Pl PRIORITY INTERUPT ASSIGNMENT

RDAPR(CONI APR)

100240
-1 21 22 23 24 es 26 27 [-1] a9 10 11 12 13 14 15 16 17

.----.4.-...¢-----g----.0.--.-4----..-----#-swn-‘--n--&uno..Qq-.-n0----’Qu---.4...--*-.---.--,--*-----#D---..
LH¢(F) tConcssapacnprnonrencusNOT USFDesrencsasesnnaennd#PWRFE4NXME |HERRE|SERRESITIME|eenuncesenesNOT USEDscnwvccuds

Q.----4..-.-&-----.-----4uo--.t-o.yv'---.-*.'---Q--.--’--v-an-q.n‘-n-.-I.---u#nq---Qo:---.n--—.t.--.-0-0-‘-.

18 19 29 21 22 23 24 23 26 27 28 29 3o 31 32 33 34 35

l.----o-o---ta-?w-l-§---+--.--¢.n-o-.-qq--Q---th--.--&p.qu.g-.q--4-.n--D-.-q-+-n---¢-.-.-6-----+----o0--.--'
RH(E) #CosvannsrnnsmannaNOT USEDmwccencvuncvavenaann=>|PWRF #NXM JHERR |SERR #TDONE! LINTRQ#PIL4 IPIL2 (PIL1 @

!----~¢¢'--.0--u--a-v--w‘uu--.ﬁ.—-.-..----4---.-¢--..-'-.-n-q---.-§¢-.-.u-.--.*----.Q;--.-i-.---o-p---+--.--h

BITS 8,9,1¢,11,12=SELECTED FLAGS ENABLED

26 PWRF POWER FAIL

#27 NXM NON EXISTENT MEMORY

*28 HERR HARD MEM ERROR

29 SERR SOFT MEM ERFOR(CORRECTED DATA RETURNED ON BUS)
k14 TDONE INTERVAL TIMER DONE

32 INTROQ INTERUPT REQUEST

33e35 PIL PRIORITY INTERUPT LFVEL

SNOTES PAGE FATL OCCURS IF ERROR IS RESULT OF CPU MEMORY REQUEST
NXM ALSO SETS IN UNIBUS DEVICE IF ERROR IS RESULT OF

UNIBIS NPR REQUEST
cPut- [~



CPU BOARD DESCRIPTIONS

General = All four boards are gynchronized by the eclock signals
produced on CS8L1, Thege clocks come as T CLKS (trangmit) and R CLKS
(receive) and are very carefully deskevwed with the logic on (8L,
With the exception of DPM, the four CPU boards only use T CLKS,

CSL! R CLK

€SL1 T CLK

DPES T CLK

C8LS8 CLK ENABLE (L)
DPES CLK

CPU CYCLE

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

in sync with the DPES T CLK signals by timing all outputs of the
74537"%s at F£312 and E314 with CSL1 T CLK DPE, This board only

yses one T CLK (DPES T CLX A) but generates seven DPE5 CLK signals
inelyding DPES CLK DP RIGHT, DPES CLK DP LEFT, and DPE5S WRITE PARITY,
These latter three signals are also ynder microcode gontrol, but

{f generated, are done so0 at DPES CLK time,

Similar circuitry is found on CRA2, CRM2, and DPMA, The point
being made here is that the CPU CLKS, whenever generated, are
deskewed and true (low) in the final 75 ns of a CPU cvcle, This
is also trye for RAMFILE wpites, CACHE write, PAGE write, STACK
write regardless of the board,

cru-&



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 {2ebit

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

(Reference should be made here to the three pages CONTROL 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 CRA6 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 20 thru 11 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
CRA6 and are still (July 1977) subject to change, The parity
chacking logiec 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,

CRA1, CRA6 CRAM 80 thru CRA6 CRAM 11 i3 the J fleld, and is OR’ed

here with any DISP or SKIP outputs to generate the 12sbit CRA! ADR @9
(wi1) address, One copy leaves here to drive CRM, the second copy is
used here on CRA, The top four mixers are driven by CRA6 DISP EN 28
the lower four by CRA6 DISP EN 18, 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/SRR RET requires DISP function of 100 aei,
108 generates DISP EN 20 and DISP EN 18 (zeros to enable) and 2021
selects input #i%,

CRA6 DISP EN 20 only modifies the upper 8 bits of the address, and
i{s usually accompanied by one of the other two enable lines to
operate on the lower 4 bits, CRA6 DISP EN 40 selects onhe of

eight dispateh inputs on DPEAj these raturn to the OR gates at the
lower row on CRA{ to also modify address bits 28 thru ii,

The skip functions, most of which are also selected on DPEA, are
applied here to modify only the least gigniticant 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 {n syne with the tirst 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 instruetion,
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During the last tick of a CPU cyele, and during 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

SKIP or DISP on, We require these signals not to change during

the last two ticks 0f a microcode cycle,

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
deterred by putting them {n backpanel wiring,

SKIP/functions 1@8=17 and SPEC/functions 1@=17 are also decoded on
this print,

CRA3 = CRA3 shows the subroutine stack, This hardware is rather
complex and the reader will probably need to read this description
a ecouple of times,

To start with, we have (8L 8080 generated CRA2 STACK RESET to
initialize the pointer at power uyp, or when jissued an MR request,
Note that the coynter (s cloecked with a T CLK, as a CPU CLK does
not occur during RESET time, However, counting is only enabled
during CPU CLX time by CRA2 SYNC to the carry in pin 7, Also,
counting is only enabled during CALL or RETURN microcode steps =

we don’t wvant the stack to change otherwise, When thege conditions
are met, then neither PAGE FAIL, OR, not RETURN will cavse the stack
to increment, (RETURN ,AND, not PAGE FAIL will cause it to
decrement,) FIRST CYCLE is of course, not active; it is the last
cyecle when SYNC is active,

During the FIRST CYCLE (should be called FIRST TICK) of a CPU
eycle, CRA3 SELECT NEXT {s true, This signal coemplements bit 2
1¢ bit 2 is true complements bit 43 and 1f bit 2 and bit 4 are
poth true, complements bit 8, This signal is thus adding two to
the pointer, . ‘

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

Assuming that the current mierocode word neither calls nor returns
grom a subrou ine, nothing further happens,
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If callinga subroutine, or, if page fail is )

evoked, CRA3 SELECT NEXT is held true, addressing word N+2 of the

RAM until the end of the CPU cyele, 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/RETURN is decoded from the current microcode word, the
hardvare on CRA! dispatches on the contents of CRA3 SBR RET, CRA3}
SELECT NEXT drops at the end of 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 i{s decremented,

Note that STACK RESET and CRA/M RESET are separate signals from

CsL4, 1t is thus possible to stop the microcode, perhaps examine
another microcode word, then continue single stepping from the new
location, wnhile maintaining the stack, Loading microcode, and
examinino microcode functions should not eclear the stack, The

reset is availlable 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, SBR RET, and CRA{ ADR
lines, This selection logiec is shown on CRA4, The diagnostic
hardware here is also used by CRM, and the read function is forced
te seven by CSL4 CRAM READ during diagnosis of CRM,

CRAS = The 12 least significant backpanel BUS lines are received
here by the 8646 transceiver latches, under control of the 8480,
The console may load the CRAS DIAG ADR register, for addressing
any CRAM location, and then may load the RAM, one 12epit 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 1ines 21, 22, and 23 with the
0dqd 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,

CRAT, CRA8, CRA9 = The remaining prints merely shows the address buffers
and the 1X RAMS, There are six rows of 12 RAM dips each, therefore,

ve ganerate six coples of the address lines for each of board layout,
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 60 bitrs that wouldn’t
£{t on CRA,

CRM! = Here we have the address lines from CRAL, Address line 20

{5 also brought in, unused, for aesthetic reasons, Address lines
2105 cross the top of the board, while lineg @6=1] cross the

bottom of the board, At each row of RAM dips, the address lines are
puffered, and the buffered coples qgo to the 24 RAM dips {n that rovw,

CRM2 = The CLK circuitry here has already been descrivbed, 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) is the output that drives the resf
of the CPU, As with the 36 bits on CRA6, this register 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 pbit 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 lover right corner,
the parity circultry continuously checks for even parity, The CSL
board continyoysly monitors this signal and can, under 8280 control
{mmediately stop the clock if 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 logic in self explanatory, and is identical and works
with, that logic on CRA4,

CRM4 thru 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 2921 4ebit slices (DPE7 & 8), The board of
course also contains logic to drive these paths, as well as the IR
reqister DROM, SKIP and DISP logie, and the PI loglc,

The actual data flow s shown on the page DPE in the small handout,
The internal flow of the 2931 4ebit slice is shown on the page AMD 2921,

DPE1 and DPE2 = The 2991’s contain the major working registers, plus
ALU’s (Arithmetice=Logic Units) and control for operating on the
contents of these registers, A 3=bit source field selects two
operands; a lebit function fleld determines the function to be
performed; and a 3«bit destination £i{eld determines where the results
go, Refer to sheet AMD 2961, All these fields are provided by the
mierocode from CRM2, 1In addition, the source fields are separate for
the left and right half of the words, One of the gsource operands

may be selected as the input DBRUS,

Note that bit 2 of the destination field is
complemented, Thus the elight 2901 destination
codes are i{n a different sequence in the
actual machine,

DPEY also contains the control loglc to control the end conditionu of
the shift paths, and is under control of the three SEL bits of the
SPEC/tunction field, Refer to SPEC/FUNCTIONS sheet for a further
description of the shift paths,

Note also that the 2901°’s define a 40ebit data path, Some instructions
(e49s¢ 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 36ebit word initielly

ends in the middle of the end 4=bit slices,

DPE2 also contains the carry lookw=ahead logie, This shoyld 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 DBUS mixers, Under
control of the microcode DBUS SEL, this mixer can select any of
foyr inputs, .

DBUS SEL = @ DBUS = PC FLAGS,,VMA
"1 s DP (2981 outputs)
> 2 s RAMFPILE
! = ) = DRM (from DPM hoard)

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 logic, This circultry
examines 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 20 @1 92 03 04 0% @6 27 28 29 18 1%
Byte | e 1 1 1 8 1 @ 2 8 1 § 1 @ 8 1\
Byte 2 2 1 2 1 {1 8 @ ¢ 2 1 1 1 8 1 @
Byte 3 e @ 1 1 1 1 2 6 ¢ 1 1 ¢ 1 @ @
Byte 4 2 @ {1 0 @ o g ¢ ¢ 1 1 1 1 8 1
Byte S @ 2 0 @ o ¢ g & ¢ 1 1 1 1t 1 1

Knowing that the required byte is one of these five, the microcode
may use special hardware provided in the SCAD logic (DPM3) and DBM
logic (DPM{ & 2) to handle these bytes much more efficiently,

The parity logic, shown on both DPE3 and DPE4, generates ODD PARITY
for each half word, These sianals are used both in storing RAMFILE
parity {f loading the ramfile, and storing DP parity, if loading the
2901*s from the DBUS, This latter logie is shown on DPE4, where a
16 x 4 bit RAM {s shown, This RAM {s loaded vhenever the CRM2 DEST
field shows that we are loading the B register of the 2901, and two
pitg of microcode are also loaded into the RAM at this time if this
parity bit is valid (ie, if the B register is loaded from DBUS,
unmodified, then parity is valid), The tvo bits are one for each
half word,

1f the DBUS mixer finds that parity is valid, and if the microcode
also agrees to check parity, then bits are set in the 7413175 £lip
flops, 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 8080,)

DPES « The CLK logic has been described elsewhere, However,

there are a few unique conditions here, Firstly, the microcode
can evoke CRM2 DP HOLD RIGHT to innhibit the generation of DPES CLK
DP RIGHT to prevent clocking of the right half of the 2981 data
pathy and similar the left half, Note alsoc the generation of

DPES WRITE PARITY at the same time as a CPU CLK 1f 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
(SPEC/41 and SPEC/21 come up together via SPEC/61), Also SPEC/ASH
TEST must be on level 4 to be evoked during the correct LEFT SHIFT
‘nath,
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Loading of the VMA is under control of CRAé6 MEMORY FUNCTION, (Refer

to CRA6 MEMORY FUNCTION page in the handout,) CRM2 #i4 unconditionally
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 requires that the VMA be loaded, The main
VMA register is on DPM4, byt 12 bits of VMA are duplicated on DPES to
save backpanel pins, These 17 signals are used in addressing the
ramfile (cache),

DPES FUNC @t i{s used by the 2901’s as the least significant function
bit, Among other things, this bit changes function & (S + R} into
function 1 (8 = 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 CR42 DIVIDE, This saves 152 ns per divide step
{n the division subroutine, Similarly, during multi precision, the
microcode can cause each step to be the same function as the last, and
automatically propogate a previous carry, :

DPE6 = The RAMFILE ADDRESS logi¢ is completely contained on DPE6, The
table shows the various addressing modes available to the microcode,
The Ramfile itself i{s a 1K ram, of which the lower 128 words are a 512
word cache, and the intermediate 384K words are available as vorkspace
to the microcode,

Funetion { (AC ,FN, #) may need further explanation, BY use of the
7418181 ALU, and this function, AC’s such as AC+1, AC+2, AC=1, ACH7
may be addressed, all in the current bloeck,

All address lines are produced in a high and lowv 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 butferred by S series and that the 2 x 4 MIX at
F£432 is also 8 series for speedeup reasons,

DPEY, DPES e These prints show the ramfile {tself, The low 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 {ts own
parity bit, FEach half word has even parity,

DPE9 = The PC f£lags are uynder complete control of the microcode via
DPES SPEC/PC FLAGS and the CRM2 & field, (Note that the # tield enters
the DPE board only via selection via DBM mixer, CRM2 # nn therefore
appears on DPE as either DPMi DBM nn or DPM2 DBM nn + 18,) The table
at the uprer 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 DPE9
CRY?2 FLAG, DPE9,CRY1 PLAG, DPE9 QR FLAG (and DPE9 TRAP 1 FLAG with

OV FLAG, conditionally, using the DPE9 DP OVERFLOW and DPE9 OP
OVERFLOW generated from the DP signals, Note that the carry signals
are generated from the carry logiec on DPE2, and is only defined during
arithmetic fungqtions, Also the DPE1 DP SIGN and DPEL DP 99 are only
the result of the arithmetic function if the microcode makes them so
(eg,» it is possible to add C(A) + C(B) and put CCA) onto DP lines
instead of the sum = this might be found useful for some strange purpose
but is not the intended mode of overation),
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Note also, that when adding two 36 bit numbers in a 48ebit data path,
the correct answer cannot overflow 42 bits, Thus DPE{ DP SIGN has the
correct sian, and need only bhe compared with DPEf DP 20 to test for
overflow, Note also that CRY! is the exclusive = OR of OVERFLOW and
CARRY OUT,

DPE9 SPEC/EXP TEST i{s to he generated when the exponent is peing put

back into the data path, At this point, the fraction in the data path

is positive, (i,e,, it has vet t0 be negated if it 1g to be a negative
number), As with the carry flags above, the SCAD logic on DPM3 and

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

The problem i{s merely to test i{f the 1@ebit exponent in SCAD can now fit
into the B=hit field 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 81, and for underflowv testing, DPM3} SCAD 08,

DPE9 SPEC/ASH TEST is generated during a left arithmetic shift, This

- gupetion (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 2904 4ebit glice, These sign bits are then merely rotated during

the ASH left shift, and compared with the bits shifted out to set overflow,
Finally, the instruction must f£inish with a normal (48mbit) left shift,

DPEA = This print contains the IR, XR and AC registers, the DROM
driven from IR, and more microecode SKIP and DISP loglic,

The SKIP logic econtains SKIP functions 2027 and 40=47, Functions 20 and

40 are both zero (GND) because thege are the default cases after MASTER
RESET, Note algo, that many like functions are on the sanme level, such

that the mierocode may test them simultaneously {f required, For exasple,
SKIP/14 (081100) enables both 48 and 28, to generate SKIP/=USER and SKIP/USE
1/0, which effeetively generates SKIP/1/0 LEGAL,

The DISP logle 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 thesge dispatches are generated on these
levels on CRA{ via DISP EN 20, The remaining dispatches are in randonm
order,

The DROM (Dispateh ROM) consists of three programmable ROM’s to give

24 bits unique to each PDP=10@ {nstruction, The eightebit J field gives
256 possible entry points into the execute code, The four=bit A tield

is intended to give 16 possible ways of fetching operands before
dispatenhing to the execute code, Sinmilarly, the B field i3 intended as
giving multiple methods of storing operands generated by common code,

For example, ADD, ADDM, ADDB 9o through identical microcode to generate
the required symj the microcode then dispatches on the B field, different
for these three instructions, dispatching three different ways to

store the answer, The DROM at E11) 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, sueh as JRST, that further
decode to AC field to give unigue instructionst this is the way the
mierocode enters unique execute code for them, Similarly DPEA DROM AmJ
is set for those instructions, such as those with i{mmediate operands,
that dispaten direetly to the execute code rather than fetching operands,
Note that this bit leaves the board = it has the same function to perform
on the eight most significant bits of the AREAD dispatch on CRAl,

EDid - i



Special hardware has been added to generate DPEA JRST, @ which goes also
to CRALl and i{s used during the EA MOD dispatech, Thus the microcode
determines very early (at the same time that it detects indireect and {ndex
bits) that it has a JRST, @ {nstruction, and is able to save one microcode
step on this timeecritical i{nstruction,

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 straightforward, the signals labels are here

for clarity only) the signals do not go anywhere else, (Not even used

for reading PI status = the microcode merely remembering in a 290! registe;
what it loaded these with),

The BUS PI REQ nn signals are synchronized to the CPU CLK, AND’ed with
with the PI ACTIVE nn signals, OR’ed with the PI SOFT REQ nn signals, and,
i€ enabled by DPEBR PI ON prioritized to generate the highest priority of
these en the DPEB PI NEW nn signals, This level is 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 is the hardware required to put the current PI level on the
backpanel buys during the I/0 WRU (Whoware=yoy) cycle, Note how the odde
parity of these three hits is placed on the fourth bus line to maintain
even bus 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 REQ is shown enabling the 7418156 decoder, This
has an openw=collector output to drive these bus lines, These lines are
also pulled yp here, with {K to +5V,
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DPM BOARD

The DPM bhoard contains all the data path and logic necessary to make
memory requests (via the backpanel bus), which {ncludes the VMA
reqister, hardware PAGE TABLE and CACHE DIRECTORY as well as all buys
interface, mixer and timing logic, The 18sbit SCAD (Stepe=Counter
ADder) logic, used for shift, normalize, and exponent arithmetics
tor byte pointer updating and for storing 7epit bytes, The APR
register is also on DPM,

DPMi and DPM2 = These two bits contain the Seway 36ebit wide DBM mixer,
This mixer is under almost complete control of a three bit

microcode field (CRM2 DBM SEL nn), the DBM selection shown 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£4{eld, This will disable the DPMi SEL 2 bit
to geven of the 36 mixers, selecting the required byte on those mixers,
thys depositing a sevensbit byte from the SCAD logic into the data path
vord,

DPM3 = Here is the 10ebit SCAD logie, Reter to DPM SCAD in the
handout, The fynctions available to the mierocode are shown in a
table, plus the selections avajilable to both inputs of the adder,

Exponent arithmetic s always done assuming pogitive tloating point nuabers
» but to save a microcode step, the hardware complements the exponent

field on input from a negative number, The exponent i{s input in the

excess 200(R) mode, hovever, and the microcode must keep track of this,

The microcode may select one of the five Tebit byte fields in standard
ASCII representation, (And put this byte back on any onhe of the five
standard positions = see DPM{i description above),

For shift instructions, the shift inputs (bits 18, 28#35 of the PpPe1d
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 i{mmedilately obvious,
Selecting BYTE | gives the position field, plus bit 6 of the DP on
input A of the adder) selecting SIZE gives the size fileld plus a zero
on {nput B, Selecting tunetions POSeSIZE (A«=B) thus subtracts the

" size from the first six bits of byte i, which is the position field,
and the microcode can then put this result back into the pointer via
BYTE |1 selection on DBM,

I# 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,

PFinally, a tensbit number may be generated entirely by the microecode,
Also note that the entire SCAD logic is under control of the microcode
% field, and cannot be used whenever the # field is being used for

other purposes, The tinal register (FE and SC on DPM4) are controlled,
however, by unigue microcode bits,
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DPM4 = The VMA pegister is contained on DPM4, as well as the SC and FE
registers, The VMA is enabled only during MEM funetions, and during
the SWEEP function, Refer to CRA6 MEMORY FUNCTION in the handout,

To start a memory reference, the VMA muyust 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, suych 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 thus, must be initiated
at VMA EN time, in this case via DP functions,

The DPM4 VMA AC REF logic is also shown here,

DPMS e In contrast, those flags assoclated with the type of reference,
rather than the address, are to be found on DPMB3, and are prefixed
DPMS MEM, Examples are DPMS MEM READ and DPM5 MEM WRITE, Thesge are
loaded via CRAS MEMORY FUNCTION, and may or may not be accompanied by
1oading of the VMA,

A memory cycle (whether MOS RAM, or 1/0 cvcle) is initiated when the
mierocode generates CRAS MEMORY FUNCTION, The function is either
unconditional (#16), or dependent upon DPEA DROM COND FUNC (#17), _

In either case, DPMS MEM EN {s generated, to enable loading the MEM ¢lags,
However, the ¢vele is only started (DPMS START CYCLE) if DPMS READ EN

or DPM5 WRITE EN {3 generated, and the cycle in progress i{s not a READe
PAUSE=WRITE cvycle (DPM5 RPW CYCLE), Thus CRA6 MEMORY FUNCTION, without
$@3 (READ) or #0535 (WRITE) will merely act as an MB WAIT, but will also
clear the MEM FLAGS, (The praferred MB WAIT is via DPMA SPEC/MEM WAIT,
which leaves the MEM flags unchanged,)

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

the tinal tick ot a CPU CYCLE, Start Cycle is used to generate DPMS

BUS REQUEST, unless we are initiating a write cvcle in 85 (Single Step)
mode (which brinas up DPMS DLYD WRITE REQ) oOr else we have DPM5 STOP MAIN
MEMORY and are not loading VMA, We don’t wish to make the request {f 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
CPU CLK on a subsegquent MEM WAIT cycle, DPMS PAGE FAIL DELAY may also
occur at this time, The DELAY enables are turned of¢ as soon as the
hardvare recognizes that the delay is no longer required,

DPMS WRITE EN is inhibited during S5 MODE if READ EN is brought up too,
Thuys RPW cycles, during S8 MODE, are converted to READ cycles, RPW
cycles must always be followed by WRITE cycles) {f the RPW cycle was not
ehanged, the START CYCLE for the following WRITE cycle {s merely
{inhipited,

Also, during 88 MODE, write cycles bring up DLYD WRITE REQ, DLYD
WRITE REQ does not generate BUS REQUEST until the subsegquent MEM WAIT
cyele, Otherwise, during Single Step MOde we may generate a COM/ADR
cycle many milliseconds (or even seconds) before the data c¢cycle,

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

sent; at which time both COM/ADR cycle and DATA CYCLE are both sent,
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The f£inal si{gnal on DPMS i{s DPMS FORCE RAMFILE, This signal is
generated to convert DBUS/DPM to DBUS/RAMFILE on the data cycle
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,

puring SWEEP eycles, it i{s intended that DPE2 DP 18 pe clear, to reset the
VALID bit, During this time, all eight chips will be enabled via pin 17
so that SWEEPing may occur in 256 steps, At all other times, only one
ehip of each pair will be enabled,

When a memery cyele is initiated, and only then, both DPMC 1 MSEC and

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

fail, PRoth are inhibited by VMA PHYSICAL or MEM WRITE, stopping interrupts
from happenina during physical memory references (ingluding I1/0 refersnces),
or during writes to memory, This latter is to prevent interrupts fronm
occurring during the second half of a RPW cycle, or from wvasting time
interrupting just before storing answers avay in memory after long multie
plication or division, (The microcode still has the ability to check for
interrupts elsewhere,) Either of these two interrupts, or NXM or BAD DATA
errors, will force PF DISP {0 low, which also i{nhibits the priority

encoder via DPM6 PAGING 0K, The engoder outputs then default hign, 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 2901°'s
on DP 18=21, The microcode dispatches via DISP/DP 18w21,

DPM7 = The cache directory is a 512 x 12 bit virtual directory, When the
VMA (s loadad, VMA bits 2735 address the line number of the cache directory
the contents of which is compared with the virtual page number in VMA 18«26,
as well as VMA USER, DPM7 CACHE HIT {s only generated when all of the
tollowing are true,

{1, DPMB PAGE EN = 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 = Microcode may inhipit cache hits
during read cycles,
4, =DPM4 VMA PHYSICAL = Physical references never generate nits,
5, DPM6 PAGE CACHEABLE = Whole pages may be marked non=cacheable,
6, CSLY CACHE EN = (Via 7485835 at E924) The console may disgable
the cache,

As with the page table on DPM6, during SWEEP cycles all six 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 DPM9 = These two prints show 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 i3 selected via the mixer, the address jtself 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 bus, 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 18e27
directly enter the 93848 parity generator, rather than use the transmit
parity output of the 8646 transceivers, Similarly DPMB MIX {8 & 19 enter
the parity chip directly,

DPMC PAGE WRITE EN disables DPM9 MIX signals 19, 2@, 23, 24, During

page vrite time, vwe are not communicating with the backpanel bus, but

we still use the parity generator to generate the parity bit for the

page taple, These four data bits are not used in the page table, We
coyld also have reguired the microcode to innibit these four bits, but it
didn’t cost any hardware,

Both 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 circuitry is very similar to that on all other
boards, and has been described elsewhere,

DPMA CACHE WRITE and DPMA PAGE WRITE are both generated under hardware
control, synchronously with CPU CLKs, PAGE WRITE is generated purely via
the microcode (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 cycles that
cauysed a reference to main memory (and were not aborted), or an I1/0
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 cyeles to AC references generate DPMA RAMFILE WRITE, It is up
to the microcode, of course, to have the correct dats on the DBUS when
RAMFILE WRITE s generated,

Some of the SPEC/FUNCTIONS are also generated on DPMA, This logic is
obvious, with the exceptiocn perhaps of SPEC/MEM WAIT, This function is
required auickly, and must alone not be gated by SYNC, (it is, ot course,
SPEC/16),

Also, SPEC/SET SWEEP and SPEC/PAGE WRITE must bhe capable of being
simultaneoysly evoked, 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 08«{7 and TRANSMIT 18«35 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 initiated during Sinqgle Step Mode,
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DPNB = This print contains the APR register, except for the PI bits
contained on DPER,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 microcode by the execemode progran,

To clear or set the APR EN flags at the bottom of the print, the microecode
keeps a copy of these bits in a 29031 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 passeés 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 REQG, Reading bit 32 (via DBM or DPM2)
indicates that APR is interrupting,

DPMC = On DPMC we have the remaining buys access 1oqic, plus the 4,896 MHz
oscillator and { MSEC {nterrupt counter, The counter clears at reset
time, and, when it overflows, generates DPM{ |1 MSEC (if enabled by C8L4

1 MSEC EN), This sianal can cause a page fail on the next memory
reference, or can be checked at any time by the miecrocode,

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 i{s generated either via
SPEC/MEM CLEAR, or by the start of a new memory cvycle,
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KS{@ MICROWORD BITS SORTED BY PHYSICAL BIT

LA AT LI L DL LY LI L LY L LY P LY P LY P L Y P T Y Y Y LY P Y Y DY LY

CRA6 CRAM 02 H CRA6 J 0@ H NC

CRAS6 CRAM 01 H CRAG J @1 H NC

CRA6 CRAM 02 H CRA6 J 22 H NC

CRA6 CRAM @3 H CRAG6 J @83 H NC

CRAS CRAM A4 H CRAS J 24 H NC

CRAS CRAM @5 H CRA6 J @5 H NC

CRA6 CRAM 06 H CRAB J 26 H NC

CRA6 CRAM 87 H CRAG6 J @7 H NC

CRA6 CRAM @8 H CRA6 J 08 H NC

CRA6 CRAM @9 H CRAS J A9 H NC

CRA&6 CRAM 12 H CRA6 J 18 H NC

CRA6 CRAM 1 W CRAS6 J 1t H NC

CRA6 CRAM 12 H CRAG6 TOO H A12E2
CRA6 CRAM 13 H CRAS TR21 H AL2M2
CRAS CRAM 14 H CRA6 CALL H B12F2
CRA6 CRAM {5 H CRA6 SKIP EN 42 L B12M2
CRA6 CRAM 16 H CRAS SKIP EN 20 L C12E2
CRAA CRAM 17 H CRA6 SKIP EN 10 L Ci2am2
CRAS6 CRAM 18 H CRA6 SPEC EN 40 H A12F1
CRA6 CRAM 19 H CRA6 SPEC EN 20 H AL12N1
CRAE CRAM 20 H CRA6 SPEC EN 10 H R12F%
CRA6 CRAM 21 W CRAS DISP EN 42 L B12N}{
CRA6 CRAM 22 R CRAS DISP EN 20 L c1ary
CRA6 CRAM 23 H CRAS DISP EN 10 L c12Ny
CRA6 CRAM 24A H CRA6 CRAM PARITY BIT A H A12F2
CRA6 CRAM 24R H CRAS6 CRAM PARITY BRIT B H A12J2
CRA6 CRAM 25A H CRA6 CARRY IN A H A12N2
CRA6 CRAM 25B H CRA6 CARRY IN B H A12R2
CRA6 CRAM 26A H CRA6 MEM FUNCTION A H R12F2
CRA6 CRAM 26B H CRA6 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 Ci12rF2
CRA6 CRAM 28B H CRAS DISP SEL 2B H €12J32
CRA6 CRAM 29A H CRA6 DISP SEL (A H Ci12N2
CRA6 CRAM 29B H CRA6 DISP SEL 1B H C12R2
CRAS CRAM 38A H CRA6 SPEC SEL 4A H A12K1
CRA6 CRAM 30B H CRAS SPEC SEL 4B H A12K2
CRA6 CRAM 31A H CRAS SPEC SEL 2A H A1281%
CRA6 CRAM 31B H CRA6 SPEC SEL 2B H A12s52
CRAS CRAM 32A H CRA6 SPEC SEL 1A H B12K1{
CRA6 CRAM 32B H CRA6 SPEC SEL 1B H B12K2
CRAS CRAM 33A H CRAS SKIP SEL 4A H B1251
CRA6 CRAM 33B H CRAG SKIP SEL 4B H B1282
CRA6 CRAM 347 H CRAS6 SKIP SEL 2A H c12K1
CRA6 CRAM 34B H CRA6 SKIP SEL 28 H C12K2
CRA6 CRAM 35A H CRA6 SKTP SEL 1A H c12s1
CRA6 CRAM 358 H CRA6 SKIP SEL 1B H €1252
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CRM2
CRM?

BIT
BIT
BIT
RIT
BIT
BRIT
BIT
BIT
BIT
RIT
BIT
BIT
BIT
BIT
BIT
RIT
RIT
RIT
BIT
RIT
BIT
BIT
RIT
BIT
BIT
BIT
BRIT
BIT
RIT
B8IT
RIT
BIT
RIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
RIT
BIT
RIT
BIT
BIT
BIT
RIT
BIT
BIT
RIT
RIT
BIT
RIT
RIT

36A
368
37a
378
igA
388
39
398
402
44B
41A
418
42A
428
43A
438
44h
448
45
458
46A
468
47A
47R
48H
49

5@

51

83
34
85
56
57
58
59
60
61
62
63
84
65
66
67
68
66
10
71
12
73
14
75
76
17
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CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
chM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM?2
CRM2
CRM2
CRM?2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM?2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM?2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2

P6A
268
27A
aTR
A8A
g8
29A
29B
10A
198
11A
118
12A
128
134
13B
14A
14R
15A
1SB
16A
168
17A
178

PSS E R . B _E N W R S R IR R
FIXZTIDILIIITI N TN XX N KN T

RAMFILE WRITE H

SPARE 49 H

PARITY INH LEFT H
PARYITY INH RIGHT H

DIVIDE H
MUOLTI PRECISION H
# 20 H

$ 21 H

# 22 H

4 23 H

¢ P4 H

# 0% H

FUNC 04 H
FUNC 02 H
FUNC @1 H
SOURCE L @4
SOURCE L @2
S50URCE L @i
SOURCE R @4
SOURCE R 02
SOURCE R 01
DBM SEL 4 H
DaM SEL 2 W
DM SEL § H
DBUS SEL 2 H

PAUS SEL | H

TXTXTITXIT X

DP B ADR 10 H
DP B ADR 04 H
DP B ADR 02 H
OP B ADR 01 H

-t

A11D1%
A14D2
AliMy
A11M2
B11D4
B1102
BRitMY
Bi1iM2
1101
ci1p2
c11M}
C1iM2
D11D1
D11D2
DiiMy
D11M2
E11D}
E11D2
E1iMe
E11iM2
F1iPy
F11D2
FiiMy
FiiM2
AliEY
ATINY
B11E}
B11INY
Ci1FE}
CiiNg
D11EA
DiiNg
EL{1FEL
E11N}
F1iF}
F1INt
A11H2
Al11R2
B11H2
R11R2
C11H2
C11iR2
D11H2
D11R2
E11M2
E11R2
F11H2
Fi1R2
A11J1
Allsy
B1iJY
B1181
c1141
c1184



CRNM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CrRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2

BRIT
BIT
BI1T
BIT
BIT
BIT
BIT
RIT
RIT
BIT
BIT
RIT
BIT
BIT
BIT
BIT
BIT
BIT

78
79
80
81
82
83
84
8%
86
87
88
89
90
91
92
93
94
95

TR I LI IIXTITIXTXITCTX XXX

CRM2
CRM?2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM?2
CRM2
CRM2
CRM2
CRM?2
CRM2
CRM2
CRM2
CRM2
CRM2

CLX EN LEFT H

CLK EN RIGHT H

DP A ADR 1@ H

DP A ADR 0G4 H

DP A ADR 22 H

DP A ADR 21 H

RAM ADR @4 H

RAM ADR 02 H

RAM ADR 21 H

DEST A4 H

DEST #2 H

DEST @1 H

SC EN H

FE EN H

PARITY CHECK LEFT H
PARITY CHECK RIGHT H
CRAM PARITY BIT H
MARK BIT H

1 AK el

DitgY
D1181
E11J1
E1181
F11J1
riist
AllJ

AL1S82
Bi1J2
BRi182
c11J2
c1182
D11J2
D1182
E11J2
E1182
Fl1J2
F1182



KS18 MICRO WORD BITS SORTED BY FUNCTJION

CYT I YT Y L L R Y R LR R R Y YRR LR R R 2 R R L L 0 0 2 0 L 2 LA L2 A A 2 A 2 4 2.4

CRM2 BIT 54 H CRM2 ¢ 8@ H N11EY
CRM2 BIT 55 H CRM2 & a1 H N1iNY
CRM2 BIT 56 H CRM2 % 92 H E11{E}
CRM2 BIT 57 M CRM2 # 23 H E1iN]
CRM2 BIT 58 H CRM2 & 24 H F11E1}
CRM2 RIT 59 H CRM2 % @85 H FiiN]
CRM2 BIT 36A H CRM2 # @6A H A11D1
CRM2 BIT 136B H CRM2 # 26B H A11D2
CRM2 BIT 37A H CRM2 ¢ A7A H AliMy
CRM2 BIT 37B H CRM2 % 07B H A11M2
CRM2 BIT 3BA H CRM2 &% OBA H B1101
CRM2 RIT 38B H CRM2 # O8BB H B11D2
CRM?2 BIT 239A H CRM2 ¢ Q29A H BiiMy
CRM2 BIT 239B H CRM2 # 0O9R H Bi1M2
CRM2 RIT 40A H CRM2 # 10OA H C1iDy
CR¥M2 BIT 4@B H CRM2 % 148 H €1102
CRM2 RIT 4iA H CRM2 % {1A H C1iMy
CRM2 BIT 41B H CRM2 # (1B H C11M2
CRM2 BIT 42A H CRM2 % 12A H D11D1}
CRM2 BIT 42B H CRM2 & 12R H P1in2
CRM2 BIT 43A H CRM2 % 13A H D1iM]
CRM2 BIT 43B H CRM2 # 13B H DI1M2
CRM?2 BIT 44A H CRM2 # 14A H E1104
CRM2 BIT 44R H CRM2 # 14R W E11D2
CRM2 BIT 45A H CRM2 # 15A H E11My
CRM2 BIT 48R H CRM2 # 15B H E11M2
CRM?2 BIT 46A H CRM2 # 16A H F11D1
CRM2 RIT 46B K CRM2 # 16B H F11D2
CRM2 BIT 47A H CRM2 8 17A H FiiMi
CRM2 RIT 47B H CRM2 ¢ 17B H FiimM2
CRAG6 CRAM 14 H CRA6 CALL H B12E2
CRA6 CRAM 257 H CRA6 CARRY IN A H A12N2
CRA6 CRAM 25B H CRA6 CARRY IN B H A12R2
CRM2 RAIT 78 H CRM2 CLK EN LEFT H D11J4
CRM2 BIT 79 H CRM2 CLK EN RIGHT H p11S1
CRA6 CRAM 24A H CRAS6 CRAM PARITY BIT A H A12F2
CRA6 CRAM 24B H CRAS CRAM PARITY BIT B H A12J2
CRM2 RIT 94 H CRM2 CRAM PARITY BIT H Fi1J2
CRM2 BIT 7¢ H CRM2 DBM SEL 1 H F11R2
CRM2 BIT 7¢ H CRM2 DBM SEI, 2 H F11H2
CRM2 BIT 69 H CRM2 DBM SEL 4 H E11R2
CRM2 RIT 713 H CRM2 DARUS SEL | H ' At1Sy
CRM2 BIT 72 H CRM2 DBUS SEL 2 H A11JY
CRM2 BRIT 89 H CRM2 DEST 21 H c1152
CRM2 BIT 88 H CRM2 DEST 42 H c11J2
CRM2 RIT 87 H CRM2 DEST @4 H B1182
CRA6 CRAM 23 H CRAS6 DISP EN 10 L clany
CRA6 CRAM 22 H CRA6 DISP EN 20 L C12F1
CRA6 CRAM 21 H CRA6 DISP EN 42 L B12N1}
CRA6 CRAM 29A H CRA6 DISP SEL {A H cian2
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 c12J2
CRA6 CRAM 27A H CRA6 DISP SEL 4A H Bi2N2
CRA6 CRAM 27B H. CRA6 DISP SEL 48 H B12R2

et - 14



CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRAS6
CRA6
CRAS
CRA6
CRAS
CRAG6
CRA6
CRAS
CRA6
CRAG
CRAG6
CRAS
CRM2
CRAG6
CRAG
CRM2
CRM2
CRM2
CRrRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRAS
CRAG6
CRAS
CRAS
CRA6
CRAS
CRAG
CRAS
CRA6
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRA6

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

8@
77
76
7%
74
91
62
61
60
20
a1
N2
a3
24
25
a8
27
28
29
10
11
95
26A
268
53
92
93
54
51
86
85
84
48
90

16

18
%A
iS5k
34A
34B
33A
338

64
63
68
67
66
49
20
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CRM2
CRM2
CRM2
CRM?2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRAS
CRAS
CRAG
CRAS
CRAG
CRASG
CRAS
CRAS
CRAS
CRAG6
CRAS
CRAS
CRM2
CRAS
CRAS
CRM2
CRM?2
CRM2
CRM2
CRM?2
CRM?2
CRM2
CRM2
CRM2
CRM2
CRAG
CRAS
CRAS
CRAS
CRAS
CRAS
CRAG
CRAS
CRAG
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRM2
CRAS

DIVIDE H

Dp
DP
DP
DP
bp
bp
bP
oP
FE
FU
Fu
FU

L GOyl et

MA

MEM FUNCTION A H

MEM FUNCTION B H
MULTI PRECISION H
PARITY CHECK LEFT H
PARITY CHECK RIGHT H
PARITY INH LEFT H
PARITY INH RIGHT H
RAM ADR

DWW

ADR
ADR
ADR
ADR
ADR
ADR
ADR
ADR

EN H

NC
NC
NC
20
21
22
23
24
2s
a6
a7
28
a9
ie
11
RK

21 H
22 H
@4 H

T L XT XTI LXTXX XN R

BIT

RAM ADR @
RAM ADR @

RAMFILZ

8C EN %
EN 10 UL

SK
8K
8K
SK
5K
SK
SK
SK

IP
Ip
44
1P
1P
IP
IP

IP ¢

SKIP
SOURCE
S80URCE

EN 20 L
EN 40 L

SOURCE
SOURCE
SOURCE
SPARE 49 H

SPEC EN 10 H

Cte ~27

L

; L
SOURCE L
R

R

R

o1
a2
4
18
21

04
10

H

21 H

2
4

1A
i8
2A
2B
4A

, 4B

21
22
04
21
22
24

TrITITXIXxInx

WRITE H

TLTELIXLXI X XLTL TX

C11Ey
Fi181
Fi1J1%
E1181
E11J1%
c11s1
ci11J1
B11S}
Bi1J1
D1182
B11H2
A11R2
A11H2
NC

NC

NC

NC

NC
NC -
NC

NC

NC

NC

NC
F1182
B12F2
B12J2
CiiNg
E11J2
E1182
B11E1}
R1INY
B11J2
A1182
AllJ
AliEY
p11J2
Ci2m2
C12E2
B12M2
c1281
c12s2
c12K1
€12K2
B1281
B12S2
Ci1R2
C11H2
B11R2
E11M2
D11R2
D11H2
A11NY
R12FY



CRAS CRAM 19

H CRA6 SPEC EN 20 H AL12N1
CRAS6 CRAM 1B H CRAS SPEC EN 42 H Af12F4
CRA6 CRAM 32a H CRAS SPEC SFL 1A H R12K}
CRA6 CRAM 32B H CRAS SPEC SEL iB H BizK2
CRA6 CRAM 31A H CRA6 SPEC SEL 2A H A1281
CRAS6 CRAM 31B H CRA6 SPEC SEL 2B H Ai1282
CRAS6 CRAM 38A H CRAS SPEC SEL 4A H A12K1
CRAS6 CRAM 308 H CRA6 SPEC SEL 4B H A12K2
CRA6 CRAM 12 H CRAG6 TO@ H A12E2
CRA6 CRAM 13 H CRAS TOt H A12M2
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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 B PAGE TABLE REFII
(OCCURS WHEN PAGE 18 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 MACRO IS USED THE MICROCODE WILL HAVE CRA6 MEMORY
FUNCTION AND CRM2 #16 SET WITHIN THE INSTRUCTION, THE OTHER WAY OF 8TARTe
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 U=CODE INSTRUCTION DOING
THE AREAD DISP, REFERING TO DPMS, THE RESULT OF STARTING THE CYCLE IN
EITHER FASHION IS8 THAT DPMS READ DELAY EN IS PRODUCED, THE LAST 75
NS OF THE UsINSTRUCTION THAT GENERATED OPMS MEM EN,WILL,WITH
DPM% SYNC E L,SET DPMS START CYCLE,ON THE NEXT T CLK, BECAUSE OF
DPMS START CYCLEees=e««uDPM5 READ DELAY EN, DPM6 MEM CYCLE,AND DPMS
REQUEST CPU WILL RE SET, DPMS BUS REQUEST GOES TO THE ARBITRATION LOGIC
ON THE CONSOLE ROARD(CSL2),0SL2 BUS GRANT CPU IS RETURNED FROM THE
CONSOLE BOARD, ON THE NEXT T CLK IT WILL CLEAR OUT DPMS BRUS RE=
QUEST AND GENERATE COM/ADR CYCLE (SEE DPMC), REFERING TO DPM 8 & 9
THE PROPER SELECTION OF THE 4#2 MIXFR IS MADE DEPENDING ON WHETHER
IT I8 A PHYSICAL OR PAGED REFERENCE, DPM5 RUS REQUEST WILL STILL BE
SET WHEN WE START THE COM/ADR CYCLE, ASSUMING IT I8 A VALID PAGED
REF, THE DATA SIGNALS WHICH ARE TRANSMITTED ONTO THE BUS WITH THE
COM/ADR CYCLE INCLUDE: BUS DATA #1, FROM DPMS MEM READ, SIGNIFYING
A MEMORY READ CYCLE!BUS DATA(16=26) FROM DPM6 PAGE(16%26) WITH THE
PHYSICAL PAGE NUMBER NDUT OF THE PAGE TARLE) BUS DATA(27+35) FROM
DPM4 VMA(27«38) 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/ADR42, 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 BAD 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
GENERATE DPMS MEMORY DELAY, THIS SIGNAL IS USED TO HQOLD UP THE CPU
CLOCK AND WAIT FOR MEMORY, FOR THE READ CYCLE, OPM3 READ DELAY IS
SENT TO THE CONSOLE BOARD(CSLS) TO STOP THE NEXT CPU CLOCK, THE
MEMORY COMES BACK WITH BUS DATA CYCLE, THIS WILL CAUSE DPMC MEM
STROBE TO CLEAR OUT DPMS READ DELAY EN, ONCE THIS SIGNAL IS
CLEARFD OUT IT WILL FREE«UP THE CPU CLOCK AND WE WILL LOAD AND EXe
ECUTE THE NEXT MICROCODE INSTRUCTION,

THE DATA HAS BEEN LATCHED INTO THE 8646°S (OPMBLY) FROM
THE BUS AS DPM(8&9) MB(QQe3%), THE DATA WILL GO THROUGH THE DPM
MIXER(DPM1&2) AS DPM(1&2) DBM(0Q«358), IT FLOWS INTO THE DeBUS MIXER
(DPE162) AND OUT AS DeBUS(3P#35), THE FINAL DESTINATION, 299§ REG
OR AC, 1S SELECTEN BY THE MICROCODE INSTRUCTION DOING THE"MEM READ",
THIS COMPLETES THE MEMORY FETCH, NOTEt ANYTIME WE DO FETCH FROM MEMORY
WE WRITE IT INTO THE CACHE, CACHE AND RAMFILE WRITE ARE GENERATED
ON DPMA, THE VIRTUAL PAGE ADDPRESS(VMA18~26) WILL BE WRITTEN INTO

CRU-48_



THE CACHE DIRECTORY IN THE LOCATION SPECIFIED BY THE LINE NUMBER
(VMA27#35),IT IS STROBED IN WITH DPMA CACHE WRITE(SEE DPM7), THE
DATA WE FETCHED FROM MEMORY WILL BE WRITTEN INTO THE CACHE(DPE7&8),
THE ADDRESS TO BE WRITTEN INTO COMES FROM DPE6 RAMFILE ADR(2#e29),
IT WAS PRODUCED FROM DPES VMA(26«33) WHICH IS INPUT TO THE RAMFILF
MIXER ON DPE6, WE STROBE THE DATA FETCHED INTO THE CACHE WITH DPES
RAMFILE WRITE, THE DATA ENTERS THE CACHE FROM DPE(354) D=BUS(@0=35),

o~ 49



KS10 CACHE HIT DESCRIPTION

A CACHE HIT CAN BE GENERATED ON 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 READ®™ 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

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

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 CYCLEewew=wDPM5 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 IS8 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 QOUTPUTS OF THE CACHE DIRECTORY MATCH THE VIRTUAL PAGE ADDRESS,IF THE
ENTRY IS VALID AND IF THE PARITY IS GOOD (ON THE VIRTUAL PAGE ADDRESS BITS)
DPM 7 CACHE HIT EN WILL BE TRUE,

##NOTEISINCE 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 KL1@ CACHE WHICH I8 A FOUR PART STRUCTURE,

DPM61 VMA{Be26 ADDRESS THE PAGE TABLE YIELDING OUTPUTS PAGE VALID,WRITEABI]
CACHEABLE,USER,PARITY, AND PHYSICAL PAGE ADDRESS BITS5 16«26,

DPMT7t VMA 27=3%5 ADDRESS THE CACHE DIRECTORY YIELDING OUTPUTS CACHE VALID,
USER,PARITY, AND VIRTUAL PAGE ADDRESS BITS(AS CACHE 18=26),
NAND GATE AT E513 WILL GENERATE CACHE HIT EN IF THE FOLLOWING CONDe
ITIONS ARE METiTHERE ARE NO PAGE FAILS,PAGING IS ENABLED,WE ARE DOI!
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 THE MEM CYCLE ALREADY BEGUN MUST BE ABORTED,CACHE HIT EN CLEARS THE
K§10 BUS REQUEST,CACHE HIT GENERATES DPMS 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

DPES VIA DP 26«35,THESE ADDRESS THE CACHE DIRECTORY,

THE MICROCODE IS SELECTING VMA 26«38 AS THE INPUTS TO THE RAMFILE ADDRESS

MIXER AT THIS TIME, ANTICIPATING A CACHE HIT,RAMFILE ADR A=y WILL ADDRESS

THE CACHE ON OPE7 AND DPES, YIELDING RAMFILE 2023,

DPM? CACHE HIT EN GENERATED DPMS FORCE RAMFILE WHICH FORCES THE DeBUS
c:pxz-—.rgb



SELECT SIGNALS ON DPE3 TO GATE RAMPILE @035 ,RATHER THAN MEMORY DATA
(DBM), ON TO THE DeRUS,THE DeBUS DATA (2«35 I8 INPUT TO THE 2901’8 ON
DPE{ & DPE2 AND STROBED INTO THE 29241 REGISTER OR Al SELECTED BY THE
MICROCODE INSTRUCTION DOING THE *MEM READ",

Ch- &)



"DISPATCH ROM DEFINITIONS"

.DCODE
A/ag€215>
READ=®
WRITEm]
DREAD=2
DBLAC=3]
SHIFT=4
DEHIFT=aS
FPI=6
FPa7
RDwPF=210
DFPat
10T=412

R/aCB8311>
SELFu4
DBLAC3S
DBRLB=6
Al=15
MEMEL6
BOTH=17?

$OPERAND FETCH MODE

jREAD

$WRITE

JDOUBLE READ

1DOUBLE AC

) SIMPLE SHIFT

}DOUBLE SHIFT

JFLOATING POINT IMMEDIATE
JFLOATING POINT

JREAD, THEN START PREFETCH
sDOUBLE FLOATING POINT
jCHECK FOR 10 LEGAL THEN SAME AS I

)STORE RESULTS AS
) SELF

1DOUBRLE AC
$1DOUBLE BROTH

$AC

§MEMORY

1BOTH

JBeFIELD WHEN USED IN FLOATING POINT OPERATIONS

ROUND/=<B>

MODFE /39>

FLeR/3<10311>
AC=i
MEMa2
BOTH=3

J/a<12123>

ACDISP/=2<24>
1/=¢25%>

READ/=<26>
TEST/a<27>
WRITE/=<28>
VMA/=2<295D,1
A WRITE/=2<313>

$ROUND THE RESULT

$ SEPERATE ADD/SUB & MUL/DIV ETC,
) STORE RESULTS AS

1AL

§ MEMORY

$BOTH

jDISPATCH ADDRESS (MUST BE 1480 TO 1775)
sDISPATCH ON AC FIELD

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

s IF THIS BIT IS SET,

$START A READ AT AREAD

$START A WRITE TEST AT AREAD
$START A MEMORY CYCLE ON BWRITE
sLOAD THE VMA ON AREAD

$START A WRITE ON AREAD

Cru =52



CRAS MEMORY FUNCTION

(I LTI Y TT YT Y PY Y Y Y Y Y]

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 IS TRUE ,THE CYCLE 1S 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 IS8 CONTROLLED BY THE AREAD

FUNCTION WHICH CONTROLS DROM OUTPUTS,

#
CY YT
2
|
2

A o W

X 3O

18
i1

12
13
14

15
16
17

MEMORY FUNC
LA A LA 2 0 0 2 L J ]
FORCE USER

FORCE EXEC .
FETCH

READ
WRITE=TEST
WRITE

L 2
INH CACHE .
PHYSICAL(NO PAGING)

PXCT(SEE UCODE)
PXCT(™)
PXCT(")

A READ FUNC
DP FUNC
LOAD VMA

EXTENDED ADR

UNCONDITIONAL CYCLE 1

DP FUNC
memoune
FORCE USER

FETCH

READ
WRITE=TEST
WRITE

LA 4
INH CACHE
PHYSICAL

PREVIOUS
I/0 CYCLE
WRU CYCLE

VECTOR CYCLE
I/0 BYTE CYCLE

CONDITIONAL CYCLE(DROM) me

CIM = $3

A READ FUNC

wescessvenrp

DROM READ CYCLE
DROM WRITE TEST
DROM WRITE CYCLE



"MICROCODE FIFINS == SPECT

:Tpg FOLLOAWING SPECTAI RUNCTTIOY ARE DECODFD ON DPE1, NPES, AND UP4AZ
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LEHC ! FXP TEST ! APE EN : KDALY
:ﬂ--.--.--.-.-'-.‘..Q'--—.'..‘."-..--.‘.-.-.Q.'.-ﬂ‘.--‘-ﬁ.ﬂ.---..--.---.-‘

‘R Nty ' nE OELAGS ' PXIT OFF ! PYCT vE
T ROTC !OAr MIATKS By Abs 2P

| - -
T

LAY
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iny ON SHIFT ! [ ! En 20 t eyt '
LB PATHS ! F1f2 OM DEUS 1 K1AL 0N TPES L EALR gv o fnvp {
1y (SEE NPE1) N ! F411 ax DPVA ! F113Y 0 CTRM2 !
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1t FAR Y i TR LLOAD ! XR LOAD ! ZLR | M¥SEC !
:m..-.-.’.---...-.."..O-C-.D-.-.-...--.---‘ﬂ.--.ﬂﬂﬂﬂﬂ..-l'--.--'0."..'---.-:
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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,

SPEC/u<51156>D,0
=10 $DECODE # BITS
CLRCLK={1 sCLEAR IMS NICOND FLAG

CLR I0 LATCH=12 jCLEAR IO LATCH
CLR I0 RUSY=13 CLEAR IO BUSY

LOPAGE®1 4 $WRITE PAGE TABLE

LDPXCT=16 JLOAD PXCT FLAGS

WAIT=17 JMEM WAIT

PREVS20 sFORCE PREVIOUS CONTEXT

LOADXR=21 JLOAD XR #, USES PXCT FIELD TO SELECT

$ CORRECT AC BLOCK
APR FLAGS=23 s LOAD APR FLAGS

CLRCSH=24 )CLEAR CACHE

APR EN®25 $1SET APR ENABLES

MEMCLR=27 JCLEAR PAGE FAULT CONDITION
SWEEP=34 ySET SWEEP

PXCT OFFsl$ s TURN OFF THE EFFECT OF PXCT
INHCRY18=49 §INHIBIT CARRY INTO LEFT HALF
LOADIR=4} 1LOAD THE IR

LDPIm43 sLOAD PI SYSTEM

ASHOV=m44 )TEST RESULT OF ASH

EXPTSTa4S §TEST RESULT OF FLOATING POINT
FLAGS®46 )1CHANGE PC FLAGS

LDACBLK=47 sLOAD AC BLOCK NUMBERS
LDINST=6 g LOAD INSTRUCTION

3 THE SPEC FIELD I8 REDEFINED WHEN USED FOR BYTE MODE STUFF
BYTE/=<54156>

BYTElmi

BYTE2=2

BYTE3s3

BYTE4s24

BYTES®S

$ THE SPEC FIELD IS REDEFINED WHEN USED TO CONTROL SHIFT PATHS
SHSTYLE/3<54156>

NORM=2 12 42=R1IT REGISTERS

ZEROmY $SHIFT ZERO INTO 36 BITS (ASH TOP 2921)
ONES=2 1 SHIFT IN ONES

ROT=3 JROTATE

ASHCw4 $ ASHC

LSHC =S s LSHC

DIve§ JSPECIAL DIVIDE

ROTCa? JROTATE DOURLE

Co-537



"MICROCODE FIELDS we DISPATCH"

!383!88SS8'3:38888888888283833838"'SIIICIIIOCIIIIISIQIIl

E332TETIIE ST CRIRIE IR AIZRITSACITARESTITITTIITITES )
NOTE: DISP EN 4@ & DISP EN 12 ONLY CONTROL THE LOW 4 BITS OF THE

JUMP ADDRESS, DISP EN 20 ONLY CONTROLS THE HI 7 BITS, T0 00

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

H

! {1 0| CRAL ! CRAt i DPEA l
) ! It DISP ! DISP { DISP l
! | 81! 19 ! 20 ! 40 l
§ | P I i H i
] 1'Il:l'l':l’l’l"ﬂll'll.3"8'3"3'..‘IISSGSI‘!.ISS!HI.'Sl
H t ¢ OIAG ADR 1 DIAG ADR i 2 }
] !----qq---oo--w--_--nqoounqqncvn-qv-ocqu-nonq-oqnqn-OQOQQ;
s i1 RETURN ! RETURN ! DP 18e21 !
' levnaesesnensrconnerrnannnonrenenoasrrsesvacnnnsncenoven]
! i 21 MULTIPLY l J ! J !
' i"DQO'.QO..QQ‘QQQ-Q9!9.!ﬂ.ﬂ!Dﬂ'qnsﬂﬂnocpuq-q.-..q---qgol
) 1 3! PAGE FAIL ! A=READ ! A=READ 1
] |evecnnsesescannacrasrraracancrrnansrsnasennsaansenasenns |
’ 1 4| NICOND ! NOT USABLE H NORM !
, 1.....-QQ---.--...QQ’.-..Q.-ﬂﬂQ.RQ.-QHQQ,-Q'QOQQQ.'-.Qﬂ‘!
] {151 RYTE ! NOT USABLE ! DP 32-38 !
] {*sspnccanennesnqunrrsevresnaennarouvencscsanarsnssnsanres]
' 161 EA MODE ! NOT USABLE | DROM A !
] IRTITIITEITIT T L LY T LTI PET YT Y TT YT TETY PY T T Py PP |
! 1 7! SCAD ! NOT USABLE H DROM B !
)

)

H

’

DISP/2<57162>D,70
CONSOLE=Q9 JCONSOLE DISPATCH
DROM=12 }DROM
AREAD®{) $A=READ
DP LEFT=3 JDP 18e21
NORM=34 s NORMALIZE
DPa3s JDP 32w38
ADISP=36 $DROM A FIELD
BDISP®37 JDROM B FIELD
RETURN=41 §RETURN
MUL=362 §MULTIPLY
PAGE FAILE6) JPAGE FATIL |
NICONDS64 $NEXT INSTRUCTION DISPATCH
BYTE=6S JBYTE SIZE AND POSITION
EAMODE®66 JEFFECTIVE ADDRESS MODE
SCADA=67 $Ji2 IF SCAD BIT 2 = 1

o -S54



"MICROCODE FIELDS we SKIP™

Iszazz3TsIc33 2SN R NI IRIRSEEENSEENESSNAEIREESXTD ]

)
’ ! 8! CRA2 ! DPEA ! DPEA l
) | K | SKIP ! SKIP ! SKIP l
' 1 1! 19 { 20 ! 40 {
’ !} P ! { !
] !88'ﬂl.ﬂl'.I"l'883IIIlllﬂ'..""...l."'.l"IBS:===BSSH!
’ 1 9} ? ! 2 | 2 {
1 |rennensesunnsevarsensncnrnsgeensneesneoanageavsvsannen |
) {11 <SPARE> ! CRY 02 ! CARRY OUT !
] |onensmennecnasnusrrrRrorgUnaseRRsaresPRIcssRuesssnenene |
’ 1 2} AD=@ ! ADL SIGN ! ADL=mQ {
, ;pqq-'--,..q-q--.-.-.q.---..-quﬂpl'.-.vq---.Q..Q-.q-uqul
' I 31! SC SIGN { ADR SIGN ! ADR=@ H
] |weeesnrerprenencnasnresenncarnsansesTnesnsRessresnsawne |
) 1 4} EXECUTE ! USER 10T { »[JSER !
? ]---qv--qvonqqn---qnqnqq--n--qnqnnqq-~10n-.aq-nqqoonu-o-l
5 ! 51 =BUS 10 8uUsSYy | JFCL SKIP | FPD FLAG l
] ln----anmnap----mnw-n-uaoqoqnqwmq-npn..noqvq-qvannon'.-!
! 1 6} «CONTINUE ! CRY 21 ! AC % 18 ZERD !
H :Q.QQQQQQQQQ!-Q-Q.-.Q-QIQQ!QQQQQQQ'Q!Q‘Q-".Q"'QQQ.'.'.!
! 1 74 =i MSEC ! TXXX ! INTERRUPT REQ |
] !38"=3383883383838==",383883838338833833828,8‘=====SBSl
SKIP/3€63168>D,70

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

LLE=®12 $AD LEFT ,LE, @

CRYO=31 pAD CRY =2

ADLEQ#=32 1ADDER LEFT = 2

ADREQO=3) JADDER RIGHT = 0

KERNEL=34 ?+NOT, USER

FPDm15 sFIRST PART DONE

ACO=36 t1AC NUMBER IS ZERO

INT=Y? ) INTERRUPT REQUEST

LE=47?2 $ (AD SIGN)|(AD,EQ,D)

CRY2=S1 $AD CRY @2

DPA=s52 jAD SIGN

DP18x83 $1AD BIT (8

IOT=%4 sUSER IOT

JFCLmSS 1JFCL

CRY1=56 sAD CRY 1 .

TXXX=S7 $ TEST INSTRUCTION SHOULD SKIp

ADEQA%62 tAD,EQ,Q

8C=263 P8C SIGN BIT

EXECUTEs64 sCONSOLE EXECUTE MODE

=10 BUSYasS §NOT, 1/0 BRUSY

«CONTINUES66 sCONTINUE

CPH-5T



SUMMARY POWER UP MICROCODE SEQUENCE
B L L L T P TP PP Y P PR YT YL Y LI L L DL L YL LI P T L
INITIAL CONDITIONS)
{,! MSEC CLOCK IS OFF

T T T T Y LR - - 2 2 L Lt 2 2 L X 2 2 L J

START MICROCODE AT ZERO(SMm8M3)

LI TR T IR R EEE L L L LT 2 L1 1.2 L

!

LRI L L R L X L L L L L b A Ll L LA k)
PUT #/377777 IN MASK REG,SHIFT IT
LEPT ONCE,’OR’ A %/1 INTO BIT 35 TO
YIELD 1°5 IN 36 BITS, @ IN =2,%1,36,37
PYYTYS XY IR TSP AR LY L L L LY L

!

NP RPN YIRCENO D NN PPORDNPETRPIRBRN T
SHIFT THE 36 BITS OF ONES RIGHT
ONCE TO YIELD THE MAG REG(ZERO

IN BRIT 3,1°S IN THE FOLLOWING 35,
GOSN ETUENNINOE ORI ENGIATERSNRRRD

H

T YIS IR S A R R L R L0 R 02 B A4 2 J
LOAD THE XWD1 REG WITH A ONE IN
BOTH RALVES VIA #/1

PORCTOTNREANTPOERPNANRNNCUTNERRROON

!

CYITY LY DL L L L L L Ll AL LD L Al AL
TAKE THE RIGHT HALF OF XwDi(w1)
AND PUT IT INTO THE ONE REG

GNP PR PR RO RONPR I PORNRRNBTRRR®
!

QP ORAVORNTPTITNORARN NGO NPRGRINRNS
DO A CALL WHICH LOAD S THE TOP OF
THE STACK,WE WILL NEVER RETURN TO
LOCATION ZERO OF THE STACK AGAIN,

T XYY YT YL R L L XL LA LAl

!

I YT LY L L DA LA Al Ll Lo b LAl
PUT THE #/37608@(ADR OF THE HALT
STATUS BLOCK)IN THE AR,THEN PUT
THIS INTO THE MICROCODE ADDRESS
SPACE SPECIFTIED BY #,
ﬂ.--Q..Q..‘O"-.-.....Q....Q..Q‘

!

LI IY I LY L LY L L L LR L L LA L L
LOAD THE UBR WITH ZERO AND LOAD THE
VMA WITH ZERO CLEARING THE MEM
CONTROL LOGIC

.Q..Q‘.'Q...Q.Q.....Qﬂﬂ.'.ﬂ...—ﬂ'..

-c.-Q--qanonooqqninnoq..-q-qcpvqo-
CLEAR ERR AND LOAD THE PREVIOUS AND
CURRENT AC BLOCKS WITH ZERO

..,’.-.-.Q-.Q.‘OQ.....'...QQ..’.Q..

!

PPN CTRNNI RGN NN NYRERANNRQRENNNReR [
CLEAR FLAGS REG AND DISABLE ALL APR o
CONDITIONS AND ZERQ ENABLES CAU-5F >

--.-.-wn-...--non..a-nq-q.-q--q-...

AL =O



!

LA A A L LA L LA Al L2 LI L ALY Rl Y LYY

CLEAR LOCATIONS IN MICROCODE WORKSPACE

WHICH HOLD THE TIMEBASE

LA A A A d A d A A A L AL L LI Il Y Y } )

!

LA A AL AL A L LA LA LA L2 2 A4 Ll A2 2 2 1)

GO OFF TO COMPUTE THE POWERS OF TEN

STORE IN UCODE WORKSPACE

LA LA A A LA LA dl 2 A 1 X7 2 0 L2l 2l X2 XL X1 3 1]

!

LAL L2 LA A LA A L LAl ld AL AL il il Ly s 1)

ADD THE POWERS OF TENeDID THEY EQUAL

#/330656 IN THE LEFT HALF?

PO RESPTRPONOTOPOIBROINONTN P ARPTOPNRRNN

-~

B Wes B B P e B B B P> Gun B o

LA XA R 2 L A 2 4 LA LAl LA A X2 2 X 2 4/

CLEAR PI STATE AND HARDWARE

LA L AL AL AL AL Al Al L L L 4 AL A d At 2

!

Ty Y Y YL Y P Y Y L YY)

CLEAR LEFT PC=GO TO EXEC MONDE

(T2 TXY I Y R I XYY 2 2 E XY Y X )

!

NPOYOUTROOPEANNP NN IUNOINRNS

CLEAR TRAPS

I IYY TR P Y Y YT YR LYY Y )

!

YT YTV E PY PPY Y Y L Y Y ]
STORE HALT CODE AT MEM 2
AND PC AT MEM 1

LA 2 A AL LA LA AL Al LD AL a2 00 L

H

PURP NPT RCRERP RPN PO P N

DUMP 29@1 REGS TO MEM

LA XTI AT R LY LA Y L LYY ]/

LA A L X L XL LA AL L L L LD A A R4 X 14
SET HALT FLAG ON CSL AND
RETURN TO HALT

(A XL XY A XL Rl XL 2 23 L X L0 X1 23X 1 |

iNO

LAL LA AL LA LA LI Ll A A A2 Ld L2 1)

STORE HALT CODE IN MEM 2

LA A A A A A X212 2 1 A X L X2 L2 1L X 1 J

|

I LITIIEY LYY YL YYY LYY Y P Y]

DUMP 2901 REGS TO MEM

LA L LA A R X LA L XL L XL LT LRz}

|

LA A A4 L X111 Xl i X i irxd 2 1]
SET HALT FLAG ON CSL AND
RETURN TO HALT LOOP

LT Y I I Y P Y Y I L YT Y Y Y Y )

cou- S 1



FLOW}
SPeofgtasaven
SAVE ARX

T e L L E LA 2
!

!

VPN SOOI R
SAVE VMA

YT Y Y YR 2 2 0 X ) J
l

!
LYY YL LYY L 2 J
GET ADR OF HALT
STATUS BLOCK

encpsweessew

!

|recnoncnns
DUMP REGS
onescenweeww

!

l

MTTYILLL I
REWRITE AR, ARX
AND VMA

!

'

JUMP TO HLTLOOP

3 X 2 2 1L 5 X F L 2 B J

DUMP THE 2921 REGISTERS MICROFLOW

YT Y Y Y IS Y PR LY TP T YL LLLL YL L LRI L L AL LA Ll Ll Ll L bl b

INITIAL CONDITIONS?:

PRQUENYEINPIRNOEPRNDY
1,SM1 CONSOLE COMMAND IS GIVEN
2,CACHE DISABLED,1 MSEC CLK OFF

WORK[SV,ARX) ,[ARX])

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

[ARX)WORK [HSBADR)

ABORT MEM CYCLE,
CALL (DUMP]

(AR) LWORK [SV,AR]
VMAL[ARX]
[ARX) _WORK [SV,ARX]
NOT,[P1],L0AD PI
RETURN (6]

cen- g

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 OUT
ANY PAGF FAILS WHICH MAY BE OCCURRING

WE WRITE THE CONTENTS OF THE 2901 REG
INTO THE MEMORY LOCATIONS SPECIFIED
BY THE HALT STATUS BLK ADDRESS



MOVE INSTRUCTION MICROFLOW(FROM CONSOLE)

(AL L A A d Al A Ll A e d Il XXl Al Il Al EEY Yl il i i A Y iy lyY Xy )

INITIAL CONDITIONS;

1,CPU IN HALT LOOP

2,1 MSEC CLOCK OFF

3,CACHE IS OFF

4,CONTINUE SET

5 ,EXECUTE SET

6,20/DATA

7,EX 2000008000208 FROM CONSOLE

FLOW?

FROM EXECUTE SET
!

|

avTesespeases
SET UP 2931
REGISTER

LA L LA LA L2 ]
!

{

{

H

{
SReYIRsSRNN
LOAD THE VMA
START THE FETCH
LI T T Y Y YT YY)
t

{
POPORIPONENE
FINISH FETCH
YT YY XTI XY X2 L |
!

{

(AL L AL L2 LR )
DISPATCH ON
INDEXING OR @
PPsesseees

!

SYeseeenew

NOMOD

semeseenan

[AR].VMA YO READ
[AR]L[ARY4OR,#,
$/200090,H0LD LEFT

VMALIARIWITH FLAGS

MEM READ, [HR] MEM
LOAD INST

EAMODE DISP,J/EACALC

EACALCS [AR] LFA,
PXCT DATA,AREAD

!
l
!

LA L LA 4 2 L 1 1 ]

READ ARGUMENT MEM READ ¢
THEN PREFETCH [AR]LMEM THEN FETCH
apqueesesecsee INST DISP

|
{
aecreswenve
STORE DATA
NICOND DISP

sreoonEEtes

! 2y ~& /

AC_[AR]),NEXT INST

PUT FLAGS IN THE AR TO FORCE EXEC,ST
AN 10 READ CYCLE,PHYSICAL ADDRESS AN
UNCONDITIONAL CYCLE(VIA #/241200)
THEN PUT THE ADDRESS OF THE CSL REGI
SPECIFIED BY MAGIC #/200@00

(WHERE THE INSTRUCTION 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 @

AREAD DISP BASED ON DROM

1,DISP TO USQ(4B(HARDWIRED ON CRA2)
+DROM A FIELD®14)

2,LOAD VMA WITH 2@=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 REE
IN SOME RANDOM VALUE BECAUSE THE PC
AN ARBITRARY VALUE,WE ARE EXETUTING
SINGLE INSTRUCTION,

THE DROM B FIELD DIRECTS US TO STORE
THE CONTENTS OF EA(20) INTO THE AC,
DO THE NEXT INSTRUCTION DISPATCH
THERE ISN’T ONE SO WE HALT



- - g -

CONSOLE HALT
RUN IS RESET
PPSORNPRNTIND

!

!

POV RERANED
SAVE THE PC
& HALT CODE
NPeBEEOPRNRD S
!

{

i

[ AL L 2 2 4 A L2

GET HLTSB ADR

YT YT YY LY
i--.'.n.-n.
WRITE HALT
STATUS BLOCK
snesenvanew
{

l

(YT RLLX 2 L LY L0 2 1

RETURN TO HALT LOOP

TSP RNENNRCeERERRaS

Pl - ¢z

THE CONSOLE CAUSES THE HALT
(T.E, DROPS RUN)

WE PUT THE CODE WHICH CAUSED THE HA]
(IN THIS CASE 2,8AYING CONSOLE) IN
MEM LOCATION @ AND PC IN 1, ,WE THEN
PROCEED TO BAVE 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 2981 REGS IN ME

##NOTESTHE LOCATIONS IN THE UCODE
WORKSPACE ARE ADDRESSED VIA THE
# FILED WHETHER READING OR WRITING



RDIO

{,CONTINUE BSET

INSTRUCTION MICROFLOW(USER MODE)

..Q.Q.Q—.O'.-.'Q!.,.!’-O.'-'-.-Q'QFQQ-'QQQ-..---Q.Q-WQQ.Q-----.QQ...QIQQ---
INITIAL CONDITIONS:

(L XX XY TR A2 Y YT X ¥

2,EXECUTE NOT SET
3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN IS SET

S.NO TRAPS OR INTERRUPTS OCCURRING

6,AC1/20

6A,188/RDIO 0,00(1)
THIS IS THE CONTROL REG IN RH1\
7« 181/ANY PDP1@ INSTRULTION
8,PC REG CONTAINS 100

9,CACHE DISABLED, § MSEC CLK 18 OFF
1@/READING THRU UBA#}

6B,20/1776700

PV POVOOTONTOOENY

START FETCH

[ T T YT Y YT T Y TN

{
{
|
{2)]vonan]
!
H

(AL L X LA A 0 2 L2 L 22222

INSTR HAS BEEN FETCHED

NPassreRPsanpERERR

!
|
!
l

LA X L 2 2 2 2 L A 1 2 X1 X2 1 22}

INCREMENT PC

STARTIVMALIPC], JTHE VMA 18 LOADED WITH 1@0
J/XETGCO AND WE START A READ JYCLE TO
FETCH THE INSTRUCTION #/1400
FIELD DEFINES(FETCH,READ,VMA
EN,UNCONDYTIONAL CYCLE)
XCTGO? JREAD INSTRUCTION FROM B8646°%;
MEM READ, LOAD IR AND HR
[HR)LMEM, LOAD
INST,3T,J/INCPC
INCREMENT PC,LOAD VM
INCPCEVMALLPC)+1, DO EA MODE DISP

LA L L X X X 2 3 2 0 L2 X1 2 0 4 X 2 )

|

{
(I XTI LYY Y 1}
BOTH
ercscwsponsenn

{

{

{

{

l

L2 A1 d 0 A 24 X X 2L )

FETCH INDIRECT

WORD
oeyspreowRReree
!
!
!
T YT I YY)
ANY MORE EA
CALCULATION?
Seogeeepewnwen
!
H

(HR) L [HR]+XR,
LOAD VM3,
PXCT EA,
START READ,
J/FETIND

FETIND?
MEM READ,
[HR] LMEM,

- HOLD LEFT,

LOAD INST EA

VMA~(PC]'
EA MODE DISP,
J/ EACALC

EA MODE DISP,TURN
OFF PXCT,J /EACALC

IT 18 BOTH INDEXED AND INDIRECT,INDEX FIRST,
ADD THE CONTENTS OF THE XR(208) TO EA,RESULT
(29) 18 PUT INTO THE HR AND VYMA,BEGIN READ
CYCLE,(#/240112a>3TART READ,LOAD VMA AND
UNCONDITIONAL MEM CYCLE,)

RETRIEVES THE CONTENTS OF 20, PUTS IT IN THE
HR AND LOADS THE INDEX AND INDIRECT REGISTER
IT WILL BE CHECKED FOR FURTHER INDEX AND @,

DISPATCH ON INDEXING OR INDIRECTION
OF THE FETCHED DATA,THERE WAS NEITHER
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NOMOD

MTTTIYTY Y™
|
|
l
i

LA L L L LA A L A

I0 LEGAL?

PWPVONWIPPES
|YES i{NO
! l

uuo

Ll ol

!
eveppRPen
RECOMPUTE
EA
(T X Y ¥ 32 2. 2 & 3 J
!
!
*espePRew
GET EA
eYgyeewrPeN
!
l
*ooeessew
LOOK FOR
INDEXING
LY XYL Y Y L X
{
H
!
eveepasne
ADD INDEX
YALUE
eRewpeene
}
l
(T T 1YL L]
FETCH DATA
WORD
avegPpereoNw
{
!
|
l
PTORPPROORNRPe
CHECK FOR
BYTE
MODE
owaPaTeRaATe
l
{
!
sSsSSEosSsITeTe

LOAD VMA AND

PXCT DATA,

SKIP I0 LEGAL

INST DISP

CALL [IORD]
TL(HR], *29,
CLR IO BUSY,
CALL [IOEA)}

I0EA}

AREAD DISPATCH ACCORDING TO DROM(48
(HARDWIRED ON CRA2)DROM AREAD(12)a52)

WE ARE LOOKING FOR EITHER EXECUTE,USER 107
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 T0 GO TO THE EXECUTE CODE

VIA 1407 (HARDWIRED) +DROM J FIELD(682)

CHECK FOR INDIRECTION AGAIN VIA#22 AND

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

WE GET THE SAVED EA FROM THE UCODE

[AR) WORK[YSAVE)WORKSPACE,PUT IT INTO THE AR AND

J/I0EAT

IOEATI:

READ [HR],
DBUS/DP,

LOAD INSTR EA
TLLHR),#/47

[AR] (AR} +XR,
HOLD LEFT

VMAL[AR),
START READ
MEM READ,
[ARIMEM,

CLR I0 LATCH,
RETURN [1]

B DIsSP

[{BR)LVMA I0 READ

VMAL[AR] ,OR, [BR]) WITH FLAGS

CONTINUFE EA CALC,

PUT THE CONTENTS OF THE HR 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(
WHICH IS8 IN AR,PUT THE RESULT(22) INTO THE A

LOAD THE VMA(VIA AR),FETCH CONTENTS OF 20
/1776708 ,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(S527)+DROM B FIELD
(10)s537,1T I8 NOT BYTE MODE BUT WOR

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

TO FORCE EXEC,START A READ CYCLE,PHYSICAL RE

AND DO AN 10 CYCLE,

LOAD THE VMA FROM DP(#13)

cru-ef-



D0 THE
10 READ
( II T YY Y Y Y Y LY
{
l
l
ePowvnerInTEew
I0 BUSY SET?
erorvsapnene
| YES INO
!
!
!t
| I

menwge

CesYES=] NO

T0WAIT:
SC-S' 2
SKIP/=10RUSY

8C.SC=1,

SET YET? SCAD DISP,

5 o)
!
!
i
i

SKTP/=10BUSY

LA L A L A LA L 2 2 1 J

SC NEGATIVE?

AL LA & A L 2 1 2 ) J

Sm D B B P P S G Pum Pue P P Pn P G Pub Gem Bem P

IYES I[NO
| !
(3 111
!
eveesvens
10 BUSY 10W23
RESET? SC.S#/5#/100,
T rY YT Y YY) SKI1P/=«I0RUSY
{YES INO
! !
H
H 14)

l

caYESe]

RESET YET?

LA L L 2 2 X 1 2 )

NO

!
T0W3t

l

CLR I0 LATCH,
STEP SC,J/I0W41

L]
LA L A A L L1 LR 1 2}

SC NEGATIVE?

I0W41r

CLR I0 LATCH,
SKIP/=10 BUSY

G G P B Gn Be Bun Qs Pem B P P D Gun P P

meeRTRARERRRRS J/Z7I0W3t
{YES NO
| !
(1) (4)
l
neeesvennssen MEM READ,
READ WORD [BRI_MEM,
FROM MR*S B DISP
meweoenenwsers TR[AR), %1,
{ JZI0RD2

l
{

WITH THE "OR" OF THE CONTENT

OF THE AR AND BR,(1776700 AN|
FLAGS RESPECTIVELY,WE THEN START THE 10 FETCI
CYCLE TO READ THE RH1! REG(1776700) -

WE WAIT FOR UBA! TO SET 10 BUSY
THE STEP COUNTER IS LOADED VIA #20,IF 10 BUI
IS NOT SET WE SKXIP

THE STEP COUNTER WILL CONTINUE TO BE DECREME!
UNTIL EITHER 10 BUSY IS SET OR THE STEP COUN'
GOES NEGATIVE

[3]1=A HARD PAGE FAIL WILL OCCUR
SEE PAGE FAIL FLOW, 44400
THE CPU HAS TIMED OUT,

RELOAD THE SHIFT COUNTER WITH 108
AND SKIP WHEN IO RUSY IS RESET

ATTEMPT TO CLEAR THE LATCHED I0
BUSY,DECREMENT THF STEP COUNTER,TRY
TO CLEAR IT AGAIM AND CHECK IF SE’'

ONCE RESET KNOW THAT THE UNIBUS
DEVICE BEING ADDRESSED HAS RESPONDED
TO THE UBA WITH SSYNC AND THE DATA
WHICH RESET [0 RUSY,IF BUSY REMAINS ¢

AND THE SC GOES NEG PAGE FAIL ,

CAME HERE BECAUSE 10 RUSY RFESET AND THE UBA
PUT THE DATA ON THE KS1® BUS WITH 10 DATA CY(
READ THE WORD FROM THE 8646°S AND PUT IT INTY
THE BR AND CHECK FOR BYTE MODE,(OURS ISN’T)
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averTeReeneess

PUT INTO AR

!
!
|
!
!

l

(I XYL L LY L] )
STORE DATA
evTesseeonaewy
|
{
eNevenseenseSs
DONE
NICOND DISP
TXYTY Y Y Y LY YL
i
(2)

[AR).[BR]

ACLIAR]Y,
J/DONE

DONE}
VMAL[PC],

+RETURN 3

THE CONTENTS OF THE RH11 REGISTER (776720)
IS 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

Clee— Gé



PRIORITY INTERRUPT MICROFLOW

LA AL AL L AL LAl A A A L Pl Al Rl Al L il DAl Xl d iyl A dl il AR Ayl AL X L 1)

COMMENTS1

THE FOLLOWING IS THE MICROCODE FLOW FOR HANDLING INTERRUPTS,-

INTERRUPTS CAN OCCUR WHENEVER THE MACHINE IS IN A MEM CYCLE THAT IS8 !
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 KS1@ BUS,THE PAGE FAIL STARTS THE
INTERRUPT ROUTINE,

INITIAL CONDITIONSS

LA L L2 2 LA Z LA 4 A4 2
1,CPU 18 DOING A MEM CYCLE

2,THE MEM CYCLE IS NOT A WRITE CYCLE OR PHYSICAL REF(PAGING HARDWARE NOT USE!
3,CACHE AND {MSEC CLOCKX ARE OFF

FLOW?

(L 2 X X B 8 2 2 2 3 )

MEM WAIT SET

(LTI L Y LY LY 2 J

!

(LA X L L L 22X X J

INTERRUPT REQ

L 2 2 2 2 L 2 2 12 3 X J

(AL LA A A 42 4 1 2

PAGE FAIL

(L T X2 2 2 2 2 7 L J

!

!

LI A1 1 L1 K1 1 X 2 X}

SAVE AR,BRX,
YMA, ARX

(LT TR S X Y1 L2 3 1 X ]

l

!

!

!

PPSeATREPOgERN

READ PF DISP

BITS(12,4,2,1)

I XL T L T ¥ 2 ]

!

!

!

LA L X LA LA X A A A % J

DISPATCHED DUE

TO INTERRUPT

CNOWBVOPIERPON

|

|

LE L LA L 0 2 0 0. LLR

CHECK IF CLOCK

OR INTERRUPT

(A A L E L LA L A2 11}
»

H]

DPMBJMEM EN MEM EN TRUE DUE TO UCODE EXECUTION,MEM E|
GENERATES MEM WAIT,

DPMGIMEM WAIT ENABLES INTERRUPT RFQUEST TO CAUSE
A PAGE FAIL AS LONG AS VMA JUST LOADED IS NOT TRUE,!

CRA3IITHE ADDRESS OF THE MICROWORD DOING THE MEM WAIT
IS SAVED ON THE TOP OF THE STACK,

U37771PAGE FAIL BEGIN THE PAGE FAIL,SAVE SOME REGIST
WORK [SV,AR) .[AR) |

WORK [5V,BRX),.[BRX)

[BRX)VMA

WORK [8V,VMA) .[BRX]

WORK [SV,ARX) [ ARX)

PFD1 (PAGE FAIL DISP) READ THE PF DISP BITS8(10,4,2,1) FROM

DBM/PF DISP,DBUS/DBM DPM6 INTO THE 2981°S,PF DISP 1 IS TR

AD/D,DEST/PASS,3T, DPEASTHESE 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 IS8 UP(OUR CASE), IT WILL
J/PFTI GENERATE DPEA SKIP 49 L WHICH WILL TURN ON

CRAY CRAM ADR BIT 1! TO CAUSE A SKIP,
CAU—¢7

Yy ¥y 2 e
I EF w YT



(AL AL LA 2 1 LA R A 44

WERE WE FETCHING? PFT13 ' THE SAVED VMA 1S READ FROM UCODE WORKSPACE ON
veeegnwesrvocsmwen [AR)_ WORKISV, VMA) RAMFILE 0«35, THRI! DRUS MIXER AND INTO

lYES INO
{
l

<_—-———-!

G Pur G B D Gom P G Gun G P B

D

SPTENPONSBERRYROERR
HANDLE INTERUPT
(XY T YL Y 2 0L L 1)
H

H

!

{

!
SRORPPERERIEReE
READ THE
INTERRUPTING
LEVEL

(X XTI XY R Y 3 2 0 X 1 J
l
NOPRNPPRNPOSDIRAON
PUT NEW LEVEL
IN THE Pl REG,
PRANPORONSORNNN
{

!

H

LA A L1 2 L 3 2 02 & 2
SAVE PI LEVEL
LLIL L LT L2 41}
!

|

LA L X2 B 4 2 2 2 1 2.2 J
DISABLE
FURTHER
INTERRUPTS

(A XXX T L LY L3 X1 ]
l

{

LA R L2 X L 1 A2 2 2 1)
LOAD FLAGS FOR
WRU CYCLE

LA XL X X1 2 X 22 2 } J
!

}

CI XL T L L L LN

START WRU

nrver e
o iy W

PeuPBPRReRRINS

TL{AR),FETCH THE AR,TEST WHETHER WE WERE DOING A
FETCH WHEN WE PAGE FAILED BY CHECKING
VMA FETCH BIT(2),IF THE FETCH BIT WAS NOT 8ET

evecannaassnaw WE HAVE BEEN THRU INCPC$ AND LOADED THE VMA
BACKUP THE PC [(PClR(PC)=1, WITH PC +i1,WE NEED TO BACK UP

ewewesseasases HOLD LEFT THE PC,IF THE FETCH 18 SET,wE

HAVE NOT LOADED VMA WITH

PC+1 YET S50 THERE IS NO NEED
TO DECREMENT IT,WE ARFE SETTING UP FOR NEXT
INSTRUCTION EXECUTION WHEN WE RETURN FROM THE
INTERRUPT ROUTINE,

J/CLEANED #»NOTEtWE 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 PY NEW(4,2,1) THRU THE D=BUS MIXER

AD/D,DBUS/PI NEW, ON DPE4(BITS 19,28,21) TO THE 29@1°S
ON DPE2,THE NEW PI LEVEL IS

DISP/DP LEFT,3T, PUT ON DP(18=21) TO THE DISPATCH

J/P1 MIXER(DPEA),THESE AFFECT THE LOW
ORDER 4 CRAM ADR BITS ON CRA |,

[(PI)alPI] OR,#, DEPENDING ON WHAT LEVEL WE INTERUPTED

#/XXXX,HOLD LEFT ON,THIS LEVEL IS SENT TO THE PI REG,

J/PIPX X I8 THE LEVEL,THE LEVEL IS BROUGHT

TO THE 29¢1°S BY THE & VIA DP 2127,
WE THEN LOAD THE REG ON DPE9Y,
(I,E, #/40000 CORRESPONDS TO LEVEL 1,

PIPX: SAVE THE LEVEL IN BOTH HALVES OF THE BRX,

(BRX1.,0XWD[X],

J/P112

PI1dy THR #/20¢ IS 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,[PT]),LOAD PI ANY PAGE FAILS WHICH MIGHT OCCUR BY
- ABORT MEM CYCLE STOPPING ANY MEM CYCLES

[AR]LVMA I0 READ, LOADING THE AR WITH FLAGS VIA THE

WRU CYCLE/) #/241300 SETS UP FOR A WRU CYCLE TO

FIND OUT WHO IS INTERRUPTING,
(#/241308=m>FORCE EXEC,READ,PHYSICAL REF,
1/0 CYCLE,WRU CYCLE)

VMALCAR)WITH FLAGS AS SOON AS THE CPU GETS BUS GRANT ON
DPMC, THE WRU CYCLE WILL ORIVE PI XMI
ENABLE,PUTTING THE PI LEVEL OF THE INTERRUPTI

-3



!

(A L L X L LA L L L2 1)

ANY RESPONSE?

LA L L LL A L L LA L2 L)

MEM READ,
SKIP SDR,EQ,?

DEVICE ON BUS DATA iSe17(14 IS PARITY FOR THI
ON DPEB,LOAD THE VMA WITH FLAGS VIA DP,(DP WA
DESIGNATED BY #13,THE #368>L0AD VMA,EXTENDED

AND UNCONDITIONAL CYCLE) T

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 INO

! |

1 ' III YLy LY

! NONeVECTORED (AR].[BR])®2 NO BITS(18e35)SET, ASSUME THE INTERRUI
! INTERRUPT (AR) w[AR} +#, WAS FROM APR DEVICE(DPEB),TAKE THE VAl
! TYT P I T Y Y T #/40,H0LD LEFT OF THE INTERRUPT LEVEL,SHIFT LEFT ONCI
! ! [AR)Y L[AR)+[EBR) ADD #49 AND ADD THE RESULT TD THE

{ { J/P140 CONTENTS OF THE EBR TO YIELD AN ABSOU!
! ! ADDRESS OF THE INTERRUPT INSTRUITION,
{ senencansrern VMAL[AR), LOAD THE VMA AND FETCH THE INSTRUCTIO!
! LOAD VMA VMA PHYSICAL, FROM THAT ADDRESS,

{ FETCH INSTR MEM READ, [AR]MEM,

! Ponwssnnesnuy LOAD VMA,3T,FORCE EXEC

l !

! ')

!

!

fesepwsancsww THE UBA WITH THE PI LEVEL THAT WAS TRANSMITTE!
VECTORED [ARX) 2, FROM THE CP1 WILL DRIVE ITS HARDWIRED DATA LI!
INTERRUPT J/VECINT AS LONG AS THE INTERUPT REQ I8 UP,THE DATA LII

T ITY LI Y YT Y ¥
|
!
l
H

eescasnnvessnve VECINTI

WHICH CONTROLLER

INTERRUPTED??

!
|

NOSCPLABOESPEIRNTRD
SET UP VECTOR
CYCLE

LTI I LYY Y Y )
!

|

(L 2 T 2.1 L. AL A2 2}

LOAD VMA AND
START VECTOR
CYCLE

(AL L 2 4 0 L L S 2

Sm s e P P Pus S B SoB S

{AR] . [AR]) %2,
3T,SKIP DP18

[ARX).[ARX)1+[XWD1],

[ARILVMA 10 READ,

VECTOR CYCLE/1

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

IT DRIVES IS8 SLOT DEPENDENT,UBA#1319,UBA#2820
ETC,,THE CPU REALIZES AT THIS POINT THAT IT I
A VECTORED INTERRUPT AND IT MUST RETRIEVE THE
VECTOR ADDRESS FROM THE INTERRUPTING DEVICE,

LOOKING FOR THE DATA LINE WHICH IS ASSERTED B
THE UBA,TAKE THE DATA,SHIFT LEFT UNTIL THE BI
SET 18 AT DPi8,THEN 8SKIP,THE UNIT # WILL BE I
BOTH HALVES OF THE ARX,

SET UP FOR VECTOR CYCLE,LOAD THE AR
WITH FLAGS FOR CYCLE SPECIFIED BY
#/241240m>FORCE EXEC,READ CYCLE,PHYSI
REF,10 CYCLE,VECTOR CYCLE,

THE UNIT & OF THE INTERRUPTING DEVICE
FROM ARX TO BITS 14=17 IN THE AR,LOAD
THE VMA VYA DP#13 AND START THE VECTO
CYCLE TO GET THE VECTOR ADDRESS,THIS
IS AN 10 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 KS1@ BUS
AFTER THE THIRD TICK,I0 BUSY WILL NOT LOCK THE
ARBITRATOR AS MEM BUSY DOES,WHEN THE UBA RECIEVES THE
VECTOR ADR FROM THE UNIBUS WITH S88YNC IT MUST REQUEST
THE KS8i® BUS AND TRANSMIT THE ADDRESS WITH 10 DATA CY

P -E6F



meompensenapne
READ THE
VECTOR ADR

LA A A A L X AL A L1 |

e P P

l
gwquo.,pnovg
DIVIDE VECTOR
BY 4

asaampeasneene

{

(I LYY Y T Y Y L Y]
ADD POINTER &
START FETCH
LY Y LT YT Y
!

!

LA L X 2 L 4. 02 2 A 2 2 2 J

COMPLETE FETCH
LA 2 X 2 A 5 B 2 R 1 1 & 1 J
l
l
!

! (1)

l H

LI LI T LY YA L L))
TEST JSR OR
XPCHW
Svevseeccseveene
{XPCW } JSR

H

MEM READ, [AR) MEM
(BRI EBR+#,#100
(ARX).[ARX]+[BR),
VMA PHYSICAL READ
MEM READ, (BR]MEM,
3T,SKIP ADR,EQ,0

[AR]q(!AR].AND."*.SI
3/774,0/VECINT
VECIN1t LAR) L[AR)#,8

[AR].[AR)+[BR]),

LOAD VMA,FORCE EXEC,
START READ,J/PISUB

MEM READ, [AR] MEM,

LOAD VMA,3T,FORCE EXEC

[AR) (XOR,#,%#/284349
3T,8KIP ADL,EQ,P,3T,
J/PIQSR

woeonves PIJSRISTART WRITE
EXECUTE FORCE EXEC,

JSR {BR)LPC WITH FLAGS
wesween MEM WRITE,MEM,[BR)
[AR).#,#/P,HOLD RIGHT

LOAD FLAGS,J/PISET

Ben P e Gwe Poar Dun B

Gn P Bwe Gan Gt Gun Dus Hn Guw Gww Pus Bun Pun Sue G Pum BUA P o G B Gur Sm P Bam Bow B

[AR)LLARY+1, (PCIIAR],

READ THE VECTOR FROM THE 8646°S8 INTO
AR ADD 100 VIA # TO THE EBR,ADD THE
RESULT TO THE [ARX]J(UNIT # IN BOTH
HALVES) JARX mUNIT#,,10@8+ERR+UNITH,
FETCH A WORD FROM THAT PHYSICAL LOCA
INTO THE BR,THIS I8 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
BECAUSK FEWER LOCATIONS ARE REQUIRED
10 MEM THAN IF DEVICE WAS ON A PDPi1
ADD THE POINTER FETCHED PREVIOUSLY
WITH THIS RESULT,LOAD VMA AND START
FETCH OF THIS ADDRESS,VIA #2400812

FETCH INSTRUCTION INTO THE AR,
VMA NOW HAS THE EA OF THE JSR

SEE WHETHER A JSR OR XPCW INSTRUCTIO
IF NEITHER HALT WITH 1081 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 INTERRUPT
PROGRAM,MONITOR MUST REMEMBER T0
RESTORE THE OLD PC AND FLAGS,

2}
- !
TP Y YT YY) [FLG) w[FLG] JANDNOT,#,
CLEAR PI FLG,PI/1,J/PIEXIT
CYCLE
(2 XL B3 3 X 3 1 2 ]
!
LA L 2 0 L 0 2 1 3 ) ]
RELOAD PI1 PIEXIT3 ,NOT,(PI),LOAD PI,
REG J/DONE
l
{3}

cou-7p



enesessee
EXECUYTE
XPCW
snesenaew]
{
eoosesvene
STORE FLAGS
& OLD PC

P Y
! VMALCARY+4,LOAD VMA,
START WRITE

MEM WRITE,MEM[PC]

[BR).FLAGS
AD/ZERO,LOAD FLAGS
J/PIXPCW
PIXPCWIVMA_TAR],

MEML[BR]

LI LT LYY Y TR Y

FETCH FLAGS

J/XJRSTF
MEM READ, [BR] MEM

& NEW PC (ARJ.[ARI+1,LOAD VMA,
ccescepans START READ

! MEM READ, [PC) JMEM,

! HOLD LEFT

! READ [BR),LOAD FLAGS,
l UPDATE USER

{2)

(3]
!

secasenemrone
FETCH INSTR
NICOND DISP

(I YT Y T YY)

!

LAAL LA L A A A A Al LAl d Al Al Al d 2 2 X X 2 2 1 2 1 ]
EXECUTE INTERRUPT PROGRAM

AL A LY L PR LI LYY Y Y YY)
l

H

wresssessensnessasRRETRTRRERRARS RS
MONITOR RETRYEVES QLD PC AND FLAGS

!

|

(LT T Y YT Y Yy Y Y Y T P Y Y Y YL Y TY )

INSTRUCTION FETCHeNICOND DISPATCH

I T T I T Y Y Y Y Y P Y P Y P Y P Y P Y Y Y YY YY)

l
|

LA L A L3 LA A Al A b LA A L L I Xl L2 L X2 L X 1]

CONTINUE NORMAL OPERATIONS

START WRITE,MEM WRITE,

(AR)L[AR)+1,8TART READ,

DONEJVMALIPCY, 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 Y
ER+1

FETCH CONTENTS OF EA +2,WHICH CONTAIL
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,

NOTEgHOLD LEFT BECAUSE ONLY SECTION
ZERQ USED,

FETCH THE FYRST INSTRUQTION
OF THE INTERRUPT HANDLER



ADD INSTRUCTION MICRO FLOW

9?9.!'..ﬂpﬂ-.-ﬂﬂ..-.ﬂ.-..HQQ-Qﬁﬂq..-Q.Q.'.'...!ﬂ"ﬂ'”.-!..Q------..

INITIAL CONDITIONS}

TTITIIITIYYY YTV S LYY
1,CONTINUE SET
2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN IS SET

5,N0 TRAPS OR INTERRUPTS OCCURRING

6,108/ADD 8,20
Te
8,PC REG CONTAINS 109

1#1/ANY PDP10 INSTRUCTION

9,CACHE DISABLED, { MSEZ CLK IS OFF

12,29/DATA

LA L LD L L L L LA LA A

START FETCH

Y EY ST XL R L L L LY )
]

-

.-

2---..--:
i
{

PRCPN IR EDEOERNRS

INSTR HAS BEEN FETCHED
YT ITTIT YT LY T

H

!

I

!

YT XY I I I LY L L L L L 4 0

INCREMENT PC
esecereorssgEuscteTROe®
l
|
!
|

NN VONNTASRRGR

NOMOD

PPN NORYRETRRR®

!
l

2 S B B B

PR PN PNPRTASOOORRVEN

READ ARGUMENT THEN

PREFETCH

Y YI I LLL L L DL Ll L
l

{
!

P YT IYY YL T LY L LY LY ]

EXECUTE THE ADD 0,20

STARTIVMAL[PC],
J/XCTGO

XCTGO1

MEM READ,

[HR) .MEM,LOAD
INST,3T,J/INCPC

INPCIVMA[PC)+Y,
EA MOSE DISP,TURN
OFF PXCT,J EACALC

EACALCI [AR] LEA,PXCT
DATA,AREAD

PAGE 1

JTHE VMA IS LOADED WITH 1080
AND WE START A READ CYCLE TO
FETCH THE INSTRUCTION

$FIELD DEFINES(FETCH,READ,VM}
EN,UNCONDITIONAL CZYCLE)

JREAD 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 PETCH, INST DISP

[AR)Y AR} +AC,
Vel P78 by
[ o o & S e

1, DISPATCH T0 USQ® (4@
(HARDWIRED ON CRA2)+DROM

A FIELDat®)

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 2@ FROM 864t
LOAD VMA FROM PC(101), START
PREFETCH VIA #140012, DISPAN
DISP TO EXECUTE CODE VIA
DROM J FIELD

AR CONTAINED CONTENTS OF 20



.-q'.---Q.-'Q-.'-.-.‘.\ AD ?DAGS'ST] ADD COMTENTS OF AR AND ‘C

W= Sun B P B0 Sov B

(A XXX 2 L X 7 2 2 il 1T r X 1)

STORE THE DATA STAC1ACWLAR], STORE DATA INTO AC(9)
+DESTINATION
DO NICOND DISPATCH NEXT INSTR SELECTED BY THE DROM B
FIELD(1S)
(X I YL L L L L 3 2 L 0 0 3 X 3]
| THE NICOND DISPATCH HARDWARE
(CRA2)WILL SHOW THIS
| MEMORY CYCLE IN PROGRESS,THE
v INSTR DID A PREFETCH,DISPATC
T0 XCTGO
2 TO READ IT FROM THE 8646’8

Cre-72



SOJE INSTRUCTION MICROFLOW(USER MODE)

Pt Y TY I IIILTY I YT LY LY P DR L L L LD L DL LY L Ll bl bl bl Ll ol e dedded dad

INITIAL CONDITIONS!

Y TY YL L LY L DL T ] ]

1 ,CONTINUE SET

2.,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH
4,RUN I8 SET

5.NO TRAPS OR INTERRUPTS OCCURRING
6,199/80JE 3,20

7.,28/ANY PDP1® INSTRUCTION

8,PC REG CONTAINS 100

9,CACHE DISABLED, {1 MSEC CLK IS OFF

[ LI TR Y B2 3 L0 A 4 4 0 L2 ]

START FETCH STARTIVMALIPC]Y,

§THE VMA IS LOADED WITH 108

PeEsessasssnananny J/XCTGO AND WE START A READ CJYCLE TO

! FETCH THE IMSTRUCTION

{ $FIELD DEFINES(FETCH,READ,VMA

! EN,UNCONDITIONAL CYCLE)
2ragen=s]

H

l
YT YT YT YY Y Y Y T Y Y )
INSTR HAS BEEN FETCHED XCTGO? $READ INSTRUCTION FROM 8646°S
Y Y YT I LYY Y Y Y Y ) MEM READ, LOAD IR AND HR

! {HR).MEM,LOAD

! INST,3T,J/INCPC

!

!
LLDI T L DL LD Al b DO A EA MODE DISP
INCREMENT PC INPCIVMALIPC) +1, INC THE PC,
AmessnsenneReanaeNen EA MODE DISP,TURN LOAD THE VMA

! OFF PXCT,J EACALC

!
(X X ¥ L 3 1 3 L 3 L 1 )
NOMOD EACALCs [AR] A, AR GETS EA=220,AREAD DISP BASED ON
emcemenceene PXCT DATA,AREAD DROM, {1,DIRECT TO EXECUTE CODE VIA

! DROM J FIELD NUE TO CONTROL SIGNAL

i DROMA®RJ BEING TRUE

{ 2,LOAD VMA WITH EA=28( VIA DROM VMA

{ EN,CRA MEM FUNC,CRM #12)
scenessngences {(BR1.AC=1,AD FLAGS,
EXECUTE 37T,JUMP DISP SURTRACTS ONE FROM THE CONTENTS
INSTRUCTION OF THE AC AND DISPATCHES ACCORDING
wescasensesans TO THE DROM B FIELD=2(J FIELD+

! DROM B FIFLD(1500+221502))

!

{

(ACI=OT? ACL[BR]),TEST, TEST IF RESULT=O
e Y Y X T T L Y L Y ) SX1P AD.EQ.Q'J/JUMPA
INO {YES .

P YT I I T T X JUMPAIPCL.LAR], THE EAC20)WAS IN THE

FETCH NEXT INSTR HOLD LEFT AR,WE LOAD THE VMA

NICOND DISPATCH

!

B0 P P G e G

LOAD VMA,FETCH,
NEXT INSTR FETCH

v core- 74—

AND FETCH THE CONTEN1
OF EAVIA #/140812,



! 2
!

b
PECDONMONITANRONRSN
FETCH NEXT INSTR
NICOND DISPATCH

I Y I XL L L L 0 0 L 2 2 2 2 J

!
l
v
2 XCTGO3

DONESVMALLPC],LOAD VMA
FETCH,NEXT INST FETCH

THE VMA IS LOADED AN[
WE START A READ CYCLE
TO FETCH THE CONTENTS
OF PC 121 VIA #140017

GET THE NEXT INSTR FROM THE 8646°S

Cpuy-75



TLNE INSTRUCTION MICROFLOW(USER MODE)

CYTYYI LYY L L P E L DY PSSR P LR L D L e DL A Al Al Ll Ll LAl bl Al LAl bl ld L

INITIAL CONDITIONS

1 ,CONTINUE SET

2,EXECUTE NOT SET

31,PREVIOUS INSTRUCTION DIDN’T PREFETCH
4,RUN 18 SET

S.NO TRAPS OR INTERRUPTS OCCURRING
6,138/TLNE O,MASK

7., 121/ANY PDP1@ INSTRUCTION
7A,102/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 120

9,CACHE DISABLED, 1 MSEC CLK IS OFF

T IIII I I Y Y Y LY

START FETCH STARTIVMALIPC]), §THE VMA IS LOADED WITH 108
Srasssennssvenane J/XCTGO AND WE START A READ CJYCLE TO
{ FETCH THE INSTRUCTION

H #FIELD DEFINES(FETCK,READ,VM

! EN,IUINCONDITIONAL 2YCLE)
2rawensgl

!

i
YT I Y LY LT ]
INSTR HAS BEEN FETCHED XCTGO1Y gREAD INSTRUCTION FROM B8646°
N T T LI T T TY ) MEM READ, LOAD IR AND HR

! [HR] MEM,LOAD

! INST,3T,J/INCPC

) .

! .
PN Y T T T T Y] . INCREMENT PC,PUT INT
INCREMENT PC INPCIVMALIPCI+L, VMA DO EA MODE DISP
PResesesRnesesENRERRY EA MODE DISP'TURN

! OFF PXCT,J EACALC

{
srosencensy v
NOMOD EACALC$ARL(EA], AR GETS THE MASK,AREAD DISP BASED ON
evwcoavenann PXCT,AREAD DROM

{ 1,GOES DIRECT TO EXECUTE CJODE( VIA

! DROM J FIELD AND DROM AsJ)

!
pervesesauny
EXECUTE [AR]L[AR]ISWAP " THE MASK IS PUT IN THE LEFT HALF OF
INSTRUCTION {BR)L[AR] (AND, AL AR,IT IS ANDED WITH THE AQ,THEN WE
soeessnesma TEST DISP NISPATCH ACCORDING TO THE ‘OR’ OF

! (J FIELD AND DROM B FIELD)

l
roncesewas READ [BR],TXXX TEST, WF ARF LOOKING FOR THE RESULT IN BR
(BR)=O?? 3T,J/DONE TO BE ZERO IN ORDER TO SKIP,
oogesYORNNe
I{NO lYES
! !
v !
| l

{
L L T 1 4 3 4 L )
FETCH NEXT VMA,(PC)+1,FETCH WE CAME HERE ON THE SKIP,WE INC' THE
INSTRUCTION NEXT INST FETCH FOR THE SECOND TIME(THE FIRST WAS A"

CrAut-74



ICOND DISP

LA A X X _J X Y % J

IELT LYY

1 !

! v

H 2

v

(I XY T Y P Y Y YY) '

FETCH NEXT DONE S VMALLPCI,
INSRTUCTION LOAD VMA,FETCH,

NICOND DISPATCH NEXT INSTR FETCH

(I X T Y I Y Y T T Y 3

|
l
v
2

Crut-77

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

THE MASKED RESULT WAS NOT EQUAL TO
SO WE LOAD VMA WITH PC=101 AND FETC
CONTENTS



MOVE INSTRUCTION MICROFLOW(USER MODE)

ﬂ..-.Q--".nnﬂﬂﬂﬂﬂﬁﬂ.‘-..._ﬂﬂﬂ-..'.-ﬂ.Q.-.‘.Q"-Q'QQCQQQQQQ-QQ-‘-9.".-.

INITIAL CONDITIONS:

1t ,CONTINUE SET

2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH
4,RUN IS SET

5,N0 TRAPS OR INTERRUPTS OCCURRING
6,130/MOVE 9,282

7,20/ANY PDP1® INSTRUCTION

8,PC REG CONTAINS 10¢

9,CACHE DISABLED, 1 MSEC CLK IS OFF

START FEICH START3IVMA.(PC),

CPNEVNBIRCRONBESE SN JIXCTGO
!
!
!
2--.-..-1
l
!
P YT YR T L L L L L]
INSTR HAS BEEN FETCHED XCTGO!
YL XX I YL L L L LA L MEM 3EAD'
! {HR)MEM,LOAD
! INST,3T,J/INCPC
!
!
P YTYY YT I LI LR L L L L L A
INCREMENT PC INPCIVMA[PC)+1,

Q--.-'......-"...Q’

EA MODE DISP,TURN

g THE VMA IS LOADED WITH 1090
AND WE START A READ CZXCLE TO
FETCH THE INSTRUCTION

$FIELD DEFINES(FETCH,READ,VMI
EN,UNCONDITTONAL CYCLE)

JREAD INSTRUCTION FROM 8646°:
LOAD IR AND HR

INC PC,LOAD VMA
DO EA MODE DISP

! OFF PXCT,J EACALC

-'-O--....‘.--..-.

NOMOD

--.--.-.-..--..Q.‘..

|

!

l
'....‘-..-Q‘----Q.--
READ ARGUMENT THEN
PREFETCH
'-“..--..‘...'-.-.-

{

|
.'O--'.‘----.,..’.-“Q
STORE THE DATA
NICOND DISPATCH

MEM READ,
{AR]LMEM THEN

ACL[AR) ,NEXT INST

!
l
v
2

BECAUSE OF THE PREFETCH

P ~78

EACALCt (AR EA,
PXCT DATA,AREAD

FETCH,INST DISP

AREAD DISPATCH BASED
ON DROM
{,DISPATCH TO US@(4@(HARDWIR
ON CRA2)4DROM A FIELD(18))
2,LOAD VMA WITH 2@8(=ER)
3,START READ OF ARGUMENT

READ THE CONTENTS OF 20 FROM
8646°S INTO AR,LOAD VMA FROM
START THE PREFETCH

THE DROM B FIELD TELLS US TO
STORE THE CONTENTS OF 22
INTO AC.

NICOND DISP SHOWS MEM CYCLE 1IN PROGRESS



MOVEM INSTRUCTION MICRO FLOW(USER MODE)

NN OO RNONTARNNNPNANNOP ORI RARPRB IO NN ORI RPN P I UROP RSP RN IR RO O N RReRYRRw

INITIAL CONDITIONS:

PPN ERRRRNERP PO W
1,CONTINUE SET
2,BEXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN IS SET

S,NO TRAPS OR INTERRUPTS OCCURRING

6,100/MOVEM 2,20

7.,101/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 109
9,CACHE DISABLED,

START FETCH
, ) .
l
!

Qewnanee]

!

T I e LY LY LY Y

INSTR HAS BEEN FETCHED

YT YT R LYY Y Y Y]

H

!

NP OV NEBTNOTERBDERN

INCREMENT PC

'Y YT I I Y R Y L A Ry YN

{
!
!

T ITIII YT I Y]

NOMOD
l
!
l
l
!

[P X L 2 L 2 2 2 3 L L & 2 & 4 5 J

FETCHES ARGUMENT

LYY XYY LYY L L 2 L 2T )

|

LI YL LA L L L LA L LA L 22}

STORE DATA
LY YT E YT DA L L 0 L4 L X |
l
l
(I P11 IR L L L2 2 2 1 1}
FETCH NEXT INST
NICOND DISPATCH

AREAD

1 MSEC: CLK IS OFF

STARTIVMAL[PC],
J/XCTGO

XCTGO}

MEM READ,

[HR] MEM,LOAD
INST,3T,J/INCPC

INPCIVMALIPC) *+1,

EA MODE DISP,TURN
OFF PXCT,J/ EACALC

EACALLt[AR]) FA,PXCT DATA,

[AR)LAC, INST DISP

MEM WRITE,MEML[AR],
J/DONFE

DONEsUMA_(PCY.LOAD VMA,
FETCH,NEXT INST FETCH

Chu-77

§JTHE VMA IS LOADED WITH 1908
AND WE START A READ CYCLE 710
FETCH THE INSTRUCTION

$FIELD DEFINES(FETCH,READ,VMA
EN,UNCONDITTONAL CYCLE)

$READ 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+im10}
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,LOAD VMA WITH EA(20)VIA

(DROM VMA EN,CRA MEM FUNC,CRM

#12)

THE CONTENTS OF THE AL 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 18!



L L X X R X-X 3-8 2 & 4 % 2 % F 7

!

!
v
2 XCTGOY

Chy- 3P



JRST INSTRUCTION MICROFLOW(USER MODE)

...9---.----.q--pn-------oqqnou--Q.---q.q-Qvg-qngnup-nqc---o-v.qnounnn

THE JRST CASE IS UNIQUE IN THAT HARDWARE DETECTS IT AND NO EXECUTE UCODE

1S REQUIRED TO GET THE JOB DUN

'..QQ.--Qﬂq....-.Qq--.--Q.'-..Q..QQ‘-’...-QQ-..'-.--Q...Q.-.....‘.-.'

INITIAL CONDITIONS!
..'.-.---.--Q.‘Q-.-.-
1,CONTINUE SET
2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN I8 SET

5,80 TRAPS OR INTERRUPTS OCCURRING

6,108/JRST @,200

7.208/ANY PDP!@ INSTRUCTION

8,PC REG CONTAINS 100

9,CACHE DISABLED, 1 MSEC

START FETCH
!
{
!
2ensanven]
!
|

..Q‘-'-..‘---..-..

INSTR HAS BEEN FETCHED
....--.-..-...q-..

|

!

!

l

INCREMENT PC
!
l
JRST CASE
NOMOD
NICOND DISPATCH

---q-.c-..-.------.-

!
!
v
2

STARTIVMAL(PC],

. CLK IS OFF

$THE VMA 1S LOADED WITH 109

J/XCTGO AND WE START A READ CYCLE TO
FETCH THE INSTRUCTION
$FPIELD DEFINES(FETCH,READ, VM2
EN,UNCONDITIONAL CY¥CLE)

XCTGOt JREAD INSTRUCTION FROM 8646°S
MEM READ, LOAD IR AND HR
[HR]MEM, LOAD
INST,3T,J/INCPC

DO EA MODE D1BP
INCPCIVMALIPC)+1, INC PC,LOAD VMA

EA “ODE DISP,TURN
OFF PXCT,J EACALC

tPCY..[HR) HOLD LEFT,
LOAD VMA,FETCH,
NEXT INST FETCH

cla-5/

GET NEW P£(208)

FROM RIGHT HR,FROM

¢ FIELD WE LOAD VMA
AND BEGIN A FETCH OF
CONTENTS OF 209



IDLA INSTRUCTION MICROFLOW (USER MODE)

.-..Q...Q-..---g-.-.-..--wqq.qq...q.q-oQp.gq-qp.qngQQQQQ#Q;'.QQ.--QO-!9-

INTTIAL CONDITIONS!

(Y Y Y Y XL L L L L L LA L

1,CONTINVUE SET
2,EXECUTE NOT SET

3,PREVIOUS INSTRUCTION DIDN’T PREFETCH

4,RUN IS SET

5,NO TRAPS OR INTERRUPTS OCCURRING

6,40/0107028200020
6A,100/ILDB 2,49
6B,20/DATA
6C,21/377000000000

7, 181/ANY PDP1@ INSTRUCTION

8,PC REG CONTAINS 109

9,CACHE DISABLED, 1 MSEC CLK IS OFF

NN ERNEGSIYRe

START FETCH STARTIVMAL[PC), yTHE VMA 1§ LOADED WITH {2

!
|
!
2----‘-Ql
|
l

INSTR HAS BEEN FETCHED
YL I LR L A LR L L

|

!

l

!

INCREMENT PC IN CASE

|

LA L L L A Al 4 EACA“C'
NOMOD [ARILEA,
XY It Y ) PXCT DATAJ
! AREAD

!

!

|

{

oVeANPBENY MEM READ'
READ DATA [AR]..MEM,
sesansssaw INST DISP
!

!

!

{

!

SPoCREEOB®

BEGIN CALL IBP
EXECUTING

INSTRUCTION

sPPapeasnes

H

J/XCTGO AND WE START A READ CYCLE TO
FETCH THE INSTRUCTION
$FIELD DEFINES(FETCH,READ,VM
EN,UNCONDITIONAL CYCLE)

XCTGO JREAD INSTRUCTION FROM 8646°

MEM READ, LOAD IR AND HR
[HR].MEM,LOAD

INST,»3T»J/INCPC

INCPCIVMALLIPCI+1, EA MODE DISP

EA MOSE DISP,TURN INC PC & LOAD VMA

OFF PXCT,J EACALC

PUT THE EA(4@) INTO THE AR,DO A DROM AREAD
DISPATCH, 1,DISPATCH TO 48(HARDWIRED BY
VIRTUE OF AREAD DISP(CRA2)+DROM A FIELD®2
2.LOAD VMA WITH EA(42) DUFE TO DROM VHMA EN,
CRA MEM FUNC,CRM #12)

3,START A WRITE TEST VIA DROM WRITE TEST
4,8TART A READ OF 40

FETCHING THE CONTENTS OF 40 YIELDS THE
BYTE SIZE(?7),BYTE POSITION(1’ST)

AND BYTE MEM LOCATION(21)REMEMBER
THAT THE INCREMENTING PORTION WILL OCCUR
FIRST,THE CONTENTS OF 49 GO THRU THE 8646°S
WE DO INSTRUCTION DISPATCH
ACCORDING TO DROM J FIELD TO GET TO EXECUTE

THIS IS A MACRO WHICH CAUSES US TO INCREMENT
THE RYTE POINTER,WE SUBTRACT THE SIZE FROM
THE POSITION FIELD AND LOOK FOR THE OVERFLOW
{SCAD @) AND FIRST PART DONE FLAG WE WILL
DO A Y WAY DISPATCH ON THESE TWO SIGNALS,OUR

o532

L/~ =



l

!

YT YYY Y L
OVERFLOW
(SCAD @2)
SET

ewaccnnry

{

!
CYYYYI YT YT L
INCREMENT
ADDRESS OF
POINTER
wceonepReen
!

)

!

!

EA CALCULATION

CYXE X2 3 0 0 L 0 B L J

|
!
!

INDEXING?

X2 X XL L L L L4

l

|

!
GPRNOVEDOEIOR
LOAD VMA
SrPeseconeenw
}

!

|

CY YT YIS Y LY L]
COMPLETE THE
DATA FETCH
encescseneew
H

{

{

!
sEoesReasRep N
START NEXT
INSTR FETCH
FL T T L LY L L L 2]
l

!

L R 1 L L L L L L A

BYTE DISP

!

- en Gen g

SET P TO 36-8,
J/NXTWRD

NXTWRD}
(AR) . [AR]+4,
HOLD LEFT,
START WRITE

MEM WRITE,
MEM.[AR),RETURN

LDBIREAD (AR},
LOAD BYTE EA,
FEP,3T,

CALL [BYTEA)

BYTEA?

SET FPD,
EA MODE DISP

START READ,
PXCT BYTE DATA,

CASF HAS OVERFLOW BUT NO FPD FLAG,

THE POSITION FIELD WAS POINTING TO THE LAST
BYTE IN LOCATION 20,3UBTRACTING 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 2i,

THIS IS WHERE WE BUMP THE DATA ADDRESS,WE
START A WRITE(VIA #4,5,16)T0O THE RIGHT HALF
OF THE EA(49),

NOTE$THE VMA WAS PREVIOUSLY

LOADED WITH 42 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 18 LOADED WITH THE INCREMENTED
POSITION FIELD,(35)

THE FPD PC FLAG IS SET VIA #4(SEE PC FLAGS
ON DPE) AND WE ADDRESS

THE RAMFILE WITH XR,IN THIS CASE THERE IS NO
INDEXING(XR®Q) ,WE DISP ACCORDINGLY(I,E, CRAM
ADR 12 I8 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, ouT,

[BRY_MEM,AND  MASK,

RETURN (1)

VMALIPCT, LOAD THE VMA FROM PC(1@1) AND START A FETCH
FETCH OF THE NEXT INSTRUCTION
FE_FE,AND,8%,838/8770,

READ [AR), WE DISP ACCORDING TO WHICH RYTE WE WANT (I I
BYTE DISP, THIS CASE) AND GO LOAD THE BYTE INTO AC
CcALL [LDB1) 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



B - G Bem

jenesnsnvacnun

LOAD BYTE LDBi1 THE "7eBIT LDB"MACRO CAUSES US TO TAKE THE D)

enccvawmasse 7=BIT LDB, FROM BR(SCAD A/BYTE i SELECTS THE CORRECT BYI
! SCADA/BYTE 1§, PUT IT ON THE SCAD LINES AND THEN BECAUSE OF
! J/LDB? DPM1 HARDWARE ,WE LOAD THIS THRU DPM MIXER B]
{ 28«34(3% IS JUNK) ,THRU THE D BUUS MIXER INTO
! THE BR, :

LDB7:AD/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]
!
|ovesnennacaas ] )
STORE DATA ACL[AR], PUT THE BYTE INTO AC@, CLEAR THE FPD FLAG ANI
NICOND DISP CLR FPD, T0 READ THE PREFETCHED INSTRUCTION FROM THE
amsnocesspssen NEXT INSTR THE B646*S
{
l
}
{2} XCTGO

P~ §F
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CONSOLE

The console (CSL) board, contains the main eclock 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 econsole terminal to the 82803 he may load and check microcode; read
and write memoryj stop and start the clocks single step the clocky

nalt the machiney start at a given location) execute an instruction,
ete, He does not have guite the power of the KLi@ console, in that

he does not have all the diagnostic features; he cannot, for example,
read the PI status at any instant, nor can he at any given instant, read
_the VMA 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 available,) [However, when
entering the halt looo, either upon executing a halt instruction

or when requested to stop by the 8288, the microcode deposits the

PC and current block of AC’s {n main memory, to make these

available 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 console has the same access to0 the backpanel as the CPU, and
can therefore read or write any memory locations, and {nitiate
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 is
1oaded and the CPU is functional, by executing the reguired

I1/0 {nstruction,

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 KL1@ console, Thus the operator can read the
current microcode location, next location, current top 0f stack,
ete,

At powvereup, 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 1265 on the prototype), It is intended that any
unused microcode space will be used to run module oncewmoOnly
diagnostics at powers=up time,

CSL- 2



CONSOLE

THE CONSOLE MODULE INTERFACES A SERIAL LINE, CTY OR KLINIK, TO THE
K814 RUS, THERE ARE TWO MODES OF OPERATION, USER 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,

SK XX START 8480 AT 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 UMMARK MICRO CODE

TR TRACE UNTIL ANOTHER CHAR IS RECIEVED

PD X # DISABLE PARITY DETECTION
3 ENABLE ALL PARITY DETECTION
2 DISABLE DP PARITY DETECTION

1COMMANDS CURRENTLY IMPLEMENTED

jenane  CSL V2,104 wesss

*z 1ENTER USER MODF

A\ $ENTER CONSOLE MODE

LA XX tSET MEMORY ADDRESS

LI XX 1 SET 1/0 ADDRESS

LK XX 3 SET 8080 ADDRESS

LC XX $SET Ce=RAM ADDRESS TO BE WRITTEN AND/OR READ
EM XX tFXAMINE MEMORY LOCATION XX

EM tEXAMINE MEMORY

EN JEXAMINE NEXT, LAST FUNCTION(EK,EM,EI)
EB PEXAMINE BUS & 8284 CNTRL REGS

EI XX JEXAMINE 1/0 REGISTER XX

EX 1EXAMINE 1/0

EK XX JEXAMINE 8080 LOCATION XX

EX JEXAMINE 8080 LOC

DM XX 1DEPOSIT MEMORY WITH XX DATA ‘

DN XX fDEPOSIT NEXT LOCATION WITH XX, LAST FUNCTION (DK'DM DI)
DB XX gDEPOSIT XX DATA ONTO THE KS10 RUS

DI XX tDEPOSIT I/0 REGISTER WITH XX DATA

DK XX JDEPOSIT 86484 LOCCONLY RAM LOCATIONS STICK)

MR JMASTER RESET
cs $CPU CLK START
CH pCPU CLK HALT

CP XX $CPU CLX PULSE, XX IS HOW MANY CLOCK PULSES, NO ARG GIVES 1 C@

S1 g SINGLE INSTRUCTION

Lr JSET DIAG FUNCTION TO WRITE

DF XX ¢$WRTITE DATA XX WITH DIAG FUNC FROM "LF" CMD

EC XX $EXAMINE CeRAM AT ADDR XX

EC 1 EXAMINE C-RAH..CgégﬂﬂT CNTRL REG, NO CLKS..CURREHT LOC AS ADDR
s



DC XX jDEPOSIT CeRAM WITH XX (IN 32 OCTAL CHARS
EX XX 1EXECUTE INSTRUCTION XX

ST XX 1START KS1@ AT ADDRESS XX

SM XX 1START MICRO=CODE AT XX

HA JHALT THE PROCESSOR(EXECUTE HALT INSTR)

co 1CONTINUE THE PROCESSOR

PE X JPARITY ENABLE A@sDYSABLE ALL.,7=ENABLE ALL,{=EN "DP" PAR,2=EN "CRM"
CE X sCACHE ENABLE, @= DISABLE CACHE, 1sENABLE CACHE,<CR> CURRENT STATE?
TE X 31 MSEC ENABLE, o= DISABLE { MSEC,{=ENABLE 1 MSEC,<CR> CURRENT STATE;
LT sLAMP TEST, LIGHT THE THREE LAMPS ON THE FRONT PANEL

RC g READ CRAM DIRECT,FUNCTIONS Q@«i7(NO RESETS,NO LOAD DIAG ADDR,NO CPU (
EJ JEXAMINE JMPS , PRINT CRAM ADDR SIGNALS(CUR,NXT,J,8UB)

TR XX $TRACE = REPEATEDLY ISSUE "CP"& "EJ" CMDs TILL ANY CHAR TYPED
$XX(IF TYPED) WILL BE A CRAM ADDRESS AND THE TRACE COMMAND WILL
P TRACE UNTIL IT GETS TO ADDRESS XX, WHEREUPON IT WILL STOP

PM gPULSE MICRO«CODE « ISSUE SINGLE "CP",EJ"
M $ ZERO MEMORY =» ZERO K810 MOS8 MEMORY
RP {REPEAT, 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 2,EC O,RP WILL REPEATEDLY PRINT AN EM2,EK® AND ECO,,
$TO STOP OUTPUT ON THE TTY TYPE "CONTROL=0O",,TO RESUME OUTPUT TO
§THE TTY TYPE "CONTROL=O® AGAIN
jeeewNOT IMPLIMENTEDSD SELECT DEVICE, COMMAND TO SELECT OR CHANGE DEFAULT ¢
BT }BOOT SYSTEM,,MICRO=CODE IS READ FROM DISK AND LOADED INTO THE
$CONTROL STORE, THEN THE MONITOR ROOT IN RLOCK/TRACK/SECTOR @
318 LOADED INTO MEMORY AT LOCATION 6808 AND STARTED
LB jLOAD BOOTSTRAP,, LOADS ONLY THE BOOTSTRAP 1¢ CODE FROM BLOCK @
$ TRACK AND SECTOR @ OF THE SELECTED DISK

‘U 1RUB=QUT CURRENT LINE

*0 18TOP TYPE=OUT TO THE TTY

*s 1STOPS TTY OUTPUT & HANGS 8080 WAITING FOR CNTRLeQ
e JRESUMES TTY OUTPUT

RUB=QOUT jRUR OUT THE PREVIOUS CHWARACTER TYPED

INOTE?
SEVERAL COMMANDS MAY BE PUT ON A SINGLE LINE, WITH COMMANDS
SEPARATED BY COMMAS

cse-4-



K3i® BUS ARBITRATOR
PemsencenuneenaRwn

CONTROL OF THE K8i# BUS MASTERSHIP OCCURS ON PRINT C8L1, A BUS MASTER ALWAYS
HAS CONTROL OF THE BUS FOR AT LEAST TWO TCLK CYCLES,THE ARBITRATOR WILL
GRANT THE BUS T0 THE REQUESTING DEVICE OF TGHE HIGHEST PRIORITY UNLESS

{ /MEMORY BUSY IS ASSERTTED, IN WHICH CASE THE ARBITRATOR 1S DISABLED UNTILL
THE END OF THE CYCLE OR

2/THE CURRENT CYCLF IS A COMMAND ADDRESS CYCLE

3/THE CYCLE IMMEDIATLY FOLLOWING A COMMAND ADDRESS CYCLE,

CONSOLE DATA REG

PO PORENE NPT R®

A CPU COMMAND ADDRESS IO READ 208@4Q2 WILL READ THE CONTENTS OF CSL I0
REGISTERS 192,124,176,11AAND 112,THESE REGISTERS(8 BITS EACH) CONTAIN

THE LAST INSTRUCTION EXECUTED FROM THE CONSOLE OR DATA FOR A DATA cYcLe,
THIS FEATURE IS USED WHEN STARTING UP THE OPERATING SYSTEM, THE 8289 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

T0 COME UP,

THE DECODE OF THE COMMAND ADDRESS DATA LINES OCCURS ON CsL4 AND SETS

e¢SL4 10 READ WHICH GENERATES CSL4 DATA 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 102,104,106,1108,112 WILL APPEAR ON THE BUS WITH
10 DATA CYCLE,

INTERUPTS

(3 X L X 1 4 X 20 A J

KS1@ CAN INTERUPT THE CONSOLE BY ASSERTING DPMB CS8L INTERUPT L
PINzF18L1

THE CONSOLE CAN INTERUPT THE KS14 BY ASSERTING CSL4 INT 18 L
PINSF18T2

8089 CONSOLE ERROR CODES

PPN PO RTRNATRANRRETANRRY

?ILL ILLEGAL COMMAND

NI NOT IMPLIMENTED COMMAND

UT UNKNOWN INTERUPT(CONSOLE GOT INT BUT NO CHARACTER)
7BFO BUFFER OVERFLOW CONSOLES INPUT BUFFER FILLED UP

7?0 CYC DATA CYCLE FAILURE

?2C CYC COMMAND /ADDPRESS CYCLE FAILURE

BN BAD NUMBER WAS TYPED

TNBR NO BUS RESPONSE(GOT NO GRANT FOR MY REQUEST)

TNDA NO DATA ACKNOWLEDGE(WAS RECVED RY CONSOLE AFTER A REQ)
1A ILLEGAL ADDRESSeQUT OF RANGE

TRA 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

ESe—§
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DEPOSIT THE BUS FROM THE CONSOLE

COMMAND DB 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 K312
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 CSL 6,7,8,THE FIRST PART WRITES THE 00D
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 MORMALLY USED FOR DATA ARGUMENTSC(AND FOR A JRST INSTRUCTIO
TO START KS19@) ,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 FIRS8T PART WILL YIELD a ?C CYC
ERROR CODE,A FAILURE IN THE SECOND PART WILL YIELD A 2D CYC

ERROR CODE,
FLOWS
MONPOEOOORNNERRTROATaSaM™

WRITE THE 0DD IO REGS

" TEIII I XI YT EY TR YL Y L ) X
!

l

MOPRPEIPPRTURRPIIRFTRRESN

SET CONSOLE REQ & T ENB
I T I XYY XYY Y I T LY Y
!
|

SYIT YT YT LIPS L YL LY LYY

MAKE SURE BUS REQ CAME UP

PL LT L L L L L L L A 4 B A A 2 L A )

|
{

(I LTI L LY L L0 L L R4 1 0 & B d b2

READ THE DATA AND COMPARE IT

|

i

!

[T XX T T L LY AL 2 0L 04X L 0 & 2 0 2t b g 4
WRITE THE EVEN 10 REGS
PO RANI NN UNPIORRREEaS
|

l
CXXYXYIITYITE RS L L L L0 0 1 X2 3
SET DATA CYCLE BIT

(3 XYY YRR L R 0 £ 38 R X0 2 L L B 04 J
|

|

CITI XYY Y R L L L L8 2 X 0 0 20 0 2 2 L X J
SET CONSOLE REQ, T ENABLES
AND LATCH DATR SENT

PYYYY I YL LYY T YR Y R L A L) L]
!

!

CHECK FOR BUS REQ AS ABOVE

(Y YT Y I T YL ) T L L Ll

!

110 WRT 103,105,1087,111,113

$10 WRT 2106/141

10 READ 321(LOOK FOR 20)
IF IT DIDN®T PRINT NBR ERR MSG
BUS ARBITRATOR ON CSL1 IS RROKE

$I0 READ ©£,1,2,3,193«ITS WRONG FLAVOR

S0 8@8@ CODE MUST INVERTwe=sIF THE COMPARE
FAILS PRINT ?C CYC ERROR CODE=eCHECK THE
DATA PATH,CSL OR KS1@ BUS IS BROKE

110 WRT 102,104,1%6,110,112

110 WRT 114/1

110 WRT 210/163=eDATA GOES OUT

cifﬁ:zé



(L L AL L LA L LAl Ll LAl LAl b dd i L
CHECK FOR DATAR ACKN

CTXI YIS L YL LYY L X 0 2 Y )
l

!

PReccrrsnssneanuneRERERRe
READ AND COMPARE THE DATA
AS ABOVE

PP OOPRNOPPORNTAREGSAPOTRRERR

)SHOULD BE THERE AS A RESULT OF DATA CYCLE
ON CSL4 PRINT

§SAME AS ABOVE BUT IF DIE HERE PRINT ?D CYC
ERROR MSG

esé=7



DEPOSIT CRAM FROM CONSOLE »
FLYYT LTI ALY L P Y YR YL LS Y Y LRl Ll Ll L Al il AL Ll b L 2.4
COMMANDIDC XX(96 BITS) INTO ADR SPECIFIED BY PREVIOUS EC,LC COMMAND
. DF XX(12 RITS) INTO ADR SPEC BY PREVIOUS EC,LC,LF
DESC1 CRA CONNECTS TO LFAST SIGNIFICANT 12 BITS OF KS10 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 TO BE READ/WRITTEN IS DONE BY
CSL4 DIAG 4,2,1 H, CSL4 DIAG 1@ H DETERMINES WHETHER CRA OR
CRM IS INVOLVED,36 BITS MICRO STORE IS ON CRA,60 BITS ON CRM,
A BUFFERED COPY OF THE 12 BRITS IS AVAILABLE TO CRM FROM CRAS,
RUS DATA 21,22,23 ARE DRIVEN BY THE PARITY OF THE 12 BITS TO
MAINTAIN EVEN PARITY ON THE KS81@ BUS,THE DF COMMAND IS8
PROBARLY THE BETTER TROUBLESHOOTING AID BECAUSE THE PREVIOUS
LF COMMAND WILL DEFINE KNOWN DIAG RITS AND 12 BIT DESTINATION
IN MICRO STORE,

FLOWY

87803 IO WRITE 210/144 18@8A SETS CONSOLE REQ,T ENB

T Y LYY Y YT LYY Y Y L X L) TO ENABLE TRANCIEVERS, AND

{ CRA R CLX TO LATCH THE DATA

! TO CRA

l

MO PPP OO RNSPANTPOIRNRNEPERNPERIPw

C8L4 DING 1,2,4,10 H 1828@ DOES IO WRT 205 WITH DESIRED
ePERRTmRePPRERRTUSRSERESRRRe Y DBUS RITS TO SET DESIRED 12 BIT SEGMENT
JPINSIFi18CH

! F1804

! Fi8E}

! Fi8F1

B T Y I T T Y YT YT Y L T Y Y

CSL4 CRAM WRITE H $)808@ DOES 10 WRITE 284/5 TO SET THIS
PPEONTRNOPERORURCRNTNTANVSINTE Ry

JPINS1F18A} l

l !

MNP POES YRS RIORN T XX EYT LR R 2 3 0 L 4 L X 2 2 )

CRA4 WRITE XXeXX CRAS BUS DATA 24=35 L gDATA ARGUMENT FROM KS19
wwnonsssescewnRan M TIII LYY PR L LY L) BUS LATCHED AS CRAS BUS

BUFF 24*35)AVAILARLE T0
CRM AS BUS DATA 24B=35B
12 BITS STOBED TO RAMS



EXAMINE CRAM FROM CONBOLE
Y Y T Y YT P PP Y YYY Y P YL LAY A Y L LY Y AL L L L L L L L L LA

COMMANDIEC XXXX(@=3777) OR EC

DESCtPRINTS THE CONTENTS OF LOCATION XXXX IN MICRO STORE
IF NO ARGUMENT,LAST CRAM ADDRESS EXAMINED OR DEPOSITED
OR ADDRESS OF LAST LC COMMAND

FLOW]

qpq.-n-o-.-r-q--,-w..-n

CLEAR THE CRAM REGISTER  31/808@ 10 WRT 204/1-8ETS CRAM RESET WHICH
LT LY LY L LA L L L L bl GOES TO CRAS AND CRMZ To CLEAR THE CRAM REG
IPINSt Fi8Kim 2/808¢ 10 WRT 204/0 CLEARS THE RESET BIT

{ C8L4 CRAM RESET H

!
l

CY LY T I X L L LA L2 LR 2 A0 A0 2 k)

LOAD THE CRAM ADDRESS 11/8080 IO WRT 103,108,107,111,113 LOADS
srnersssenensancnnernre THE ADDRESS ARGUMENT INTO THE I0 REGISTER
{PINST C18Di= 2/8082 I0 WRT 115/0 NO BUS CYCLES

€SL4 CRAM ADR LD H 3/8080 I0 WRT 210/144 »SETS CONSOLE REQ,

T ENByCRA R CLK

4/8082 10 WRT 204720 SETS CRAM ADR LD=LOADS
THE DIAG ADR REG ON CRAS FROM BUS BITS 24e
333 THRU INPUT @ OF MIXERS ON CRAl THE CRAM
ADR GOES TO INVERTERS ON CRA7)THE ENABLE CRA6
DISP EN 20 L 18 TRUE DUE TO PREVIOUS CRAM REG
RESET

5/8A80 10 WRT 204/8 TO CLEAR THE CRAM ADR LD

Pn Pem P Pem B e G fren Dem Ben

RNV PREETTENRERNDIONORROP

PULSE THE CLOCK TO LOAD 11/8080 10 WRT 204/P1@ SETS SINGLE STEP
THE CRAM REGISTER 2/8082 10 WRT 286/2 SETS THE SINGLE CLK
cseeevesscarerannsenenes THTS ENABLES THE NEXT T CLK TO GATE THE
IPINS1 D18Cis ADDRESSED MICRO WORD INTO THE CRAM REG
! CSL4 S8 MODE H

! c18U4=

! CSLS CRA/M CLK EN L

!

NP ORNRCRNPERRORTONPPREESD

READ THE CRAM REGISTER

PP PRI SPNCREPORRRARRSY

IPINSY F18Ci=CSL4 DIAG 12 H

$11/8080 I0 WRT 205/FNCe(SEE TABLE)
2/8080 I0 WRT 218/1118ETS CONSL REQ,
CRA T CLX,R CLK EN

! F18D1eCSL4 DIAG 4 H 378080 10 RD ©,1,2,3,103 READS DATA FROM
| r18E1=CSL4 DIAG 2 H RECVR LATCHES TO 828¢ RAM LOCATIONS
! Fi8Fr1=CSL4 DIAG 1 H 4/9080 10 WRT 210/0 CLOSES THE LATCHES

!
!

POQNOPRP RN NNTRCRERORERNE

READ ALL CRAM BITS YET?
....Q.......‘..‘...".-'
lYES {NO

! !
!

l

YV RPPEPRPER TP RNPRRRTRAR

VERIFY A AND B COPIES §WHERE TWO COPIES EX1IST COMPARE THEM IN sese

FEFSFTESoSCSsTaceRaEafNen

1YES INO 554’7
1 !

JCONTINUE IN THIS LOOP READING
12 BITS AT A TIME OVER KS10 BUS 24«35
UNTIL ALL CRAM BITS ARE IN 8@804 RAM

B P G B S e Bes B B G Sw Y A e Bem




- Pn e

!

LA A 3 LA XLl L XLl X ]

PRINT VERIFY ERROR MSG 3TRY AGAIN «CHECK DATA PATH IF SOLI
AL AL LI L AL LT LI Y X1} FAILURE EXIST8

B B Gum Pem P P Dew gew

o

LTI LT TP Y YT Y YTy P
PRINT THE CRAM CONTENTS
ON CTY

(AT YT LY I I T Y P Y Y 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 BOTTOM MIXERS,THIS INPUT
SELECTION IS FORCED BY CSL4 DIAG 19 H,

CRAM RITS DIAG FNC
ergepneonassy LI LY T
A=y a

1223 4
24Am35A S
24Rw»35R 6
316A=47A 12
J6Re47R 13

4889 14

60=T71 18

72=83 16

B4=9% 17



MASTER RESET FROM CONSOLE

LI TIPS LTI LY L Y Y T Y L P L I T

FLOW}

LA L L L A XL A A d A i 212 L Al A X 2 d XX 17 ) |

SET 2°S TO RUN,EXECUTE,CONTINUE

LA Al A4 A L A 4 2 LA L L L A2 2 L 2 LAl X L2 £ )

! PINSS E18CimRUN H

! E18S{sEXECUTE H

! D1BV23CONTINUE L

{

I Y YL Y LY Y PP L LY LY Y
INSURE CPU IS STOPPED

I XTI TP P Py Y]
! PINS: DI8Ci=C8L4 SS MODE H

l

!

!

I LTI Y PLLYYRILYL LYY DY Y LY )
ISSUE RESET

!

!

I YT YT Y YT T Y Y PP P Y LYY Y Y YT Y T
INSURE CLEAR 1@ INT IS LOW

Y I Y YT P Y LYY PP Y PR LY Y Y Y Y
!

i

LA L LA A LA d A4 AL LA Al d A LA LA Lo LA 2 J
SET UP CURRENT PARITY SETTINGS
(I XTI R L L R L Y L L Y 2 1 3]
!
!

LA L L A R A A AL LA A A L A & L L L L 2 L A L L

.1SSUE DP RESET,CRAM RESET

LA 2 L 2 X L 2 L L R 2 2 4 0 3 L K L 2 22 &0 & 4 2 £ 2 ]

18080 WRT I0 212/0 TO CLEAR THESE

$CLEAR SOFTWARE RUN FLAG

SET SINGLE STEP VIA IO WRT 204/10
CLR SINGLE CLK AND CLK RUN VIA

I0 WRT 206/0

$JVIA BOB@ 10 WRT 1@@ WITH BIT 7

JVIA 8080 10 WRT 205/@

JVIA 82892 WRITE 100 +DESIRED BITS

JVIA 8080 IO WRT 204/5



EXAMINE MEMORY FROM CONSOLE
el AL LA I LI LI LI LT IT DT LT LT T Y Y Tl ey e T i ey
DESCt THE CONSOLE MUST ISSUE A COMMAND ADDRESS CYCLE ON THE Ks1o
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

(AL T T XYL Y R X R

SAVE THE ARGUMENT JVIA 8380 I0 WRT 103,105%,107,111,113
LA T R Y2 YR Y YT R Y ¥ SAVES 36 BITS (19 LS BITS HAX USED)

!

!

! |

LTI YT Y Y Y T YT TP Y T Ty T

SET COM/ADR CYCLE JVIA 8088 10 WRT 114/4 SETS THE BIT
I ITT I YT YL Y LY T Y LY Y T IN THE 4 WORD MEM ON CSL8 PRINT
}

!

LI I LI I Y I LY LY Y] Y )

START THE COM /ADR CYCLE

PRESET NXM TIMER ON CS13

ENARLE RECIEVER LATCHES IVIA 8088 10 WRT 210/343 COM/ADR
LYY TR YT Y YT T T TS CYCLE BEGINS ON LEADING EDGE T CLK
IPINSs PB18J28BUS COM/ADR CYCLE AFTER BUS RFQUEST AND BUS GRANT

! THIS BUS REQUEST DOES NOT GO TO

! BACKPANEL BECAUSE CONSOLE IS THE

! BUS ARBITRATOR,

!

(I ZYTI LT LYY LYY Y Y Y I

MAKE SURE BUS REQ WENT OUT 1VIA 8880 10 READ 321 (LOOKING FOR 2@)
JoaeseeTaApORRSTeREYRRRY

{|YES {NO

i (I LEIIII YT YY ]

! BUS ARBITRATOR FAILFD §PRINT NO BUS RESPONSE FRROR MSG
i LI TY T T P YT SEE PRINT CSL1
i.g..-q-q.n..--...-nq-ﬂ

MAXFE SURE DID NOT GET NXM 1VIA 10 READ 301 (ABSENCE OF 1e9)

I LI YL I LTSI LYY ) NXM TIMER WILL TIME OUT 4 R CLK

{ i TICKXS AFTER START OF COM/ADR IF NO MEM BUSY
lYES INO

! ( II XTI YT YT Y T Yy

{ BAD ADDRESS OR

! HARDWARE FAILURE JPRINT NXM MSG

! EY LY T Y T T e LLOOK AT DATA BITS ON

! BUUS AT COM/ADR TIME

LITYIIY T TY I YT Y ¥ YT 17 T

LOOK FOR DATA ACKN 1VIA 10 READ 3A1(LOOK FOR BIT 9)

ST RTERSeTaARPTRRTRERRRRRD S SHOQULD RE THERE AS A RESULT OF DATA CYCLE
!PINSt BIBL2s { COMING BACK FROM MEMORY

|BUS DATA CYCLE L !

| l

l1YES INO

NPV DRPRTEERDPN

MEM DID NOT RESPOND 1IN

15 MICRO SECS $IF OTHER EXAMINE
Y T T Y COMMANDS WORK THE
C‘SZ__/Z__ MEMORY IS PROBABLY

Hew G Sa) pun S S-®



ThoRaTRONSANeERTRRERY

GET THE LATCHED DATA AND
PRINT IT JVIA 8288 10 READ 2,1,2,3,10)
LL T T LT T Y gy I0 WRT 21@/¢ T0 ENABLE R CLKS AGAIN

ECSL=12



DEPOSIT MEMORY FROM CONSOLE

p’qqQQQQ'.’..--.pﬂ.ﬂ’.Q..-.l.ﬂ..'.-.QQ.”.PQ.-..Q-'-.’.’.QPQU,...'”‘.-.--....-|

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 AP8@ IO REGISTERS,,SET THE
APPROPRIATE BITS FOR THE COMMAND/ADDRESS CYCLE AND DATA CYCLE

AND DO IT RY ENABLING T CLKS,

FLOWS

PROABPOPNOPTOPRCOORNT N

STORE THE ADDRESS INTO I0 REGISTERS
(I X T LY YR YA T P YRR Y Y Y 2 Y }
{

!

{

MNPOPPONNRN TR EEPCRN NPT RTCRNRRORNRR RN
STORE THE FUNCTION BRIT FOR COM/ADR
MEMORY WRITE

I Y YT T Y I T YIRS PP TR Y T YT Y Y Y Y Y0y
{

!

(AT XTI 212 2 2R X X Xl XE Xl XYl XY} J
STORE THE COM/ADR CYCLE BIT

LA A L L L A LA b L L A 3 L R A L R d L2 A X A 0 L A4 L 3 J
!

iw

PRSP RO PRRNORNNE NN ORETRREREWNN
STORE THE DATA ARGUMENT IN

I0 REGISTERS

(A2 XTI X2 2 L T R T YL L 2 2 X2 XXX 2 0 0 7 )

!

!

TN RONNPRORNDOIRRNREORRPRPEPRRNEERN
STORE THE BIT FOR DATA CYCLE

YT I Y LTI IS YT Y YRR LYY Y XY ]

l

{

(I ELE LI ALY L L L LAl DL L2 22
DO 1T

SET BITS FOR CHECK NXM,COMSOLE REQUEST
T ENABLES

(2 2 Y2 LA L L2 DALl LA Ll 0 X 2 0 2 )]

l

!

(YT IS Y P YYD R L Y Y 7 )
MAKE SURE BUS REQUEST WAS GENERATED
INTERNAL ON CSL BOARD

P ANCT NN NI RNORNPRENOPORREEORN

l

{
!

LLL L L L L AL L LD DL L L LA L AL LA LD LA

MAKE SURE DID NOT GET NXM

(I XX Y L L 2L L L L XL L 2 0 L L2 L L2 L L A 1 2 J

CSe—/ 44—

gVIA IO WRT FROM RAM TO

8082 REGS 103,105,107,111,113
ADDRESS ARGUMENT IS FROM PREV:
EM OR LA COMMAND

JVIA 8082 IO WRT 113/2
sVIA 808G ID WRT 115/¢

sVIA 8280 IO WRT 102,104,106,

sVIA 8880 I0 WRT 114/1

pVIA 8980 I0 WRT 210/360
ISSUE COMMAND ADDRESS CYCLE 0!
FOLLOWED BY DATA CYCLE ON NEX'
T CLK

tVIA TO READ 321(LOOK FOR 20)
$ARBITRATOR ON CSL1 PROBABLY
FAILED IF NO BUS RESPONSE MSG

sVIA IO READ 301 (100=sNXM)

MEM SHQOULD RESPOND ON THRIRD T
APTER COM/ADR WITH MEM BUSY T¢
CLEAR THE COUNTER



START THE MICROCODF FROM THE CONSOLE

LI A A R B A X 2 L L A 2 A A A L ALl Al LAl i Al Tl I Y YT Y Y I T Yy Y Y Y  YYYI T YILYIY)

COMMANDeSM XX UCODE NORMALLY STARTS AT ZERD WHICH IS DEFAULT ARGUMENT

FLOWY

LTI YL L R L PR L LYY Y Y

ADDRESS. ARGUMENT ZERO??

TReTpEafEaNeEGETeeeRRTaTRea Y

|YES INO

! weasumssaeasaneve
! STORE THE ADR

H (I EILY LYY YL XY

!

PP/ PPN RARPOPPROROYR
DEPOSIT ONES IN MEM LOC @
(Y YY YIRS Y Y LY Y Y S T
!

{

(LYY XYY L Y R Y R X Y Y ¥ X )

RESET THE MACHINE
(TIPS Y D Y
{

!

(X XY I XYY Y2 2 2 2 R Y L Y 0 2 X
STORE THE CRAM START ADR
PRQRARNDO OO RERNPRE RN REN
{C1801aCSL4 CRAM ADR LD
{F1RKi=CRA/M RESET H

!

{

!

{

LA AL LA A 4 Al 4 b LA dd i 4 2 4 b 2 X
START THE CPU CLK RUNNING
LI 232 X1 R L 2 & L B 2 X 2 LI B 2 2 2 B ]
!

l

LA L L L L L L AL L L L A Ll LAt LA L2 Al

WAIT A LITTLE THEN CHECK

TO SEE IF HALT LOOP FLAG ON

LI L L X 2 2 2 1 k2 3 2 L4 2 2 X K4 2 & & 7.4

l
}
l

sVIA DEPOSIT MEMORY CODE=SEE DEP MEM FLOWCHAF

$VIA MASTER RESBET CODEeSEE FLOWCHART

$2ERQO I8 DEFAULTe~ADDRESS IS WRITTEN INTO
THE DIAGNOSTIC ADDRESS REGISTER ON CRAS
1/CRAM RESET VIA IO WRT 204/}

2/STORE CRAM ADR IN 8080 IO ADR REGISTER
VIA I0 WRT 103,10%5,107,111,113

3/SHIP IT TO CRAS DIAG ADR REG

VIA I0 WRT 218/144 AND 204/20

9BY SETTING SINGLE CLK AND CLOCK RUN
VIA IO WRT 286/3

t1VIA I0 RD 3@A(LOOKING FOR 18)

MICROCODE WILL SET A FLOP ON THE (CSL4
PAGE WHEN IT ENTERS THE HALT LOOP,
IF ITS NOT ON PRINT AN ERROR MESSAGE

NP VOPOERRT NN DOPORRETRREN

EXAMINE MEMORY LOCATION ZERO §THIS I8 WHERE THE MICROCODE WILL STORE

Y Y I YT I T YT Y ) THE HALT STATUS WORD NORMALLY ZERD ON STARTUI
! SFE THE EX MEM FLOW IF PROALEMS HERE

!

l

LA L A A 2 L L AL A2 AL AL A 2 A0 2 LA A 2.2 1 J
PRINT THE HALT STATUS CODE AND THE PC sEXAMINE MEM LOC 1 TO GET THE PC

MICROCODE PUTS IT THEREAS WELL AS
IN HALT STATUS BLK

LI XY T R R LR X X 0 0 2 4 L 0 L0 AL AL XA L2 L.X2 )

ESL= /1



EXECUTE KS{? INSTRUCTION FROM THE CONSOLE

I I Y Y Y T I LYY P Y Y Y ey Y Y Y Y Y Y Y P Y Y Y Y L )

COMMANDSIEX XX(36 BITS)

NESC1THE COMMAND EXECHUTES A 1@ INSTRUCTION,THE MICROCODE MUST BE STARTED
AND SITTING IN THE HALT LOOP.THE CPU ISSUES AN I0 READ TO THE
CONSOLE IN RESPONSE TO EXECUTF AND CONTINUE,THE INSTRUCTION IS
PASSED TO THE CPU OVER THE KSi@ BUS AND THE MICROCODE EXECUTES IT,

FLOWS

L2 LR L L X A 1 3 A 0 XA 2 0 2 2 4 3

STORE THE ARGUMENT JVIA 8@8P 10 WRT 102,104,106,110,112
sreswsconenancssrRREnREn THIS IS 808 DATA REGISTER

!

|

T YT I LI TR Y Y R Yy YY)

SET THE BIT FOR 10 DATA CYCLE sVIA BOBO I0 WRT 114/2«THIS WILL STROBE
"eessveessnnscsansarrnes THE INSTRUCTION TO THE CPU WHEN UCODE ASKS
|

|

LI XY IR 2 I 02 24 2 LAl 1 L LAk

SET THE RITS FOR EXECUTE

AND CONTINUE JVIA 808G I0 WRT 212/3
LT X E L 2 3 L0 L X 3 4 L 2 X 2 & R A 1.1

IPINSs D18T2=CSL4 EXECUTE L

l D18V2=CSL4 CONTINUE [

! B18N2®BUS JO DATA CYCLE L

!

(1T Y YR YL L Y LR R X L2 2 X0 2 22 1

CONTINUE CLEARED BY CPU YET? 1VIA 10 READ 309(SHOULD BE @)

LI L L L LA L L AL & L L2 0 2 L 0 L 2.

1YES IND

! eoReBRORSNSen JMICRO CODE SHOULD CLEAR CONTINUE

{ PRINT ERR MSG

! DNF=DID NOT FINISH

! (AL L L L X X 2 0 K L2 1)

l

PUOMPPNOPPROVNN

DONE

cePsenEReaRewn ’IF WE HAD DONE A ST CQ”MAND TO START THE xS1d

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 ACTIVITY=THE CPU I8 SITTING IN THE HALT LOOP(4=$)
WAITING FOR EXECUTE AND CONTINUE THE SEQUENCE FOLIOWS
NOTEtLOCATIONS MAY CHANGE WITH VERSIONSeTHIS IS VER 14

LOC:e MACRO? COMMENT?

4 HALT LOOP

2228 [AR],VMA IO READ $SET UP THE COMMAND ADDRESS BITS
1sa0 [AR)L[AR) ,OR,#,#/200008,4 LEFT ADDRESS OF CSL REGISTER

5o VMAL(ARIWITH FLAGS §START THE I0 READ

3502 MEM RD, [HR) .MEM,LOAD INST 1TR GETS THF INSTRUCTJION

3523 EA MODE DISP,J/EACALC 1GO DO ITeCLEAR CONTINUE WHEN DUN

A= I



CONSOLE BOARD UARTS=~SWITCH CONFIGURATIONS
SEES=SISTSIESSSCITSSSSSSSISTRIEISSEISISEES

CTY==BOTTOM BERG CONNECTORe»SWITCH PACK E508 FOR BAUD RATE SELECTION
KLINIK=TOP BERG CONNECTOR==SWITCH PACK E509 FOR BAUD RATE SELECTION

BAUD SWITCHES

RATE 1 2 3 4 5# 6
ZS2EzESSSSESCISSSSEISTISSEETCSEIEESZESSSSSEIISTTTISISSESS
110 0 0 0 0 0 0

T I LY YR YRS R L RS L R LY DA AL L L L LAk ol

150 0 0 0 1 0/1 0

300 0 0 1 0 1 0

[y I P TN Y DR YRR L AL S L L L L L L L R L Ll A

600 i 0 0 0 1 0

,-QQ,.....pﬂQ-ﬂu-Qgpqqnnyqﬂnpauu-pq.pn--Qggpgqungnq-g---pggp

1200 0 1 0 0 1 0

e L LT Y Y P Y YL Y LS L L L LY YL IS L DL R L L L LAl

1800 0 1 0 1 1 0

Py L L T P T Y TR R L L LR L L L Ll LR L Lk el

2400 0 0 1 1 1 0
4800 0 1 i 0 1 0

9600 0 1 1 1 1 0

e YT LI T TP L L L YL L DL L L L L L AR L L LA bl Ll Ll bl dad

¥*NOTEISWITCH 535T0oP BIT SELECTION 0=2 STOP BITS 1=1 STOP BITS

CSL—7



READ I/0 @
I'll‘ﬁ“ii!lilll'il!llllll'l!illl“ﬁlllil.'l&l'lﬁ'l‘l&iﬂ"iiill*lll{l'iﬂl!‘Qil'l'.!iIQCGQQOIl*!!&li}l#'IIlll'l.‘*&l'l“l‘l'ﬁl'i‘.

{ Heus? H pRI1Se H NRUSS ! DBUSY 1 hRIS3 [ pRys2 H NAUS1 § DBUSY !
! ! 1t ! ! i 1 ! !
! ! ' ! { ! ! 1 !
IR DATA 2R R DETA 29 !} R DATA 30 | R PATA 34 ! R DATA 32 I} F DATA 33 | R NDAT2 34 ! R DATA 35 1}
! H vl ! ! it ! ! !
1 ! ] i { i i ! !
T T T T Ty T Ty oy Oy Y T T e A E g R Al ddd

REAN T/0 3
T I I T Ty Yy S Y Y Y R R R X X XS RS AL R LA R S aad Al Al Aa st A RAlhhd i
1| nBUS? PRUSE DRSS DRUSH4 ! DRUS3 DRUS2 DRUSY 1 nANS2

!

!

IR DATA 22
!

1 !

RREEERFFRRFRYRP ARG ARG RS

R DATA 23 R DATA 26

-t v o

R

o o -
o= 4 o ae
— - = am

! t

!
1
!
1
!
R DATA 27 |
!
: !
AR RRS N RN N RN RS B E R B RN O BRI RN AR R RN RN ERR RN

L} 1!
1! 1!
t! 1!
R DRTA 29 L R CATA 22 R DATA 24 J! R DATA 2%
) (]
o h
* % * %

ERRARPERBRRG DA PR AR R UB R E PR LS FRR A ARRBRRE RS ERRNY

READ 1/C 2

BUALERREBREPB IR REEPF R R ER I RIS llll'l!l*l!lllid&l»l-l'i&liiii!ll—l!i*‘%lilll&i&liiiﬂbilIvol.}liil*iiiilllildl!.l'l&'bliili&*i‘l&lIvliill
I DRUS? H DR!'Sh ) ORISS ] DRYSY ! 0RUS3 1! DBUS2 H DRUS1 : NEUSY H
1 ! I ! H 1) l ! !
] ! il ! ! [ . ! { ]
IR DATA 12 ¢ € MLTA 13 !r W DATA 14 ! R NATA $1S ! g DATA 16 ! R DATA 17 ! R DATA 13 ! R DATA 19 |
! ! i H H L) ! ! !
! ! B H ! i ! ! 1
hlt&lllll'i!lli.lli“Olll!lIQ!I-Q!!&Iliillll&}ll—illl'lll&&*li&&ii&lllllil{ﬂ&l'li#*lll&l&l&&l!lhll*il!lillh&i.!i#ﬁ&! LI EXZI2 XS XS 2]

READ T/0 3

T o g g Y T R T T R T T s Y Ry Ry R s e ey g S R RS R atadd L
{ DRUST ! hRIISA 1 DRSS ! DRUSAE ! DRIIS3 i nBUS2 t DRYUS1 | DRUSY !
! ! 1l i t 1 i ! !
i 1 t ! i 1! ! 1} 1
iR DATA 4 | R DATA 5 ! R DATA 6 | F DATA 7 ! R DATA 8 ! R DATA 9 ! R DATA 12 ! R DATA 11 |
! i i ! i it ! H !
1 1 1! ! ! i ! 1 !
T L T Ty g T Y T T T T Y T T R T R T R T T R Y Y Yy Y R e ey e e R A e i Ll st



READ I/N 102
BERBBBRBRE BB R PRP R R G T RBBB BB RN BRERRRRBBRB BB LB RBRBE YRR BERRRRBBRE RSB SR GR BB BB RS RBRRDRERRBRRBDRB R B BR G E RN RRRG RGN RN BB RN

| DRUSTY l DRUS6 i DRUSS | DRyUS4 1 DRUS3 1! DRUS?Z 1 DRUSY | DRIISO t

! tl ) 1t ! !
1 REC PR ! SPARF PE B! ADPT 1 CRAM i MEM 11 DP PARITY ! TRA PARITY | SPARE PARITY |
! N ! 1. !} PARTTY ENR ! FARITY EPRR ! PARITY ERR 1l ERR L H EFR L H FRR U I
i ! Ly t ! |8 1 L. 1! 1 1 !
! H [ 1 ! 1t i ! 1
Yy 212 Y e X 22 2 S E R Y RS X R R 22222222 2SR RS2 FR T X RS 2R SR R RS R SR R RS 22 22 A R 222 R XA A R R 2SR RS RS RRESR SRS )

READ T/0 101
HERRRERE RN ARG RR RS R R N R RN R SR AP R B AR GG AN T RE X BB E AR R R BR AR BB SR SR ERRRRE BB RSB RER SRR H R ARG A B R RRRS LRSS RRREDRUNR RN RIS R RO A RN W W

! NRUSY i DRITSG 3 DRSS ! DRUSY ! nARUS3 1R pBUsS?2 ! DRUSY ] DBUSY !
} ! 1 ! ! 1! ! H !
! ! 1§ ! ! i i 1 UMC REF 1
! PI REQ 1 i PT REQ 2 11 PI REQ 3 H £1 REQ 4 ! PT REQ S i P1 REQ 6 ! PT REG 7 H ERR B 1
1 ! i 1 ! 1! ! 1 H t
! ! 1 ! { 1! ! i !
R R N N Rty Y Y Y Yy ey R e AR YT ey e

REAR T/ 142
P T T T T T T Ty Ty Yy Yy Y YT T e
nAUS? ! DrNSe DRSS ¢ DBUS4 ! NRITS3 I naus?2 ! DRUSY ! DBUS®

!

R 1/0 BUSKY R BAD DATA

- b B
el
o
F o
=l
>

|
R COM ADR ! R 1/0 DATA
1

- = e

- r o=
[
- b= e e=

! ! 1 !
FREXBERERRREBERRRRRR SRR P ERRRRRRURNSRE DR R KRR RRRRBRRURERBREERTRRRRREEREERERRDEABE R B SRR DS RNN

! 1 !
! i !
! 't !
! R AC LO R PFSET 1l R MEM RUSY !
! 'l {
! t !
» . »

BERERFRASBBESRER RO RGEER SN

RFAD I/0 123
ARG RR RN RS RPN B EE R R R E RN BRI RD R E R R AR IR R R BB R RN RS BN PRRBFRERBBER LR SRR RERR RS SRS RERERBR BB RERRBERE BB B ERRRR RSB RNE P ARG SR BRI RN

| DAUSYT i DRI'Sh tl DRSS ! DRUS4 ! DBUS3 1! DRUS2 ! DRUSY ! DRUS? !
! ! il ! ! 11 ! ! |
! ! ] ! ! 1! H ! [
! SPARE PE | SPARF PF Il R PAR PIGHT | R PAR LEFT | R DATA @ 1! R DaTA 1 ! K DATA 2 ! R DATA 3 !
| L ! L o ! ! R ! ! !
! ! 1! ! ! 1! ! ! !
F Ll Ly ey R Y Yy Y Y T T Y A L L ey Ry T e R N Y e

£5¢-19

-



READ 1/0 307
BREEDERR ARG B PR R S E P E B R ERERR R U RERBRERE RN B R BB AR AR NSRS RERERDRE LR R R R AR U R BRI RRB IR E RN BERRARNBRBRBGRERBRRRRREBEL BB BRI RS T RIERRRR AR

1 nRusy i nRUSS 1 LEYEL ! DRUS4 ! DRUS3 [ DRUS2 ! DRUS] ! DRUSQ ]

1 1 ! H i ! !
! aTY I 7TY CHaR 1 KLTNTK 1 KL INIK i nes 1! RN (1) l§ EXE CUuTF | CONTINUF 1
! BIT # 1 LFMGTH 1! RIT ¢ ! LENGTH | HALT LDOP I H 1 H ! H !
) (Sw) H (54) 1l (SW) 1 (Sw) ! 1§ ! ! !
! 1 1 1 ! il ] ! 1
PERLF SR B SR AP G P F BB BB GBI REU RS ERP R TR RRER BB ERBUR RS BEREBHE BB B EBRBBBRRERAFP P BB AR B RERERBRRFBAER SR PEAR B RBEFBUARBRR U B RERBENBREDS

REAN 170 31

T R I R Iy T gy Yy Yy Y Yy T Y YT
! DRUS? ! DRUSE LN DRSS ! 0BUSY H DBUS3 1] DRUS2 i DBUSY ! pause !
| ! il ! ] [ ! ! !
! 12 ! NXM I PANEL § gUS H PE (1) i CONSOLE ! ROOT ! PATA ACK !
! INTERRUPT ! R 1 LOCAL ! REG ! H 1 ENABLE H ! H H H {
! H ! ' H ! ! 1! (SW) ! (5W) ! !
! ! 1l ! i i ! ! !
» e

ARERREPRFERPEF IR SRR NN BREERRNRARARRRRBERBERRRRERERBBEPS PR BB RE RN BB R B RBRERFRRPRURRRBAAR DR R RRBESERRRRBBRERARERRRE BB RN

READ I/0 382
FRBLERR RSN B S BB R R RO R R R BB R BB RRERRR ARG RRRE R RBRERFEE RSB ER DR R R LB AR RRERIR RSBV RREB RSB R BB RRFRE XA RG R R BB LR PR RRERRR RS AR ERER ARG RT RN

| pRus? ! rRUSH IR DBUSS ! DRi)S4 t nBUS3 IR DRUS2 ! DRUSY 1 DRUS? t
! H 1 ! ! ] ! ! !
! H 1 | ! il KLINIK 1 TERMINAL ! KLINIK !
! 4 i a v i ! 4 H 1,04 H 1 ENABLE ! ZARRIER i CARRIER

i ! t ! . ! i i ! !
! H il { ! i H ! !
A I T T g Ty ST A e

READ 1/0 33
BBRABARBOPE RSB EP S PR B SRR AT RERRBERRRREBRERERBBRBRAPRBB BB R RS ESPRRDBIE DI RG B ERBFRBRRRRRSRFRRRARERRRERBRERERARAR SRS RRRRRERRBEBRAPO RN

1 DRUST DRUSS NRUSS 1 DRUSY ! NetIsd DBUS2 ! DBRUSH ! DBiSY
!

—
-

! !
l !
! !
| !

2
——— e -
s

l
!

A i e
!

»
[ .
=

! ! i !

]
]
!
!
]
.
!
22X R X R R R R X PR XY R Ry X R R X R 22 2 2 SRR 222 R SRS SR SRS SRR SSR RS2SRSS AR 22 22 2 )

PR .
W re = e s o

!
!
!
!
¥

HANBERBERREPERRSRRBRER RSN

cse-1ef

va



:izmzigﬁzf:l'lﬁﬁlﬁﬁﬁiiﬁ'i‘l""'*l5"“"0.!'l'lilliIikl*I!Ill'!l&&&i&&&‘i’.l.".l'l'llﬁ.!lillil..C.&Qi'ﬁ’l&iﬂ&il.‘ill’l'il'.l.
| naus? {  nBUSE 1 DRUSS ! DB.J34 ! nauS3 ” nBYS?2 ! PRISY : DRLSA :
! ! ol ] H

! 1 1 CRAM ' CRM ADR | ss 1! oP ! STACK t CRAM i
t ;- ! a 1 WRITE ! LOAD ! MODE 1 RESET ! KESET ! RESET I
! ! 1 ! 1 1 H 1 H ! K 1
' ! 1 1 ! 1t 1 1 1
i'iﬂ..lU.DllIiil!l’*l'!“i.ib'.'llill.'.Q!!'l!.'I.l*l*'l}.il‘ll*.'i‘““““"Q'."l'ﬂl.!ﬁ'!’ili....li‘lllIﬁ.iil’“lll*l"l'ill.I.Q.

WRT I/0 205
ll.“l’lll"U'lllllilIIlO”IilUlllilii6"!ill.IG'iGdl'&l‘ﬂil’lllllilli!lllii’illlﬂl&}iliilibllliﬂibll*li!*l‘ll‘*lﬁi‘i‘#*ﬂ‘hI.g.'

I nBUSY 4 DRUSH (R} DRUSS ] . hBUS4 ! PBUR3 3] DRUS2 ! DRUS1 ! DBUSY 1
] i ] 1 ! ! ! ! !
! ! 1 CIR 32 | ! it ! ! ]
} 2 ! 2 i INTERRUPT ! TRAP ! CRAM i DIAG 4 ! DTAG 2 ! DIAG 1 !
! ! 1! L ! ENg ! READ Iy ! 1 !
1 { 1 ! ! tl | ! !
ill‘l-i!ll!l&l&iﬂ«lIli!iilli*ll!lll!l!i!llllliIG&IIGG"&I&I‘&&!‘&‘“&&&&l&!*ilﬁ!ll&li!ill.hllilbiﬁli&lG!Q&hilli!illiiilﬂlﬂlhlilll‘l

WRT I/0 226
I'“lllIl'!lIilli'illlli*I!iﬁill'ilii'.hl.l'iG'l.’.llil#l.*iii‘.li.l.l’*“&l.lllli.'l'lli'*ﬁ*i.ll'i"ll{l"#*lIl'l*!&“il'il!.i"

! DRUS? ] DRIISE t! DRUSS ! DRUSY ! DBUS3 1! DRUS2 H DRUS1 H DBUSE !
} ! ¥} ! ! [ ) ! !
1 1 1 1 ! 1 1 ! !
1 2 ! a 1 e 1 ? 1 @ i 4] 1 SINGLE ! CLK RUN !
! ] 'l ! 1 1! ! CLK # ! H H
! { 1! ! ! 1! ! ! !
ﬂlilll.&!'!lil.llo!I’C&lli'i!llﬂlillllii&!!llli'!lll!lQ&!&i*'UlliilliiIlllilillllil!ﬂl.i.l.llli&ll*!b*&l!ﬁllli&ld'i&l&liil'lli
4RT 1/0 219

lli..lliilllllil'l!l.’illlﬂl&lllll'l!llililll!.l.*ﬁIili*iil&lllilll&ill&il.li'i'il’il.illi{llli'll!l*¥**il.'i&&ll&.liillil.l&!
! PBUSY? | DhuISH 1! NDRIISS ! DRUSY ] pBUS3 1! DRUS2 ! DBUS1. H psusa !
! ! IR ! I} [ ! ! !
! CHECK H CONSOLE !} T ENB ! T ENB ! SRA T TLK 1} CRA R CLK | LATCH ! R CLK 1
! NXM ! REQ 1 FOR 1 FOR DATA | 1! H DATA ! FNR L !
! ! 1! COM/ADR ! CYCILE ! 1! ! SENT ! !
! [} 1 ! ! 1! ! 1 !
I{ilm'l'hllll!*liﬁl&llliﬂlillﬂl&’lliﬂ!lblllﬁlii!|i!iu&l!l’lli0’¥ﬂ|ilii&ii*lll&!'il!!.l..l&ll&lll{i*lldﬁ&ll*i{l!lii}ll*bl.'&*&.

4RT 1/0 212

!ili«#llhlllll*l!lﬁlIillﬂ&ilD'l!&{iiill!ll!!uli!ib.iﬁ'.lil!!l-&iD’illl!ll.lli!.lIl&i.i'iil&ilillli!inl!*l'iOI{U!&’&&!&'!!!I'QG.
! DRUSY ! DRUSE HE DBUSS ! DRUS4 i DRUS3 1l DBIIS2 1 DRUSY ! LRIISA !
! i t ! ! i ! i !
! ! i ! ! 1t ! ! !
1 » 1 (4 1X] 4 ! (4 1 [ il RUN ! EXECUTE ! CONTINUF !
i ! 1 H 1 it ! ! !
! ! 1! ! ! 1 ! ! !
nt-nmp-nnnnuo:uuunu'-.unuu-nurununuvunuunupquucunmnunquununuauununw.un-innuuuuinunununu»u»urcu-i&&n’nbrunl

(AR Y S

~



!
Q"ll.iﬁ‘l.&&l!l"lll&llll“lIO{'G}'!QI“&'."%G!.

! i !

L 222} ‘Iilll'litlGID.llliil‘illl*}&.Iii‘lll’ﬁllIll'l.'d&ﬂ"ﬁ!'&!l..I!&l*l.’.}l

WRT 100
6*:!.DS!!’D!Gll'§ll-li!i.ii—!lil%llhl%lll“ﬁ&&i&lil'iI00}!'!!‘!!’0.0.!QIllillll’lilil'iiﬂ}bil*liiiil.ilﬂ!.!i6!.'00il&§§ilhlhilili
! DRUSY { DRUSH i DRUSS ! NRUS4S ! PRUSI 1{ nRYB2 I nhust ; DRUSA ;
{ ! ¥ ! 1!

! ! il ! ! il 1 t l
1 RFSFT ! PE NFTETT ! CRM PE ! DP PE H CAZHE it 1 MSEC H ] 1 A H
1 1 FYrBIE 1l DETETT 1. DFTECT 1 ENABLE 1! PISABLE B ! !
! it 1 ! i
» 'L ™

WRT 121

lb!lll!!d}llliilHlllll}lilllllil**ii.lﬂihd!iiiIlniliiill’!..'i"ﬂblll&kb!llllll.*l{&hii!i*ill'i.li!lilllili.{l!l!l.&ldnli&*lll
1 DRAUST 1 DEUSH tl DRSS ! DRUS4 1 DRUS3 1! DRUS?2 { DRUS1 ! DBUSH !
l l i 1 ! il ! ! !
i 1 t ! 1 MODEM 1! ! i H
] @ ! a ' 2 ! e 1 DTR 1 TEST 1 CARRIER l FAULT !
1 I 1 ! ! i ! ! !
! ! il ! ! 1! 1 ! !
* *

II"ﬁd'llilDiill'Ilill‘ll’ll!Iilillh‘l.llli!l.Q“G.lﬁiliﬁl'li“"llliiI‘Gii&il'ﬁ.“*l*lll'l&l*ﬁi*lUIII.I‘&iiliililllﬂilﬂl*.llill-‘

WRT 182/1@3 PATA/ADR
’GIICP!!O'.i.!!&l.'l.'l.ll’lllllb&&l&&i'!’!!lll’iili‘Qlil'illll"*lilIliil'ﬁll**li*lli‘lli*}&ili‘i{l*ilii{%l*i&lil'll.*‘lli'lﬂil

! DBUSY 1 DAUSE ] DAUSS 1 DRUS4 1 DRIIS3 1l DRUS2 ! pRUS1H ! DRUS@ !
! i t! ! H ] ! !
1 ! 1l ! 1 il ! ! !
| DhTA 28 | DATA 29 ! DATA 37 | DATA 31 1 DATA 32 1} DATA 33 ! paTta 34 ! NDATA 35 !
! ! i ! ! i ! ! !
! ! I ! ! i [ ! !
llil»l.illl!!il'll'l’.'.l&llbllll!hillﬂlliilullil.il!iihﬂﬁ.l}&!D!lullllIill{!!ili*i.il*l**%il!iilli!*llli!{!i**&QI!I&&!I!!!#!%

WRT 144/1¢3 DATA/ADR
'lllui!nlﬁll.b'lllll'lDllillilﬁlﬂdiilﬂihiiﬂlliiii.!l!itllll&&h!i.lﬂiii&!!lll&&'*ili*ii&lllii*lllll&!ni&ll.Iilllli'!&l'ui*'.l!l

! DRUSY 1 DRUSHE DRUSS ) DRUS4 i DRUS3 DRUS2 ! DRUS1 { DBUSR?
i

DATA 27 DATA 2% DATA 22 DATA 23 DATA 25 DATA 26

[
—— pe = e

l !
! !
! !
! !

- —
P

-— e e=aw

i
!
1l
DATA 24 !
i
1 il 1 ! i ! !

!
|
i
DATA 27 !
!
!
I&lK’illlllil.i’.!'Illl'.ll'Qli*i‘lil'!.ili.lOI&Q'i'.i!’ﬂﬂl".’0'6*’“’!il'.&’li’il!.!*l'iﬁi&’!lGI'.l&Ql.'D‘..ﬁll‘“l’&&*hliliilll
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WRT I/0 240 CTY UART 4RYTE STATUS REGISTER(DATA BUFFER IS I/0 221%)
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MOS MEMORY

WRITE CYCLE

A write cycle is started wher the controller receives a write command
address word from the KS1@ Bus. The format is as follows:

DZ = @ Memory Operation

Dl = @ Not a read operation (MMC3)

D2 =1 Write Operation (MMC3)

D14-16 Memory Controller (always zzro)

D17-19 select Array Board (MMC3)

D2¢-21 4 word Sclect on Array Board (MMC3)

D22-28 Row Address (MMC3)

D29-35 column Address (MMC3)

when the command Address Cycle . (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 (MMCB). 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 MX chips on the

sclected array board.

On the next "R" Clk we switch the address lines with Column Address
Enable i. (MMCA) and 75 nsec later "R" Clk B o (MMCC) sets CAS (Column
address Strobe MMCA) sending the column address to the array boards .
The CAS signal strobes the 7 address lines into the column part of the
MOS chips. This conditions one of 16k word for the data to be written
into memory. This part of the write operation is the same as the read
operation.

Bus Data Cycle L (MMCA BUS Data i) tell the controller whon the data
to be written has arrived from the KS19 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 is 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 (CP, C40, C20,
Cl0, Cc4, 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
@@-35 (MMC6). The 43 bits of data are written into 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) get set at data cycle time or 2"T" glks after
C/A cycle (MMCA).

MEM -1



MOS MEMORY
READ PAUSE WRITE

A Read Pause Write is started when the controller receives a write
and Read command address word from the XKS1f Bus. The format is as

-1

follows:

Dg = @ Memory Operation

Dl = 1 Read Opcration (MMC3)

D2 = 1 Write Qperation (MMC3)

D14 = 16 Memory Controller (Always Zero)
D17-19 Select Array Board (MMC3)

D20~21 4 Wword Select on Array Board (MMC3)
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 decoded on 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 (MMCB) which causes
GEN CHECKX BITS H (MMCB) and BUS DATA H (MMCA) to write the MOS DATA 09 -
35 and 36-42 into the selected word of the MOS RAMS when W E H {MMCR)

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 CYCILE

Each location in the MOS IC's must be refreshed every 2 msec.

and take approximaktely 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 mixer
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 regquest (MMC9) is still

set then Refresh Error F/F will set (MMCY9). This causes the memory

to lock out. The only thing that will happen is memory will constantly

refresh to preserve data integrity in MOS memory.

-~
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MOS MEMORY

READ CYCLE
A read c¢ycle is started when the controller receives a rcad command

address word from the 1IS10 Bus. The format is as follows:

Dg =g Memory Operation
Dl =1 Read Operation (MMC3)
D14 -~ 16 Memory Controller (Always Zero)

pl7 - 19 Select Array Board (MiC3)

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 to see if it is an
existing address giving a address match (MMC8). Address Match and - Ref Add
En (MMCB) with (MMCC)R Clk causcs RAS (MMCA)Row address strobe to set

And sends RAS to selected array board the RAS (MMCA) signal strobes the

7 (seven) address lines intc one of four words of chips or the selected

array board.

On the next "R" Clk we switch the address lines with Column Addrass
Enable . (MMCA) and 75 nsec later "R"ClkBL (MMCC) scts CAS (Column
Address Strobe MMCA) sending the column address 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 about 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 (MCA) data
down the KS14 Bus to the Bus Master. This data has not Leen checkod

yet for single or double bit ovvors. I there are no singla or Jdouble
bit errors the word is transmitted again with the signal data cycle 1.
(MMCA) pin BL2. Checking for single and double bit is donce 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 error correct cnable is generated
(MMCS) which causes the placoment of the correct bit (MMC2) on the KS10
bus. 'This corrected word is transmitted fnr two cycles. Memory Busy
(MMCB) i1l stay set until data cycle occurs. tf there i a double Lit

AIEM -9



detected Uncorrectable Err H (MMC5) is generated which causes Bad Data
XMIT (MMCA) to send signal BUS BAD DATA CYCLE L. (MMCA) Bad data cycle
will produce a page fail in the CPU if the CPU requested the word.

Bad data cycle will produce a time out if the UBA or some other I/0

device requested the word.

( } = Page number

ip
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UNIRUS TO KS1# ADAPTER

THE ADAPTFER 18 AN INTERFACE BETWEEN THE UNIBRUS AND THE K819 8alUSs
ADDTTIONAL ADAPTERS MAY BE PRESENT ON THE X818 BUS ,UP TO 4 TOTAL
THE UNIRUS SIDE WILL HAVE A BUS ARBITRATOR,

THE KS1® SINE WILL APPEAR AS AN I/0 DEVICE

THE UNIBUS ARBITRATOR WILT. HAVE THE FOLLOWING REQUEST!

INT INTERRUPT
NPR DATO TO MEMORY

DATT TD MEMORY
DATOR TO MEMORY

cePU I1/0 READ
T/0 WRITE
NPR TRANSFERS DATA TO AND FROM MEMORY

EVEN UNTRUS WORD ADDRESS WRITES WILL ZERO THE

LOWER HALF WORD IN MEMORY UNLESS THE READ PAUSE WRITFE BIT
1S SET WHICH FORCES A READ PANSE WRITE CYCLF

oDN UNTRUS WORD ADDRESS WRITES WILL CAUSE A READ

PAUSE WRITE CYCLE

ADDRESSFS WILL RE MAPPED VIA 64 REGISTERS

BR7 w4 WILL INITIATE AN INTERRUPT REQUEST TO THE CPU PI LOGIT
BREE&T ARE PROGRAMMABLE AS ONE LEVEL WHILE
BR554 ARE PROGRAMMARLE AS ANOTHER LEVEL,

ceu CAN PRRFORM A UNIRUS 1/0 REGISTER READ OR WRTTE,
THEY WILL CAUSE A CPU REQUEST
TO RE ISSUED TO THE UNIBUS ARBITRATOR,
1/0 READ DATA WILL BE LATCHED WITH SSYNC WHICH
WILL REQUEST THE KS12 AUS, THE CPU WILL RECIEVE
1/0 DATA WHEN THE ADAPTER BECOMES THE KSi@ RUS
MASTER,
I/0 WRITE DATA 1S SEND TO THE DEVICFE WITH MSYNC,
THE CPU CAN ALSO ADDRESS MEMORY OM THF UNIBUS IF IT IS
IN THF RANGE OF 64«124K

INT INITIATED BY AN I/0 READ WITH BIT 5 SFET
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
763107 STATUS REGISTER
7637XX 64 MAPING REGISTERS LOADED VIA SM1d RUS

1f
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STATUS REGISTEE Te310p

READ/HWRT RIT t& ITIDITATES  UINTAUS RERRITRATOR T~ 0UT
MOYORETH RECTEVED WITLTIA & MICHNY SE2, Nk
TR OADDRESSED NON EYTSTANT NEVICH HEGISTFR
AL BEVITE ADDRESSED *0ON EXTSTENE arwdny
i CLFEARS HIT
READ/WRT BIT 15 INNTZATES RADN MEMORY DATA Niu “PhL TRANSFUR,
MARTHFR wILEL TIME 2T OV HAD MEMORY DATRE 1V
RTT 2R T8 SET
1 CLEARS WKYT

READ/WRT RIT 2v IMNDYIZATES Sv{# RIS PARTTY TRAOK
{ CLEARRS RTT
RFEAD/ART BIT 21 “pUI ADDRFSSED KON FYTSTEAT FVICE
1 CLFAS BIT
READ RIT 24 ©uh AR 7 TNTERRUPT REQIEST
READ RIT 25 “R K NB &4 INTERRUDPT REQUEST
RFAD RIT 26 A2 OB D7 LOW
CLEARED NOY REGTSTER #RITHE
RD/WRT NYIT 28 NTSAALE TRAMSFER Ok NNTORRESTARLF PATA
WRT ONLY RIT 20 TSSHE UNTRIS [NTTATTZF
RD/WRT BYIT 30=32 BT LEVFL AF #B%A, 7 AND
RD/WRT BYT 33=35 PT LEVEL OF A&RS ANDAG

HRBEUERAERRRRERSRERRRAEES R FETEERRARREFRRN B RR LR RLUIRLNRP AR U F R ER PGNP ARG RS S B

18 19 20 21 27 23 71 28 7?6 2?17 AR 24 32 3
TIME AJAD K813 ('va URS BRA Al BTEARIS TP TIT O IPT R
1 12 33 R 5

VETL HIGH) R 0 TR I PR

PRBERBENBERRE R RRENFTERRARRR SRR ERURAE RN RER R R R AR RO g e w e e AP e M T T s

MATSTENLNTE REGTISTER TH3e
WRT ONIY RTT 3% JHANGE MPR REG
4RT ONI, BTT 34 ~HARLE PR A4RAP LROAPUN

MARPTNG ReGUSTERES TRAIAMRT63277

LOACEN VIARTTR 21«34

RIT 21 13 VALID ATT

PIT 24 1S 38 RIT FASY XEER PNAALE (FyFN 3 HO008 wE0DTur))
i
1

\

N R

BT 19 S BERARLE UPPERE TWNn DRITS On XFER
BTIT 18 TS SAINMTEFARNCE PRISE FOR FVEN AND Ohp YFviRy ae«]lES

roe

PEAD VI! PITS 1he2h AND
HET 9 TS PACING RAM PARITY COADPUTED I8 READ

RIT A TS VALID AYT
RIT 7 ¢S I8 BT FAST b1 ROARLE
HIT A T8 DYSARLE apbuR 2 niTSs
#TT 8§ TR SATUTEC AMOE allarle
HTT 1 1S (e BARITY

MPROANPRESRS CAMNUR DRI DU S eeiMY g

D Y e o ’ e //ﬁA—? ‘\‘. “ RS



11 ADDRESS 16 15 14 13 12 {1 1@ 2 1 2
11 BYTE
=«HALF WORD

UNTIRUS ADDRESS BITS 16«11 ADDRESS THE PAGING RAM WHICH SUPPLIES
THE UPPER ELEVEN RITS OF 1@¢ ADDRESS

LF

vBA-3



THE {1 SIDE 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 RETWFREN 64 AND 124K

UMTIRUS DATA FORMAT: PR PA 17 o
UNIBUS DATA CONVERSIONG: RDD @ A B
ADD 2 c D
@ 17 1R 5
12 WQORD A B c N

1/0 REGISTER CONVFRSION SM1Qe= UNIRUS

12 ADDRESS 18 33
11 ADDRESS 17 ae

L Bo-4



EI
DI
ET
D1
EI

DI
EM

IINTBUS ADAPTER WRAP AROUND TEST

URA#,763000 JADR OF PAGING RAM FOR LOC ZEROU
40000 (VALID),140000(36 BIT,VALID),240000(18 BIT,VALID)
UBA%,763101 tADR DF UBA MAINT REG
1 }BIT 35 FOR WRAPAROUND
UBA#,ADR JLOAD MEM ADR TO BE WRITTEN
$L,0W ORDER 2 UNIBUS ADDRESS BITS ARE DISCARDED ,WE ARE DOING
JA 1A BIT WRAPAROUNDICOO SAYS 8 BIT UNIBUS RYTE MODE NR NOT
1C1 SAYS RH OR LH
tEXAMPLES 3,.,08LH MEM LOC 0
3,:2=RH MEM LOC 0
3,,4=LH MEM LOC 1
3,,6=2RH MEM LOC 1
XXXXXXX(DATA PATTERN) pAILL LOOP THRU UBA TO MEM LOCATION
MEM 1,0€ $DID IT GET THERE??

CEA-4



UNTBUS SIGNAL PIN FINDER
IEZZINTTITRSSEIITSITITTSIE

UNTRUS BACKPANEL M9014 CONNECTOR
SIGNAL PIN PIN ASSIGNMENT
NAME ASSIGNMENT JACK PIN

¥ 34+ 33t 43Ittt i3t it 111113ttt 1111+ttt i1ttt 11 it 2ttt
AQOL HH2 J? D

AOIL BH1 J1 R

AO2L B.J2 J1 J

AQ3L BJ1 Ji F

AO4L RK2 J1 N

AOSL BK1 J1 L

AOSL B1,?2 Ji T

AQTL BL1 J1 R

AOSL BM?2 J1 X

A09L BM1 Ji v

A1OL BN 2 J1 BB

ALl BN1 J1 A

A12L BP2 J1 FF

A13L BP1 J1 hiy)

At4], BR?2 Ji LL

A1ST, BR1 J1 JJ

A16L BS2 J1 RR

AL7L BS1 J1 NN

ACLOL Bri J2 Vv

BBSY L ApP2 J3 BB

BG4 H BE?2 J3 X

BGS H BR1 J3 T

BGA H BA1 J3 N

BGY H avi J3 J

BR4 L, BD2 J3 v

BRS L BC1 J3 R

BR6 L Al12 J3 L

BRY L AT2 J3 F

Co L BU?2 J3 NN

Ci1 L BRT?2 J1 TT

DOoO 1 ACt J2 B

Dol 1. AD2 J2 F

D02 L AD1 J2 D

DO3 I, AE?2 J2 L

po4 1, AR J? J

DOS L AF2 J2 R

Do6 I, "AF{ J2 N

D07 L AH2 J2 v

D08 L, AH1 J2 T

D09 I AJ2 J2 Z

D10 T, AJY J2 X

DIt L AK? J2 DD

D12 L AK1 J2 BB

P13 L AL?2 J2 JJ

D14 L ALl J2 FF

DI1S L AM?2 J2 NN
-----..-----Q----.'-.--'Q-.Q-‘QQ..--...Q."U..Q..Q'R
GND AR2 THE FOLLOWING PINS
GND AC?2 ON J§ J2 J3 ARE
GND ANt GROUNDED

GND AP1 A S8 HH
GND AR1 c U KK
GND As1t . E W MM



GND AT1 H Y PP
GND AV2 K AA S8
GND BR2 M cc yu
GND BC?2 P EE

XY TR YR PR Y Y YRR R LR P LN S R R R 2 R 2 0 X 1 X% J
GND BD1 J1 VA4

GND BE1l J2 TT

GND BT1 J3 pPD

GND BV2 J3 RR

INIT 1L AA1l J3 Z

INTR L ARl J3 FF

MSYN I, BV1 J3 LL

NPG H AUt J3 D

NPR L As?2 J3 B

PA L AM1 J2 LL

PR L AN2 J2 RR

+5V An2 - -

+5V BA2 - -

SACK L AR2 J3 TT

DCLO L BF2 J3 A

SSYN L (23051 J3 J

EF-7



DVAC

861-[Pow ER
CONTROL

SWITCHED
CUTLETS

\2OVAC

cBl

FlLoT
CONTROL.
RoARD

Loc
o O

o—uwmte OFF

ON

N——

g;s‘uez —-+5V
suPPLY
unsey  besi2V
= —5V
-~ BV
L_J BLOWETR

PEC PoweER BUS

o REM f=t-

FRONY

PANEL
on /OoFE
<

KS-10 Pow er DisriBRUTIoN
'5|'mpli @(ed Rlock Pia b\vw

NOT VERIFIED

TBAH K< '
- | H765 ]
PowE(R ‘
<uPPLY ISV ~ +15V | ;
A LD e REG& i
~- 541686 | g
DELD == ‘
LY. = |
GMD = ;
= 28VAC '
AC. INPUT BOX ‘
+|B5V .
SY =
P HSY REG# 1 g
gt ° GND —~-+— 4745
~|8Y =
| la28uAL
PlLOY !
CONTRO-
—» BOARD Y5V
+5V = REG#2
GND = HT744
FAN FAN r > 28VAC
A 2
120 1126 +5Y
5Y¢
vAcT VAC tof = REGH#3
. GNP =1 1 744
120 VAC 28 —28VAC
VAC loswER
TRANSFORMER DISTRIB.
ASSEMBLY BoARD
[ By
P



LH  Power supPPLY (H7(30 73

INPUT
S0-128 VAC er 180-256 VAC
47-63 Hz.
1IZA @ 120V wnorwal wmadimumt current
A woyi wmumm
OUTPULT *
4 A P-P Noise *
+ 5.0 0-25 50 wmV
4+ S.0 0- "0 50 mv
+ 12.0 0- 10 120 mV
- 5.0 o- 1 506 wV
- 15.0 o- 2 180 wmV

* 50 KHz < Neise < 20MHzZ. RE?F,C amd deift not o
exceed Tolerance [iwmits. Tolevavce for all ou‘(’Fu‘)s
15 t l.Sb/o.

BACKULP!

The LH infer-?aces with 4 DEC 48V Rattery Pack .

30 secends @F backuF are ?Pow‘a\zel {’or: +5.0V/ZSA'.
HZ-O\’,‘,/?OA; omd - 5-0\//11\. Bateries will ot |

supPly power to the reBu(aJwrs with e uult ofC.

Tlhe %llcwi cond ifions cause ba*{ew) AMsconnect
{%om Yhe (8

wlators:

. Power Dwidelh 'Q*@m‘ﬁu Console oFFE
b. Ac Line net low.

C. 30 second backup expived.
d. Low baﬂ’ev\) voltode .
e. OPer\ Aivemy b breakee

POWER. FAIL S\&GNAL !

U'Fon re meval @]0 Ac Enpud" 'nge\r Foil does net "(t‘ut
( 'O Volts) {‘or (4- b msec. The output o{—"ﬂm L

will rewevn in veanlahon for al least 4 meee



alter Power Foul is asserted. Line woltade En‘{‘crruP‘*

of less than 14 wusec. will not cause “Pswer Fou
4o be asserted .

OVERLOAD !

Overlaad (NIO%; <140% of rated out load> s
current iwuted o within 10% of 'rafed currewt
~.Fo~r a shoet circwdt dondifion. Removal of ‘the
-Ca,uu» condition causes recovery -@mm over|cad .

OVERVOLTAGE

Overveltake ( >0k ; < 120% of nominal out wt) is

cvowbarved. Crew bar reacts witHun S(f,usec.*f‘o
WUt 2 azec overveltane pulze. Recovery
is effected by mamu\Uy Cyc‘ﬁt‘ng oFF Hun oM.

ONER TEMVERATUICE. !
Therwal sluddown is ‘Fmv?d_d.

OUVTPUT SEQUENCING'

—5.0V wmust exceed maﬁuihwu 0\0 4.0V Ee{’ore. +1.0V
tuvrns en. -

2.0V wust o{\ro[: t less tham 1.0V be@:re ‘Hee
WA WAt LAk of Hhe -850V s less than z.0V
duving tuen off. |

I{‘ -5.0V 15 short cireauted the t12.0V i<
cvow Havred.

F5-3



PEVICE ADDRESSES AND VECTOR ASSIGNMENTS FOR K810

LTl e s e 2 R e e e e Y e e R R e R it Pl S S e e R P s L R St el

DEVICE # ADDRESS VECTOR UNIT BR LEVEL JUMPERS/SWITCHES

Iy vy e Y Y YR LY YRR LA ALY AR R RS DL LR LA L L L g L R
RHi1 i 776700 254 1 5
RH11 2 772440 224 3 5
(TR R AR Y B 0 R LR L & 2 2 2 L 0 & 2 2 4
LP20 1 715400 750 3 4
LP20 p 775420 754 3 4
X I LI I Y Y P L L DR A Y LY ]
DZ11 1 760010 340 k! 5 A/1 ON V/4,5,6,0FF
2 760020 350 DITTO DITTO A/2 ON V/2,4,5,6 OFF
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
-,---------9.!.-.-Q"QI.".'p...p..
KMC11 1 760540 540 A/3,4,6 OFF Vv/1,2,5 OFF
2 760550 550 A/1,3,4,6 QFF V/2,5 OFF
+10 ETC +10 ETC

NOTESLOWEST ACCEPTABLE CS REV D,
NOTESEACH BACKPLANE SLOT CONTAINING AN M8204 MUST HAVE WIRE CA1 TD CB1 REMOVED,
SHOULD THE MODULE BE REMOVED FOR ANY REASON THE WIRE SHOULG RE REINSTALLED TO
INSURE THAT THE NPG SIGNAL WILL BE PASSED ALONG THE UNIBUS,

[ TTE YRR LY R LA LY L LA R L A b L A b bl

pupt1t 1 760300 570 A/4,5% OFF V/2 QFF
2 760310 600 A/71,4,5 OFF V/1,2 DN
+10 ETC +10 ETC
 NOTE:LOWEST ACCFPTABLE CS REV F,STANDARD FACTORY SET JUMPERS(FNR BELL 201
COMPATABILITY)ARE AS FOLLOWSIW1 IN W% 0uT
W2 0uT Wé IN
W3 IN W7 IN
W4 IN

LYYy a2 rr X P L R 2 R 0 2 2 4 & L Q2 X J 1

7 5c- /



EXTERNAL REGLISTERS

PYX I Y DT LR L Ll

T BCCESS AN EXTERNAL REGISTEP THE EXTFRNAL In INSTRUCTIMNNS GENERATE
AN EXTENDED 30 BIT ADDRESS wHICH 18 USED AS AW 10 ADDRESS,BITS 14=17 ARE I
CONTROLLER SUMBERS AND HITS 18w35 ARE USED A8 THE REGISTER ADDRESS,AN
EXTENDED ADDRESS TS5 KFAUTRED TO ADDRESS CONTROLLERS OTHER THAN ZERO,
1,E, THE PROGRAMMEF MUST USF INDFXING OR INDIRECTION TQ YYRID THE LESTRED
EFFRCTIVE ADDRESS, FLF EXAMPLE , TO WRITF THE FIRST CONTROL STATHS REGISIFS
IN THE RH11 WITH & WRITF FUNCTION CODE OF 61, ASSUMING THF RHIL IS5 ON THFE
FIRST 10 CONTROLLFF ,THE PRNGRAMMER COULD EITHER

1/74RTIO AC,O(XR) WHERE XR(INDEX REGISTERICONTAINS 1,,776700

AND AC CONTAINS 61 OR

2/WRTI0 AC,QDRPCSY #wHERE THF LOCATION DRPCSH CONTRINS 1,776700

AND AC CONTAINS 61 DR

3/wRTTN AC,776700(XR) WHERE XR CONTAINS THE cnaT # IN RITS 14=17
AN ADDRESSING SCHEMF SUCH AS THIS COULD BE USEFUL FOR USING COMMON
CUDE AMNDNG NIFFERFNT IN CONTROLLERS,

BYTE INSTRUCTION

§ wILL TKANSFER ONLY 8 BITS OF DATA FROM THE LEB'S OF AC,

CURPENTLY THFRE ARF FDUR SLOTS ALLOCATED FOR 10 CONTROLUERS, THESE ARF NOWw
UNTBUS ADAPTER MODULES (THE CONTROLLER NUMBERS ARF HARDWIRED ON THE BACKPLAYE,

SLOT
19
17
16
15

UBRA PAGING RAM

WRTIO(713)
AC»7630XX

RD10(712)
AC»7630XX

RAM P
EN 16
VALID

/0 CONTROLLERS
1
?
3
4
EXTERNAL FEGISTEPS BIT FORMATS

T T I e e L T L L Ll

1N ADDRESS 763000=763077

00 01 02 03 04 05 06 n? ne 09 10 11 12 13 14 15 16 17

n.----;----.+--o--;-.-.-#--.--*-----n.y-unq.----+.----§-----4--.--4-----u--..-q---...-.---l-----o-----¢.----.

tCemssmmananssacnannsncnmsasansasannnonnanmuusesnhNl] 5EDescsmenncacmcosnnsesanamsornrosaresasssmannnnn

.-----4.....*--.--;.----4-.---+-----a--.--¢-----4-.---q-----4-.--.+-----a-----&----.0--....-----4-.---0-----l

1K 19 20 21 22 23 24 2% 26 21 28 29 30 31 32 33 34 35
'.----‘---.-#-----‘-.-‘-0.-..-&.--.-i-.---*;----0-----‘-----+----~¢.I'.-..---q*-.-.-+--.--&---.-+-----0.--..{
SMAINTIENIG L(EN36 JVALIDICoswaenk(OT USFDe>|Keaseew=PAGE BITGwe={0ADK 16 THRU 2hesmesncscansecscencsencnnscncadd

o..---q-----¢-----¢.----4-----+-----.-----q-----¢-.---*.-.--4--.--¢-----*-.--.&----..-..--g.----+--.--+-----.

0o ot 02 03 04 ob 0o o7 08 09 10 11 12 13 14 15 16 17
i-----+----.4-.-.-&-----;p----+--.--}-..--‘-----¢----.&---.-+-----+o----*n-g.-*-o---*.----n.----¢-----+.----§
#(renn|veanan]|escnn|eenss|RAM PIHAINT#ENIE JEN36 3VALID*FDDAR1-----1-----'-----1-----l-----i-----1<---~-PAGE -

I.---.¢-----‘.----i-----‘-----+---.-‘-----#-.---{---.-l----.+.----+-----i-----t.----#.-.--i-----*-.---0-----‘

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
i-----.-----4-----*..-..&.-.--Q----n&----v*-----+-----I.---.‘-----#-----ﬁ---g-#---.-’-.---“...--0.---.+-----'
=AY BITS JO ADR 15-26--.----.................--.....>|<.-...-...-u01 USEDwmeenrsswsvasasnensansnnsensancnnadd

i.----q-----4----pg----.+-----‘----.i-.---¢-----+-----u-;--.*.p.--0.----*---.-4;-.--0-----*-..--*.----+.-.--l

RAM PARITY BIT MAINT MAINTENANCE PAUSE FOR EVEN/ODD MEM WRITES
DTSLBLE UPPER 2 RITS DN UNIBUS TRANSFERS EN 36 ENARLE 36 BIT FAST MODE TRANSFERS
PARE IS VALID RNDPAR PAGING RA* PARITY COMPUTED ON READ



¥

UBA STATUS REGISTER 10 ADDRESS 763100

18 19 20 21 22 23 24 25 26 27 28 29 30 3 32 a3 34 35
i-----*----.o.----n.--u-+----..-.--.*.---p*-----+-----0u----*-----+----.*-----4-----¢---.-i-----+--.--+----.n
WRTIN(713) *C TIMJC RADJC PAR#C NFD|KwewmoenesmmaeNDT USED ON aRTmeme=>{D XFRIUIN[T#LmenaPTHerorenscadtmnmunaapP L ommenedy

.,.---.-----+.--.-..-.-.+--...‘.....g.-...q.----*...-.;--...*..-—-4-"--np----w---~~»-----i-----+-----+-----a

18 19 20 21 22 23 24 25 26 27 28 29 30 kB! 32 33 34 as
u..---¢---v.+-----.-----+-----¢---o-a-----;-----*-----{---..+-----+----ql-----+--o--¢----.I—---—*-----;----qﬁ
RDINET712) * TIM} RAD | PAK® NFD} *INT HIINT LIPWR 1.» LDXFR jiwmeaPlHounsnoondilnusonnseapP{man>n

*---o-*----.*.----u----.*-----4-----4.----4----.*-----‘-----.---n-q---..u»----#-----Q----..-----¢----.+~--.-i

18 R/W TIM UNTRUS ARRITRATOR TIMFOUTeNO SACK IN 5 MICRD SEC»CFP ADDRESSED NDN EXIBTENT DEV REG
N2 DPEV ADDRESSED NON EXTSTENT MEMORY 1 CLEARS THE RBIT
19 R/w BAD HAD MEM DATA ON NPR TRANSHFER®MASTER WILL TIME AUT un BAD MEM DATA 1F 28 SET=WRT CLEARS THE BIT
20 R/¥ PAR KS§10 RUS PARITY FRROR=WRITE CLEARS THF BI1T
21 R/w NED CPIl ANDRESSED MOM EXISTENT DEVICE=WRT CLEARS THE 1Y
24 KNNLY INT H INTEKUPT REQUEST ON BRe UR BR7
25 RNRLY INT 1. INTERUPT REAUEST NN pBR5 NP RR4
26 RANLY PWR T, AC [.Ow OR DC LOW=CLEARED ON REGISTER WRITE
28 R/W DXFR DISARLE TRANSFFR On UNCORRECTABLE DATH
29 wnNLY BINIT TSSUE UNTBUS INIT
30=37 R/w PIn F1 LEVEL OF BR6&,BR7
33=135 R/W PIL PI LEVFL OF BR4,BRS
UBA MAINTENANCE RREG In ADPDRESS 763101
18 19 20 21 22 ?23 24 25 26 27 28 29 n kR 32 33 34 35

{-----;-----*---.-Q-----*----o+-----u-----4.----4.----4-----¢.----¢-----§--.--¢-----¢.----.---.-*-----q-----q
ﬁ(-.------..--------------------.-----NOT USED-----------------------------------------------~->lCNPRGLEWRAPG

ﬂ--—--Q-.-.-’.----i....-+.----*r----*----—Q-t-..'-.---‘..i-.‘-..--+'----*-...-‘--.-.*-.--'..----+p-...*-.---*

WONLY RIT 34 CNPRG CHANGE NPR REG
WONLY BIT 35 FEWRAP FNABLE NPK wRAP ARDUND

MEMOKY STATUS REGISTER 1N ADDRESS 100000

Souseneevewnraedtebewe

THE MEMORY WILL HNLD THE FRROR ADDRESS,THE ECC CNDE AND THE TYPE OF ERKROR FOR THE FIRST ERROR DETECTED,
BITOO0,THE ERFOR HOLD RAIT, MUST RE CLEARED TN ALLAw THE MFMORY TO CONTINUE AND THE CAPTURE THE

NEXT ERHOR IN THE STATUS REGISTFR,

0n 01 02 03 04 05 vk 07 oR 09 10 11 12 13 14 15 16 17
i-----‘-----*-----*---—-0.----&.----’----.Q—----Qu----i-----Q---w-(.--.-Hn..--‘---u-’-n...&.--w-*--.—-*---.-l
¥HOLD |HAD DIR ERp#P FRRIECCON| CP # C40 | C20 1 €10 * C04 | Cuz2 | CO1 #PFAIL} 1 JADR14%ADR15JADRIGJADRLT»

i-.---+-..-.+..--..-----0-----0—----’-----+----p4-----l-----Q----o#-----*v.---+---.-0---.—!-----0-.---+-----i

1% 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

u..---¢----.,.........--’-----+.-.--4.----+-.---+-----&--.--;.--.-¢-----i.---.¢--..-¢.-...a.----¢----.¢-.-..*

®APRIR|ADRIGLADR2D#ADK2Y zAm:')?zA,r»pzaur.\nza;Annzsznnnbuuaﬂmnp'zaMDEZ‘MADP)O;ADRM {ADR32#ADR33JADR3I4LADR3IS*

*.-o--;-----4-----.-----¢---.-;.----l-----+-----+--n--i----.¢..---+-----ﬂ-.---¢-...-Q..-.-i.-.n.ﬁ-----4-----*

0o HOLD mMC% ERR HOLD SFT 0N ERROR CONDITION DETECTED MY CONTROLLER=CHLEARED WHEN WRITTEMN
01 hAD N MMC4 UNCNK ERK HOLD SET SAYS ERROR IN REG wWAS UNCORRECTABLE
02 R FERR MMCQ QR FRR RFFRFSF ERR SFT 5,5 USEC AFTER COM/ADR 1F NO DATA RFCIEVED,CLEARS ANY

CYCLE TN PRDGRFESS AND REFRESHFS THE M0S ARRAYS,CLFAREN WHEN WRITTEN QR MR,

SIS E - F



03 P FRR  MMC7 PARITY ERR ASSERTTED MMC RECIEVED A PARITY ERR ON THE KS10 BUS, SET
BY WRITING 1 Tu BIT 3jJCLEARED BY WRITING O TU BTIT 3 OR MR,

04 ECCON  -MMC3 ECC ON THE ERROR CNRRECTION LOGIC IS ENABLED WHEN DN,#WHEN OFF ERRORS WILL STILL BE DETECTED
BUT NO CORRECTINNS MADE.TURNED ON BY MK OR I0 WRITE TO B1T 35 OF THF 51ATUS REG

05 cp MMC4 ERR CP PARITY BIT OF THE CORRECTION CODE

ne c40 MMC4 ERR C40 CURR CODE RIT C40

07 cou MMC4 ERR €720 CORRCTION CODE BIT €20

na c10 MMC4 ERR C10 CORR CODE BIT Civ

n9 cna MMC4 ERR CO4 CORR CODE CO4

10 co2 MMC 4 FRR CO2 CORR CODE RIT €02

11 cn1 MMC4 ERR €O CORR CODE RIT CO{

12 P FALL MMC5 POWER FAILED SET IF MEM MAS LOST POWER QR BATTEKY RACKUP FAILED,CLFARED WHEN WRITTEN,

13 1 INUSED ALWAYS ASSERTED

14235  APRXX  MMCR ERR ANR14%3% KITS 1435 OF THE ERROR ADDRESS REGTSTER,

1ADDRESS BJITS

soseeewsemasd

14~16 SELECT CONTROLLER

1719 SELFCT ARRAY BDARD

20=21 SELECTS ONE NF FOUR WORDS ON THE SELECTED BUARD
22=28 7 ROW ANDRESS LINES

29=35 7 coLiyMh ADDRESS LINES

W)
N

=



RH11 RPJ44/S/6 PEGISTFR BIT FORMAT
MRUS!DCT IRKELL I ! ! ! ! ! H ! ! } ! ! ! i i ! 1UNIBUSY
ADR [PRINT (NAME | ! ! ! ! ! H ! ! ! . ! ! { ! ! JADR IN0TE
--------.--------------.--.------c--------c----o.---.---.--------—-—--------------.-------,.-----w-n--.--.--------.---nud---------—-
12 | t le» t21 12?7 123 124 125 126 127 128 129 t3a 131 132 133 i34 13% ) !
.-.o----.----c-----------.--o-v-----------.------------u.--.--------n----c---o----.-------—-------.---u-.---.--..-.------------c--
MBUS! ! I c1s! cial €13y c12! T1ir Sial cesl cesl ce1) r@sl £A51 C241 (@3l ca2t cotl  ced) {
’..-.---..-.‘---.--.---w---..----.------.--.--—----.----..---.--q-.----.--Q‘---n---.-----------..---...l.-.--------.------q------.

l ! ! ! ! ! ! ! ! ! } l it ! ! ! 1 ! ! ]

H
----c--.---------.-'---n-------.---------------o-..----------.---.-.--.----n.--------..------.-------.-----.--.--v----—u—--o-----

@® JRGIRGHIRPCSILISC LTRE IwCPRE 1@ {pDVa  IPSEL tA17 !At6 IRDY IE IFa 'F3 1F2 1F tFe GO 177672011 W
::'°?"""I§;;E'?;FI§'?EE?Z'IEEI?'325?5'152?7'ISFTS'?CE&S'?LE%S'I;ES§'I;EEZ'I;ES§'I;EQZ'EEEQE'?ZEBE'?;E;?'I;E55'73?23551"""""
::"I"""ZSE;X'Z;ZTE'ZEZIZ'?EZI?'?%EIS'?K:??'IQXIZ'I;ZSS'IEZ;S'?EIS§'?SiEZ'IEZSE'IEZBZ'ISZJS'IEZJE'I;ZEI'?;255'?3?2?82?"""
6;"?53?352?;55;'?5""IQ""IE""I?ZIZ'??Z;E'??Z&Z'I§Ié5f?;Z&I’IE""IB""?E'"'IESIE'I;ZEE'IQXGZ'IEZES'I;IBI"I??Z?GEI;""""'
ZZ"I"'""?EQE;STST?"?ZFE"?Z;E"?ZF;"?LE;"?;E;"?;IF"IZFSF'?SE"'I;E""TEZQ"IEI?"?81;"?55"'?5?"'?55'“'17323252"""""'

------.-----.--.---.--------.----.q--o----.--------.----.--—---.--.--n--.---------.--.----------.----.-.-------------.-.--q------
21s IRGH IRPDS !ATA !ERR IPTP I#MOL 14RL !LST tpGM  IDPR IDRY lVV IPDE] 1DL64 IGRV !DIGR IDF2? IDFS 1776712}

! ! ! : ! ! i ! ! ! 13 ! 19 134 1e 14 12 le ! i
--m-----------.---.--.--.-.---------------------..---------.-w--q---------.---------.-------.----.--.-.-------.-------.------v---

p2 |RG2 {RPEPLIDCK 1UNS 10PT IDTE I4LF 1IAE !ROE !HCRC INWCE |JECH JWCF IFER JPAR !RMR lILR LILF 177671419
52"'IEE""ZEEK;'Ié""?S""?E""IB""IS""?5""?8"'"'?5"'?:?;?'IZ?ZE'?ZEZE'?K?RZ'?Z%i?'IX?ZE'IE?ZI'IZ?ZS'I??Z?I;I;"""
53”'?5;2"'?;3;2'?5""Z;""?5""?5""?5'"'?SEZ"IEES"I;EE"IEEI"?558"?&2;2'?52?5'?5""?5""?5'"'?5""???;?55?""""
3:"'I"""§§FE;'ZSZIE'IBSIZ'ISSIR'?BSIS'IEZI?'?SZIQ'IESZS'ISEEE'75555'IQEEE'?SEEE'?SEBZ'?EEES'IEQSE'IB55?'75553'17§25351"""""
53"'?25?:53?3555'?5""IB""IQ""IS""IQ""?;EE"?;SE"?ZB;"?BEE"IEEEE'?&G;"?E;S"Iiééi%fﬁ?iS'?;Eii'}SGS"?33Z§5ZI:"""""
52"'?%63"'?555?'?::2"?;ZE"I:SR"I3'"'ISE;"?5""?5""?5;5"?6?:"?8;2"?5?5"?6?2"?5;5"?5%5"?5?1"?5?8"?322?58?""""'"
?5"'?&53"'?§S§G'I§3;3'?EZSZ'IERZE'?QZS?'IECSE'IESZZ'IEZEE'IEQZI'IQSIE'IEQIZ'?ESIE'?QEZI'?EKEE'IQZGZ'IESBS'15351'1?725352"""""
II"'ISEI"'IEFZ;'?EEEG'I%""?;""IF3$§§?EEE?'?ZEI"IS'"'IE""ISEE?'IBFEE'?BEES'?SF;I'Z8;23'IBEEE'?E?EI’IE?EE'I??Z?E;ZJ"""'
ZEZ'IEE?"'IQEEF’ZS""?3""];""I;""?5""?5""?5""IEEZS'IEESS'ISEE§'ISEBE'25583'15252'IBEGB’IBEBE'?BEBI'I??Z?SZIL""""'”
! ! ! ! ! ! H ! tnC1e ! 4 ! ! ! ! ! ! ! 1
T S S S S U SO SOt U PEP BT LT SR T L st oo b P i r

13% 1589 IRPCC ¢ X [ 12 Y 10 e 1CCO9 JCCAR JCCAT ICCA6 JCCR5 1CCY4 1ece3 10Cco2 1ccPt 1776736!¢

! ! ! ! t 1 ! ! 1cC1e | ! ! 1 ! ! ! ! ! ! i
14 JECH IRPER2JACUNS!D \PLU  138Vi LIXE  INHS  IMHS I{WRD  {FFN  ITUF |TDF IMSE ICSU 1WEU  ICSF  IWCU 17767401 W

! ! INC ! ! 4 ! ! ! ! {ARS | } IRAW | ! ! ! ] !
15 {ECT |RPER3IIOCYL !SKT 12 ta 1@ te ' 1@ 10 1ACL  IDCL  |DISE JUWR 19 IVUF  IPSU  $7767421W

1 ! ! { inpe 1 1 ! ! ! 1 ! 135VF @ ! 1WAQ tDCU ! !
.-.-.--.-.--.H.-.----.-.....‘..---------...-..--------.-.--I-.--.-c---..----....------..----.'..-.----.'--.’..'-.--.----...--.'-.--“
16 FC2 IRPECLL? HJ 134 14396 2048 131424 1512 1256 1128 164 132 116 18 {4 12 B 17767441
17 1ECH 1RPEC21@ 10 19 12 1 ¥4 IBITIVIBITS [BIT8 {RIT] 18IT6 IBITS IBIT4 JRITY IBIT2 JBIT1 IBITY 17767461
--..-.-------v....--------.---.---------------.-o----------n.-.-.-.--...--.-.---...-------...--..---.--------—---—---.--..---------u
1 ,SHAREP REGISTER C15=C13,018=206 IN RH11 @#wHERFE TA0 ENTRIES TOPsRPA4 BOTTOM=RPA6 WmREAD/WRITE «wzRH11 REGISTER

RFE.ST STOREP IN DRIVE
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RH11 RM03 REGISTER BIT FURMAT
MBUS|RHI1 JPRINT]} ] t ! i ! ! ! i ! l} l ! ! ] H {UNIBUS}
ADR INAME lLDC | 1 1 1 ! ! i ! ! ! ! | H | i i IADR . INOTE
l..qu--..---u--u.----------.-.-.-.-------....---m-.--.-y--------n---.w----------------up——-------.-----.---------u------.---------w
10 | ! 120 121 122 123 124 i12% 126 27 128 129 130 131 132 133 134 13b ] ]
n-.n-.o---.----—.------.--..----.-.------n.--.---—-----------------------.--n-’-----w-------.----.--‘----------.--u----..---------
MBUS | ! 1 C1S! C14! C130 €12} Ct1} €10l €091 €oO8l (CnT7} (OBl €05 coay Co03¥} co2l CO01l COOY i
.-.u--------------.---.------.----.u------o-'---------------------------.--.----—-—------.----------------------------.-.---------
00 |{RMCS1 | 18C ITRE  IMCPE 10 IDVA IPSEL lAY{7 lA16 IRDY IIE 1F4 1F3 1¥2 {F1 lFO 16O 1776706011 ,R/W
l-.Il.--.-.-O.---.-.I..-I.-.-.--...---.---..—----'-.-’.'..--n--,-‘---.--.-‘--...'---..-—b--..--..--'-------.Il...-t-----..---------'
we  JRMWC | IWC1S IWC14 LWC13 [WC12 JWCE1 IWCI0 JWCO9 IWCOB [WCOT LWCO6 IWCHS 1WCo4 IWCO3 JWwCU2 IWCO31 LWCO00 1776702{R/W

-q-n---nonnv'---------'---------..--------------..--.-----.-.-.--------.-..---------.-------.----------w---------'------------.

== |RMBA | {BA1S |BA14 [BA13 {BR12 |BAL1 !RA10 IBA0OY |[RAQS |BAOT7 |RAOS IBAOS JRAO4 [BAOY JRAQ2 [BAQ1 JBAOO 1776704|R/W
-.-ﬂ.....---"-----------.-.------.-----------.-.-----.I-..—-.--..---.------.-l----------------....-.--------....--n----.----------
05 IRMDA | 1o 10 10 10 i0 L TAQ4 {TAD2 |TAO1 IO 10 io 1SA16 JSAOS [SA04 1SA02 ISAUL |776106(R/W

T T ore T Ines inEnipen IMAR IABE 1OR11R 1Lk 1PAT IBAL 102 ibi  1d0  i1erioimsw
PP YU e e e PR D i P e T T T VI T I TT I TP TR

S T e T on e eie IAEIAGE T IWGRG 1N IER iatr IFER IPAR IRWR J1UR IILF 177671a1R/W
ST T T T T e e IS T Ie T T IATAY IATRe IATAS [ATAR IATAS IAIA2 IATAL IATAO 1777161R/N
P P P P P - e - - e T T T TR TR I
S i TonT3 Tha13 10511 IDRi0 1R00 1DRPS IDRa7 IDRo6 10905 1DR04 DBO3 1DBOZ 1DBG1 IDROO 1776722iR
ST I T e T IRE ke TEeRe IRLre EeRG 1PDAIPA 1CONT 1p5  IEFCC 1wD  iLs | iLewT iDWD 17761241
e SOOI IPRD IMDRPY MO YL IRSERR T ROF T IRRELRING” " haP T INING Indc” " ToND 17767241
.‘---'.'.'-.-.---.-.----.-.---n-.------.-.-Q--------.------I--—---.-----.-----------n---.-.---..--------------.-u--.------------

06 IRMDT | 10 {o {MOH  jO {DRQ |0 1o y\DTH |DT? IDT6 {DTS IDT4 {DT3 (DT2 |IDPT1 |}DTO 1776726 R

-.---.----..--------...-------------------.----..---.--.--------.-.--.---.---------.-.--.-u--o-o-.------.------.----—--.---------.-

10 JRMSN |} 1SB000154000352000151000,8800 1S400 1S200 15100 1880 1540 1§20 1510 1SNOB {SNO4 {SNO2 ISNOY [776730IR

-----.--a.--'--.-.--.---.----o-------.--g-----.-------'-.--ng---..-p--------------.----'.-----.-.-.-.-------.---.-----..---------

11 |RMOF |} ] {0 1o IFMT16|ECT IHCI O v JOFF Dlo 10 o {0 {0 {o 10 1776732 R/W

.-.-.------..---...---------...--------------------.------.--------------------------..-..-.-----.------.-p-.----------u-.----------

12 [RMDC |} 10 to 10 10 10 {0 1o IDCS12iNC256NC1281DCH4 IDC16 IDCOB {DCO4 |DCO2 |DCOL 1776734R/W

13 [RMHR | 10 fu i0 1o 10 10 10 H 0 [ 0l 0l 0l (U] n 0! 0 776736} UNUSED
-'-..-.---'.-..----.-...----Q..----.-.-‘-.-..----.-.---.-------.-.-.-.-----’----..---.'--..-.'--..--..--..D-----.--.-..----.--.-.
14 ||RMMR2 | IREQA !REQB ITAG |TEST JCCTAGJCHTAGIBRY |BBES {BB7 |BBb IBRS JBR4 BRI |BB2 |BB) IBBU [776740|R
-n---..----'----..---.------.--.--------...----------u-----.--------i---..-q-co----..-u.-n.-.-q...-n--.-.-----------------------

15 |RMER2 | 10 I1SKI JoPE }1VC ILSC ILBC {0 10 IPDEVCK O 10 {0 IDPE 10 10 10 17706742 R/W

--q-.---c-..n----.----..-----.-------.-.--------..-.-----------------------—.------—-.---n.-----.-.--------------.---------------.--

16 |RMECH | 10 10 10 IP40Y6LIP204RBIP10241P512 LP256 LP128 P64 P32 |Ple P8 ‘P4 1P2 1P} 1776744 }R
F---.-q-.--...ﬂ---..-.-..Il-..-.-Q------....---..'-.-..---"----.I-n.-Il---.---u---.--.ﬂ----ﬁ-'---..---.-..-"-.--—-----------.-.--.-n-
17 |RMEC2 ! 10 10 10 10 10 IPATI11PATIOIPATY IPATE IPAT7 [PATH IPATS IPAT4 IPAT3 IPAT2 IPATI 1776746 (R
'---O----.--.-----'.D-------.------.--'-.I.I-0--.--.--..--'------.—.---....-----I--...-.-’-I----..-----ﬁ-.-l----.--...--------------
1,»= |RMBAE | 10 10 10 10 {0 10 10 10 i0 1o 1A21  1A20 A1Y  JA1B  (A17  LAte  L7Te750)R/W
----------...-.'.--'.-.--..-'...---.-.-----".----‘...-.-..----.--------.---Q-----.------.'-..-.-------.-."------.-.---I--.-.---.-.

== |RMCS3 | JAPE |DPEHIJDPELO}WCEHI{WCELO|IDBL 10 10 i0 {IE 10 10 JIPCKIJIPCK2|IPCKI L IPCKOL 776752 R/W

-----------o'-------.-.--.-.-----.---.-.-----------o—-----.-.------.---.--.--..----------------------.--..--u-----------.-----—-----
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RMO3/RP06/RH11 REGISTER BITS IN PLAIN ENGLISHwREFER

T LY LI T I T R Y P S LR S R LA Ll kbl btk

30VU 30 VOLTS UNSAFE
3ISVF 35 VOLT FAILURE

A UNIBUS ADDRESS EXTENTION BITS
ABS ABNORMAL STOP

ACL AC LOw

ACU AC UNSAFFE

ADOE ADDRESS OVERFLOW ERROR

APE ADDRESS PARITY ERROR

ATA ATTENTION ACTIVE

BA BUS ADDRESS

BA1 UNIBRUS ADDRESS INCREMENT INHIBIT
BBX RUS IN LINES =FUNCTION DEPENDENT ON TAG LINES
BIT BURST

BLC RURST LOCATION COUNT

cC CURRENT CYLINDER

CCTAG CONTROL SFLECT OR CYCLINDER SELECT TAG
CHTAG CONTKO[, SELECT OR HEAD SELECT TAG

CLR CONTROULER CLEAR

CONT CONTINUE

CSF CURRENT STNK FAILURE
csu CURRENT SWITCH UNSAFE
DB DATA BUFFER

DBCLK DEBUG CLOCK
DBEN DEBUG CLOCK ENABLE

DBL DNUBLE WORD OPERATION
DC DESIRED CYLINDER

DCK DATA CHECK

DCL DC LOW

DCU DC UNSAFE

DE! DIFFERENCE EQUALS ONE
DEBL DIAGNOSTIC EBRL

DEN DATA ENVELOPE

DEVCK DEVICE CHECK(DC OR HEAD SELECT FAULT)
DF20 DRIVE FORWARD 20 INCHES PER SEC

DF5 DRIVE FORWARD S INCHES PER SEC

DIGB DRIVE TO INNER GUARD BAND

DL64 DIFFERENCE LESS THAN 64

DLT DATA LATE
DMD PIAGNOSTIC MODE
DPE DATA PARITY ERROR RECIEVED

DPEHI DATA PARITY ERROR=0DD WORD
DPELO DATA PARITY ERROR EVEN WQRD

DPR DRIVE PRESFENT

DR@ DRIVE REQUEST REQUIRED
DRY DRIVE READY

DT DRIVE TYPE

DTE DRIVE TIMING FERROR

DVA DRIVE AVATLABLE

EBL END OF BLOCK LEVEL
ECCE ECC ENVELOPE

ECH ECC HARD ERROR

ECI ECC INHIBIT

ECRC ENABLE CRCc OUT
EECC ENABLE ECC OUT

ERR ERROR

ESRC ENABLE SEARCH

EXT EXTENTION . -
F FUNCTION rsC— 5



FEN
FER
FMT{e
FMT22

GRV
HCE
HCI
HCRC
TAE
IE
ILF
ILR
IPCKX
IR
e
I1XE
LBC
LBT

LS&T
LSC
LST
MCLK
MCPE
MDF
MDPE
MHS
MIND
MOCYL
MOH
MOL
MRD
MS
MSC
MSCLK
MSE
MSERR
MSTOD
MURDY
MWP
MWR
MXF
NBA
NC
NED
NEM
NHS
oCYL
OES
OFF D
OM
OPE
OPI1
OR
PAR
PAT
PATXX
PDA
PGE

FAILSAFE ENABLED
FORMAT ERROR

16 BITS/WORD FORMAT(MEANS THE SAME AS FMT22)

FORMAT 22 SECTORS

PERFURM DPERATION

GO REVERSE

HEADER COMPARE ERRDOR
HEADER COMPARE INHIBIT
HEADER CRC ERROR

INVALID ADDRESS 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

LN8S OF SYSTEM CLOCK

LAST SECTOR TRANSFERRED
MAINTENANCE CLOCK

MASSBUS CONTROL BUS PARITY ERROR
MAINT DRIVE FAULT

MASSBUS DATA BUS PARITY ERROR
MULTIPLE HEAD SELECT
MAINTENANCE INDEX

MAINT ON CYL

MOVING HEAD

MEDIUM ON LINE

MAINTENANCE READ

MAINT SECTOR PULSE
MAINTENANCE SECTOR CNMPARE
MAINTENANCE SECTOR CLK
MOTOR SEQUNCE ERRDOR

MAINT SEEK ERR

MAINT SEARCH TIME QUT DISABLE
MAINT UNIT READY

MAINT WRITE PROTECT
MATNTENANCE WRITE

MISSED TRANSFER

NOT BLOCK ADDRESSED

NOT CONNECTED

NONEXISTENT MEMORY

NON EXISTENT MEMORY

N} HEAD SELECTION

OFF CYLINDER

OFFSET INFORMATION

OFFSET DIRECTION

OFFSET MODE

OPERATOR PLUG ERRDR
OPERATION INCOMPLETE
QUTPUT READY

PARITY ERRQOR

PARITY TEST

PATTERN

PACK DATA AREA

PROGRAM ERROR Misc— 54



PGM
PHA
P1P
PLFS
PLU
PS
PSEL
PSU
PXXXXX
R&G
RAW
RDY
REQA
REQR
KEXC
RMR
SA
SBD
SC
S$CG
SK1
SN
SXXX
TA
TAG
TAP
TDF
TEST
TRE
TUF
v
UNS
UPE
UWR
VUF
vy
WAQ
wC
WCE
WCEHI
WCELOD
WCF
Weu
WD
WLE
WRL
WRU
wsy
DT

PROGRAMMABLE

PACK HEADER ARF2A
POSITIONING IN PRDGRESS
PACK LOMNKING FOR SYNC

PLO UNSAFF

PROM STRORE

PORT SELECT

PACK SPEED UNSAFE

ECC POSITION REGISTER BITS
RUN AND GO

READ AND WRITE

READY

REQUEST 0N PORTA

REGUEST ON PORTB

RECIEVED EXCEPTION

REGISTER MODIFICATION REFUSED
SECTOR ADDRESS

SYNC BYTE DETECTED

SPECIAL CONDITION

SIGN CHANGE

SEFK INCOMPLETE

SERIAL NUMBRER

SERIAL NUMBER

TRACK ADDRESS

CONTROL SELECT TAG

TAPE DRIVE

TRANSITIONS DETECTOR FAILURE
COMMAND SEQUENCFR IS BRANCHING
TRANSFER ERROR

TRANSITIONS UNSAFE

UNIT SELECT

UNSAFE

UNIRUS PARITY ERROR

ANY UNSAFE EXCEPT READ/WRITE
VELOCITY UNSAFE

VALID VOLUME

WRITE AND OFFSET

WORD COUNT

WRITE CHECK ERROR

WRITE CHECK ERROReODD WORD
WRITE CHECK ERRNR*EVEN WORD
WRITE CLOCK FAIL

WRITE CURRENT UNSAFE

WRITE DATA

WRITE LOCKX ERROR

WRITE LOCX

WRIRE READY UNSAFE

WRITE SELECT UNSAFE

ZERD DETECT

MISC—F



]

)

i1 TMO2 REGISTER BIT FORMAT
MBUS I \ : o ! ! ! 1 ! ! 1 i ! ! ! ) ! 1 ! !
ADR [NAME | 1 ! ! ! ! 1 ! 1 ] ! ! 1 ! ! ! ! ! ! INITE

--u---------.-.------—’-.I-.-’.-'.------------..----Q--..--.-.--.--...-‘----.I..---.-.OD-----'.--'---.-------------------------.---u

10 ! ! : 12e Hral 122 123 124 125 126 t27 128 129 t3o '3 132 133 134 135 ! t
.-m....--..-------------------------------—-------.-----.---...-.-------.-.-.----.-----—----------------------.----au-----..-.....
MRUS! ! H 1 C1S! F14l £130 €120 C11) Clal Ca9: 2B} CATL cdel CAb) cvdl ce3l C#20 Cell AWl H
.-uw----.--.---------.---.--.-.-----u---.-..--.C--...--.---.n--'---.--...-.--...-.---.
! ! ! ! ! ! ! ! ! ! ! ! t ! 1 t ! ! i ! '
'-u---------.-.--..----------------o--.o----.--------.----------.-..-------------------o.-------------v----------

A9 1CONTROL 1 ! ! ! 1 ! tDVAs | ! ! H ! 1F5 i{F4 1F3 1F2 .81 IFA/GOY 1R/W

.."..-.----.--.---.-------------------------------.-..-.---..----..-.--.-...-----.---o--------.---o-----«----.----n---.---.-----.

@1 ISTATUS ! VATA  JEPR IPIP  tMNL 1WRL GROT NG {DPF IDRY 188C IPES 1SDWN LIDB tT™ |BOT  I1SLA iR

e e L L R L L C R L Rt bbbl e doiededebalstuiuiobsbitniid
22 |FRROE ! 1FAR/ LUMS  1OPT  IDTE INFF  1CS/ IFCE {NSG IPEF/ lINC/ {DPAR IFMT ICPAEK !PMF [ILR ILF ! VB
! ! Icre ! H ! ! DS I ! ILRC  IVPE | ! ! 4 ! i 1} !

A3 JVAINTENANCE | (uDFR LMCET [MDF6 I¥NF5 [MDF4 [MNF3 [MOF2 IMPF1 [MDFO [ SWC IMC TMOP3 [40P2 IMOP1 IMOP@ MM ! LR/¥

.-u.---c------.--'--.—--...-.-----.---u--------------.---------------------.-.----------m--.---v.--------o--.-.------------.--...

34 JATTENTIOM ! INC INT INC INC INC INT INC Iz JATA7 IATAR !LATAS [ATA4 [ATA3 TATA2 1ATAY [ATAY ! IR/ W

Q-m--..Q'.I.-----I-l..-....-.'---..-.--...'-.----'..--..-'-.---.----...---------.-—--..-----.------------------..I-.--.---------.

@5 IFRAME SOUNT ! TFe15 1re1a LFE13 IFC12 'FCI1 IFCI1® LFCEO IFCAB LFCET IFCA6 IFCAS IFCP4 LFCA3 IFCO2 1FCAL IFCOQ ! 1R/W
D e i recmsaiasevnomeusscssasssmsecemmseo=mascsssamScmeesmoesrossseasanemsomoasu sess sy aosnm s oEs e an s
#6 IDRIVF TYPF ! 'NSA ITAP IMOH 17 CH IDRG ISPR INC  !Ceassmecco=see=eDRIVE TYPE PO=@R-seseccmmcoucssmsmcassmnnan=if

.-m----.---cu-----.--.-------------------.-------np.-v.--..-.-----.----------.-.------------..-a----~-----------------.o---.-----

@7 {CHECK THARMCTER e [ INT INC INC INC N 1CRCP LCRCT ICRCH LCRCS {CRC4 ICRC3 ICRC2 ICPC1 ICRC® INRZ {R
--m--------.-------.----.----.----.--------.-..-.------o.--..-.----o-o---------o-v.--------..---------q:.---------------u--------
@7 (CHECK CHARRCTEF INC NG INT INe 'NC NG INC 1DT4 PINTT InTe (DTS5 IDTY DTS IpT} IDT8  {DT2 ! PE IR
P L L T PP PR LR R L L DAL DL L E bt dd bl dodddib kb
11 I TAPF CONTRNL] 1aCCL !F2S ITCW LEAD INC tDEN |DEN IDEN JFMT IFMT IFMT IFMT [EV 1582 !ss1 1sS9 ! IR/W
! ! ! ! ! ! I{DTE ! 12 11 14 ISELY ISEL2 ISELY ISEL® IPAR | ! ! ! !

Q-.-----.-.----------.--.----o----.---------------.---.----.--------------------...----.----.---.----------..---------------.---q
{1 ISERIML NUMRER tSH15 1S¥14 JSV13 1§N12 !SN11 ISGN1@ ISNG9 18438 }SNAT (SNA6 JSNDS ISN#4 18N@3 1SN@#2 1sNM1 ISNGA | IR

P T I PP Y R L R R L AL LR L

H

---.------------------------.--.---.--.-.-.------.-'-------------.----.--------..n-..----..---.-

#HARDVIREN SET
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MAGTAP REGISTER BITS TN PLAIN ENGLISH

..ng..-..-.-..--.-----—---------ot-------------------..---..-g-...-..--...--.----------o-.a----o-------------.----—--.---.--u

NAME RIT# PRIGIN DESCRIPTION

1.m-------------.-.--o--------o--u.----------.----------.--.---.---.-----------.--.----n-a----.-------..--.------o-c.-.-----

7CH 12 7 CHANNEL UNIT wMEGATFD ON 9CH DRJVF OR PNWER LOSS

ACCL 15 ACCELERATIONSSET WHEH TRANSPORT NAT ACTIVFLY READING OR WRITING

ATA 19 L ATTFNTION ACTIVEmATTIN L INTERFACF SIGNAL ASSFRTED

ATARwT ATTFNTION SUMMARY PSEUDD REGISTFR(1 RIT PER TMA2) BITS

ROT At $5 BEGINNING OF TAPE

COR/CRC 18 CONRECTARLE DPATA ERROR(PE)OR CRCC RFAD DOFS NNT MATCH COMPUTED CRUC(NRZT)

CPAR a3 CONTROL BUS PARITY«I4CORRFCT PARITY DETECTEDR

CR(P=? CRCC BITS FNR LAST TRANSFER M NRZI 4ODE

es/IT™ 12 CNRRECTARLE SKEW(PE) OR TLLEGAL TAPE “ARK(NRZI)

DENQe2 Q8e10 SPECTIFIES TAPE CHARACTER DENSITY

DPAR ] DATA BUS PARITY ERROR

NPR 28 " NRIVE PRESENT~HARDWIRED SET

DRO 11 PMRIVE REQUEST REQUIREDeNEGATED TO INDICATE SINGLE PORT UNIT

DRY *? u HRIVE READY=TMN?2 AND SELECTFD TRANSPORT READY FOR COMMAND

DTR=? DEAD TRACKS=TRACK MAY HAVE DROPPED ONE OR MORE BITS DURING THF TRANSKFFR

NTAP e PR=TR NRIVE TYPF A11aTU16 #123TU4S

DTE 1?2 NRIVE TIMING ERROReCLASS P

DVA 11 NRIVE AVATLARLE HARDWIRED 8FT

EAODTE 12 ENARLF ABNRT ON DATA TRANSFER OPERATIONSeENABLES ABORT ON ERROR REG RITS15,7,6,5

goT 1@ $§S END OF TAPE

ERR 14 M COMPOSITE ERROR=ANY BIT IN ERROR REG 1S5 SET

EVPAR a3 EVEM PARITY ~FVEN PARITY READ/WRITTEN DURING NRZI OPERATIONIGNORED IN PE MODE

FCAP=15 FRAME COUNT REGISTER RITSeCOUNTS TAPF EVENTS -

FCE a9 FRAME COUNT ERROR=CLASS A

FC3 13 TRAME COINT STATUSeSET AT END OF WRITF IO FRAME COUNT REGWRESET ON FC REG DVERFTLOW

FMT 74 FOR“AT=DATA TRANSFER WITH INCORKHECT FORMAT CODE DETECTED

FMT SFLA=] FARMAT SELECT CODFw«SFE BELOW

X ReS FIINCTION CODE RITS

s a3 M IDEMTIFICATINN BURST(PE) DETECTED=ASSERTED TILL NEXT TAPE MOTTION COMMAND

ILre ea ILLEGAL PUNCTION=CLASS 8

ILR 21 ILLEGAL REGYSTER«CLASS A

INC/VPE #6 TNCOOREZCTARLE DATA FRROR OR VERTTZAL PARITY ERROReVPE QN NRZI READ OR
nEAN TRACK ERRORS AN /NR SKEW OVFRFLQW ON PE READ

MC a5 AAINTENANCE CLOCK

MDFAeR ATwi§ MATNTENANCE DATA FIELDeBUFFERS NATA ON wRAP OPERATION=LRC AT END OF NRZI TRANSFERS

MM 0o MAINTENANCE MODE

MOH 13 MEGATED TO INDICATE NON =MOVING HEAD UNIT

MOL 12 88 AFDTUM ON LINF=TAPE LOADED AND ONeLINE

MOPRe3 P1=34 MAIMNT OPERATION CODF

NC NOT CONNECTED®UNISED

NEF 1) NONEXECUTARLE FUNCTION=CZLASS R

NSA 15 NOT SECTOR ADDRESSED=ALWAYS ASSERTED

NSG L] YONMSTANDARD GAP TAPE CHAR NDRTECTFD DURING FIRST HALF OF EOP

OoP1 13 OPERATION INCOMPLETFCLASS B

PEF/LRC 27 PE FORMAT ERROR OR NRZ1 CHECK CHAR ERROK

PES @5 58 PHASE ENCONFD STATHS=PRIVE ZONFTGHRED FOR PE DPERATION

PIP 13 »/85 POSTTIONING IN PROGRESS~ASSERTED BY THA2 NN SPACE OR DRIVFE ON REWIND

RMR (] RFGISTER MODPTFICATION REFUSFD=RFG WRITE ATTFMPTED DURING TAPE OPERATION

SNWN 24 85 SFTTLF DOWNw«TAPE MNOTTON T8 STOPPING

SLA 314 58 SILLAVE ATTENTJON=SFL SHLAVE HAS COMF ON LINE

SNARe1S SFRIAI, NUMBFR OF TRAYSPORTeBZD RERPRESENTATION(4 RITS PER DTGIT)

SPR 12 31.AVF, PRESENT

850e2 VP=r?2 SLAVE SELECT BITSeSPECIFIFA UNIT # OF TRANSPORT T0 BE USED

S8C -1} S 31L.AVE STAUS CHANGE

SWC vh SFLECTED SLAVE CLOCK=WRT CLOCK STANAL GENFPATED BY SEL SLAVF

Mio =7



TAP 14 ASSFRTED TO JNDICATE TAPE TRANSPORT

TCW 14 TAPF CONTROL WRITE=SET ON TC REG WRITE=RESET ON MOTION COMMAND
™ 02 v TAPF MARK DETECTED

UNS 14 UNSAFE=CLASS B

ARL, 11 ss ARITE LOCK*WRITE LOCK KING TINSTALLED

853SELECTED TRANMSPOKT
SEANY TPANSPORT
4sTMB2 LOGIC

FORMAT SFLECT CONPFS

SYSTEM CODE DESC

pop12 nAAR CNARF NLVP
pnpia [-I-1 3} TTRKk=NOQT HSFD
PDPI A eato ASCIT

pPDPLA 2011 COMPATIBLE
PDPLY 1140 NORMAL

PDP11 1141 CARE DUMP
PPP1Y 1112 15 *ARVRL

MISC — g

ta



NRIVF COMMAND FUNCTION CODES

..-..--..._-.-...-------.----------...-o----.u.--..-.--.-..-----q-.----o---.----..----.-.-.-n..u.---.----.--.------.-—----q--------p

COMMAND CODF.(NCTAL) FIXED HEAD D8K MOVING HEAD DSK NAGNETIC TAPE

-n'-----'-n.-------.---..----------.---t----------------.-----q'------.---.---q...-----------vnwonqm---u----..--.-..---u-o----------

a4 NNOP NOOP NOOP
-—--..--.---u--------—----------..---.-n--.-.-.----.-.-------.--------.-.-----....-.-.-----------n--------------.-
@3 UNLDAD ) REWIND,OFFeLINE
n--------..--.----.-o-----—------------.-.--n-o.-q-co--------o-.-o.--.--.q..nup..ﬂ....p...un—.---------.p..u--p.------.------------.
as SEEK
u..----------------.e.a---..-o---------..--..-.---o--o----—--.--n..---.---.-u----.
a7 RECALIBRATE REWIND

un--.-----------.--.--o------..----.----.------._--v-.--.--o--.-'-------..---..c.uu--

1 DKIVE CLEAR DRIVE CLEAR ) DRIVE CLEAR

q.-.-----------.--------o.---—-----------u.----..u--..------—----.------q-------.-.------.-o--------.--.---a----------..-----------q

13 RELEASE
-----.-----------------...--.-------------.-----,—u---q------n---.-.-.-----.---.--u-------.--.
15 OFFSET

P T L T P PR T R R P R L LR DAL LR L A A L bl bl ALl Al el ot hadddndadadah ikt

17 RETURN TO CENTERLINE

FETETE I AT L T ]

P T T I L L Y Y R P Y PR LR R R L L L AL L Ll dd hdadd

P L L e PN Y R L PR R LR L L L L LR R L L Ll bl et
21 READ TN PRESET READIN PRESET READIN PRESET
q.--.--—.--.-----------’-------.-..----c--.------;a-----u----.----.-----..--.------.---q-u--------------.---
23 PACK ACKNOWLEDGE
.-.--.--------.---.--------.---.-.------q-----.----.--------------p-—-------------u-----..-.---Qq--c-----..------'-n---..-.-------..
as ERASE
P L T L L L e T T R L DY L DAY L L L L L L DL L LR L L L L LAl bl Rttt dntind
27 WRITE FILE MARK

gy Y T XA LYY L DALY R AL LA A L AL Ll Dl h 4

prpppperppepr e Y I T I P L Y LT Y XL LD LR L L DL LA LA LA Ll ol

R T L T PP P AL L L LI L L P L L L L L R bbby
31 SFEARCH S8FARCH SPACE FORWARD

---c.-----p---------------------.—------.---w--------.n-------.-.----o-q.-.-.-..-o.-.-----------..---.---------..-n-------------.-'-

33 BACKSPACE
..--.--.c---------.-.-.u..---------coo---.--.----c--.--u---D.-.----QQQ-..-..-o--.-.--.-.--
51 WRITE CHECK DATA WRITE CHECK DATA WRITE CHECK FORWARD
.---.----ou----.---.-.-----------.------.------p-n---.-n-.-.......-.---....--.Q------.----.-------------n...----.----.-..-.c------..
33 WRITE CHECK HEADER/DATA
..-a.-----...o-.’------------.-..-‘-o----.---...n----...-----.-.-o------q---..-.q--.--..---------.-------o---.----.-------o---.-----
57 WRITE CHECK REVERSE
'--n-----...-----.-.-.---..------'---------------.-.--..-..-----.--.-..-.-----...--.---I-.-..'-----.-...-
651 WRITE DATA WRITE DATA WRITE FORWARD
.-----------..-------n..-------vu---------..-..-ou..-n'.-q---.c-------n--.....-..ug--.-.-a.-----.u---—---.-------..-----------g.--.-
63 WRITE HEADER AND DATA
--.n.--..II.I---I----.---...-.-.---.-.---.-l-..-.'-..--..-n---...-.-I--...'.....d.--.'ﬂlbIl..----.--..--.--...'---.-----..--.C-.--’.
71 READ DATA READ DATA READ FORWARD
Iﬂcml-..--.--I--.I.'.-----.---..-..-.----'.--.I-.--’.'u--...-’.-n----.-.---.------'-oﬂq.-..-'..-.-----..-.-D--I---.-
13 READ HEADER AMD DAT
.--m-..-.-----.---..'----.------.-.----.-.-.-..-.-..I..--I-'--.----.---.-..-.----.---.--..---...-----.-..-..--.--.-..--...---------.
17 REAN REVERSE

e T Y Y YL I TR L DY Y L AL L L R LA L L g d )

seeumeancsesnnew

LA LA Pt L L L LY R L L L D L R L L L L A L L L Ll bl

ASC -



3TO GET A DZ T0 INTERUPT MAYBE??7?

DI 760020(CSR)/110

DI 760032(TDR) /105 |

1~ READ THE INTERUPT VECTOR DO WRU CYCLE
EI 20005000000

JTHEN IN READ T0 GET THE VECTOR

EI 10001000000

JTHE RIGHT MOST BITS SHOULD BE THE VECTOR

KS10 OPTIONS JUMPER AND SWITCH CONFIGURATIONS

-----.---n--u--n--pQ-m--q-ng-qqqu-q9--q-qpqqpqQ-qu-q-.gp-gg.------w------.--

LP20=«LINE FRINTER CONTROLLER

M8566 CONTROL LOCATION ARCDEF02

JUMPER STATE FUNCTION
LA X ¥ X X J LE X 2 £ 2 ] LA 4 X X XL 2 7
Wi In(#1),0UT(42) ADR BIT 4
W2 In ADR BIT §
bbb b A AL L L L AL L LIPS L LT YT I LT Y Y gy

W3 IN ADR BIT 6
W4 IN ADR BIT 7
w5 ouT ADR BIT 8
bl bl L A A A A L Y LI L LY L T Y Y T

L) ouT ADR BIT 9
w7 IN ADR BIT 10
W8 ouT ADR BIT 11
.-.’.‘.-q.-.-ﬂ-.-O-'..-..D.ﬂ...ﬂ‘.....’-ﬂ
W Cm. ouT ADR BIT 12
Wio OUT(#1),IN(#2) VEC BIT 2
bl el AR A A L IS LT R L LT T LY LY YT Y Yy oy
Wit IN VEC BIT 3
wi2 ouT VEC BIT 4
Wil In VEC BIT 5
bbbl A L DS AL AL L L I L L LT Y Y YT Ty e
w14 In VEC BIT 6
w1s N VEC BIT 7
Wie IN VEC BIT 8

Wi=9 CORRESPOND Tn BASE ADR 775400(UNIT #1) AND 775420C(UNIT £2)
W10=W16 CORRESPOND TO VECTOR 750(#1) AND 754 (#2)
DIP SITK E6 CONTATNS PRIDRITY PLUG RR4 54%08776

M8587 DATA PATHS

L A L X LY LY ELY Y

w1 ouT INSTALL TO ENABLE PARIJITY
W2 IN INSTALL FOR DAVFU
CABLF

C LE 15 BCO6R,CONNECT FROM BERG CONNECTOR (J1) ON THE MBSA7 MODULE,R1B 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,

AT/ Sy &



2. The only interrupt function implemented for devices is
the dispatch function (i.e., interrupt vector). Unlike
the KL10~-®, which dispatches to and executes the
instrucion in the LPT 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 e¢xecutes the instruction at TABLE + VECTCR/4.

5. 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

Cinterrupting on B8R levels 7 and 6 is set by loading a
high level PIA (bits 30-32 of UBA status register). The
pi level (1-7) for devices interrupting on BR levels 5
and 4 is seot by loading a low l=vel PIA (bits 33-35 of

UBA status rogjisteri.

Table 1~ lists the hard-wired intercupt vectors and BR levels for
the wvarious KS$S10 1/0 (Unibus) devices in a fully configured
sysiem, Tt als» ind.cates which PIA, high or low level, is

asscciated with cach device.,
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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

Sratrige
EN - B SR N

on in the EPT lecation specified by the vector

-

nddress, thi 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 e¢xecutes the instruction at TABLE + VECTOR/4.

3. The KS10 implements two levels of PIA for I/0 (Unibus)

S

Tevices, once PIA can have a 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
P{ leovel (1-7) for devices interrupting on 3R levels 5
and 4 is sebt by lOading a low lavel PIA (bits 33-35 of

UBA status rogyister).

Tablwe 4-2 Jists the hard-wired interrupt vectors and BR levels for
the wvacious KS10 1/0 (Unibus) devices in a fully configured
sysiemn, Tt alsn indicates which PIA, high or low level, is

asscclated with cach device.,
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