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SDW.ADDR memory is located on the PB board; the output is SDWAM
00-23. Column selection in the associative memory is made by
ZESN11-14 and level selection is based on directory match. This
is the absolute address of the page table or origin of the
targeted segment.

SDW.R1,R2 and R3 storage is located on the PE board; the output
is RSDW.R1 00-02, R2 00-02 and R3 00-02. These fields are the
upper limit of the Read/Write ring (R1l), upper limit of
read/execute ring bracket (R2) and upper 1limit of call ring
bracket (R3) stored for each SDW in the AM.

SDW.BOUND storage is located on the PC board; the output is
ZSDW.BND 00-13, the 14 most significant bits of the last y-blocks
address within the segment that can be accessed without an out of
segment bound fault.

SDW.R storage for the read permission bit located on the PE
board.

SDW.E storage for the execute permission bit located on the PE
board.

SDW.W storage for the write permission bit located on the PE
board.

SDW.P storage for the privileged bit located on the PB board.
SDW.U storage for the unpaged flag bit located on the PB board.
SDW.G storage for the gate control bit is on the PE board.

SDW.C storage for the cache control bit is on the PE board.

SDW.CL storage for the call limiter is on the PC board. If SDW.G
is off, transfers of control into the segment must be to a
segment address no greater than this value.

SDWAM.POINTER storage is on the PB board., This field is the
effective segment number generated when the SDW was fetched from

main memory.

SDWAM.F storage is on the PB board and reflects the Full/Empty
bit for the selected level of the column.

SDWAM.USE storage is on the PB board and reflects the six bits of
the LRU array for the selected column.
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7.7.3 SDW AM TIMING

Only the timing of the SDWAM is shown and described in this
section. The PTWAM timing is the same except for the names.
Figure 7-13 illustrates the SDW load sequence.

DFSOW

LFSOW

$FARM

LRUA

CSLSDW 1

SA/B

SA/IC

LLLJJJL N

SA/D

RLRUA [

$FARMARD 4r~]

+50

~Nv
Ny

SWRTAMA
DIRECTORY DATA

~y
y

$SDWAM

L
REG. DATA LJ
LJ________

~
w

SCAMCHRGR
(MATCH)

FIGURE 7-13. SDW LOAD SEQUENCE
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The action of the load sequence is started by 1leading edge of
DFSDW. DFSDW goes through a latch LFSDW that enables the FPLA
(Field Programmable Logic Array). From the leading edge of DFSDW
until the leading edge of $FARM the Append Unit FPLA is reading
the six bit LRU code from the directory. The LRU code is being
read to determine which level is LRU. At the leading edge of
$FARM the FPLA shuts off and the LRU bits pertaining to whichever
level should be loaded turns on the three enables for the RAMS.
These outputs are what is actually stored into the LRU RAMS,
This is latched up to $FARMARD+50 so at $FARMARD+50 everything is
set up and the write to the directory is enabled. Then it waits
for $DA to come back from memory saying that the SDW is in the
port and available. At $DA time the directory data is clocked
in,

In the compare sequence all four directories are enabled all the
time and the <check for comparison is made through the
comparators. The matched level 1is selected in the register
portion by the match signal itself at $CAMCHRGR time. In other
words, if we get a match on level A, it goes over and enables the
read enable for level A to read out SDW.ADDR., The LRU is stored
at SCAMCHRGR.

7.7.4 ETMPA BOARD

ZRA 0-23, at the center of the ETMPA intermediate block diagram,
is a 24 bit address generated on the PA board; it is used in
append unit cycles, doing append unit load and stores and
preparing the final operand address. See Figure 7-14.

An Appending Unit Operation Flowchart is located in Section 5.0
Address Appending.

First, DSBR 1is 1looked at to see if it is paged or unpaged, to
determine what cycle to start with. If the DSBR is unpaged, a
check is made for SDW match. If SDW match occurs and if the SDW
is unpaged, then the APU takes the SDWAM and adds ZCA.

If the SDW is paged, a check is made for a PTW match. If match
occurs, the APU takes the PTWAM and concatenates ZCA. (PTWAM 0-13
concatenates with zZCA 8-17).

If the DSBR is paged, we fetch a DSPTW that is an APU load. The
processor takes DSBR 0-23 and adds in ESN 0-5 through the RS
adder and enables that to ZRA., The DSPTW is loaded into the TPTW
register. If the PSPTW write bit and modify bit are not on, the
APU will do a modify DSPTW cycle.

HONEYWELL CONFIDENTIAL & PROPRIETARY

109 58009997



A ISSUED

The following cycle is a fetch SPTW which is the TPTW coming
through again. The path is through the RS adder even though it
is a concatenation., TPTW 0-13 is concatenated with ESN 6-14 to
form a 23 bit address. Bit 24 is always a 2zero to address the
first word of the SDW pair.

If there is an SDW match and the PTW is no match, the processor
adds SDWAM 0-23 to ZCA 0-7.

If the processor is doing a store operation and the PTW.M bit
isn't on, the processor will do a modify PTW cycle or if the
access bit is not on then the processor will do a modify PTW
cycle. The address preparation is the same.

A FPTW2 «cycle 1is for decimal two or three descriptor
instructions. These cycles are the same as the FPTW cycles
except the Append Unit adds one to the sum in the RS adder.

7.7.5 ETMPB BOARD (ESN GENERATION)

See Figure 7-15 ETMPB Block Diagram and Figure 7-16 Effective
Segment Generation Flowchart.

ZESN 0-14 are generated on the ETMPB board; they are used in the
SDW AM to determine if there is an SDW match or a PTW match.

If the processor is in a page overflow condition where it has to
append PIAs, the PSR register is used. If the processor is in
append mode and bit 29 in the instruction word is off, PSR is
also used.

If bit 29 in the instruction word is off the processor uses the
SNRn register for ZESN generation, The particular SNRn register
selected depends on bits 0-2 of the instruction word.

If the processor performs a load A indirect, the first cycle

would use the SNRn register. Once EA is generated, the following
cycles use TSR register,
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FICURE 7-16. EFFECTIVE SEGMENT GENERATION FLOWCHART
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7.8 ETMBA BOARD (ADDRESS PREPARATION)

The ETMBA board generates an 18 bit address used for operand and
instruction fetches if not in append mode. It will also generate
an 18 bit computed address and a 23 bit final address for fetches
used with the RCU and SCU instructions. See Figure 7-17.

The 18 bit computed address (ZCA 0-17) is from a latch on the BA
board. Input to the latch is from the E2A, S1B or S2B adders.
The SBl1 or SB2 adders are used to add in the base address
registers (BAR). Most of the time the processor is using the E2A
adder for generating ZCA.

ZCA is generated by the SB1 adder only when the processor is in
MULTICS BAR mode for operand fetch. The SB2 adder is used to
prepare PIA during page busy, when the processor is appending on
it, or if the processor is executing load/store register-type
instructions, or if the RT register is 1in use for processor
address preparation.

The PIAs that are not appended on (see BG board for PTW and RBSE
register use) will use FRA, If it's a page overflow, the PIA is
held off at the CX board. The E2A input to ZCA is enabled and
appended on. (ZRA from the PA board is used until the final
address is generated.)

The FRA is a counter used for PIAs in append mode. 1Its input is
ZRA from the PA board. The counter is loaded on FTRGO and gets
counted on TRGO delayed and $ARI delayed which puts the counter a
cycle ahead.

For RCU instructions FRA 1is used for loading pair two and pair

three whether the processor is in absolute or append mode. If
the restart bit is off, FRA is also used for RCU pair four.
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7.9 POINTER REGISTERS

There are eight pointer registers. The pointer registers are
combinations of physical registers from the appending and control
units.

The pointer registers hold information about data items in main
memory that may be external to the segment containing the
procedure being executed.

0 « 00 11 2 2 2 3 3
0 2 3 78 01 9 0 5
SNR RNR ZEROS ITS TAG
6 3 4 7 8 2 3 56 1
(ADDR) ADDR
0000 000 TAG
WORD NO BIT NO

03-17 SNR Segment Number Register. The
segment  number of the segment
containing the data item described
by the pointer register, The SNR
registers are located on the PB
board.

18-20 RNR Ring Number Register. The final
effective ring number value
calculated during execution of the
last instruction. Ring number
registers are 1located on the PE
board.
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TRR.

30-35
36-53

58-62

66-71

data path to load the SNRs is on the PB board.

ITS TAG

WORD NO
(ADDR)

BIT NO
(ADDR)

TAG
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Function
Specifies indirect to segment

The offset in words from the base

or origin of the segment to the
data item. This is the RADRn
registers on the BB board.

The number of the bit within PRn.
WORDNO that is the first bit of the
data item. Data items aligned on
word boundaries always have the
value 0. Unaligned data items may
have any value in the range 1-35,

This field is not part of the
pointer register, but in an ITS
pointer pair, holds an address
modifier for use in address
preparation.

The controls

generated on the ETMPF board as follows:

Instruction Data Path
eppn RSNR/ZESN
RTSR/ZESN
easpn ZCA/ZESN
RTSR/ZESN
lpri/lprpn ZDVU/ZTSR

data path to load the RNRs

Control
ZESN/ZTSR $TSR
ZESN/ZTSR ZTSR/ZSNR $SNR
ZESN/ZTSR
ZESN/ZTSR ZTSR/ZSNR $SRN
ZTSR/ZSNR $SNR

is on the ETMPE board as follows:

Instruction Data Path Control
lpri Max of (ZI 18-20, SDW.R1l, or TRR) $TRR
/ZTRR $SRNR
eppn RNRN/ ZTRR $TRR
TRR/ZRNR $RNR
The meaning of "Max of (ZI 18-20, SDW.R1 or TRR)/ZTRR" is that
the append unit compares ZI 18-20 loaded from memory, SDW.R1l, and
Whichever is greatest will go into ZRNR.
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The lower the ring number the more privilege the process has a
right to. A process cannot increase its level of privilege, but
it can decrease its level of privilege. The TRR holds the
process's current ring number. A process can use an SDW to a
segment to keep its privilege at the same level or decrease its
privilege, or the process can load a pointer register to keep its
privilege at the same 1level or decrease its privilege. The
maximum ring number, which is the lowest level of privilege, is
what the process gets.

7.9.1 ETMPH BOARD

The data path for APU load instructions that change the word
portion of the pointer register is from the ETMPH board via the
left free connector edge. Controls for this data are also
generated on the ETMPH board. See Figure 7-18.

Bit to character bit conversion is done with PROMs on the PH
board. The upper PROM decodes character to bit and the lower
PROM converts bit to character. The Decimal Unit (DU) is
character bit (talking about bits 18-23 of the instruction words
descriptor) and the APU is in bit format. If the processor
executes a 1lpr instruction the pointer register data is taken

from bit format and converted to character/bit.

Following 1is a <conversion <chart for bit to character/bit
conversion, The TBR is converted on ITS cycles and the TCR is
converted if bit 29 of the instruction word is on. For example,
if converting from character/bit 50, on a sprn, sprin, sprpn the
bit format will be 50 and actually will point at bit 27 of the
operand word.,

CHAR/BIT BIT DECIMAL

0-10 0-10 0-8
20-30 11-21 9-17
40-50 22-32 18-26
60-70 33-43 27-35

ZPTR 18-23 is the bit portion going to the BB board. When the
processor is executing an eppn with bit 29 on and it doesn't go
indirect, the address latch FADR 18-23 is used. The address is
not converted to bit then back to character bit format as was
done in the Lé68. The zeros are for eppn DPs to zero out that
portion of the address registers.
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ZPTR 00-17 is the 18 bit switch that affects the word portion of
the address register on the BB board. The adder is used to add
to the word pointer.

The bus illustrated at the bottom of the Logic Block Diagram is
the ZDO bus in the APU supplied from the PH board.

7.10 ZDO - APU BUS

Table 7-1 illustrates the instructions that put data on the
ZDO-APU bus, the data field put on the bus and the board where
the data field originates. The stcd instruction is an exception.

The IC+2 Field, bits 36-53 is not stored out on the ZDO-APU bus,
but on the BCU -°bus, The ssdr instruction (Store Segment
Descriptor Register) stores 16 double words of the Segment
Descriptor Word associative memory because the ssdp is double
precision bits 11,12 are used. The permission field consists of
the SDW.R,E,W,P,U,G,C bits. The ITS TAG in the spri instruction
is a 43 octal.

The SCU instruction is used just about every time the processor
takes a fault or interrupt. When the processor takes a fault or
interrupt, the first instruction in the vector is an scu
instruction followed by a transfer. The scu instruction stores
away eight machine words containing register information. The
registers marked with an asterisk are restored on an rcu
instruction, allowing the processor to continue from the point of
interruption.

The fields stored in the eight machine words are examined 1in
greater detail in Section 3.,14.3 SCU( Store Control Unit.)

Bit 71 of the first word pair identifies if the processor has
taken a fault or an interrupt. The fault address module 2 is
located in bits 32-34 in the second word of the pair.

In word 0 the procedure ring register and procedure segment
registers are reloaded. The fault counter is also loaded; this
counter counts retries, 1In word 1 nothing is restored. 1In both
word 0 and 1 the information not restored is for software use or
can be used to trap on a fault.

In word 2 the temporary ring register, temporary segment register
and delta field are restored. The delta field is the address
increment for repeats and is reloaded on the PH board. In word 3
the TSN's field identify the pointer registers and descriptors
used with the EIS multiaddress instructions.

In word 4, the ICT and Indicators at the point of interrupt are

restored., The ICT can store the IC value or the IC+l1 value. If

the processor is executing an LDA and takes a page fault, it
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TABLE 7-1,. ZDO - APU BUS

INSTRUCTION DATA FIELDS

[] 17 18 33 36 53 54 71

P8 & PA PE PE PH PH

sort ‘oool( 2ESN >| aual 0o°s | 1Ts ucl(—- Aoon-—’looo zces I‘— o'
3 13 20 30 35 87 .2

PH P8 & PA PH

spron llﬂl!l"_lESllb | f—— AODDR —— I
S

PA PC PO PC
sdbr i -+ DSBR ———p» ! -~ BNDS —» u CALL LIMITS
37 50 $5 60 7
P8 & PA PE
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would store away the IC in its current state. If the processor
answers an interrupt it would add one (IC+l1l) to the IC. Word 5
contains the computed address that is being worked upon. The
remainder of the word contains the control unit flags. These
flags are restored in an rcu instruction.

Word 6 contains the instruction register at the point of
interrupt if the instruction is not an rpd. The IBRA from the CD
board is stored away in word 7. If the processor took a page
fault on an even instruction, the even instruction would be in
Word 6 and the add instruction in word 7. If the processor took

a page fault on an add instruction, a copy of the add instruction
would be in both words 6 and 7. For an rpd instruction, the
processor stores the IBRA even.

The first three cycles of an rcu instruction can be viewed as
being CU loads, On rcu pair 4 the processor looks at the restart
bit to determine if the last cycle is a transfer to the R1WRY+2
that was loaded or a transfer to IC.

If the restart bit is on (MIF) that indicates the processor took
an interrupt. The processor will use the ICT to transfer to. If
the restart bit is off, then FRA, which is counting up the next
location, will be used.

Fault on Instruction Fetch (FIF) also gets set on an interrupt.
If the interrupt is on an EIS instruction, the processor will not

store away IC+l. In that case the processor will store away the
IC because it will return to complete the EIS instruction.
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7.11 APPENDING UNIT OPERATION CHARTS

Figure 7-19 1illustrates effective segment number generation,
including the hardware ring mechanism. The description of the
access violation faults follow the figure. See Group 6 Faults,
Section 7.12. The current instruction is in the instruction
working buffer (IWB).

( srant aprend :)

\ s

WAS THE LAST

o CYCLE AN
INDIRECT WORD
R FETCH?
/// WAS 1T AN 1\\
b rtcd YES :
OPERAND
FETCN?
WAS IT A
SEQUENTIAL
INSTRUCTION
FETCN?
YES 1S 8IT
29 ON?
"o
2-6( 1w8) °
T N——

i
ey )

<

C(PPR.PRR) ->
C(TPR.TRR)

C(PRA.RNR) ->
CLTPR.TRR

C(PPR.PRR) ->
CLTPR. TRR)
C(PPR.PSR) ->
C(TPR.TSR)

i

C(PRa.SHR) ->
COTPR.TSR)

FIGURE 7-19.

(1 of 12)

COMPLETE APPENDING UNIT OPERATION FLOWCHART
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IS SOW FOR \\ NO
C(TPR.TSR)
IN_SDWAM?

YES
DSPTW
CYCLE
*
DSPIW.F NO
SET ON? I
DSPTW.U NO INITIATE A
SET ON? DIRECTED FAULT
YES
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CYCLE
I S —
NSDW PSOW
CYCLE CYCLE
|
LOAD SDWAM INITIATE A
DIRECTED FAULT
C(SDW.R1)->
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FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART
(2 of 12)
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FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART

3 of 12)
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FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART
(4 of 12)
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C(PPR.PSR)=
C(TPR.TSR)?
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ACV?=N0 GA
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ACVe=0CB

C(TPR.TRR)
NO

< SDW.R1?

SET FAULT
ACVe=0CALL

L

FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART

C(TPR.TRR)> YES
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< SDW.R2?
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C(TPR.TRR) YES
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(5 of 12)
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(TRANSFER OF
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C(TPR.TRR)< YES
C(SCW.R1)?
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C(SDW.R2)? /
L
NO SET FAULT
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SET FAULT

ACV2=E-OFF

/ C(PPR.PRR)=
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YES

SET FAULT
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5 >

FIGURE 7-19,., COMPLETE APPENDING UNIT OPERATION FLOWCHART
(6 of 12)
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C(TPR.CA)

0-13\ YES

> SOW.BOUND?

SET FAULT
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1S SEGMENT
C(TPR.TSR)
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VIOLATION FAULT
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LOAD INITIATE A
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FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART
(7 of 12)
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STR-OP AND
PTW.M=0
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MPTW No
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CYCLE CYCLE
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YES TRANSFER OR
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YES APU DATA
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FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART
(8 of 12)
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ri OR ir AND
TPR.CA EVEN?

YES
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YES 30,35
OTHER
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cy) NO
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c(1ws)
30,35
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<j END APPEND i)

FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART
(9 of 12)
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e 1S OPCODE YES
C(TPR.TSR) tson
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FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART
(10 of 12)
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C(TPR.TRR)= NO

v

C(PR6.SNR)->

C(PR7.SNR)

\ C(PPR.PRR)? / ‘

C(DSBR.STACK || C(TPR.TRR)
-> C(PR7.SNR)
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000000 -> C(PR7.BITNO)

C(TPR.TRR) -> C(PPR.PRR)
C(TPR.TSR) -> C(PPR.PSR)
C(TPR.CA ) -> C(PPR.IC)

FIGURE 7-19. COMPLETE APPENDING UNIT OPERATION FLOWCHART

(11 of 12)
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FIGURE 7-19 COMPLETE APPENDING UNIT OPERATION FLOWCHART
(12 of 12)
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7.12 GROUP 6 FAULTS
Directed Faults 0-3
A faulted segment descriptor word (SDW) or page table word
(PTW) with the corresponding directed fault number has been
fetched by the appending unit.

Access Violation

The appending unit has detected one of the several access
violations below. Word 1 of the Control Unit Data contains

status bits for the condition.

1. Not in read bracket (ATV3=0RB)
2., Not in write bracket (ACV5=0WB)
3. Not in execute bracket (ACV1=0EB)
4. No read permission (ACV4=R-OFF)
5. No write permission (ACV6=W~-OFF)
6. No execute permission (ACV2=E-OFF)
7. Invalid ring crossing (ACV12=CRT)
8. Call limiter fault {(ACV7=NO GA)
9. Outward call (ACV9=0CALL)
10. Bad outward call (ACV10=BOC)
11. Inward return (ACV11=INRET)
12. Ring alarm (ACV13=RALR)
13. Associative memory error
14, Out of segment bounds (ACV15=00SB)
15. 1Illegal ring order (ACVO=1IRO)
16. Out of call brackets (ACV8=0CB)
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