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The follewing issues are resarved for the implementation effart and have
no impact on contractual status or delivery. When these issuas are
resolved, the chip specifications will be updated accordingly.

1. Data Chip - EU ragister file codes. Harris may assign a2xtra
register salect codes to ensure that all codes actually select @
reqister.

Freeze point: Data chip logic design review
Status: Closed December, 1980

2. Data Chip - MMU register fila codes. Harris may reassign registar
select codes to minimize intarnal logic.

Freeze point: End June, 1980
Status: Closed December, 1980

3. Data Chip - Qpcodes. Within guidelines ta be provided Sy DEC bdy
end April 1980, Harris may assign currently unassignad opcades to
minimize internal logic.

Freeze point: End June, 19840
Status: Closed December, 1980

4, Control Chip - AlQ codes. OQEC hay reassign AIQ ccdes to minimize
extarnal logic.

Freeze point: End April, 1980
Status: Closed - no change to specification

5. Data Chip - NOP status flags. This is a don't care. NCP must have
an opcode of 177 and must not alter the EU register file.

freaze point: End June, 1980
Status: Closed December, 1980

6. Control and Dat: Chips - AC charactaristics. 3y autual agreement,
Harris and 0EC c¢an adjust 311 non-critical parameters t¢ minimiZe
internal and extarnal logic, within the follawing limits:
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Contrecl Chip AC Constraints

tpd + tps (MPRDC-L valid delay + setup) < 75 ns

tseld + tsels (MCSEL-L active delay + setup) £ 75 ns
tmibs + tmibd (MIB-H valid delay + setup) < 75 ns

Interchip AC Caonstraints

tscs + tsid (MSCTL-L setup + inactive delay) < 50 ns
tmibs + tmibd (Data Chip + Control Chip) < 75 ns

tpd + tprds (MPROC-L valid delay + satup) £ 75 ns
MXPB-L, MSOV/JA-L must be valid by T100 and held to T150

Freeze point: End of pass 3 of Control Chip
Status: Open

7. Data Chip - 1!/0 multiplexor. Within the functional and timing
constraints of the Data Chip Specification, Harris can implement
the [/0 multiplexor as it chooses to minimize layout area and/or

togic.
Freeze point: Data Chip leogic design review
Status: Closed December, 1980

8., Data Chip - UMULS, SMULS, DIVS microinstructions. These
. microinstructions are shown as implemented for all operand lengths.
Should a subset implementation save logic in the Data Chip, only

the following lengths need be implemented:

UMULS - longword
SMULS - word
DIvs - waord, longword

In particular, support of byte length operands need not be
implemented.

Freeze paint: Qata chip logic design review
Status: Closed - byte length not implemented

9. ©Data Chip - Crystal input parameters. The c¢rystal input AC
parameters and test conditions will be specified when DEC selects
an input crystal for the chip set.

Freeze point: End April, 1980
Status: Open, extended until December, 1982
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Control and Data Ch1ps - D0C characteristics. The TTL input
parameters and V; 1) are goals and are subject to change as
simulation reguﬁts become available. Harris and DEC can adjust

these parameters by mutual agreement.

Freeze point: End April, 1980
Status: Open, extended until December, 1982

Data Chip - Clock outputs. Input test conditions are tbs.

Freeze point: End June, 1980
Status: Open, extended until December, 1982

Data Chip - MDAL turnaround. The test specification is for an
isolated chip. In a real system, the Data Chip will be fighting
with another driver. 8y mutual agreement, Harris and DEC can

adjust the test specification on MODAL turnaround to more accurately
reflect actual operating conditions.

Freeze point: End April, 1980
Status: Closed - no change to test specification
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REV

DATE
3.03 7/1/82
3.02 2/9/81
3.01 8/4/80
3.00 4/16/80
2.00 1/80
1.01 10/7¢
1.0 7/7%

REVISION HISTORY

REASON

Incorporated spcification changes 1b, 63, 105, 11l-112,
114, 118-121, 124-125, 128-130 of Rev 13 of the
specification change list dated June 22, 1982.

Incorporated specification changes 1b, 30, 34, 36-57,
59-62, 64-81, and 83-104 of Rev 9 of the Specification
Change list dated February 9, 1981.

Incorporated specification changes 1, 2, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 21, 23, 28, 31,
32, 33, 35, 40, 41, 42, 43, and 44 of Rev 5 of the
Specification Change list dated Aug 4, 1980.

Incorporated specification number.

Major revision. Reorganized to reflect proposed layout.
Removed virtual cache structure.

Changed microcode format and prefetch mechanism to
reflect virtual cache structure. Moved PS to dual
ported register file. Defined shifting functions.

" Further enhanced English explanatians. General clean

up.

Preliminary.
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.0 INTROQOUCTION

1.1 Scope

This document specifies the design of a MOS/LSI chip which is part of a
chip set that implements a high performance POP-11 processor with Memory
Management, FP-11 Floating Point, and CIS Commercial Instructions. This
specification describes the internal organization of the Data chip. It
does not describe the operation of the PDP-11 or other chips in the .chip
set. For further information,. the applicable documents should be
consulted.

1.2 Applicable Documents

0P-11/70 Processor Handbook
11 Chip System Specification
11 Programmer's Reference
}1 Control Chip Specification

P
J
J
J
J-11 Microprogrammer's Reference

1.3 Data Chip Description

The Data chip is composed of three major pieces: an Execution Unit
(EU), a Memory Management Unit (MMU), and a Prefetch Mechanism. The
Execution Unit contains the POP-11 general purpose registers, eight
scratch registers, the ALU, a shifter/swapper and shift register, and
necessary word/byte multiplexors. The Memory Management Unit contains
the relocation registers, FP-11 floating point accumulators, the
relocation logic, and the error status registers. The Prefatch
Mechanism contains a virtual program counter (VPC), a relocated version
of the PC, a prefetch buffer, and various status flags. The Data c¢hip
performs all arithmetic and logic functions, handles all data and
address transfers including relocation, and c¢perates most of the signals
used for interchip communications and system timing.

The Data chip is designed to work with a cached or cacheless memory
system. A cached memory system will yield the highest performance J-1!
system; a cacheless memory system will result in the Towest cost dJ-11

system.

The Data chip receives microinstructions from the Control chins over the
bidirectional Microinstruction Bus (MIB-H).

Note: The equations in this specification are meant to be interpreted as
logic, irrespective of polarity, and not as levels.
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4 Internal Busses

The Data chip is organized around the following internal busses:

The A-bus (A<31:0>) interconnects the A-port of the EU register file,
the A-input of the ALU, the shift register (SR), and the 1/0
multiplexor. Data flows both into and out of the EU register file on
the A-bus; hence, the A-bus is bidirectional. Most microinstructions
place EU register file data on the A-bus during the first part of the
microcycla. This supplies the A-input to the ALU or, for address
microinstructions, a virtual address to the I/0 multiplexor. The
output of the [/0 multiplexor is driven onto the A-bus during the
sacond part of the microcycle. This supplies the write data to the EU
register file,

The B-bus (B<31:0>) interconnects the B-port of the EU register file,
the decimal adjust 1logic, the literal generation logic, the sign
extension logic, and the B-input of the ALU. The ALU B-input isy,
always the B-bus destination; hence, the B-bus is unidirectional.
Most microinstructions place EU register file data on the B-bus during
the first part of the microcycle. Decimal adjust microinstructions
place a decimal constant on the B-bus; literal microinstructions, a
byte wide literal.

The S-bus (S<31:0>) connects the output of the ALU to the input of the
shifter/swapper.

The F-bus (F<31:0>) connects the output of the shifter/swapper to the
input of the [/0 multiplexor.

The MMU data bus (M<21:0>) connects the I/0 multiplexor to the MMU.
The MMU register file, the adder input latch, the address adjust
logic, the special MMU registers, the virtual program counter (VPC),
the physical program counter (PPC), the output latch, and other MMU
logic functions all connect to the M-bus. The M-bus is used for
internal data transfers between the MMU and EU register files, for
address relocation operations, and for explicit MMU register access.

The MMU decode bus (D<7:0>) drives the MMU register file decoder. The
D-bus is driven directly from the microinstruction during microcode
access, from the explicit address logic during explicit access, and
from the microinstruction and the incoming virtual address during
relocation access.

The -fast A-bus (FA<K15:13>) is a high-speed connection between A<15:13>
and D<2:0>. This time-critical path is needed to meat the access
budget of the MMU register file during data stream relocation. The
bus data is always the high-order three bits of a virtual address.
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1.5 Major States

At its maximum operation frequency (20 Mhz), the Data chip can
potentially enter a new state every 25 nsec. The major statas in a
microcycle are as follows: '

Applicable

State Time Cycles Action
T0 0 nsac all Precharge EU and MMU register
files

Clock MOMR-L synchronizer

T2% 25 nsec all Start EU register file access
all o Assert MALE-L
T75 75 nsec all Start ALU operation
all Strobe MPRDC-L
all Assert MSTRB-L
read Assert MBUFCTL-L
relocation or Start MMU register file
expl access access
all Drive MBS-H<l:0> from cache
bypass status and CCR<3> +
CCR<2>
all Orive MMAP-L with OMA grant

derived from output of
MOMR-L synchronzier

all Drive ALU status onto
MDAL<21:16>
T1258 125 nsec relocation Start relocation add/compare
T150 150 nsec read Latch selected input tatch
from MDAL-H<¢15:0>
all Deassert MALE-L
read Deassert MBUFCTL-L
mem [/0 Strobe MMISS-L
T175 175 nsec prefetch Latch PPC

other relocation Latch output latch
or output
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If the microcycle is not extended, 7175 coincides with T-2S5. If the
microcycle is extended, operations proceed as follows:

Applicable

State Time Cycles Action
T200 2Q0 ns extended Assert MBUFCTL-L
non-writes
Tx2S 225, 325, ... ns all extended - Clack MCONT-L synchronizer
flip-flop
T250 250 ns all extended Assert MSCTL-L

TxS5Q 250, 350, ... ns all extended

Tx75 275, 375, ... ns all extended Clock MCONT-L holding
flip-flop

vy

Tx00 300, 400, ... ns all extended

A1l microcycles conclude as follows:

Applicable

State Time Cycles Action
T-100 300, .400, ... ns all extended Deassert MSCTL-L
T-50 350, 450, ... ns extended Deassert MBUFCTL-L
non-writes .
T-25 175 ns if not all Latch MIR from MIB-H<21:0>
extanded, else Write EU register file
375, 475, ... ns Drive MDAL-H<21:0> from PPC

or output latch

Drive MBS-H<1:0> f
PCS<3:2> or bank sal
latches

Drive MMAP-L from MMR3I<S>

Drive MABGQRT-L from PCS<D>
or abort latch

rom
ect

TEND 200 ns if not all Deassert MSTRB-L
extended, else
400, 500, ... ns
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2.0 EXECUTION UNIT (EU)

The Execution Unit contains the main register file, special B-bus logic,
the data path proper, branch/jump logic, the interface tc the external
MDAL bus, the Microinstruction Register, and the state sequencer.

2.1 Register File
2.1.1 Physical Organization

The EU register file is organized in two sections. The first section is
18 registers deep by 16 bits wide. The second section is 9 registers
deep by 32 bits wide. The 18 by 16 section contains two sets of POP-11
general registers (RO-RS, RO'-R5'), three stack pointers (KSP, SSP,
USP), the Processor Status Register (PS), the Program Counter (PC), and
Memory Management Register 2 (MMR2). The 9 by 32 section contains the
Instruction Register (IR) and its field extractor, and eight scratch
registers for microcode use.

The registers in the EU file (except for MMR2 and the IR) are dual
ported. In any microcycle, an EU register can be accessed through both
the A-port (which is read/write) and the B-port (which is read only).
The A-port connects to the A-bus and thence to the data path, the B-port
to the B-bus. The A-port of the register file is also connected to the
1/0 myultiplexor which interfaces the EU to the external MDAL bus. Thus
the contents of the EU registers can be.-modified from or written out to
the external system bus. .

Note that MMR2 is read only and can be accessed only through the B-port.

The 18 by 16 register area is organized as follows:

Processor Status Word (PS)

Procamccasrscscncacaccewwee cneanwes= +

|
Kernel Stack Pointer (KSP)
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D R L X L L T T Yy +*
User Stack Pointer (USP)

Porcvcowecccccccn- camcnm= cerseceee +
RS |

Proovcccevacccacecee ceremcececccccccacn= +
R4'

temcecccecccccccasnananessecanenn +
R3'

S eeeemeemmeenmannnnnn :
R2'

L R R R e +
R1!

toceccacccccaccccacccamcacasanana +
RO

+--... ............................ +
RS

L R L ek R R T e +
R4

Prcrmccrccccc v e ccccccccssscsvesew +
R3

Pomeccvccccrrcccccnaneenccccnccees +
R2

[ Y R L L L L E R R R R +
R1

bemmemeeaa eececccccecmecmmeceeana= -
RO

\
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The 9 by 32 register area is arganized as follows:

31 - 16 15 _ 0

Pemaccas escsssccceacccemacaeeme= fecececccacascncan cececesecancccs +
Instruction Register (IR) IR Field Extractor

Prcocccvacvan ceccccvaccccccvcacacae bPeccvscccoccncscacesccersaseccecaes +
Scratch RF

B I Y0 oo ey S U PR Uy DU S U S g U U S S S S Sy +
Scratch RE

Pevevaccacvoencacccevnccena D e L R R R L L T Y AN +
Scratch RO

eceaccccacceccaceameccmeeemmccmcmeeeceececeecmccceseeceaceseaenoo +
Scratch RC

L R R R R R R T e K X e L LR L L L L T X Ry +
Scratch RSB

D T Ui o g S S g S S +
Seratch RA

L R R R L R L L R T e L L L R Lk D P +
Scratch R9

e e mcecmcemeameemcseeesecemceeeeemeescecmecee-meecmaceee——eo~-- -
Scratch RS

D 0 YR A U S U g U UG U g U U S g S R g S -

The Instruction Register (IR) connects to bits<31:16> of the A-port
and, through the field extractor, to bits<15:0> of the B-port.
2.1.1.1 32-bit Scratch Registers

The scratch registers are accessible only from the microcode. Their
state at power up is UNDEFINED.
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2.1.1.2 POP-11 General Registers (Rn, Rn')

There are two sets of general registers in the register file. The
register set information in the PS (bit<ll>) defines which set is
salected. PS<Kl1> = 0 selects RO - RS; PS<Il> = 1 selacts RG' - RS',
The microcode can access only the selected register set.

The state of the POP-11 general registars at power up is UNDEFINED.

2.1.1.3 Stack Pointers (SP)

There are three stack pointer registers in the register file to support
the three processor modes (kernel, supervisor, user). The User Stack
Pointer (USP) is used for stack references in user mode. The Supervisor
Stack Pointer (SSP) is used for stack references in supervisor mode.
The Kernel Stack Pointer (KSP) is used for kernel mode stack operations.
The current mode field in the PS (bits<15:14>) selects the stack painter ,

to be used for the execution of all microinstructions except MQVPM.
This microinstruction uses the previous mode field o the PS
(bits<13:12>) to select the stack pointer. The microcode can access
only the selected stack pointer.

If the mode field used to access the stack pointer specifies the illegal
mode (= 10), the USP is selected.

The state of the stack pointers at power up is UNDEFINED.

2.1.1.4 Program Counter (PC)

The Program Counter is useable as a general purposa register in macro
code (R7). It can also be incremented by 2 independently of the EU data
path. This operation automatically happens during an RDI
microinstruction or when a predecode (MPROC-L) signal is received from
the Control chip.

The state of the program counter at power up is UNDEFINED.

2.1.1.5 Memory Management Register 2 (MMR2)

MMR2 is a read-only register used to recover from memory management
errors. If MMRO<IS:13> = 000 and if either the predecode signal
(MPROC-L) is received or the current microinstructicon is ROF, the Data
chip loads the unincremented contents of the PC into MMRZ.

MMR2 can be read as an explicit memory locatiaon (1777757§/7). [t can
also be read by microcode as an entry in the EU register file.

The state of MMR2 at power up is UNDEFINED.
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2.1.1.6 Processor Status Register (PS)

2.1.1.6.1 Register Format

The PS has dedicated fields which are independently accessed in complex
ways:

Current Mode l Mades:

(RW) 00 = kernel
. 01 = suypervisor
Previous Mode 10 = illegal

(RW) | A 11 = user

Register Set (RW)

CIS Suspended Instruction (RW)

Priority (RW)

The PS can be accessed as an explicit location (17777776/7). It can
also be accessed by microcode as an entry in the EU register file. The
current mode (PS<15:14>) and previous mode (PS<13:12>) fields, as well
as the register set select (PS<ll>), are used by the EU and MMU register
decoders in register access and relocation operations. Furthermore, the
PS condition codes (N, Z, V, C) can be set by the microcode and reflect
the results of an ALU operation. If the PS is written both explicitly
(i.e., as a memory location) and implicitly (i.e., update condition
codes) in the same microcycle, the PS condition codes (bits<3:0>) are
set from the memory data, rather than from the EU status flags.
Explicit and microcode PS references do not always completely overwrite
the register. Table 2-1 summarizes the protection of the PS in various
modes:

Table 2-1
PS PROTECTION
Access Method Protection Mechanism Protec{ion“i
vector read PS protection logic PS<13:12> set from PS<1S:14>
RTI/RTT -read PS protaction logic In supervisor or user mode,

PS<15:11> are QRed with new
value; PS<7:5> can not be
altered
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explicit write PS protaction logic PS<4> can noct be altered

MTPS microcode In supervisor or user mode,
PS<7:5> cannot be altered;
PS<15:8,4> can not be altared

console write microcode PS<4> can not be altered

power up microcode PS set to predefined valuye

2.1.1.6.2 PS Protection Logic¢

The PS protection logic handles protection of the PS. There are three
distinct functions:

- Yector-to-PS protection
- RTI/RTT-t0-PS protection
- Explicit write protection

Vector-to-PS protection is activated by a RO or RMW microinstruction
with control bit<10> = 0. RTI/RTT-to-PS protection is activated by a RO
or RMW microinstruction with control bit<9> = 0. In both cases, the
destination register (Ra) should be PS. Explicit write protection is
activated by an external write to the explicit PS address (17777776/7).

If vector-to-PS protection is specified, bits<15:14,11,8:0> of the input
data are directly transferred to Ra. Bits<13:12> of the input, however,
are suppressed, and the old contents of Ra<l5:14> are transferred to

Ra<13:12>. The microcode must guarantee that Ra=PS to protact the PS.

I[f RTI/RTT-to-PS protection is selected, the action taken depends on the
current memory management mode. If the current mode is kernel, bits
<15:11,8:0> of the input data are directly transferred to Ra. If the
current mode is supervisor or user, only bits<8,4:0> of the input are
directly transferred to Ra. 0f the remaining bits, Ra<7:5> are not
modified. Input bits<15:11> are first ORed with the old value of
Ra<15:11> and then are written into Ra. The microcode must guarantee
that Ra=PS to protect the PS.

Finally, on an explicit write to PS, bits<15:11,8:5,3:0> of the input
are directly transferred to PS. PS<4> is not modified. Register Ra is
also written with the same data. An explicit write may write only a
byte of the PS.

A summary of the PS protection logic is given in Table 2-2.
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PS Write
Data

Cond.
Codes
<3:0>

Trap <4>

Priority
<7:5>

Instr.
Suspen.
<8>

Register
Set <11>

Previous
Mode
<13:12>

Current
mode
<15:14>

Yector-
to-PS

input<3: 0

input<4>
fnput<7:5>

input<8>

input<ll>

Ra<15:14>

-input<15:14>

Table 2-2

PS PROTECTION LOGIC
RTI/RTT RTI/RTT
User/Super Kernel
input<3:0> input<3:0>
input<4> input<d>
Ra<7:5> input<7:5
input<8> input<d>
input<ll> input<ll>
OR Ra<1ll>

input<13:12>
OR Ra<l13:12>

input<1%5:14>
0R Ra<l5:14>

input<13:12>

fnput<l15:14>

Page 2-7

Explicit
Write

input<3: 0>

PS<4>

input<7:5>

input<8>

input<ll>

input<1i3:12>

input<l5:14>
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2.1.1.7 POP-11 Instruction Register (IR)
2.1.1.7.1 Instruction Register

The Instruction Register (IR) is automatically loaded from the prefetch
buffer at the end of a microcycle in which the predecode signal
(MPRDC-L) is asserted. It can be accessed through the B-port using the
IR field extractor (see below), or through the A-port as a high-word
scratch register, The extractor is activated by any microinstruction
which specifies the IR as the B-port operand. Its action is controlled
by the microinstruction. AOBC and SOBC extract a subfield of the IR.
A1l other microinstructions access the entire IR.

The IR serves several purposes in the Data chip. Bits<7:0> contain the
PC offset for all macro-branch instructions. Bits<5:0> hold data for

the SOB and MARK macroinstructions. The PC offset, SOB offset, and MARX
data are accessed through the IR field extractor.

\

2.1.1.7.2 Shadow Instruction Register (SIR)

The Shadow Instruction Register copies bits<15,10:6,2:0> from the
prefetch buffer aon a predecode. It is also loadable by microcode with
an OUTR microinstruction with control code 207 from register Ra. The
SIR serves several purpeses in the Data chip. Bits<8:6> and <2:0> are
used to indirectly address PDP-11 general registers in the EU register
file. Bits<7:6> and <2:0> are used to indirectly address floating point
accumulators in the MMU register file. Bits<15,10:8> are used to

interrogate the condition codes in the PS for the PDP-11 macro-branch
instructions.

2.1.1.7.3 IR Field Extractor

The IR field extractor connects the IR to the B-port of the EU register
file. The field extractor is activated by any microinstruction which
specifies the IR as the B-port operand. The action of the field
extractor is controlled by the microinstruction. Table 2-3 summarizes
the actions performed by the IR field extractor.
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Table 2-3
FIELD EXTRACTOR ACTION
MACRO CODE ]MICROINSTRUCTION! B-BUS RESULT
B8R, BNE, BEQ, BGE, | | TB<B:1> <-- IR<T:0> -
BLT BGT BLE, BPL, B<O> <-- @
BHI, BHI, BLOS, BYC, AQBC B<15:9> <-= IR

Bvs, B8CC, BCS

B<6:1> <-- IR<S:0>

MARK, S0B S08C B<0> <-- 0

B<15:7> ¢-- 0
...................... bPoevoccvnavncmconvocecetenvecvrcacacncesmcnccccveccasane
all others | all others | B<15:0> <-- IR<15:0>
-------------- Sreccccbeccacerrccescassetrerc e cacncncc s cecevencncnrananse

2.1.2 Decode and Access

A1l the registers in the EU can be accessed from the microcode. In
addition, MMR2 and PS can be accessed explicitly as memory locations.

2.1.2.1 Microcode Access

The microcode can always access the -32-bit scratch registers, PC, MMR2,
and PS, but can only access the selected stack pointers and general
register set. Selection of the stack pointer is determined by the
current processor mode (PS<15:14>, except for MOVPM); of the general
register set, by the register set select (PS<1l>).

Except for MMR2 and the IR, the EU registers are dual ported. Access to
the EU registers through the A-port and the B-port is controlled by
bits<4:0> and bits<9:5>, respectively, of the microinstruction. The
cades in these register select fields provide for direct addressing of
all the selected EU registers and indirect addressing of the selected
general reg1ster set, selected stack pointer, and PC by the twc register
designator fields of the PDRP-11 dinstruction. Register select
information is latched and held constant for the duration of the cycle
to prevent incoming information for the next microcycle from altering
register selection. The register select codes are given in Tables 2-4.
Note that A- and B-port select codes are not equivalent. Note also that
the IR field extractor is single ported since it is not accessible an
the A-port.

When sixteen-bit registers are accessed on the B-bus, B-bus bits<3l 1
are forced to zero; when read out on the A-bus, A-bus bits<3l:l
contain the IR.

§
6

Vv
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Table 2-4
EU REGISTER ACCESS CODES
Access selects
code Rb<31:16> RH<15:0> Ra<31:16> Ra<ls: Netes
0 0 PS IR PS
1 0 IR field extractor IR PS
2 0 MMR 2 IR PsS
3 0 Rs OR 1 IR Rs OR 1 1
4 RE RE RE RE
5 RF RF RF RF
6 0 Rd IR Rd 2
7 0 Rs IR Rs 3
10 RS R8 RS R8 4
11 R9 R9 R9 R9 4
12 RA RA RA RA 4
13 RS RS RB R8 4
14 RC RC RC RC 4
15 RO RO RO RO 4
16 RE RE RE RE 4
17 RF RF : RF RF 4
20 0 RO IR RO
21 0 R1 IR R1
22 0 R2 IR R2
23 0 R3 . IR R3
24 0 R4 IR R4
258 0 . RS IR RS
26 0 R6 IR R6
27 0 R7 IR R7
30 R8 RS RS RS
31 R9 R9 R9 R9
32 RA RA RA RA
33 RSB RB RS RS
34 RC RC RC RC
35 RD RD RD RD
36 RE RE RE RE
37 RF RF RF RF
Note 1 - Rs OR 1 - select Rn, n = (SIR<8:6> OR 1).
Note 2 - Rd - salect Rn, n = SIRC2:0>.
Note 3 - Rs - salect Rn, n = SIRK8:6>.
Note 4 - Affects operation of ALU, I/0 mux, write amplifiers, otherwise

same as 30-37.
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2.1.2.2 Explicit Access

MMR2 and PS can be explicitly accessed, byte or 'word, as memory
locations. Table 2-5 lists the explicit addresses of these registers:

Table 2-5
EXPLICITLY ADDRESSABLE EU REGISTERS
Name Address Special Requirements
PS 1777777677 PS<4> not modified by explicit write
MMR2 1777757677 Read only

Selection of these registars is detected by the MMU address adjust and
detect logic.

2.1.3 Register Read Operations

The EU register file places data on both the A-bus and the B-bus during
a microinstruction. Some microinstructions, however, substitute other
information on the B-bus or modify the B-bps data:

- Execution of a literal microinstruction places a literal
generated from bits<l12:5> of the microinstruction on the
B-bus (see section 2.2.1).

- Execution of a decimal adjust microinstruction places data
from the decimal adjust logic on the B-bus (see section
2.2.2).

- Execution of a MOVS microinstruction sign extends bit<7> of
the B3-bus through bits<31:8> (see section 2.2.3).

2.1.4 Reqgister Write Operations

The EU register file is writtenm by four sets of write ampiifiers (one
set per byte) through the A-port only. Since file writing is only
permitted for certain microinstructions, and even then sometimes on a
per word or per byte basis only, the write amplifier sats can
selectively write any of the four bytes of the destination register.
When some of the write amplifer sats are disabled, the associated byte
or bytes in the destination register are not altered.
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Operation of the write amplifier sets 1is controlled by the
microinstruction decode and, for references to the 32-bit scratch
registers, by the A-port register select code. The microinstruction
decode detects if the EU data path output is to be written back to the
A-port, the operand length, and any special conditions which control the
action of the write amplifier sets. The A-port select code contraols
gh;ch half of a 32-bit register is overwritten. This is illustrated
elow:

Table 2-6
OPERATION OF WRITE AMPLIFIERS
Microinstruction A-port Select Microinstruction Bits Written
Length Field Code <¢4:0>
byte 00XXX + 1XXXX -(SWAB.B + LLSW.B) <7:0
00XXX + 1XXXX SWAB.B + LLSW.B <15:98>
01XXX -(SWAB.B + LLSW.B) <23:16>
01XXX SWAB.B + LLSW.B <31:24>
word 00XXX + 1XXXX any <15:0>
01XxXx any <31:16>
longword any any 31:

On both MMU ‘and bus read aborts, the original contents of the registers
are preserved.

Note that if MPRDC-L is asserted, the write amplifiers for bits<3l:16>
are automatically enabled to write the IR, irrespective of the
microinstruction.

2.2 Special B-bus Logic

Normally, the EU data path inputs are the A-port and B-port outputs of
the EU register file. However, certain microinstructions place
different information on or modify the B-bus input.

2.2.1 Literal Generation Logic

During execution of any literal microinstruction, this logic disconnects
the B-port of the EU register file from the B-bus and generates a 32-bit
operand for the B-bus from the 8-bit 1literal field 1in the
microinstruction. The 8-bit literal {bits<l2:5> of the
microinstruction) is copied to bits<7:0> of the B-bus. Bits<31:8> of
the B-bus are zearoced.

\
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2.2.2 Decimal Adjust Logic

A decimal adjustment is required before and after a BCD operation
because only binary arithmetic can be performed in the EU data path.
Prior to any BCD addition, 6 is added to each of the nibbles in one of
the operands. This is accomplished with a POAD microinstruction. POAD
disconnects the B-port of the EU register file from the B-input of the
EU data path, inserts the constant 66666666 (hexidecimal) on the
B-input, and adds it to the A-port operand, forming the preadjusted
result. Prior to any BCD subtraction, the subtrahend is one's
complemented. This is accomplished with a normal COM microinstruction.

After preadjustment, the B8CD operation is performed as a binary addition
and the carry-gut from each nibble is saved. A post-adjustment (invoked
by a DADP microinstruction) is then executed to recover the final BCD

answer. Specifically, a BCD correction constant is formed - nibble by
nibble - on the B-input and is added (with a carry-in to the least
significant bit of the addition operation) to the intermediate BCD
result yielding the corrected BCD result. Each nibble BCD correction
constant is either a 9 or F (hexidecimal) and is selected by the state
of its saved carry-out from the binary add. [f there was a carry-out,
the constant F is uysed. Conversely, no carry-out results 1in the
constant 9. The following example demonstrates the BCD capabilities of
the Data chip:

Example: BCD Addition Capability

Operand A: 0 0 0 1 93 3 4 &

Operand 8: 0 0 1 2 4 6 8 O
NOTE: A1l numbers are hexidecimal nibbles.
"Step l: Preadjust Operand (PDAD)
0 0 01 9 3 4 6
6 6 6 6 6 6 6 6
]

7 c Preadjusted result

il
bt

6§ 6 6

Step 2: Binary Addition and Save Carries (Add)

6§ 6 6 7 F g A C

0 0 1 2 4 6 8 0

6 6 7 A 4 0 2 C Intermediate result
¢ 00 0 1 1 1 0 Saved carry aut
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Step 3: Post-adjustment (DADP)
6§ 6 7 A 4 0 2
9 9 9 9 F F F
Carry into the LS8

h |~ v O

0 0 1 4 4 0 2 Final result

2.2.3 Sign Extension Logic

The sign extension logic modifies the data on the B-bus by sign
extending the low order byte to 32 bits. The MOVS microinstruction sign
extends the low order byte.
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2.3 EU Data Path Components

The EU data path performs the arithmetic and logical operations in the
Data chip. It consists of an arithmetic and logic unit (ALU), a
combination bit shifter and byte swapper, and a shift extension
register. The inputs to the ALU are the A-bus (A<31:0>) and B-bus
(B<31:0>), which are wusually driven by the A-port and B-port,
respectively, of the EU register file. The output of the ALU connects
to the shifter/swapper over the S-bus (S<31:0>). The output of the
shifter/swapper connects to the I/0 multiplexor over the F-bus
(F<31:0).

" The operation of the EU data path is determined by the current
microinstruction.

2.3.1 EU Data Path Functions
2.3.1.1 OQperations
The EU data path is capable of the following operations:

- logical operations on two operands

binary addition, with optional carry in
binary subtraction, with optional borrow in
left shift one bit, with optional carry in
right shift one bit, with optional carry in
byte swap within words

byte shift left or right one bit followed by byte swap (low order
word only)

conditional add/subtract/negate

combined conditional add/subtract and shift
decimal adjustment

For further details, see section 5.0, Microinstructions.

2.3.1.2 Data Flow

Data flow within the EU data path depends on the microinstruction being
executed, the length (byte/word/longword) of the operation being
performed, and, for operations on the 32-bit scratch registers, the
A-port and B8-port register select codes. For the microinstructions
which do not have a B-port register select field, the EU data flow
behaves as if the B-port code is 00XXX + 1XXXX. This is summarized in
Table 2-7.
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Table 2-7
EU DATA FLOW
Lgngth B-port A-port Micro- Effective Store
field code <9:5> code <4:0> instruction operands in
byte 00XXX+1XXXX 00XXX+1XXXX - (SWAB.B+LLSW.B) £7:0> <7:0>
SWAB.B+LLSW.B K7:0> <15:8>
00XXX+1XXXX Q1XXX - ({SWAB.B+LLSW.B) <7:0> <23:16>
SWAB.B+LLSW.B <7:0> <31:24>
01XXX 00XXX+1XXXX - (SWAB.B+LLSW.3) €23:16> <7:0>
SWAB.B+LLSW.B <23:16> <15:3>
01xXXX 01XXX - (SWAB.B+LLSW.B) <23:16> 23:16>
SWAB.B+LLSW.B <23:16> <31:24>
word QOXXX+1XXXX 00XXX+1XXXX any <15:0> <15:0>
QOXXX+1XXXX 01XXX any <15:0> <31:16>
01XXX 00XXX+1XXXX any <31:16> <15:0>
01XXX 01XXX any <31:16> <31:16>
longword any any any <31:0> <31:0>

2.3.1.3 Status Flags

AN, AV, AZ, and AC are the local EU data path status flags. They are
updated at the conclusion of an EU data path operation. Depending on
instruction type, they may be -set or cleared unconditionally, or
affected conditionally to give additional information about the
operation just completed. In the latter case, they generally have the
following meaning:

AN=1: result is negative
20: otherwise

AZ=1: result is zero
=0: otherwise

AV=1l: operation results in an arithmetic overflow
20: otherwise

AC=1: non-subtract operation results in a carry;
subtract-type operation does not result in a carry
=0: otherwise

The derivation of the status flags depends on the microinstruction being
executed, the length of the operation being performed, and, for
operations on the 32-bit scratch registers, the A-port register select
code. This is detailed in Appendix B8 (Condition Code Equations) and
summarized in Table 2-8.
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Table 2-8
STATUS FLAGS DERIVATION

Normally derive

Microinstruction A-port select Microinstruction AN, AZ AV, A
lenqth field code <4:0> from A from Cin/out
byte 00XXX + 1XXXX -(SWAB.B + LLSW.B) <7:0> <>
SWAB.B + LLSW.B <15:8> na
01XxXX -(SWAB.B + LLSW.B) <23:16> 7>
SWAB.B + LLSW.B <31:24> na
word . 00XXX + 1XXXX -(SWAB.W + LLSW.W) <15:0> 15>
SWAB.W + LLSW.W <15:8> na
g1XxXX - (SWAB.W + LLSW.W) <31:16> <15>
SWAB.W + LLSW.W <31:24> na
longword any any <31:0> 31>

Note that the AV status flag can reflect multi-bit left shift
operations, and the AZ flag can be used for multi-word zero testing.
Section 2.3.1.4 details multi-bit shifting and multi-word zero testing.

The four local status flags are conditionally written under microprogram
control into the PS condition codes at the end of the microcycle.

2.3.1.4 Extended Status Testing

The EU data path supports multi-word zero testing. The multi-word
mic;ogqstructions ADOC, SUBC, and NEGC affect the local AZ status flag
3s follows:

AZ = 0 if result not equal to O
= 7 otherwise

That is, AZ is cleared if the result is non-zero; otherwise it 1is
copied from the PS Z flag.

The EU data path also supports multi-bit shift overflow testing. _The
data path includes an extra flag called the sticky V flip-flop. This
flip-flop is cleared by predecode (MPRDC-L asserted). [t is set by any
ASL microinstruction which sets AV. It is also an QR input into AV.
Thus, once AV is set by an ASL microinstruction, it remains set during
subsequent ASL microinstructions until predecode is recognized. If
predecode is recognized during an ASL microinstruction, AV is evaluated
with the sticky overflow flip-flop (SVFF) before it is cleared.

The EU data path also supports double-precision divide. The data path
includes two extra flags called the extended carry flag (XC) and the
extended rotate flag (XR). During an XLDIVS microinstruction, XC
captures the carry out of the ALU, and XR the carry out of the shifter.
During an XHDIVS, XC supplies the carry into the ALU, and XR the carry
inte the shifter.
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2.3.2 Arithmetic-Logical Unit (ALU)

The ALU performs the arithmetic, logical, and selected left shift
operations in the EU data path. The inputs to the ALU are the A-bus and

B-bus; its output is the S-bus. The ALU function is determined by
decoding the current micreinstruction.

The input operands are fed to the P and G logic to generate the
propagate and generate terms for the desired ALU function. The
propagate and generate terms are used by the carry logic to derive the
carry terms. The carry and propagate terms are XOR'd to yield the
result. (Some of the carry terms are also used tao control the decimal
adjust logic, section 2.2.2.) The low order eight bits of this result
are fed to a multiplexor which operates as follows:

microinstruction multiplexor action
-(ASR.B + ROR.B + LSR.8B) S<7:0> (=< ALU result<7:0>
ASR.8B S<7> <-- ALU result<7>

S<6:0> {-= ALU result<7:1>
carry aqut <-- ALU result<0>

ROR.8 S<7> ¢-= C
S<6:0> == ALU resul*<7:1>
carry out <-- ALU result<0>

LSR.B S<7> <-- 0
S<6:0> {e= ALU result<7:1>
carry out <-- ALU result<0>

The output of the ALU and this multiplexor connect to the
shifter/swapper over the S-bus.

2.3.3 Bit Shifter and Byte Swapper

The shifter/swapper receives its input from the S-bus (S<31:0>). It can
shift data left or right one bit, and can be used in conjunction with a
special shift register (SR) to perform relatively high speed multiplies,
divides, and muylti-word shifts. It can also swap the bytes within the
low word and high word outputs from the ALU. The function performed by
the shifter/swapper is determined by the current microinstruction. Note
that a - byte write to an odd address automatically invokes the byte swap
function. Ra<15:8> will get written with the data, not Ra<7:0>.

The inputs to the shifter/swapper consist of the 32-bit ALU result
(S<31:0>) and a shift-in signal; the outputs consist of a 32-bit result
(F<31:0>) and a shift-out signal. The shifter works with 8, 16, or 32
bit values. This is accomplished by selecting where the shift-out and
shift-in are connected to the shifter and SR. Table 2-9 details the

functions performed by the shifter/swapper.
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Note that the ROL.B and ASL.B microinstructions use an ALU shift to
perform the left shift, while the ROR.B, ASR.B, and LSR.S
microinstructions use an ALU shift to perform the right shift. This
enables a bit shift and byte swap operation during the same
microinstruction.

2.3.4 Shift Register (SR)

The shift register is a special purpose register used in conjunction
with the shifter/swapper. It is addressable via an INPR gar QUTR
microinstruction with control code 206. This is encoded within the
single port select codes shown in Table 3-3. The SR register
accelerates the PDP-11 Extended Instruction Set (EIS). In particular,
this hardware enables the inner multiply and divide loops to execute at
the rate of one microcycle per bit.

The SR is a bidirectional shift register. It can provide the shift-in
data to the shifter/swapper and can collect the shift-out data from the
shifter/swapper. Furthermore, the EU data path can examine the low
order bit in the SR and conditionally execute based on the result.

The SR connects to the A-bus. When written via any length QUTR, all 32
bits are modified according to the following table.

QUTR.x [SR,Ra.H] SR <-- 0
OUTR.B {SR,Ra.x] undefined
QUTR.L [SR,Ra.L] SR ¢-- Ra
QUTR.W [SR,Ra.L] SR<31:16> <¢-- 0

SR<15:0> <-- Ra<15:0>

When read via INPR, all 32 bits are read out, although the
microinstruction length field controls how many bits are written into
the destination (Ra) register.

In summary, the SR is a parallel loaded and read register which is
shifted in parallel with the shifter/swapper, can be tested, and is 32
bits widei Table 2-9 enumerates the operation of the shifter/swapper
and the SR.
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Table 2-9
DATA CHIP SHIFT/SWAP CAPABILITIES

[ALU shifts]

Microinstruction ALU Shift Funetion
31 24 23 16 15 8 7 0
+ ------- + ....... +----‘--+-------+
I |-
ASLoB AC (--I ----------------------- {=a= 0
. Poevcaancs Poevoeaaew Poeacaane Poeocccaa -
31 24 23 16 15 8 7 0
dPoecccwes + ------- +—---¢--+ ....... -
ROL.B AC (--% ----------------------- Ca= C
Poevoacae= Pacecocwse Poeocecanwa= Povaocacaa +
31 24 23 16 15 8 7 0
btoecacawe= Poecvaaaw Prooccan= LR I +
||
ASR.B -=> --> AC
Poamocsweaa Porvwwawe L LR T +
l
31 24 23 16 15 8 7 0
Poocecvas Pocancecse bPrcaccoecs Povacwas +
l |
ROR.B C wcecmccaccccccacancccanacs > -=> AC
L ------- L bPrcccana Pooccces +
31 24 23 16 15 8 7 0]
Proovsocnene Poccccaw Poeacanaas L e +*
I l l
LSR.8B 0 wccccccccnccacncccccncacas > -=-> AC

PoavcevccatrncccsceProncccebtecaccaed

\



J-11 DATA CHIP SPECIFICATION : Page 2-21

Table 2-9 (continued)
DATA CHIP SHIFT/SWAP CAPABILITIES

[simple shifter/swapﬁer functions]

Microinstruction Shifter Function
31 24 23 16 15 8 7 0
Poscaasa bPovcovcesbracvocasPoecncca +
[}
ASL.L AC <-- (=
Poevomcaas Paovaves e Psconca- Poeoccaowa +
31 24 23 16 15 8 7 0
';- ------- Pecccaca bPeccvcecs tevecaans ‘f‘
ASLON Ac ( .................. <--
L--O-o--‘l‘ ----- ceosetbtecncaaa Poeccnces +
31 24 23 16 15 8 7 0
Poaccwna Peccoscsa Pocccaca LR +
ROL.L AC <-- (==
toevomowsatoccvoccosteacecen= Powcvcceas +
31 24 23 16 15 8 7 0
Prvccevaw Pemcecew LR R Poeaccaa +
| | |
ROL.W AC <--I --------------- <--
Pococaaca toeccvea= Poceccse Pocomnmaa +
31 24 23 16 15 8 7 0
bPotoaces bPoeccccas Poeococaaa Peccaces +
ASR.L r-) S
l L-L ----- bPeacaccsa= Poeoacwee Pococnecee i
|
31 24 23 16 15 8 7 0
bPoccccaas Pecosccccteotoencnas Poeccacaet
| |
ASR.W I‘> .e)

teceaas -+----}--+-+-----+. ...... +

AC
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Microinstruction

LSR.L

LSR.W

ROR.L

ROR.W

SWAB.(L)(W)(B)

XLDIVS

31 24 23 16 158 8 7 0
Pooawnsovetocawaaas Poevocaca Poccaves +*
0 -2 -=> AC
L ------- Poocnccaaa Poccccwa bPecwccas +
31 24 23 16 15 8 7 0
Peccccna Poecccnaa Proocccsa= Pevecaae +
| | |
0 --OI----- ------- . l“> AC
tPoccecana brocwconas Poeocaccaw Povcane= +
31 24 23 16 15 8 7 0
foecncacs L Poecacccca L +
C -<> --> AC
Precccans tPeascccas Pooccnaea Pacnecccs +
31 24 23 16 15 8 7 Q
Pocaceccee toecccvaa toecncwe ePoecamaea +
| - |
c R > -=> AC
beccccae bPecacecnas o cvones ‘tecvcaccaa +
| |
31 24 23 v 16 15 87 v 0
Powccnas Pooccocns L R Povanaca +*
Pocccae ceodtencscaa Poevcocacs tomeveas +
© | © |
| | | |
31 24 23 16 15 87 0
Poecccvces tPoevoasvceacboecnacancaas Proocavaa= -+
XR <-- <-=- 0

Table 2-9

(continued)

Page 2-22

DATA CHIP SHIFT/SWAP CAPABILITIES

Shifter Function

Y
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Table 2-9 (continued)
DATA CHIP SHIFT/SWAP CAPABILITIES

[quadword shifts]

Micro- Shifter Function

instruction

SR Function

ASL.Q
31 24 23 16 18 8 7 0 31 24 23 16 15 87 0
PeowsccPtoeccans Pavocae Povawa= + Poeocacnea Peacamce= Peroaces Poomea= +
AC<-- I <=0
Poevosccatecacscaas bPavaenes Poccecne + bomcacaa Povcaaea bPoaccaas Poavcecaca +
LSR.
31 24 23 16 15 8 7 0 31 24 23 16 15 8 7 0
PosvosvebPovsvaaa Pocccoe bPeocceas + Povccne Pooccaew Poecvwea tomoaew +
0 -=> .= -=>AC
l [ |
Pevacee Prvoccsatecnaca= traccas + Peccce- tecacaa tecccoca boecnase +*
(multiply/divide]
Micro- Shifter Function SR Function
instruction
UMULS.L
31 24 23 16 15 8 7 0 31 24 23 16 15 8 7 0
Pocsacaas Poeccac. PocscacatPrcnces + foccacwa bPoecccas boeacanas Povaated
Carry| |
Out-)‘ \--) -->AC
Poveccen bPeccwea btesaoxa tPoeacaa=e + tPeacans Powoaaa Pecccaca Pomaeted
|
-=>test
UMULS. W
31 24 23 16 15 87 0 31 24 23 16 15 8 7 a
# ...... *---.-‘* ...... * ...... + * ------ * ‘‘‘‘‘ + ...... #----‘,‘*
Carry| l
OUt =ecccccccacees) - -->AC
| | bl
Pecana= Poacees Poacava= Poevscsceed Pococcas Poaasaa= Poovceso Povactsd
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Table 2-9 (continued)
DATA CHIP SHIFT/SWAP CAPABILITIES

Mi¢cro- Shifter Function SR Function
instruction
SMULS.L
31 24 23 16 15 8 7 0 31 24 23 16 15 8 7 0
S<31> Pocce wtPocccesebecaa= etPooase -d bPevoscvotocvcnaPocccaas Poevoatad
XOR.
Qver-> -=> -=>AC
flow
boeocoaa boecccas beccane temmne~ + temcan= bocomaa o tecaatat
|
-=>test
SMULS . W
31 24 23 16 15 8 7 0 31 24 23 16 15 8 7 0
SC19) +ecccccctecanaa tecamae T + T, PO, bemomme becamtad A
X0R |
Overeecccccccaaacao > S -=>AC
flow | I [ [
Poecccana Poeacene tPoeceaame tPowaaes + Poavawe Poewame- btemana= +-——¢+i¢
-=>test
prvs.L
31 24 23 16 15 8 7 0 31 24 23 16 15 8 7 0
.T-*-~--¢ ------ tPevoccwctecnnan T Poecvcmneateoveecnae tPovccn= Pooeavww +
ACC=w- |<-- {emam
R T SR . tevcon bomcnaw + tomoeee boemmem- boccce= . + }
I I
---------------------------------- complemented-ceccccccccccacan--
DIVS.W
31 24 23 16 15 8 7 0 31 24 23 16 15 8 7 Q
beceman boecccae bPebecactamnnen + tocccaw tecemne bocmene fecoaa= +
|
AC<---I ----- R (== (oaa

LR R D R N L N e R Pamaces bPoecane Puacaca Pomewaa + l

cveeccce- R complemented-=-eccccaccccancan
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Table 2-9 (continued)
DATA CHIP SHIFT/SWAP CAPABILITIES

Micro- Shifter Function SR _Function
instruction
XHDIVS
31 24 23 16 15 8 7 0 31 24 23 16 15 8 7 0
PebacccaPoecccaa tPocacane tPovcaca= + deaccas Pecanaa Poaccae Poecaseec +*
AC<-- <-XR (===
Peteccctecvcwnatecoccctoenncant Poenmwcae Poevcvas bPoecvceccas Peawase +
l
R LR P T --complemented----=cc-c-cccaa-a-

2.4 Branch/Jump Logic

This logic implements both the macro-branch. microinstructions (AOQBC,
SO0BC) and the micro-jump microinstructions.

2.4.1 Macro-branch Logic

The PS condition codes (N, Z, V, <€) govern execution of POP-11
conditional branches. Conditional branches are implemented using two

microinstructions, Add On Branch Condition (AO8C) and Subtract On Branch
Condition (SOBC). ‘

AQOBC conditionally performs an add operation based on conditions
specified by bits<15,10:8> of the POP-11 instruction in the SIR (see
Table 2-10). If the stated branch condition is satisfied, the add
operation is performed. Otherwise, the operands are left unchanged.

SO0BC conditionally performs a subtract operation based on the local
status flags set during the previous microinstruction (see Table 2-10).
If the local status flags satisfy the branch condition, -AZ, the
subtracticn is performed. Otherwise, the aperands are left unchanged.

In both AQOBC and SO0BC, the suppression of the arithmetic operation is
implemented by inhibiting the write-back to the A-port. That is, the
operation always takes place, and suppresion of the output is realized
by disabling the writa amplifiers. If the write-back is not suppressed
(branch taken) and the destination register is the PC, the Data chi
clears the prefetch buyffer valid flag (PY) and asserts the kill prefetc
buffer signal (MKPB-L).
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Table 2-10
AQBC BRANCH CONDITIONS

SIR SPECIFIED BRANCH CORRESPONDING
Bits: <15> <10> <9> <«8> CONDITION PDP-11 INSTR.
.................... cececcwoevwvePevcccevanecvceneeenacwen Poercaeecececcerane e e e e

0 0 0 0 don't care none
] 0 0 1 unconditional BR

Q Q 1 0 -2 BNE
0 0 1 1 Z BEQ
0 1 0 0 -(N XOR V) BGE
0 1 0 1 N XOR V BLT
0 1 1 0 -(Z + (N XOR V)) 8GT
Q 1 1 1 Z + (N XOR V) BLE
1 0 0 0 - BPL
1 0 0 1 N 8MI
1 0 1 0 -(Z + C) BHI
1 0 1 1 Z+C BLOS
1 1 0 0 -V BVC.
1 1 0 1. v BVS
1 1 1 0 -C 8CC
1 1 1 1 o BCS

SOBC BRANCH CONDITION

2.4.2 Conditional Jump Testing Logic

The conditional jump logic tests various status flags in the Data chip
(see Table 2-11). Both the local EU status flags (AN, AV, AZ, AC) and
the proé¢essor status flags (N, V, Z, C) can be tested. It is also
possible to test if the current mode (PS<15:14>) is kernel mode. I[f the
stated condition is satisfied, the Data chip asserts the Jump Allow
signal (MSQV/JA-L). This signals the Control chip to execute the jump.
Note that the execution of a conditional jump is effectively delayed one
microcycle, during which the microcode can specify a NOP instruction or,
if possible, perform some useful operation.
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Table 2-11
CONDITIONAL JUMP INSTRUCTIONS

Microinstruction Condition Tested
JC c =1

Jv Vv =1

JZ =1

JN : N =1

JAC AC = 1

JAYV AV a1

JAZ AZ = 1

JAN AN = 1

JKM PS<15:14> = 0

2.5 EUY/MDAL Interface

The interface between the EU and the external MDAL bus consists of an
I/0 multiplexor, two input latches, and an output latch.

2.5.1 1/0 Multiplexor

The 1/0 multiplexor provides a complex set of interconnects among the
A-bus (A<31:0>), the output of the shifter/swapper (F<31:0>), the MMU
data buys (M<15:0>), the input latches (IL[1:0]<15:0>), and the output
latch (0L<15:0>). All connections are word width (16 bits); multiple
paths may be enabled simultaneously to implement 32-bit transfers. The
specific paths within the 1/0 multiplexor are as follows:

l- F<31:16> -=> A<31:18>
2- F<15:0> -<> A<31:16>
3- M<15:0> --> ) A<31:16>
4. ILL1:01¢<15:0> -=> A<31:16>
5- F<C15:0> -<> A<15:0>
6- F<31:16> -=> A¢15:0>
7- M<C15:0>  =<> AC15:0>
8- IL{1:0]¢<15:0> -=> A<15:0>
9- M<7:0,15:8> --> AL15: 0>
10- ILL1:0]<15:8> -->  AK7:0>
11- A<15:0> <> M<15:0>
12- F<31:16> -=> M<15:0>
13- F<15:0> -=> M<15:0>

14- F<7:0,15:8> -<> M<15:0>



J-11 DATA CHIP SPECIFICATION Page 2-28

Note that:

Paths 1,2,3,4 are mutually exclusive.

Paths 5,6,7,8 are mutually exclusive.

Paths 9,10 are mutually exclusive.

Paths 11,12,13,14 are mutually exclusive.

Paths 5 to 8 and 9 to 10 are mutually exclusive.

Simultaneous use of paths 2 and 6§ is not supported.

The upper 16 bits of both the A-bus and the B-bus can not be
used during a predecode microcycle.

- Other than F<31:0> --> A<31:0>, only 16 bits of the A bus can
be driven with data at one time. The other 16 bits are zeroes.

2.5.2 Input Latch (IL{1:0]<15:0>)

The dual input latches (IL[1:0]¢<15:0>) latch incoming data from
MDAL -H<15:0>. The latches are used on an alternating basis foq
instruction stream and data stream information. Operation of these '
latches is explained in detail in section 4.

2.5.3 Output Latch (0L<21:05)

The output latch (0L<21:0>) latches outgoing data for MDAL-H<21:0>. It
is loaded from the MMU data path with physical address information, and
from the EU data path with data and status information.

2.6 Microinstruction Register (MIR<21:0>)

The Microinstruction Register (MIR<21:0>) 1latches the <current
microinstruction. It is loaded from MIB-H<21:0> at T-25.
Microinstruction decoding is done locally throughout the Data chip as
required.

NoteTthat the Microinstruction Register is cleared by the assertion of
MINIT-L,

2.7 State Sequencer

The state sequencer produces the internal control and timing signals
used by the Data chip, as well as the external signals used by the
Control chips and the System Interface. Inputs to the state sequencer
include MCLX, MIR<¢21:5>, MINIT-L, MABORT-L, MBS-H(1:0>, MMISS-L,
MMAP-L, MDMR-L, and MCONT-L. Its outputs include MALE-L, MBUFCTL-L,
MSCTL-L, and MSTRB-L.
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The Data chip enters a stretched microcycle if the following equation is
true at T150:
STALL = STIQ + MMAP-L + MABORT-L.DEMAND +
READ.(MMISS-L + MBS-H<C1> + MBS-H<O> + BSFF<1> + BSFF<O>) .
(-MABORT-L)
where

STIO = current microinstruction is a stretched 1/0 m1crocyc1e
(RDG, RDINTR, or write)

MMAP-L = 1/0 map enable signal (DMA grant)
MABORT -L = abort signal
DEMAND

current microinstruction is a demand bus operation
(i.e., bus write, data stream read, demand instruction
stream read, or interrupt vector read)

"READ = current microinstruction is a read (AIQ code = 1100 or
10xx, i.e., RO, RMW, RDF, RDI, or Operate Prefetch (see
section 4.2.1))

MMISS-L = cache miss signal

MBS-H<1> s bank select signal (cache bypass)

MBS -H<O> ' = bank select signal (cache force miss)

BSFF<1:0>= bank select flip-flops

If the wait state is entered, the current microcycle is extended beyond
the normal four c¢lock periods to a minimum of eight clock periods and
increments of two clock periods. Starting at Tx25, the Data chip
samples MCONT-L through a synchronizer flip-flop. If not asserted, the
Data chip waits two clock periods and then resamples (next Tx2§5). If
asserted, the Data chip deasserts MSCTL-L at the next Tx00 and rasumes
normal operation with the next Tx75 as T-25.
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3.0 MEMORY MANAGEMENT UNIT (MMU)

The memory management unit is responsible for the relocation and
protection of virtual addresses. It contains the MMU register file, the

;eIgcation data path, and various special registers and supporting
ogic.

3.1. MMU Register File

The MMU register file is physically organized 64 registers deep by 32
bits wide. It contains the memory management relocation registers, the
floating point accumulators, the floating point exception and status
registers, and the CPU Error Register.

The contents of an MMU register must be first moved to an EU register

before any arithmetic or logical operation can be performed on 1it.
External data cannot be read directly into an MMU register; instead, it

must be read into an EU register and then moved to the destination

gegister. An MMU register can be written directly to the external MDAL
US. - N

Internal data chip transfers, which are defined as data moves between
MMU and EU registers, are only 16 bits wide; thus two separate
microcycles are necessary to transfer an entire MMU register. The
microcade can only address 16-bit words in the MMU register file;
therefore, the register file appears to the microcode as 128 registers
deep by 16 bits wide.
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3.1.1 Physical Organization

The MMU register file consists of 50 memory management register pairs
(PORs and PARs), 6 floating point accumulator pairs (FACHs and FACLs), 3
floating point status registers, and the CPU Error Register.

31 16 15 0
Pevccvoncercnsvceccnaccneccece- e scacceaacss cescccceccccccanes +
PDR[49:0]<15:0$ PAR[49:0]¢7:0,15:8>
bPervcvacvacnccsceneccncscsacccans L R R R R R kR +*
FACL[S5:0]¢31: 0>
R R R T L Ty e e Oqp U U U S g UV ul g S S g S g g gy +
FACH[5:0]<31:0>
Prravrccevrsncn s s e ccccesnease Proevcococcovervcaccncevoncacee +
Floating Exception Addr Floating Exception Code
dovcccncccca= cememacena -.--- ----- Prosmovvecneccccrcccacsccenaans +
Floating Point Status CPU Error Register

feccncacececccenccccnenccee e tPovccrccnssnecenneccecenacena +

3.1.1.1 Floating Point Registers

The floating point accumulators (FACH and FACL), Floating Point
Exception Address Register (FEA), Floating Point Exception Code Register
(FEC), and Floating Point Status Register (FPS) are used by the
microcode to implement the floating point instruction set. The use and
contents of these registers are the exclusive responsibility of the
microcode. Their state at power up is UNDEFINED.

3.1.1.2 CPU Error Register

The CPU Error Register is used by the microcode to report CPU error
conditions. Its use and contents are the exclusive responsibility of
the microcode. The CPU Error Register can be read and written boath
explicitly as a memory location and by microcode. If written
explicitly, all bits in the register are cleared. Its state at power up
is UNDEFINED.
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3.1.1.3 Relocation Registers

The memory management relocation registers consist of S0 Page Address
Register (PAR)/Page Descriptor Register (POR) pairs-- eight each for
kernel instruction space, kernel data space, supervisor instruction
space, supervisor data space, user instruction space, user data space,
plus one PAR/POR pair for use by the console microcode and one PAR/PDR
pair for use when memory management is disabled:

- 8 Kernel Mode Instruction Space Page Description Registers (XIPOR)
Kernel Mode Data Space Page Description Registers (KDPDR)

Kernel Mode Instruction Space Page Address Registers (KIPAR)

Kernel Mode Data Space Page Address Registers (KDPAR)

Supervisor Mode Instruction Space Page Description Registers (SIPDR)‘
Supervisor Mode Data Space Page Description Registers (SDPOR)
Supervisor Mode Instruction Space Page Address Régisters {SIPAR)
Supervisor Mode Data Space Page Address Registers (SOPAR)

User Mode Instruction Space Page Description Registers (UIPDR)

User Mode Data Space Page Description Registers (UDPDR)

User Mode Instruction Space Page Address Registers (UIPAR)

1]
o o] (o] oo 2] o] [e] o 0 @ o]

User Mode Data Space Page Address Registers (UDPAR)

L)
—

Console Mode Page Address Register (CPAR)

- 1 Console Mode Page Description Register (CPOR)

- 1 Non-Relocation Page Address Register (NPAR)

- 1 Non-Relocation Page Description Register (NPDR)

When the relocation registers are accessed for an address relocation
operation, a 32-bit register pair is accessed (this permits the PAR and
POR to be available together for the relocation operation). When the
relocation registers are accessed by the microcode ar as explicit memory
locations, only the register that was specifically addressed 1is
accessed.

The formats of the PAR/POR registers are depicted below.

\
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3.1.1.3.1 Page Address Registers (PARs)

The Page Address Registers (PARs) contain a 16-bit displacement which is
added to bits<l12:6> of the virtual PC or the virtual address received
from the Execution Unit to create part of the relocatad physical
address. All bits of these registers are implemented.

The state of these registers at power up is UNDEFINED.

3.1.1.3.2. Page Descriptor Registers (PORs)

The Page Descriptor Registers (PDRs) contain information relative to
page expansion, page length, and access control. Bits<7,5:4,0> are not
writeable and always read as zeroces.

!
Bypass Cache (RW)
Page Length Field (RW)
Page Written (RO) ]

Expansion Direction (RW)

Access Control Field (RW)

Bits Name Function
15 Bypass Cache  (RW) This bit implements a conditional

cache bypass mechanism. If the POR
accessed during a relocation operation
has this bit sat, the time-multiplexed
signal MBS-H<1> is assertad during the
subsequent /0 cycle.
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14:8

8

2:

1

Page Langth Field (RW)

Page Written (RO)

Expansion Direction (RW)

Access Control Field (RW)

Page 3-5

This field specifies the bleck number
which defines the page boundary. The
block number of the virtual address is
compared against the Page Length Field
to detect 1length errors. An error
occurs when expanding upwards if the
block number is greater than the Page
Length Field, and when expanding
downwards if the block number is less
than the Page Length Field.

This bit is set when this POR and its
corresponding PAR are accessed during
a relocation operation during an AW,
AWI, or AWD microinstruction,
regardless of any MMU or system abort.
This bit 1is cleared to 0 whenever
either the POR or its associated PAR,
is modified (written. ints) by an '
explicit write and no abort or by a
microcode write.

This bit specifies in which direction
the page expands. If ED=0 the page
expands upwards from block number O to
ineclude blocks with higher addresses;
if ED=1, the page expands downwards
from block number 127 to include
blocks with lower addresses.

This field contains the access code
for this particular page. The access
code specifies the manner in which a
page may be accessed and whether or
not a given access should result in an
abort of the <current operation.
Implemented codes are:

00 Non-resident - abort all accesses
01 Read only - abort on writes

10 Not used - abort all accesses

11 Read/write access

The state of these registers at power up is UNDEFINED.
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3.1.2 MMU Register Access

A1l the registers in the MMU register file can be accessed by the
microcode using INPR and OUTR microinstructions. In addition, the
PAR/POR registers (except for CPAR/CPOR and NPAR/NPDR) and the CPU Error
Register can be accessed as explicit memory locations. Finally, PAR/PDR
register pairs can be accessed for input to the MMU data path during
relocation operations. In order to access registers in the MMU file, an
eight-bit register access code (0<7:0>) is required:

bit <7 2= multiplexor control (0 = no select, 1 = select
bits<31:16>)

bit «6> = multiplexo

r control (0 = no select, 1 = select
bits<15:0>)

bits <5:4> processor made select

bit <3>

instruction/data (1/D) space select
bits <2:0>

1-0f-8 select

The eight-bit access code is derived from the INPR/OUTR microinstruction
during microcode access, from the explicit address logic during explicit
access, and from the microinstruction and incoming virtual address
during relocation access. Table 3-1 summarizes the derivation of the
access code in dJifferent access modes.

-
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Table 3-1
DERIVATION OF
ACCESS CODES
Access Code
Bits Name Type of Access Taken From
<7:6> mux microcode direct spr<31:16>/spr<l15:0> sel
microcode indirect spr<31:16>/spr<l5:0> sel
explicit spr<31:16>/spr<l15:0> sel
relocation spr<31:16>/spr<l5:0> sel
<5:4> mode microcode direct bits<10:9> of microinstruction
microcode indirect bits<l0:9> of microinstruction
explicit PA<8> ' -PAKED
relocation forced to illegal mode if console or
16-bit relocation; otherwise
selected mode (kernel/supervisor/
user)
3> I1/0 microcode direct bit<8> of microinstruction
microcode indirect bit<8> of microinstruction
explicit PA<4>
relocation forced to I space if console or
16-bit relocation; otherwise
selected space (I/D)
€2:0> 1-0f-8 microcode direct bits<7:5> of microinstructicn
microcode indirect (MIRC5>.SIR<2> ' (MIRKS>.SIRKI> or
MIRCE>.SIRKT> or MIRK7>.SIRK?>)'
(MIR<CS>.SIRKOD> or MIR<K6>.SIR<E> or
MIR<T>)
explicit (PAC3> + CPU Error sel)'PA<K2:1>
relocation VPC<15:13> if 1 stream relocation or
VA<15:13> if D stream relocation or
forced to 6 if 16-bit relocation or
forced to 7 if console relocation
3.1.2.1 Microcode Access
A1l the registers in the MMU register file can be accessed directly from
the microcode with an INPR or QUTR microinstruction. Table 3-2 1lists
the microinstruction codes for directly accessing the registers in the
MMU file. Note that the contral field codes in the table are precisely
the eight-bit access codes required to access the register file.

In addition, the floating point accumulators can be indirectly accessed
through the Shadow Instruction Register (SIR). Table 3-3 1lists the
microinstruction codes for indirectly accessing the floating point
accumulators, and for accessing the special Data chip registers not in
the EU or MMU files.



J-11 DATA CHIP SPECIFICATION Page 3-8

Table 3-2
INPR/QUTR CODES AND
EXPLICIT ADDRESSES FOR
MMU REGISTER FILE

Explieit INPR/QUTR Explicit [INPR/GUTR
Regqistar Address Code <¢12:5> Register Address Code <12:5>
KIPOR 0 17772300 000 KIPAR O 17772340 100
KIPOR 1 17772302 001 KIPAR 1 17772342 101
KIPDR 2 17772304 002 KIPAR 2 17772344 102
KIPOR 3 17772306 003 KIPAR 3 17772346 103
KIPOR 4 17772310 Q04 XIPAR 4 17772350 104
KIPOR 5 17772312 005 KIPAR § 17772352 105
KIPDR 6 17772314 Q06 KIPAR 6 17772354 106
KIPOR 7 17772316 007 KIPAR 7 17772356 107
KDPOR 0 17772320 010 KDOPAR 0 17772360 110
KDPOR 1 17772322 011 KDPAR 1 17772362 111
KDPDR 2 17772324 012 KDPAR 2 17772364 112
KDPOR 3 17772326 013 KDPAR 3 17772366 113
KDPOR 4 17772330 014 KDPAR 4 17772370 114
KDPOR § 17772332 015 KDPAR § 17772372 1158
KDPOR 6 17772334 Q16 KDPAR 6 17772374 116
KOPDR 7 17772336 017 KDPAR 7 17772376 117
SIPDR 0 17772200 020 SIPAR 0 17772240 120
SIPOR 1 17772202 021 SIPAR 1 17772242 121
SIPDR 2 17772204 022 SIPAR 2 17772244 122
SIPDR 3 17772206 023 SIPAR 3 17772248 123
SIPDR 4 17772210 024 SIPAR ¢4 17772250 124
SIPOR 5§ 17772212 025 SIPAR § 17772252 128
SIPOR 6 17772214 Q26 SIPAR 6 17772254 1256
SIPOR 7 17772216 027 SIPAR 7 17772258 127
SOPOR O 17772220 0390 SOPAR O 17772260 130
SOPDR 1 17772222 031 SOPAR 1 17772262 131
SDPOR 2 17772224 032 SDPAR 2 17772264 132
SDPOR 3 17772226 Q33 SOPAR 3 17772266 133
SDOPOR 4 17772230 034 SDPAR ¢4 17772270 134
SOPOR § 17772232 035 SDPAR 5§ 17772272 135%
SOPOR 6 17772234 Q36 . SDPAR 6 17772274 136
SOPOR 7 17772236 037 SODPAR 7 17772276 137
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Table 3-2 (continued)
INPR/QUTR CODES AND
EXPLICIT ADDRESSES FOR
MMU REGISTER FILE

Regqister Explicit INPR/OUTR Register Explicit INPR/OUTR
7 Address Code <12:5> Address Code <12:5>
FACLO<31:16> na 040 FACLO<15:0> na 140
FACL1<31:16> na 041 FACL1<15:0> na 141
FACL2¢31:16> na 042 FACL2<15:0> na 142
FACL3<31:16> na 043 FACL3<15:0> na 143
FACL4<31:16> na 044 FACL4<158:0> na 144
FACLS5<31:16> na 045 FACLS5<15:0> na 145
NPOR na 046 NPAR na 146
CPOR na 047 CPAR na 147
FACHO<31:16> na 0s0 FACHO<15:0> na 150
FACH1<31:16> na 051 FACH1<15:0> na 151
FACH2<¢31:16> na 052 FACH2<15:0> na 152
FACH3<31:16> na 0s§3 FACH3<15:0> na 153
FACH4<31:16> na 054 FACH4<15:0> na 154
FACH5<31:16> na 055 FACHS5<15:0> na 155
FEA na 056 FEC na 156
FPS na 057 CPYU Error 17777766 157
UIPOR O 17777600 Q60 UIPAR 0 17777640 160
- UIPOR 1 17777602 061 UIPAR 1 17777642 161
UIPDR 2 17777604 Q62 UIPAR 2 17777644 162
UIPDR 3 17777606 063 UIPAR 3 17777646 163
UIPDR 4 17777610 064 UIPAR 4 17777650 164
UIPOR § 17777612 065 UIPAR § 17777652 165
UIPOR 6 17777614 066 UIPAR 6 17777654 166
UIPDR 7 17777616 067 UIPAR 7 17777656 167
UDPOR O 17777620 070 UDPAR O 17777660 170
upoPoRrR 1 17777622 Q71 UDPAR 1 17777662 171
UDPOR 2 17777624 072 UDPAR 2 17777664 172
UOPOR 3 17777626 Q73 UDPAR 3 17777666 173
UDPOR 4 17777636 074 UDPAR ¢4 17777670 174
UDPDR 5 17777632 075 UDPAR § 17777672 175
UDOPOR 6 17777634 Q76 UDPAR 6 17777674 176
UDPOR 7 17777636 077 UDPAR 7 17777676 177
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Table 3-3
INPR/QUTR CODES FOR
INDIRECT FACS AND
SPECIAL REGISTERS

Register Explicit INPR/OUTR
Address Code <12:5>

FACL[n]<31:16>, n = SIR<2:0> na 241
FACL[n]<15:0> , n = SIR<K2: Q> na gg%
FACH[(n]<31: . a SIRK2:0> na
FACHERISEEiaS%: 1 o SREGITS na 351
FACLEn <31:16>, n = SIR<C7:6> , na 242
FACL[n]<15:0> , n = SIRK7:6> na 342
FACH[n]<31:16>, n = SIR<7:6> na 252
FACH(n]<15:0> , n = SIR<K7:6> na 352
FACL[n]<31:16>, n = (SIRC7:6> OR 1) na ’ 244
FACL{n]<15:0> , n = (SIRC7:6> OR 1) na 344
FACH[n]<31:16>, n = (SIRK7:6> OR 1) na 254
FACH[n]<15:0> , n = (SIRK7:6> OR 1) na 354
MMRQ 17777572 200
MMR1 17777574 201
MMR 3 17772516 202
PIRQ 17777772 203
Cache Control Register 177777456 204
Hit/Miss Register 17777752 208
Shift Register (SR) na 206

‘Shadow Instruction Register (SIR) na 207
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3.1.2.2 PAR/PDR and CPU Error Register Explicit Access

Each PAR and PDR in the MMU register file (except for CPAR/CPOR and
NPAR/NPOR), plus the CPU Error Register, has a unique address in the I/0
page. Table 3-2 1lists these addresses. During any relocation
operation, the explicit address logic checks for a reference to an
internal processor register. If it detects a reference to a PAR or POR,
or to the CPU Error Register, it supplies the appropriate 8-bit register
access code to the MMU register file decoder and muitiplexor. Read byte
or word microinstructions then cause the contents of the accessad
register to be sent through the I[/0 multiplexor to an EU register.
Write byte or word microinstructions cause the contents of an EU
register to be written into the addressed word or byte of the selected
MMU register (the data is also written to MDAL-H). Note that any write
(explicit or microcode) to a PAR or POR clears the "W" bit in the

selected POR, while an explicit write to the CPU Error Register clears
the entire register.

Once a reference to a PAR or PDR has been detected, the 8-bit register

:C??SS code can be derived algorithmically from the physical address, as
ollows:

Table 3-4
ACCESS CODES FOR
EXPLICIT ACCESS

Register Access

Code Bits Meaning Derived From

7> mux control -PALS>

<6> mux control PA<S>

<5> mode select PA<S>

4> mode select -PA<LE)>

3> [/0 select PA<KA>

2: l-0f-8& (PA<3> OR CPU Error Register

select) 'PAK2: D>

Note that the special MMU registers do not conform to this algorithm.
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3.1.2.3 PAR/PDR Relocation Access

The relocation registers are addressed as PAR/POR pairs during address
relocation operations. Instruction stream relocation occurs as the
result of a prefetch microinstruction (ROI, ROF, Operate Prefetch (seae
section 4.2.1), RSYNC); data stream relocation as the result of an

address class microinstruction. The 8-bit register access code consists
of the following:

Table 3.5
ACCESS CODES FOR
RELOCATION ACCESS

Registar Access

Code Bits Meaning Derived From
<7:6> mux control forced to O
<5:4> mode select forced to illegal mode if

console or 16-bit mode
relocation; otherwise
selected mode

<3> 1/D0 select forced to I space if console or
16-bit mode relccation;
otherwise selected space

<2:0> l-0f-8 <15:13> of virtual address if

data stream relocation

<15:13> of virtual program
counter if instruction stream
relocation

forced to 6 if 16-bit
relocation

forced to 7 if console
relocation

With the exception of the POR W bit, PAR/POR contents cannot be altered
by relocation references. The “W" bit is set when data is written inte
the memory page specified by a PAR/POR pair (see section 3.1.1.3.2).

3.1.2.3.1 Mode Selection

In a3 relocation access, the mode select in the 8-bit MMU register access
code is derived from the current microinstruction. For idnstruction
stream relocation operations, the current mode (PS<15:14>) is always
used. For data stream relocation operations, the mode is specified by
control field bits<ll:10> of the address microinstruction. These
indirectly or directly select a POP-11 processor mode
(kernel/supervisor/user) or console mode:
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poP-11
Bits<11:10> Access Option  Mode
00 Kernel 00
01 Previous @PsS<13:12>
10 Console -
11 Current @PS<15:14>

The kernel option directly defines the mode. The console option is used
only by the console microcode and selects the console PAR/PDR registers.
The previous and current options obtain the mode select from PS5<13:12>
and PS<15:14>, respectively. Note that {if console mode is specified,
22-bit mappin% is enabled and MMU aborts are suppressed for that
relocation cycle, irrespective of the state of MMRO and MMR3.

3.1.2.3.2 I/D Space Selection

In a relocation access, the 1/D space select in the 8-bit MMU register

access code is derived from the current microinstruction. For
instruction stream relocation operations, the space select is always
instruction (I) space. For data stream relocation operations,

instruction space is selected unless control bits<6:5> of the address
microinstruction specify data space, memory management is enabled, and

MMR3 indicates that data space 1is enabled in the selected PODP-11
processor mode.

3.1.2.3.3 Virtual Address Selection

In a relocation access, the 1-0f-8 select in the 8-bit MMU register
access code is derived from bits<l5:13> of the input virtual address.
For instruction stream relocation operations, this is bits<15:13> of the
prefetch mechanism's virtual PC (VPC<15:13>). For data stream
relocation operations, this is bits<15:13> of the A-port operand of the
microinstruction (brought over on FA<15:13>).

3.1.3 Register Decoder and Multiplexor

Access to the MMU register file is controlled by a register select
decoder and an input/output multiplexor.

3.1.3.1 Register Select Decoder

The MMU register select decoder uses six bits of information (D<5:0>) to

select a 32-bit register or register pair: mode select, [/0 select,
1-0f-8 select. See Table 3-1 for derivation of access codes.
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3.1.3.2 Register File Multiplexor

The register file multiplexor uses two bits of information (D<7:6>) to
decide whether to connect bits<31:18> or bits<l5:0> of the selectsd MMU
register to the MMU data bus. An input of 10 connects bits<31:16>, of
01 connects bits<15:0>, and of 00 .or 11 connects neither. Note that
during a relocation operation, the selected PAR/POR pair is read out
directly to the MMU data path as a 32-bit quantity.

3.1.4 Console PAR/PDR Registars (CPAR/CPOR)

These registers are used to form physical addresses for conscle access.
They do not have an explicit address. They can be selected by an
address microinstruction which specifies console made. The format of
the CPAR is identical to every other PAR. Note that specification of
the console PAR/PDR enables 22-bit mapping and suppresses MMU aborts for
that relocation cycle, irrespective of the state of MMRO and MMR3.

CPDR can be used as a scratch register by the microcode. A one in bit
15 of the CPOR will not force a cache bypass. (See Sec. 3.1.1.3.2.)
3.1.5 Non-Relocation PAR/POR Registers (NPAR/NPOR)
These registers are used to form physical addresses in 16-bit mapping
mode (MMROCO> = 0 and not console made). They do not have an explicit
address. They are selected by a relocation operation in 16-bit mode.
NPAR has the following format:

NPARK15:10> = Q

NPARKS: 7> s 1-0f-8 salect (FA<15:13> or VPCKIS:13>)

NPAR<CE:0> = Q
NPOR bits <15,9:8> are hardwired to zeroes and must not be written to
with ones. The other bits are read/write bits, which can be used by the

microcode.

NPAR is read-only and is restricted from being written by the microcode.
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3.2 MMU Data Path

The principal function of the Memory Management Unit is to map 16-bit
virtual addresses into physical addresses. Memory management takes as
inputs a 16-bit virtual address (VA), a 2-bit memory management mode,
a l-bit instruction/data (I/D) space select, and the memory management
contral bits from MMRO and MMR3. It produces as outputs a 22-bit
physical address, two bits of bank select status, three bits of abort
status, one bit of cache bypass status, and other information.
Relocation is initiated by the following microinstructions:

- Instruction stream prefetch (RDI, RDF, Operate Prefetch (see
section 4.2.1)) or resynchronization (RSYNC).

Inputs: virtuyal address <-- VYP(C
mode (== PSK15:14>
space == 1
Outputs: PPC {-- physical address
; PCS<1> <-- bypass status
PCS<3:2> ¢-- bank select status
PCS<0> ¢-- OR of abort status :
MMRO<15:13> {-- abort status if demand cycle.

- Data stream relocation (AR, ARI, ARD, AW, AWI, AWD).

Inputs: virtual address <-- Ra register
mode {-- specified by microinstruction
space {-- specified by microinstruction
and 1/0 space logic
Outputs: output latch <-- physical address

bypass latch <-- bypass status

bank select latches <-- bank select status
abort latch ¢{-- QR of abort status
MMRO<C15:13> {-- abort status.

Mapping of virtual addresses is performed in one of three modes: 16-bit,
18-bit, or 22-bit mapping. Except in console access, MMROKO> and
MMR3<4,2:0> control address relocation. MMRO<0> enables relocation.
When MMRO<O0> = 0, 16-bit mapping is performed and MMU aborts are
suppressed. When MMROKO> = 1, MMR3<4> selects between 18-bit and 22-bit
mapping, and MMR3<2:0> enables data (D) space in each of the processor
modes. Console access forces 22-bit mapping and suppresses MMU aborts.

16-bit mapping calculates a physical address as follows:

PALS: 0> = YAKS:0>
PAK15:6> = VA<12:6> PLUS NPAR<CS:0>
PAC21:16> = 111111 if PA<K15:13> = 111, 000000 otherwise

18-bit mapping calculates a physical address as follows:
PALKS: Q> 2 VAKS:0>

PAC17:6> = YAC12:6> PLUS PARK11:0> ]
PA<21:18> = 1111 if PA<17:13> = 11111, C0QCQ otherwise
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22-bit mapping calculates a physical address as follows:

PALS:0> = VAKS:0>
PA<C21:6> = YAC12:6> PLUS PARKIS: O

The Memory Management data path consists of the following components:
- Adder input multiplexor/latch
- Address adder
- Page length comparator
- Abort logic
- Address error logic

- Address adjust and detect logic.

3.2.1 Adder Input Multiplexor/Latch

The adder input multiplexor/latch selects and latches the virtual
address to be relocated. In instruction stream relocation operations,
the virtual PC (VPC) is selected for input; in data stream operations,
‘the EU register specified by the microinstruction Ra field is selected
for input. The latch is an input to both the address adder and the page
length comparator. :

3.2.2 Address Adder

The adder produces the high order 16 bits of the relocated address from
the sum of the 16-bit PAF of the selected PAR register and bits<12:6> of
the virtual address latched in the input latch. The output of the adder
is fed to the address adjust and detect logic.

3.2.3 Page Langth Comparator

The 7-bit comparator determines if the allocated page length is exceeded
during a relocation operation by comparing the desired block number
(BN, bits<12:6> of the latched virtual address) with the PLF (POR<14:8>)
for the page being accessed (see Table 3-6 below). With ED=Q (expansion
is permitted in an upward direction), the comparison is performed by
subtracting the PLF+1 from the block number with any resulting carry
representing a page length error. With ED=1 (lower expansion), the BN+l
is instead subtracted from the PLF with any resulting carry representing
a page length error. The comparator results are fed to the memory
management abort logic. Note that only the carry portion of the
comparator is mechanized since the actual difference is not used.
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Table 3-6
PAGE LENGTH ERROR DERIVATION

Upward Expansion Downward Expansion
ERROR => PLF < BN ERROR => BN < PLF
=> (PLF+l) =< BN => (BN+l) =< PLF
=) BN-(PLF+1) compare =) PLF-(BN+l) compare
resulting in an ALU - resulting in an ALU
carry carry

gE;EéNThe above is actually a 1's complement subtraction of BN-PLF or

3.2.4 Memory Management Abort Logic
A memory management abort occurs if memory management is .enabled
(MMRQO<O> = 1), the access mode is not console, and one or more of the

following conditions occurs:

a. Attempted access in the illegal processor mode (PS<15:14> or
PS<13:12>, as selected, = 10)

b. Attempted access of a non-resident page (PDR<2:1> = 00 or 10)
c. Page length error (detected by the page length comparator)

d. Write protect violation (POR<2:1> = 01 during write or
read-modify-write operations)

If a memory management abort occurs, the Data chip asserts the abort
signal (MABORT-L) at T-25. In addition, 1if, during a demand bus
operation, MMRO<15:13> = 000, the abort status 1is recorded in
MMR0O<15:13>: )

- Non-existent mode or non-resident page: MMROK1S> =1

- Page length error: MMRQ<14> = 1

- Write protect violatiaon: MMROK13> = 1
If, on the other hand, a memory management abort occurs during an
instruction stream request bus operation, the abort outputs are ORed
together and latched in the prefetch control status latch (PCS<0>):

- Non-existent mode/non-resident page OR
page length error: PCS<O> =1

(A write protact viclation cannot cccur.)
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3.2.5 Address Error Logic

This logic detects an address error. [f the cycle is an instruction
stream read, then an odd value in the physical PC or a reference to an
internal or board register causes an address error. Since BS<O> is or'd
into PPCO>, this logic only has to detect for PPCKO> = 1. If the cycle
is an address microinstruction with control bit<8> = 0, an odd value in
the relocated physical address causaes an address error during the next
microcycle.

The Data c¢hip responds to address errors by asserting signal MABORT-L.
Timing is the same as for a memory management abort. The memory
management status registers are unaffacted. :

3.2.6 Address Adjust and Detect Logic

The address adjust and detect logic receives bits<21:6> of the physical
address from the address adder, and bits<5:0> directly from the input
latch. It adjusts the physical address according to the mapping mode
(16-bit, 18-bit, or 22-bit), as described in section 3.2. It then
classifies the address into one of four categories:

- An internal Data chip register is a register in the Data chip
which responds to a memory address. These are: the PS and MMR2
(see section 2.1), the CPU Error Register (see section 3.1.2.2),
the PARs and PORs except for CPAR/CPOR and NPAR/NPDR (see section
3.1.2.3), MMRQ, MMR1, MMR3, PIRQ, and the Hit/Miss Ragister (see
section 3.3).

- A system board register is a register which is partially or
completely implemented in the external System Interface. The
list of system board registers is given in Table 3-7.

Table 3-7
BOARD REGISTERS
Name Address Function
Maintenance Register 17777750/1 system maintenance

Cache Control Register 1777774677 cache control

Memory System Error 177777445 memory system status
Register

High Error Address 17777742/3 latches physical address
Register <21:16> on error

Low Error Address 17777740/1 latches physical address

Register <15:0> on error
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Note that the Cache Control Register is classified as a system
board register, not as an internal Data chip register.

- An 1/0 address 1is any location in the [/0 page (addresses
17760000 - 17777777 octal) which is not an internal Data chip
register or a system board register.

- A memory address is any location not in the I/0 page.

If the address references a register in the MMU register file, the
address detect logic generates the 8-bit register access code to the MMU
register file decoder and multiplexor. [f the address references an
internal Data chip register not in the MMU file, this logic generates an
appropriate select. In any case, this logic generates a two bit bank
select as follaws:

type BS<1> BS<O>
memory address 0 0
system board register 0 1
1/0 address 1 Q
internal Data chip register 1 1

3.2.7 \Usage of Results
The results of a relocation operation are stored as follows:

Microinstruction is
RDI, RDF, RSYNC,

Operate Prefetch AR, ARI, ARD,
MMU output (see section 4.2.1) AW, AWI, AWD
physical address PPC<21:0> + BS<O> 0L<21:0>
bank select status PCS<3:2> bank select latches
bypass status PCS<I> bypass latch
OR of abort status PCS<O> abort latch
abort status MMRO<15:13> MMR0<15:13>

if demand
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At T-25 of an I/0 cycle, these results are driven to the outside world:

At

Previous microinstruction was

signal not (address class or RMW) address class or RMW

MDAL-H<21: 0> PPC<21:0> 0L<21:0>

MBS-H<1:0> PCSK3:2> bank select latches

MMAP-L MMR3<5> MMR3<S>

MABORT-L PCS<0> + PPCKO> abort !atch + QL<0>.word
gperation

T75 of an [/0 cycle, further information is driven out:

Previous microinstruction was

signal not {(address class or RMW) address class or RMW

MDAL-H<21: > set up for input set up for input or
output

MBS -H<K1> PCS<K1> + CCR<H® bypass latch + CCR<9>
+ (bit<12> of RMW = 0)

MBS -H<O> CCR<3> + CCR<2> CCR3I> + CCRD>

MMAP-L DMA grant DMA grant

MABORT-L sustained sustained
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3.3 MMU Special Registears

This section describes the explicitly addressable registers in the MMU
which require special supporting logic. These are the MMU status
registers (MMRO, MMR1l, MMR3), the Program Interrupt Regquest Register
(PIRQ), the Cache Control Register (CCR), and the Hit/Miss Register.
Each has some unique hardware associated with it. All special purpose
registers can be read with an explicit access by byte or word, and some
can be written by byte or word via the same mechanism. On. explicit
writes to these registers, the data bits come out in the correct order
on the MDAL-H. In addition to this, they can change independently of
the microcode via special hardware. Table 3-8 lists the special MMU
registers. :

Table 3-8
SPECIAL MMU REGISTERS
Register 1/0 Address Special Supoorting Hardware
MMRO 17777572/3 Derive MMU control and
record MMU status
MMR 1 17777574/5 Record register changes
MMR3 17772516/7 Additional MMU control

PIRQ 17777772/3 Priority encode bits<15:9>
: to bits<7:5> and bits<3:1>

Cache Control 17777746 /7 Cache control logic
Hit/Miss 17777752/3 Record cache hit/miss info
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3.3‘1 MMRO

MMRO contains abort flags and other status flags. The format is as
fallows:

Abort Read
Only Error_
(RW)

Processor Mode (RO)

Page Space (RO)

Page Number (RQ)

Enable Relocation (RW)

Bits<15:13> are the abort flags. They are set by the memory management
abort 1logic during demand bus operations (see section 3.2.4).
Bits<l5:13> can also be explicitly written (this does not cause an
abort). If bits<i5:13> are non-zero, the Memory Management Unit freezes
the contents of MMRO<15:13,6:1>, MMR1, and MMR2, although MMRO<15:13>
may still be expligcitly written.

Bits Name ' Function

15 Abort - Non-Resident (RW) Bit<lS> is set by attempting to access
a page with an Access Control Field
code of 00 or 10. It is also set by a
relocation operation in the illegal
mode (PS<15:14> or PSK13:12>, as
selected, = 10).
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14 Abort - Page Length (RW)

13 Abort - Read Only (RW)

Bits<6:1> are altered only if:

Page 3-23

Bit<ld> is set by attempting to access
a location in a page with a block
number (virtual address bits<l2:6>)
that is outside the area authorized by
the Page Length Field of the Page
Descriptor Register for that page.

Bit<13> is sat by attempt1ng to write
in a “Read Only" page. ead Only"

pages have an access code of 0l.

- the microcycle is a demand bus cycle;

- MMROK15:13> = 000;
MMRO<KO> = 1;

- address m1cro1nstruct1on bit<7> = 1,
- address microinstruction bits<ll: 10> <> 10.

6:5 Processor Mode (RO)

4 Page Space (RO)

3:1 Page Number (RO)

0 Enable Relocation (RW)

MMRO is UNDEFINED at power up.

Bits<6:5> capture the CPU mode
(kernel/superv1sor/user/111egaI) of

the current relocation operation:
kernel = 00, supervisor = Ql, user =
11, illegal Mode = 10.

Bit<4> indicates the address space (I
or D) of the current relocation
operation: 0 = [ Space, 1 = D Space.

Bits<3:1> contain the page number of
the current relocation operation.

Bit<0> is the "Enable Relocation" bit.
When it is set to 1, all addresses are
relocated normally by the Memory
Management Unit. When bit 0 is set to
0, the MMU is effectively disabled;
relocation is performed using the
NPAR/NPDR register pair, and MMU
aborts are suppressed. Note that if
console access 1is selectad for
relocation, 22-bit mapping is enabled
and MMU aborts are suppressad for that
relocation cycle.



J-11 DATA CHIP SPECIFICATION Page 3-24

3.3.2 MMR1

MMR1 automatically records any autoincrement or autodecrement of the
general registers. This register supplies information needed to recover
from a Memory Management abort by allowing programmed register back up.

1§ 11 10 8 7 3 2 0
Porcocvcsvneccvsvcecneanese coecaccecececenenocccocccacacee cSewecoencaccecscccecececanc e +
‘ ‘ I |
|
| l 1
Povoevwcccee L R I R e e kL E kS -
Amount Changed \ } ‘
(2's complement) (RO)

Register Number (RO) l

If MMRO<15:13> are non-zero, the contents of MMR1 are frozen. If
MMROK15:13> = 000, - then receipt of signal MPRODOC-L (start of
macroinstruction) or an ROF microinstruction clears the register.
Thereafter, selection of the half (bits<7:0> vs. bits<l5:8>) of MMR1
which is updated, when it is not frozen, toggles between the two halves,
starting with the low half (bits<7:0>). Therefore, source operand
register changes will always be recorded in bits<7:0>; however,
destination operand register changes may be recorded {in either half of
:MRI)(depending on the mode of the source operand and the instruction
ype). ) .

MMR1 allows only single word or single byte operand register changes to
be recorded. The recording action is activated by an address relocation
microinstruction with control bit<l2> = Q. Depending on the
microinstruction. opcode and length field, the following (binary)
c¢onstants are produced:

Bit<l4> of Address

Microinstruction Microinstruction Constant
ARI,AW! 1 00001
ARI,AW! 0 00010
ARD, AWD 1 11111
ARD, AWD Q 11110

MMR1 cannot be used in the MARK instruction or the floating point or
commercial instruction sets due to the limited number of constants. It
is the responsibility of the microcode to guarantee that these
macroinstructions do not modify the general registers until all operand
references are finished.

MMR1 is UNDEFINED at power up.
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3.3.3 MMR3
3.3.3.1 Register Format
MMR3 enables D space, selects between 22-bit and 18-bit mapping, enables

the call to supervisor macroinstruction (CSM), and enables the I[/0 map
(when applicable). :

Enable 1/0 Map (RW) | l |
Enable 22-bit Mapping (RW) | ’

Enable CSM Instruction (RW)

Enable Kernel Data Space (RW) |

Enable Supervisor Data Space (RW)

Enable User Data Space (RW)

MMR3 is UNDEFINED at power up.
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3.3.3.2 1/0 Space Logic

The 1/D space logic controls the selection of instruction versus data
space during data stream relocation operations. All instruction stream
relocation operations select instruction space. A data stream
relocation operation selects data space aonly if all of the following
conditions are met:

- The microinstruction specifies data space relocation (address
class microinstruction with control bits<8:5> as follows):
bits<6:5> 00, never (always instruction space)
01 and PS¢I5:12> = 1111
10, always
11, unless Ra resolves to PC.

- Memory management is enabled (MMRO<O> = 1).

- Data space is enabled for the selected memory management mode.

3.3.4 Programmed Interrupt Request Register (PIRQ)

This register exists solely for explicit PIRQ register reads. The
Control chips maintain a copy of this register which is used for
interrupt generation.

15 14 13 12 11 10 9 8 7 5 4 3 1 g
P o o o B B NN P BB PR GO B D DD DO D DT D - D W D W T W w ™ -

p p p p p P P

7 6 5 4 3 2 1 0 0 0
+-“ ..... - e - - - . - - BB WD BB DD DD WD DGO D SN WD WD P DD DT W WD DD +

hesttevels_ | |||
Request Levels

(RW)

Prio?;g% Encoded Value of PIRQ<15:9>

Bits<l5:9> are explicitly readable and writeable while bits<7:5> and
bits<3:1> are only readablie. Both <7:5> and <3:1> contain the three bit
priority encoded value of bits<15:9>., The Data chip hardware priority
encodes bits<15:9> and forces the result into both <7:5> and <3:1>, as
shown in Table 3-9.
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Table 3-9
PIRQ PRIORITY ENCODING

PIRQ<15:9> PIRQ<7:5> and <3:1>
1XXXXXX 111
01XXXXX 110
001XXXX ) 101
0001XXX 100
00001 XX 011
000001X 010
0000001 001

PIRQ is UNDEFINED at power up.

3.3.5 Cache Control Register (CCR)
3.3.5.1 Register Format

The Data chip implements bits<10:9,7:0> of the Cache Control Register as
read/write and bits<15:11,8> as read-only O. Bits<15:10,8:4,1:0>,
however, are not interpreted in the Data chip and exist only far
supplying data during Cache Control Register reads. Refer to the
Programmer's Reference for the system definition of these bits. Bit<9>
is used in deriving the time-multiplexed cache bypass signal (MBS-H<1>).
Bits<3:2> drive the time-multiplexed force miss signal (MBS-H<0>). Any

¥;;te to the CCR will assert the kill prefetch buffer signal (MKPB-L) at

15 11 10 9 8 7 6 5 4 3 2 1 0
bPoevocwccccccvrccncccccccccsccane D R L R R L e et +
00 0 0 0 0 ll(ol “‘
Paevovssacoecacvcoscaccccescnccnence ceccaa= PR R R R Ry PR L P R R R +*

Bypass Cache (RW) ‘ I

Force Miss (RW)

Uninterpreted (RW)

The Cache Control Register is UNDEFINED at power up.
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.5.2 Cache Control Logic

The cache control logic determines whether an I/0 cycle will bypass the
cache. In an instruction stream read, if the cache bypass bit is set
(CCR<9> = 1), or if the PDR used to establish the PPC specified a cache
bypass (PDR<15> = 1, latched in PCS<1>), then the cache control logic
asserts MBS-H<1> in the second half of the [/0 cycle. In a data stream
read or write, if the cache bypass bit is sat (CCR<9> = 1), or if the
POR used to establish the physical address specified a cache bypass
(PORK1IS> = 1, latched in the bypass latch), or if the read-modify-write
microinstruction specifies a read lock, then the cache control logic
3sserts MBS-H<1> during the second half of the [/0 cycle.

The cache control logic also determines whether an [/0 cycle will force
a cache miss. If either of the cache force miss bits is set (CCR<> =1
or CCR<2> = 1), then the cache control logic asserts signal MBS-H<O>
during the second half of the [/0 cycle.

Finally, on any write to the CCR, MKPB-L is asserted.

3.3.6 Hit/Miss Register

The Hit/Miss Register records the status of the MMISS-L signal at T150
in the six most recent read (all external [/0 microinstructions
including RDINTR and RDG), write to memory (i.e., only bus writes not GP
writes), aor Operate Prefetch (see section 4.2.1) microcycles. A hit is
recorded as a 1, a miss as a zero. The Hit/Miss Register acts as a
shift register; hit/miss data enters at bit <0> and is shifted leftward
on successive memory references. .

The Hit/Miss Register is read-only and is UNDEFINED at power up.

3.4 Stack Limit Logic

The stack limit logic protects against illegal kernel stack references.
An illegal stack reference is defined as any stack reference at 2
virtual address less than 400(8). This logic 1is activated when an
address microinstruction has control bit<9> = 0, R6 is selected, and the
selected mode is kernel mode. If an illegal kernel stack reference is
detected, the stack limit logic asserts the Stack Overflow signail
(:§0V/JA-L) during the next microcycle for interpretation by the Control
chips.
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4.0 PREFETCH MECHANISM

The J-11 gets much of its performance from its instruction stream
prefetch and parallel decode (predecode) mechanisms. The principal
benefit is that instruction stream memory references are overlapped with
internal operations, and the need for explicit instruction fetch and
decode cycles is minimized.

The Data chip components of the prefetch mechanism consist of the
following:

- VPCK15:0> (Virtual PC). This is a copy of the PC in the
prefetch mechanism. ODOuring steady state, the VPC contains
an incremented value of the PC. Whenever the PC s
written (byte or word), the VPC is also written with the

wor? value. The VPC can be independently incremented (by
two).

- PPC<21:0> (Physical PC). The PPC is the physical address
of the next word to be prefetched. PPCKO> is wused to
detect instruction stream address errors. BS<0> is or'd
into PPC<KO0> in order to abort on I-stream reads from an
internal or board register.

- PCS<3:0> (PPC Status). PCS<0> contains the QR of the
volatile relocation abort information associated with the
PPC (abart non-resident and page length error). PCS<1>
contains bit<lS> of the PDR accessed in the generation of
PPC. PCS<3:2> contain the bank select status associated
with the PPC. Once PCS<0> is set, PCS, PPC, and VPC are
frozen until a RSYNC microinstruction is executed.

« IL[1:0]<15:0> (Input Latches). These latches are connected
in parallel and are usad on an alternating basis as the
prefetch buffer and the flow-through input latch. The
latch selected by PBFF is called the prefetch buffer; the
deselected latch is the data latch. On a data stream read
or ROI demand, the data latch is used as flow-through
holding 1latch. On a ROF, OQOperate Prefetch (see section
4.2.1), or RDI request, PBFF is toggled; the old prefetch
buffer supplies data to the A-bus, and the prefetch data is
stored in the new prefatch buffer.

- PBFF (Prefetch Buffer Flip-Flop). This flip-flop selects
which input buffer is being used as the PB. When clear,
IL[O] is selected as the PB.

- PBACS:1> (PB Address). This register contains bits<5:1> of
the physical address of the data in the PB. It is used to
detect overwritas of the P8 data.

- PV (P8 Valid). When set, PV indicates that the PB contains
valid data.
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4,1 Prefetch QOperatiaon
4.1.1 Normal Operating State

The prefetch mechanism is in steady state when the four level deep
prefetch pipeline is full. In this state, the IR contains the
macroinstruction being executed, the P8 contains the data from the
memory location pointed at by the PC, the PPC addresses the next

instruction stream word, the VPC points to one word past the PPC, and PV
is sat.

Pipeline
Level Staze
1 IR <-- M[Relocated(PC at last predecode)]
2 P8 <-- M[Relocated(PC)]
PY == 1
3 PPC {-- Relocated(PC PLUS 2)
PCS<O> {-= 0
4 vee {-=- PC PLUS &

The normal state of the prefetch mechanism can be disturbed in several
ways. Some of these prefetch faults are detected by the hardware;
others must be detected in the microcode.

4.1.2 Hardware Detected Prefetch Faults

The following conditions invalidate the prefetch buffer and are detected
by the Data Chip hardware:

Explicit writes to PS

Explicit writes to the MMU registers

Instruction stream overwrites

Writas to PC

Explicit writes to the PS or the MMU registers (PARs, PORs, MMRQO, MMR3,
CCR) occur during write operations to the [/0 page. This is detec*ed by
the explicit address logic.

Instruction stream overwrites occur during a write operation when the
operand's address is equal to the PB data address (PA<S:1> = PSAKS: ).
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Writes to the PC occur during operate, literal, address, or 1I/0
microinstructions.

Whenever the Data chip detects one of the above conditions, it

invalidates the prefetch buffer by clearing PV. It also asserts signal
MKPB-L during the microcycle.

PV is set on any prefetch (unless ROl and PV=0) that does not result in
an abort. This is accomplished by clocking PV at TS50 during prefetch
cycles and at Tx75 during all stretched prefetch cycles with the
following equation:

PV = -(MABORT-L + (ROI . -PV)).
Note that in this case invalidation of the prefetch buffer does not
cause MKPB-L to be asserted.
4.1.3 Microcode Detected Prefetch Faults

The microcode must assure that the following prefetch mechanism
restrictions are met:

- A microinstruction which overwrites the PC must not start a
relocation aperation (can not be an Operate Prefetch).

- A microinstruction which overwrites the PC must not attempt
a decode operation in the next microcycle.

- A microinstruction which overwrites the PC must not issue
further RDI microinstructions without resynchronizing.

The situations in which difficulties are likely to occur are these:

- Conditional branches

Unconditional branches and jumps

Source modes -(PC) and @-(PC)

Destination modes PC, (PC)+, -(PC), and @-(PC)

Operations on the register pair SP'PC
- Traps and interrupts and related instructions

It is the responsibility of the microcode to resynchronize the
instruction stream when these conditions occur.
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4.2 Prefetch Microinstructions

There are five microinstructions which control the prefetch mechanism:
- Operate Prefetch
- RDI (Read Instruction)
- ROF (Read Demand)

- RSYNC (Resynchronization)

4.2.1 Operate Prefetch

An 0Operate Prefetch is an operate microinstruction with control
bit<l2>=0 and PV=l, [t initiates a prefetch operation and 1is
principally used to refill the prefetch buffer when predecode is issued.

If PV is 0, no prefatch operation takes place. I[f PY is 1, during the
first half of the microcycle a request bus cycle is started using the
PPC as the physical address, and the VYPC is routed to the memory
management unit (MMU) in order to generate the next PPC and PCS. If
PCS<0> (relocation error) or PPC<KO> (address error) is set at the
beginning of the cycle, MABORT-L 1is asserted at the start of the

microcycle to indicate that an error occurred when the PPC was
established. _ .

At the end of the cycle, the data is latched into the P8, and PV is sat
from MABORT-L. This conveniently sets PV to reflect the validity of the
PB. That is, MABORT-L conveys whether a relocation, address, or memory
system error occurred during the operation. Furthermore, if no abort
occurred, the output of the MMU is latched into the PPC and PCS, thus
establishing the new prefetch values, and VPC is incremented by two.
BS<0> (new PCS<2>) is or'd into PPCKO> in order to force aborts on
[-stream fetches from internal or board registers. In summary:

First Half Second Half

MDAL -~ PPC P8 <-- MDAL
MABORT-L <-- PPCKO> + PCS<O> Py {e= -MABORT-L
MMU {-= YPC =1 VYPC ¢=-= VPC PLUS 2
MBS<1:0> (== PCS<3:2> * PpC <-= MMU

** PCS<3:0> <-- MMU status
# MBS-H<1> <-- PCS<1> + CCR<S9>

* . Not executed if MABORT-L asserted at end of microcycle.

Not executed if MABQRT-L asserted by system interfaca.

! - Mot executed if MMU status non-zero (MMU abort) at end of
microcycle.

4 - PCSK1> is the original value before it has been changed by MMU
status.
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4.2.2 Read Instruction Stream (RDI)

This microinstruction reads instruction stream operands for mode 27, 37,
6x, and 7x macroinstructions. Two sequences are possible during the
execution of the ROI. A request bus cycle occurs when the contents of
the PB are valid prior to the start of the cycle, and a demand cycle
gccurs if the contents of the PB are not valid. The PV flag is used %o
distinguish between the two situations. Regardless of how RDI s
interpretad, the PC (R7) is always incrementad by two.

A request RDI behaves similarly to the Operate Prefetch; however, it
also includes writing the prefetch buffer into the EU register file.
This enables the previous prefetched data to be written into the file
while new data is fetched to the alternate input latch.

A demand RDI, on the other hand, transfers the bus data directly into
the register file. Since it is a demand cycle, any abort condition
alters the state of the machine. In summary:

ROI request, i.e., PY = 1:

First Half Second Half
Ra <-- PB
new PB <-- MDAL
MOAL == PPC pY == -MABORT-L
MABORT-L <-- PPCKO> + PCS<O> *! VypC ¢-- YPC PLUS 2
MMU ¢-- VPC * PPC <-« MMU
MB8S<1:0> <-- PCS<3:2> ** PCS<3:0> <-- MMU status
# MBS-H<C1> <-- PCSK1> + CCRK9S
PC -« PC PLUS 2

RD1 demand, i.e., PV = 0:

First Half Second Half

MDAL <-= PPC

MABORT-L <-- PPCKO> + PCS<O> Ra <-=- MDAL

MMU <-= YPC *! VPC ¢-- YPC PLUS 2
MBS<1:0> <-- PCS<C3: 2> * PPC <-< MMU

** PCS<C3:0> <-- MMU status

§ MBS-H<1> (-« PCS<K1> + CCRKYD
PC <-- PC PLUS 2
MMRO<15:13> <-- MMU status
PY unchanged

* <. Not executed if MABORT-L asserted at end of microcycle.

=+ . Not executed if MABORT-L asserted by system interfacae.

! - Not executed if MMU status non-zero (MMU abort) at end of
microcycle.

# - PCS<1> is the original value before it has been changed by MMU
status.
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4,2.3 Read Oemand Prefetch (ROF)

RDF forces a demand prefetch bus cycle. It typically follews a RSYNC
microinstruction in order to refill the pipeline. During the first half
of the microcycle, a demand bus cycle is started using the PPC as the
physical address, and the VPC is routed to the memory management unit
(MMU) in order to generate the next PPC and PCS. If PCS<O0> (relocation
error) or PPC<O> (address error) is sat at the beginning of the cycle,
MABORT-L is asserted at the start of the microcycle to indicate that an
error occurred when the PPC was established.

At the end of the c¢ycle, MMR2 is updated with the PC (provided
MMRO<15:13> = 000), the data is latched into the PB, and PV is set from
MABORT-L. This conveniently sets PV to reflect the validity of the PB.
That is, MABORT-L will convey whether a relocation, address, or memory
system error occurred during the operation. Furthermore, if no abort
occuyrred, the output of the MMU is latched into the PPC and PCS, thus
establishing the new prefetch values, and - YPC is incremented by two.
BS<0> (new PCS<2>) is or'd inta PPC<O> in order to force abaorts on
I-stream fetches from internal or board registers. In summary:

First Half Second Half

MDAL (-~ PPC §Demand cyciet P8 <-- MDAL
MABORT-L <-- PPCKO> + PCSKO> PY (-~ -MABORT-L
MMy <-- VPC *1 VPC ¢-- YPC PLUS 2
MBS<1:0> <-- PCS<3:2> * PPC <~= MMY

** PCS<3:0> <-- MMU status

# MBS-H<1> <~- PCSK1> + CCRK9
MMRO<15:13> <-- MMU status
MMR1 {-=- 0
MMR 2 {-- PC

* . Not executed if MABORT-L asserted at end of microcycle.

** - Not executed if MABORT-L asserted by system interface.

! - Not executed if MMU status non-zero (MMU abort) at end of
microcycle.

# - PCS<1> is the original value before it has been changed by MMU
status. .

4,2.4 Resynchronization (RSYNC)

RSYNC re-astablishes PPC and PCS aftar a disturbance to the prasfetch
pipeline. Two sequences are possible during the execution of the RSYNC.
A prefetch request occurs if control bit<l2> = 0 and PY = 1. Qtherwise
just a resynchronization occurs (relocation with no bus cycle).

During the first half of the cycle, VPC is routed to the MMU. At the
end of the cycle, the output of the MMU is latchad into the PPC and PCS,
and VPC is incremented by two. BS<O> (new PCS<2>) is or'd into PPCKO>
in order to force aborts on I-stream fetches from internal or board
registers. In summary:
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CF<12>=1 OR PVY=0:

First Half Second Half
MMU {-=- VPC I VPC <-- YPC PLUS 2
pPPC (== MMy

PCS<3:0) K-~ MMU status
! Not executed if MMU status non-zero (MMU abort) at end of microcycle.

CF<12>=0 AND PV=l:

First Half o Second Half

MDAL (-- PPC PB <-- MDAL
MABORT-L <¢-- PPCKO> + PCS<O> PV {-- -MABORT-L
MMU <-- VYPC *| VpPC <-- VPC PLUS 2
MBS<1:0> <¢-- PCS<3:2> * ppC <-- MMU

** PCS<3:0><-~- MMU status
# MBS-H<1><-- PCS<K1> + CCR<®

* < Not executed if MABORT-L asserted at end of microcycle.

il Not executed if MABORT-L asserted by system interface.

! < Not executed if MMU status non-zero {MMU abort) at end of
microcycle.

# - PCS<K1> is the original value before it has been changed by MMU
status. '

4,2.5 Resynchronization Sequences

Two different microcode sequences are necessary for resynchronizing and
refilling the prefetch pipeline. The first both resynchronizes and
refills the pipeline and must be used whenever the VPC, PPC, and PB are

invalidated. This occurs after most prefetch faults. The
resynchronization and refill sequence is:
MoV R7,R7 re-establish the VPC

RSYNC ; generate new PPC
ROF ; get next Il-stream word (demand)
NOP PF,ID1 ; decode and prefetch

The second sequence is only used when the P8 is invalid, but the VPC and
PPC are correct. This occurs if the microcode has explicitly
resynchronized in the course of executing a macroinstruction. The
refill saquence in this case is:

ROF ; get next [-stream word (demand)
NOP PF,ID1 ; decode and prefetch
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4.3 Parallel Decode QOperation

The Data chip recognizes when parallel decode (predecode) is occuring by
examining MPRDC-L at T75. This initiates the following actions:

MMR2 <-- PC (if MMRO<15:13> = 000)
PC {-- PC PLUS 2
IR <-- PB

The timing of the predecode actions is critical. Specifically, the
pre-incremented value of the PC must be used to update MMR2 and as input
to the EU data path for an R7 register access. Furthermore, the PC must
be incremented by two before the beginning of the next microinstruction.
The following timing diagram illustrates the predecode sequence:

T POt o o

0 2 S 7 100 125 150 175 200

MPROC-L valid

Pre-incremented value of PC
needed for ALU operation

MMR2 updated with unincremented PC

PB moved to IR

Incremented PC valid

Note that the microinstruction which invokes predecode cannot specify
longword or upper word operands.
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5.0 MICROINSTRUCTIONS

Data <chip operations are controlled by externally generated
microinstructions. A Control chip outputs a microinstruction every
microcycle on MIB-H<21:0>. The microinstruction is strobed from the MIB
at T-25. All micro-sequencing is performed by the Control chips. There
are ten (10) bits in each microword (Next Address Field) which
specifically control the sequencing aspect of the Control chips. These
bits are- an integral part of the microinstruction format but always
remain invisible to the Data chip; they never leave the Control chips.
The following represents the complete microinstruction format:

|
NEXT ADORESS FIELD MICROINSTRUCTION

L R R L R R L L L L T e L L L L L L T T T T AR R Y ceececad

The meaning of the next address field is covered in the Control Chip
gpeciglcgtion. The Data Chip Specification 1is only concerned with
its<21:0>5.

There are six basic classes of microinstructions: operate, literal,
address, internal input/output, external input/output, and jump. This
section summarizes the format and operation of all microinstructions.
Note that opcodes are given in octal.
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5.1 Operate Microinstructions

The microinstructions of this class operate on the registers in the EU
register file. There are two basic types: double ogperand
microinstructions which operate on the contents of the registers
specified by the Ra and Rb fields, and which may write the result back
inte Ra; and single operand microinstructions which operate on the
contents of register Rb and may writs the resylt into Ra.

Most of the operate microinstructions can operate on a byte (8-bit),
word (16-bit), or 1laongword (32-bit) basis. With the excaption of
SWAB.B(*) and LLSW.B(*), byte microinstructions effectively operate on
the lower byte (bits<7:0>) or mid byte (bits<23:16>) of the Ra/Rb
operands, depending on the Rb select code. Word microinstructions
effactively operate on either the low word (bits<l5:0>) or the high word
(bits<31:16>) of the Ra/Rb operands, depending on the Rb select code.
Longword microinstructions operate on all 32 bits of the Ra/Rb operands.
The local status flags are mechanized to reflect the state of byte,
word, or longword operations. See sections 2.3.1.2 and 2.3.1.3 for
details of data flow and status flag generation.

5.1.1 Format

+21 20 15 14 13 12 11 10 9 5 4 0+
1 l 0PCODE & i i i { Rb { Ra

bPevccvcvconcocmas  Cmceecencctc e e e es e s e cecewaew Cecccnensecec e nceenecneeaw +

Length ] ‘

Prefetch | '

Decrement Counter

Condition Code Update
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§.1.1.1 Qperand Length

In operate (as well as literal and input/output) microinstructians,
bits<14:13> specify the operand length, which can be 8 bits, 16 bits, or
32 bits. These lengths are referred to as byte, word, or longword and
are symbolically represented by concatenating the follawing symbols to a
microinstruction mnemonic:

Symbol Action
8 Byte operand
W Word operand
L Longword operand

In summary:

Bits<14:13>

]
o
o

: word operand (preferred representation)
0l: 1langword operand

10: word operand

11: byte operand

NQTE: Note that a Coantrol chip override of
microinstruction bits<14:13> dynamically alters a
byte-oriented microinstruction to the

corresponding ward-oriented version before
transmission to the Data chip for execution.

5.1.1.2 PS Condition Code Update

In an operate micrsoinstruction, bit<10> controls the updating of the PS
condition codes (PS<3:0>). When bit<10> = 0, the local status flags
(AN, AZ, AV, and AC) are copied to the PS condition codes (N, Z, V, C)
at the end of the microcycle. This is symbolically indicated by
concatenating the symbol “** to a microinstruction mnemonic.

Bit<l0o> = 0: wupdate PS condition codes
l1: no effect

§5.1.1.3 Counter Control

In an operate microinstruction, bit<ll> is used to decrement the loop
counter in the Control chip. The counter provides a mechanism for fast
microcode sequencing. Refer to the Control chip for specific details on
how microinstruction flow is affected by the counter.

Bit<ll> = 0: decrement counter
1: no effect
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5.1.1.4 Prefetch Control Field

In an operate microinstruction, bit<l2> controls the prefetching of the
next instruction stream word:

Bit<1i2> = 0: prefetch
l: no effect

5.1.2 Special Assembly Syntax
The condition code and length control fields can crea ’; variatians

te sf
of the same instruction, as is shown by the ADD.(B)(W)(L)(*) example
below:

Opcode

<21:10> Mnemanic Instruction

144756 ADD.B ADD byte, leave PS condition codes alone
14474 ADD.B* ADD byte, update PS condition codes

14416 ADD.W ADD word, leave PS condition codes alane
14414 ADD .. W* ADD word, update PS condition codes

14436 ADD.L ADD longword, leave PS condition codes alone
14434 ADD.L~* ADD longword, update PS condition codes

5.1.3 Mnemonics

Table 5-1 is a list of the operate microinstructions and their
functional descriptions including the resulting local status flags.
Table 5-2 defines the local status flag symbols used in Table 5-1. Some
of these microinstructions are identical to POP-11 Jnstructions in
operation and condition code setting. The notes following Table 5-1
expiain the non-PDP-11 microinstructions.
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Opcode
<21:15

144
160
136
164
141
165
145
161
172
140
133

137
103

113
107
117
143
[logic
156

> Mnemonic
metic group]

ADD.(B) (W) (L)(*)
ADDC.(B)Y (W) (L)(*)
INC.(B) (W) (L)(*)
ADC.(B)(W)(L)(™)
SUB.(B) (W) (L)(*)
e
SBC.(8) (W) (L) (*
Aoac.(st(w)(ii(*)
SOBC.(B) (W) (L)(*)
NEG.(B) (W) (L)(*)
NEGC.(B)(W)(L)(*

CNEG. (B)(H)(L)(';
ACNEG.(B) (W) (L) (*)
NNEG.(B) (W) (L)(*)
ANNEG. (B) (W) (L) (™)
CMP.(B) (W) (L)(*)
al group]

Table 5-1

Instruction

Add

Add with Carry
Increment

Add Carry

Subtract

Subtract With Carry
Decrement

Subtract Carry

Add On Branch

Condition
Subtract On Branch

Condition
Negate

(2's complement)
Negate with Carry
Conditional Negate

Conditional Negate

Conditional Negate

Conditional Negate

Compare

Move

Move Using Praev Mode
Move Sign Extend
Clear

Complement

Sign Extend

And
Bit Clear

Bit Set
Exclusive-0r
Bit Test

Test

Multiply Test
Swap Bytes

No Qperatiaon

OPERATE MICROINSTRUCTIONS

Page 5.5
Flags
AAAA
Operation NZVC Notes
Ra=Ra+Rb acnx
Ra=Ra+Rb+C adnx 1
Ra=Rb+1 ach-
Ra=Rb+C T acdx
Ra=Ra-Rb acqgv
Ra=Ra-Rb-C adqv 1
Ra=Rb-1 ack-
Ra=Rb-C acmw
Ra=Ra+Rb acnx 2
if cond met
Ra=Ra-Rb acqv 2
if AZ=0
Ra=-Rb acht
Ra=-Rb-C adiu 1
Ra=-Rb acHT 3
if C=1
Ra=-Rb acHT 3
if AC=l
Ra=-Rb acHT 3
if N=1
Ra=-Rb acHT 3
if AN=l
Rb-Ra acpv
Ra=Rb ac0-
Ra=Rb acO- 4
Ra=sext[Rb] acO- 5
Ra=0 0100
Ra=NOT Rb ac01
Ra=Q0 if N=Q0 acO-
Ra=-1 if N=1l
Ra=Ra AND Rb acO-
Ra=Ra AND acl-
NOT RD
RasRa OR Rb acl-
Ra=Ra XOR Rb acO-
Ra AND RD acO-
Rb ac00 :
Ra acQy §
Ra=Rb bel0 7
none gi00
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ggcode

1:18> Mnemonic

[shift group]

134 ASR.(B)(W)(L)(™)
124  ROR.(B)Y(W)(L)(™*)
120 LSR.(B)(W)(L)(™*)
130 LSR.Q(*)

123 ASL.(B)(W)(L)(*)
121 ROL.(B)(W)(L)(*)
131 AsL.Q(*)

[multiply/divide group]

110 UMULS. (W) (L) (*)
114  SMULS. (W) (L)(*)
105  DIVS.(W)(L)(*)
111 XLDIVS(*) .
115  XHOIVS(*)

[decimal group]

174  DADP.(B)(W)(L)(*)
170 PDAD.(B)(W)(L)(*)
[prefetch groupl

162 RSYNC

Table 5-1 (continued)
QPERATE MICROINSTRUCTIONS

Instruction

Arith Shift Right

Rotate Right

Logical Shift Right

Logical Shift Right
Quadword

Arith Shift Left

Rotate Left

Arith Shift Left
Quadword

Unsigned Multiply
Step

Signed Multiply Step

Divide Step

Extended Low Divide
Step

Extended High Divide
Step

Decimal Post-Adjust
Decimal Pre-Adjust

Resynchronize

Page 5-6

Flags

AAAA
Operation NZVC Notes
Ra=Rb/2 acfr
Ra=Rb /2 acfr
Ra=Rbd/2 acfr 8
Ra'SR=(Rb'SR) /2

acfz 9
Ra=Rb*2 acgs
RasRb*2+C acfs
Ra'SR=(Rb'SR) *2

acfs 10
(see note) acfz 11
(see note) acfz 11
(see note) acfx 11
(see note) acqQ! 11
(see nate) acfx 11
(see note) acnx 12
(see note) acnx 12
{see note) 0100 13
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10‘

11.
12.
13.

A1l other microinstructions use the current mode field (PS<1

NOTES

ADDC, SUBC, and NEGC perform the same arithmetic operations as ADD,
SUB, and NEG respectively, except that the PS C flag is added to or
subtracted from the result, as appropriate. Accordingly, they can
be used for multi-word operations. The zero test is ?ropagated by
allowing these special instructions to only clear the local AZ flag
if the result is non-zero. If the result is zero, the AZ flag is
copied from the PS Z flag. All other flags are affected as for the
ADD, SUB, and NEG microinstructions.

AQOBC and SOBC are specified in section 2.4.1.

CNEG, ACNEG, NNEG, ANNEG negate Rb and store it in Ra 1if the
specified condition is met; otherwise they store the unmodified Rb
into Ra. ‘

MOVPM is a specialized form of the MOV microinstruction. If R6
(Stack Pointer) is designated as a source or destination, MOVPM uyses
the previous mode field (PS<13:12>) to select the stack go{gg r.

MOVS is a specialized form of the MOV microinstruction. It sign
extends the low order byte (bit<7>) of the B-bus operand through the
upper byte(s).

MTST sets the AC flag if bits<31:15> of the result are not al)
zeroes or all ones. The other flags are set as for a TST
microinstruction.

SWAB.B causes the contaents of the even byte of the selected word of
Rb (bits<23:16> or <7:0>) to be written into the odd byte of the
selected word of Ra (bits<31:24> or <15:8>) without altering the
remaining contents of Ra. SWAB.L swaps the bytes within both words
of the 32-bit Rb operand.

LSR is similar to ASR except that the high order bit of the result
is filled with a zero.

LSR.Q is similar to LSR.L, except that the Rb operand and the shift
register are shifted together. The bit shifted out of the Rb
operand is shifted into the high order bit of the SR, and the low
order bit of the SR is shiftaed into the local AC flag.

ASL.Q is similar to ASL.L, except that the Rb operand and the shift
register are shifted together. The low order bit of the Rb operand
is filled with the high order bit shifted out of the SR, and the low
order bit of the SR is filled with zero.

UMULS, SMULS, DIVS, XLDIVS, and XHDIVS are specified in Appendix A,
DADP and PDAD are specified in section 2.2.2.

RSYNC is specified in saction 4.2.
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Table 5-2
STATUS FLAGS KEY
! copy the old ALU statuys flag {i.e., ALU status unchanged)
- copy the old PS flag
1 set unconditionally
0 <cleared unconditionally
2 set if MSB of result = 1; cleared otherwise
b if longword opcode, set if bit<31> = 1; cleared otherwise

if word opcode, set if MSB of low byte of result = 1; cleared
otherwise

if byte opcode, set if MSB of high byte of resuylt = 1; cleared
otherwise

¢ set if result = 0; cleared otherwise
d cleared if result not 0; copied from PS Z f1ég otherwise

e if longword opcode, set if 32-bit result = 0; cleared otherwise
if word opcode, set if low byte of result = 0; cleared otherwise
if byte dpcode, set if high byte of result = 0; cleared otherwise

f the exclusive-or of the result's AN-bit and AC-bit

g the OR of the exclusive-or of the result’'s AN-bit and AC-bit with
sticky V flop

h if longword opcode, set if result is 20000000000; cleared otherwise
if word opcode, set if result is 100000; cleared otherwise
if byte opcode, set if result is 200; cleared otherwise

H if condition true then
(if longword opcode, set if result is 20000000000; cleared otherwise
if word opcode, set if result is 100000; cleared otherwise
if byte opcode, set if result is 200; cleared otherwise)
if condition falsa then

(cleared)

i if longword opcode, sat if raesult is 20000000000 and C was 0; cleared
otherwise
if word opcode, set if result is 100000 and C was 0; cleared
otherwise

if byte opcode, set if result is 200 and C was 0; cleared otherwise

j if longword opcode, set if result is 20000000000 and C was 1l; cleared
otherwise
if word opcode, set if result is 100000 and C was 1; cleared
otherwise ’
{f byte opcode, set if result is 200 and C was 1; cleared otherwise
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(ad

Table 5-2 (continued)
STATUS FLAGS KEY

if‘1ongword opcode, set if Rb was 20000000000; cleared otherwise
if word opcode, set if Rb was 100000; cleared otherwise
if byte opcode, set if Rb was 200; cleared otherwise

if longword opcode, set if Rb was 20000000000 and C was 1; cleared
otherwise

if word opcode, set if Rb was 100000 and C was 1; cleared otherwise
if byte opcode, set if Rb was 200 and C was 1; cleared otherwise

set if operands' signs are same and result's sign is different;
cleared otherwise

set if operands' signs are different and the result's and Ra's signs
are same; cleared otherwise

set if operands' signs are different and the result's and Rb's signs
are same; cleared otherwise

if AC = 1 then : ,

(set if operands' signs are same and result's sign is different;
cleared otherwise)

if AC = 0 then

(set if operands' signs are different and the result's and Rb's signs
are same; cleared otherwise)

old LSB of Rb

old MSB of Rb

cleared if result = 0; set otherwise

if condition true then

(cleared if result = Q0; set otherwise)

if condition false then

(cleared)

cleared if result = 0 and C was 0; set otherwise

cleared if carry out from MSB of result is 1; set otherwise
set if Rb was 0 and C was 1; cleared otherwise

set if carry out from MSB of result is 1; cleared cotherwise
set if Ra ¢ -2**15 or Ra > 2**15-.1; cleared otherwise

old LSB of SR
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5.2 Literal Microinstructions

The literal microinstructions perform arithmetic and logical functions
using the contents of register Ra as one operand and a zero-extended
8-bit litaral from the microinstruction as the other. The result is
stored back in registar Ra. Since literal microinstructions may be
byte, word, or longword operations, a 16-bit or 32-dit operand must be
created from the 8-bit 1literal information. All literal
microinstructions place the literal field on bits<7:0> of the B8-bus and
insert zeroes in bits<31:8>. Data flow then depends on the length field
and the Ra select code (see sections 2.3.1.2 and 2.3.1.3).

5.2.1 Fformat

21 19 18 15 14 13 12 5 4 0
Pocaccacccccaa coeccevceccccccas coceecee coecaccces cercscccocvcanavcas erceccoveae +
010 ! O0PCODE ' ; LITERAL { Ra I
B L e gy ey R Uy AUy AU U S U P g P Sl U Mg g g U g A g S S +
Length ‘

The length field is the same as for operate microinstructions.

5.2.2 Mnemonics

Table 5-3 is a list of the mnemonics, operations, and local status flag
output of the literal microinstructions.
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Table 5-3
LITERAL MICROINSTRUCTIONS
Flags
AAAA
Opcode Mnemonic Instructian Operation NZVEC
056 LLD.(B) (W) (L) Load Literal RasLiteral ac0 -
046 LLSW.(B) (W) (L) - Load Literal Rasliteral beoOOQ
Swapped Swapped
047 LLCM.(B) (W) (L) Load Literal Ra=NOT ac0l
Complement Literal
052 LCNTR.(B) (W) (L) Load Counter RasLiteral achO-
053 LMSTK.(B) (W) (L) Load Stack Ra=lLiteral ac0 -
043 LCMP.(B) (W) (L) Compare Literal Literal-Ra acopyv
044 LADD.(B) (W) (L) Add Literal Ra=Ra+Literal a ¢ n x
041 LSUB.(B) (W) (L) Subtract Literal Ra=Ra-Literal ac q v
057 LBIS.(B) (W) (L) Bit Set Literal Ra=Ra OR acOl -
: . Literal
051 LAND.(B) (W) (L) And Literal Ra=Ra AND ac0 -
Literal
055 LBIC.(B) (W) (L) Bit Clear Literal Ra=Ra AND ac0 -
NOT Literal
050 LBIT.(B)(W)(L) Bit Test Literal Ra AND Literal a ¢ 0 -
054 LXOR.(B)(W)(L) Exclusive-0OR Ra=Ra XOR ac0 -

Literal Literal

Status Flags: copy the old PS flag

1 set unconditionally

o

cleared unconditionally

a set if MSB of result = 1; cleared otherwise
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b if longword opcode, sat if bit<31> =2 1; cleared
otherwise
if word opcode, set if MSB of low byts of result =
1; ¢cleared otherwise
if byte opcode, set if MSB of high byte of result
= 1; cleared otherwise

¢ set if result = Q; cleared otherwise

e if longword opcode, set if 32-bit result = 0,
cleared otherwise
if word opcode, set if low byte of result = @,
cleared otherwise
if byte opcode, set if high byte of result = 0;
cleared otherwise

n set {if operands' signs are the same and the
result's sign is different; cleared otherwise

p set if operands' signs are different and the
result's and Ra's signs are same; cleared

otherwise

q set if operands' signs are differant and the
result's and Rb's signs are same; <cleared
otherwise ’

v cleared if carry out from MSB of result is 1l; set
otherwise

x set if carry out from MSB of result is 1l; cleared
otherwise

5.2.2.1 Load Counter (LCNTR)

As far as the Data chip is-concerned, this Titeral microinstruction is
identical to LLD. The selected Control <chip decodes this
microinstruction and then 1loads bits<l2:5> of the microinstruction
(together with eight high-order zero bits) into the Control <chip
counter., Refer to the Control Chip Specification for more details on
this feature.

5.2.2.2 LlLoad Microstack (LMSTX)

As far as the Data chip is concerned, this literal microinstruction is
identical to LLD. The selected Contrel <chip decades this
microinstruction and then pushes bits<l4:5> of the microinstruction onto
the microsubroutine stack. Refer to the Control Chip Specification for
more detafls aon this featurae.
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5.3 Address Microinstructions

The address microinstructions (except for ARG and AWG) initiate a
relocation cycle prior to an external data stream I/0 cycle. The
virtual address specified by the Ra operand is relocated, and the
resulting physical address is latched in the MDAL output latch. In
addition, these microinstructions can increment or decrement the Ra
operand by 1 or 2.

5.3.1 Format

The Tength field is always xO (word length). If overridden with a byte
to word override, the length field becomes 00 (sti}l word length).

5.3.2 Mnemonics

Table 5-4 details the address microinstruction mnemonics and operations.

Table 5-4

ADDRESS MICROINSTRUCTIONS
Opcode Mnemonic Instruction Operation
073 AR Address read Virt addr = Ra

070 ARI.(B)(W) Address read and increment Virt addr = Ra
_ Ra =Ra + 1+ d

071 ARD.(B)(W) Address read and decrement Virt addr = Ra
Ra = Ra -1 -4

077 AW Address write Virt addr = Ra

074 AWI.(B)(W) Address write and increment Virt addr = Ra
. Ra = Ra +1 +d

075 AWD.(B){(W) Address write and decrement Yirt addr = Ra
Ra = Ra -1 -4

063 ARG Address read general purpose Final addr = 37400 @
bits<12:5> ~
067 ANG Address write general purpose Final addr = 37400 @

bits<12:5>

Where d = -bit<l4>
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Table S5<5 1ists the <control field encodings for all address
microinstructions except ARG and AWG, which use the control field 2s the
final address. Nota that the control field only applies to the current
microinstruction.

Table 5-5
ADDRESS CONTROL FIELD ENCODINGS

CF<6:5> 00: instruction space unconditionally
01: instruction space unless PS<15:12> = 1111,
then data space
10: data space unconditionally
11: data space unless Ra resolves to PC, then
instruction space

CF<T>

: force 16-bit mapping (i.e. lTeulate
address as though MMRG<O

no effect

? ca
= Q)

CF<8> arm address trap

no effect

CF<9>

activate stack overflow logic
no effect

[}
-0 -0 [oad (=]

CF¢11:10> = usa kernel mode
: use previous mode
: use console mode

: use current mode

OO0

CF<12> = update MMR1 (only for ARI, ARD, AWI, AWD)

no effect

—_0 =00

After an address microinstruction, the local status flags are unchanged.



J-11 DATA CHIP SPECIFICATION Page 5-15

5.4 Internal Input/Qutput Microinstructions

The internal 1/0 microinstructions are used to transfer data and control

information within the chip set. No addressing and/or relocation is
necessary.

5.4.1 Format

21 18 17 15 14 13 12 5 4 0

bPovvavwccrccccccacccceamcccaceccenccaveneme cecceccccevcccccccccecaca cewd

0010 ( 0PCODE ‘ ! CONTROL /Rmmu ‘ Ra

bPecea= L R R R R R L L L L L T R T R ceccccsmevcecmecesascsaa +

Length l

The length field is the same as for the operate microinstructions. Note
that a length of longword is not meaningful except for transfers to and
from the Shift Register (SR). In INPR and OUTR, bits<12:5> act as the

???g register select. In QUTS and QUTC, they act as a control field

5.4.2 Mnemonics

Table 5-8 lists the internal I/0 microinstructions.

Table 5-6
INTERNAL I/0 MICROINSTRUCTIONS
Opcode Mnemonic Instruction
021 - INPR.(W) (L) Read data from MMU register
025 QUTR.(W) (L) Write data to MMU register
027 QuUTS Write Control chip status
026 ouTC Write Control chip control

After an INPR or OUTR, the local status flags are set as follows:
AC = 0
AY =

Q
AZ = 1 if operand was zero
= (0 otherwise
1
0

AN = if most significant bit of operand was 1

otherwise .
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g;tgr an OUTS or QUTC, the local status flags are AC=s0, AV=Q0, AZ=1, and

§.4.2.1 Read Data from MMU Register (INPR)

This microinstruction is used to move data from the MMU register
selected by the Rmmu field to the EU register selected by the Ra field.
The data is also written to the external MDAL-H bus. There 1is no
control field. INPR defines an MMU register as any internal Data chip
register which is not in the EU register file. This allows the MMU
registers to be directly accessible with microcode. The register select
codes are shown in Tables 3-2 and 3-3.

5.4.2.2 Write Data to MMU Register (QOUTR)

This microinstruction moves data from the EU register selected by the Ra
field to the MMU register selected by the Rmmu field. There is no
control field. QUTR defines an MMU register as any of the Data chip
registers which are not physically part of the EU register file. This
allows the MMU registers to be directly accessible with microcode.
Tables 3-2 and 3-3 list the MMU register file select codes.
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$.4.2.3 Write Control Chip Status (QUTS)

This microinstruction sends status to, or routes status within, the
Control chip(s). The control field is used to signal the Control chip
as is listed in Table 5-9.

Table 5-9
QUTS CONTROL FIELD ENCODINGS

CF¢S> = 0: 1load PIR from interrupt service information
1: no effect
CF<E> = 0: 1load PIR from abort service information
l: no effect
CF<7> = 0: load PIR from FPS<7:5>, CPFF, and MDAL-H<1I1:0>
1: no effect
CF<8> = 0: push MDAL-H<9:0> onto taop of Control chip stack
1: no effect
CFK9> = 0: 1latch Contrel chip PIR from MDAL-H<15:0>
1: no effect
CFK1l0> = 0: latch Control chip counter from MDAL-H<15:0>
l: no effact
CF<I1> = 0: latch Control chip copy of PS<7:4> from
MDAL -H<T7:4>
1: no effect
CFc12> load FPS<7:5> from MDAL-H<7:5>

"
- O
ve oo

no effect
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5.4.2.4

Write Control

Chip Control (OUTC)

This microinstruction alters the internal state of the Control chio(s).
is used to affect the Control chip as is listed

The control
Table 5-

Note:

10.

CF<S>
CF<6>

CF<T>

CF<8>

CF<9>

CF<10>

CF<11>

CF<l2>

field

[’}

Table 5-10

QUTC CONTROL FIELD ENCODINGS

data for CF<6>, CFK7> options

0: 1load single-step flip-flop from CF<5>

1: no effect

0: 1load coprocessar flip-flop from CF<S>

1: no effect

unused

0: <copy internal PS<4> to intermediate T-bit
flip-flap

1: no effect

0: <clear stack overflow flip-flop

1: no effect

0: clear intermediate T-bit flip-flop

1: no effect

0: c¢lear parity error flip-flop

l: no effect

in

Unused bits may be either 1 or 0 and must not have any effect on
microinstruction operation either way.
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5.5 External Input/Output Microinstructions

These microinstructions provide the microcode interface tgo the extsarnal
bus and hence allow microcode access to main memory and peripheral
devices. External [/0 microinstructions supply a physical address (PA)
or general purpose code (GP) on MDAL-H<21:0>. Instruction stream
references obtain the physical address from the physical ?C (PPC), data
stream and general purpose references from the MDAL output latch. The
Ra field within the microinstruction specifies the register destination
for input data. Note that there are no explicit write data or write
general purpose microinstructions. Instead, in the cycle following an
address write microinstruction (AW, AW, AWD, AYG) or &
read-modify-write microinstruction (RMW), the data present at the I[/0
multiplexor (i.e., the output of the EU data path for word or bytea
operate and literal microinstructions) is automatically written out to
MDAL-H or (during an explicit access) to the specified internal
register, provided that the address write or read-modify-write did not
result in an abort. Longword microinstructions after AW, AWI, AWD, AWG,
or RMW are illegal and a microcode restriction.

For the timing of external [/0 cycles, see the timing diagrams.

5.5.1 Format

21 18 17 15 14 13 12 5 4 0
Femmemccamemmceeme-meemeeeememmem-meem-emesaeecaeeeseceasce-ecco======= +
¢ 0 1 1 t 0PCODE { { CONTROL ‘ Ra
Fecccmccccceececaceseceesmeeemeecececeecec-ececcececacccc-<esesmeem=== +
Length ,

The length specification is the same as for operate microinstructions.
Note that a length of longword is not meaningful.

§.5.2 Mnemonics

Table §5-11 1lists the mnemonics and operations of the external 1I/0
microinstructions.

Table S5-11

EXTERNAL I/0 MICROINSTRUCTIONS
Opcode Mnemonic Instruction
032 D.(8)(W) Read data
033 wa (8) (W) Read-modify-write data
036 RDG.(B) (W) Read general purpose
037 RDINTR Read intarrupt vector
030 ROI Read instruction stream

031 ROF Raad demand prefetch
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After an external 1/0 microinstruction, the local status flags arz se:
as follows:

AC = 0

AV = 0

AZ = 1 if operand was zero
= 0 otherwise

AN = 1 if most significant bit of operand was 1
= 0 otherwise

5.5.2.1 Read Data (RD)

This microinstruction reads external data into the EU register specified
by Ra. The Data chip first drives the physical address in the output
latch. [t then samples first for cache data and subsequently, in the
case of a cache miss, cache bypass, or [/0 page reference, for external
bus data. The control field is used to activate various oaptions, as
shown in Table 5-12.

Table 5-12
RD CONTROL FIELD ENCQDINGS

CF<¢8:5> unused

CFc9> = 0: activate RTI/RTT-to-PS orotection
1: no effect

CF<10> = 0: activate vector-to-PS protection
1: no effect

CF<l2:11> unused

Note: Unused bits may be either 1 or O and must have no effect on
microinstruction operation either way.

§.5.2.2 Read-Modify-Write Data (RMW)

This microinstruction initiates a read-modify-write bus operation. The
read operation is identical to a RD microinstruction as described aboave.
During the micraocycle following the RMW microinstruction, the physicazl
address latched in the output latech is driven out onto MDAL-H, followed
by the output of the EU data path.

The control field encodings for RMW are shown in Table 5-13.
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Table 5-13
RMW CONTROL FIELD ENCODINGS

CFc8:5> unused

CF¢9> = 0: activate RTI/RTT-to-PS protection
1: no effect

CFc10> = 0: activate vector-to-PS protection
l1: no effect

CFIL> unused

CFKl2> = ‘ 0: read locked

1: read not ilocked

Note: Unused bits may be either 1 or 0 and must have no effect on
microinstruction operation either way.

5.5.2.3 Read General Purpose (RDG)

This microinstruction reads data from the System Interface into the EU
register specified by Ra. The Data chip first drives the GP code in the
output latch (OL). It then samples for data from MDAL-H. The control
field is not used. The RDG.B microinstruction byte swaps the data based
on 0OL<O> (which is wusually set from GP address bit<0> by an ARG
microinstruction). OL<0> = 1 means byte swap the data; OL<O0> = 0 means
no byte swap.

5.5.2.4 Read Interrupt Vector (RDINTR)

This microinstruction reads an interrupt vector from the System
[ntarface into the EU register specified by Ra. The Data chip first
drives the interrupt priority level in the output latch. It then
samples MDAL-H for a vector. The control field is not used.

5.5.2.5 Read Instruction Stream (RDI)

This microinstryction reads the saquential instruction stream word
specified by the physical PC (PPC). If the prefetch valid flag is set
~(instruction read request), the input latch selected as the prefatch
buffer is moved to Ra, the incoming data is stored in the deselectad
input latch, and the prefetch buffer select is switched. If the
prefetch valid flag is clear, the incoming data is stored directly in
Ra. The control field bits are not used. For a complete description of
RDI and its function in the prefetch mechanism, see section 4.
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5.5.2.6 Read Demand Prafetch (RDF)

This microinstruction forces a demand prefatch of the sequentizl
instruction stream word specified by the physical PC (PPC). The input
data is stored in the prefetch buffer. The control field bits are not
used; the register specified by Ra is not written into. For a complete

description of RDF and its functicon in the prefetch mechanism, see
section 4.

5.6 Jumps

The jump microinstructions provide for conditional jumps within a

Control chip, or unconditional jumps between Control chips. The Data
chip's role in conditional jump processing is to test for the specified
jump condition and to assert the Jump Allow signal (MSQV/JA-L) if the
specified condition is met. The Data chip treats JMP as a no operation.

5.6.1 Format

I
000 OPCODE JUMP ADDRESS CHIP SELECT

D R R R e e R L R L T R R T I G R R e e +*

5.6.2 Mnemonics

Table 5-14 1lists the mnemonics and test conditions for the jump
microinstructions.
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Table 5-14
JUMP MICROINSTRUCTIONS

Opcode Mnemonic Test Condition
0ao0 JMP Jump always (interchip)
017 JAN Jump if AN flag =1

011 JAZ Jump if AZ flag = 1

013 JAC Jump if AC flag = 1

015 JAV Jump if AV flag = 1

0aQ7 JIN Jump if PS N flag = 1
001 JZ Jump if PS Z flag = 1
003 Je Jump if PS C flag =1
Q05 Jv Jump if PS V flag = 1
0ls6 JKM Jump if PS<15:14> = 00 (kernel mode)

The local status flags are unchanged.

5.6.3 Pipelined Jumping

Due to the overlapped nature of the data paths, conditional jump
microinstructions are pipelined. A canditional jump microinstruction
whose jump condition is satisfied will not modify the microflow until
the following microinstruction has been executed. This may necessitate
padding the microcode with a NOP immediately after the conditional jump
microinstruction. Unconditional jump (JMP) is not pipelined and takes
effect immediately.
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5.7 Microinstruction Format Summary

MICROINSTRUCTION FORMAT

21 20 15 14 13 12 11 10 ¢ -5 4 0
Pem b e tra bt Pes bt beaPecteabratantec b ten e Pestectentosbantand
i
| 1' 0PCODE LN {PF|OC|CC Rb [ Ra
| ‘ |

bPewteatentectentactactactaatactontcctoatectantocnteatactaatbtaataatant

Operate Microinstruction

21 19 18 15 14 13 12 5 ¢4 0

becmboabactentectactactentaectecteateataatacdeactaatantaatbacabantaantant

@ 1 0f O0PCODE LN LITERAL Ra

Peectowtuotectancntectectectecteatoeataectactacntecntectentantecntactacteat

Literal Microinstruction

21 19 18 15 14 13 12 5 4 0

bewbeateatectacboctactenteatbeatectectacbecteactecabcntantectentaetead

l
0 1 1| 0QPcoDE X 0 CONTROL Ra

!

PomteantantecnPectectectbacstaateantocatrecePaunteatactacteacntoectaecntacataataast

Address Microinstruction
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MICROINSTRUCTION FORMAT (CON'T)

B R R R R R R R R RN R

21 18 17 15 14 13 12 5 4 0

tewtoetectentecteotectaateadantactecateateatevtecctrontectenteatactaat

0 0 1 Qf OPCODE LN CONTROL /Rmmu Ra

PenteateotectrctanteatacntectectentactectencPacstentectecnteactboantacntaat

Internal Input/Qutput Microinstruction

21 18 17 15 14 13 12 5 ¢ 0

Poeotectacteetoctecateatectentbeataentactectentectcatoenteantactaatentant

CONTROL Ra

0 0 1 1< 0PCODE { LN

LR PR PR TR TR T e e L R L L Ty PR T U TEpy R TR TR Ty PR PR TRE

External Input/Qutput Microinstruction

21 19 18 15 14 5 4 0

Preteetenteateatocteabewntentectocteatontactontaatactantnatanteatraad

¢ 0 0 QPCODE JUMP ADDRESS CHIP SELECT

LR R i L T R Ny e e L R LT R PR PPN PR PR TR R R TR R PP

Jump Microinstruction
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6.0 INTERFACE
6.1 Inputs

6.1.1 Micro Data and Address Lines (MDAL-H<15:0>)

The Data chip reads data from the MDAL-H<15:0> lines. The Data chip

strobes input data at T15Q0 and also, during extanded microcycles, when
MDV-L is asserted.

6.1.2 Microinstruction Bus (MIB-H<21:0>)

The DOata chip receives microinstructions from a Control chip on
MIB-H<21:0>. The Data chip strobes MIB-H<21:0> at T-2S.

6.1.3 Crystal Inputs (XTAL!, XTALOQ)

A crystal (nominally 20Mhz) connects between XTALI and XTALOQ. This
piezoelectric element is used in the generation of the system clock.

6.1.4 Data Valid (MOV-L)

During the extended portion of a non-write stretched microcycle
(MBUFCTL-L asserted after T20Q0), this signal controls the input latch -
which is waiting for data. [f MOVY-L is high, the latch is apen; if
MDV-L is low, the latch is closed. The System Interface asserts MOV-L

during extended read cycles to indicate that valid data is present on
the MDAL -H.

6.1.5 Cache Miss (MMISS-L)

This signal is asserted by the Cache Subsystem or the System Interface
to indicate that a cache miss occurred during the current micrccycle.
[t 1s samplied at T130.

6.1.6 Continue (MCONT-L)

The signal is driven by the System Interface. Quring axtanded
microcycles, assertion of MCONT-L informs the Data chip that the System

Interface is finished using the MDAL-H bus and that the chip sat can
start the next microcycle.
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6.1.7 DMA Request (MOMR-L)

This signal is used by the System Interface to gain control of the MOAL
bus. It is sampled by the Data chip at TC. The Data chip indicates the
grant of the request by asserting the time-multiplexed signal
MMAP -L. [t then extends the current microcycle, asserts signal
MSCTL-L, and enters wait state. The System Interface terminates wait
state by asserting signal MCONT-L.

6.1.8 Abort (MABORT-L)

This signal is driven by the System Interface to indicate that an abort
(non-existent memory, bus timeout, cache or main memory parity error)
occurred during the current microcycle. The System Interface must
assure that MABORT-L is synchronized with respect to MCONT-L and is not
asserted before T200.

6.1.9 Predecode (MPROC-L)

"This signal indicates that the current microcycle is the last microcycle
in the current macroinstruction. [f MPRDC-L is asserted at T75 in a
microcycle, the Data chip copies the contents of the prefetch buffer
into the Instruction Register.

6§.1.10 [nitialize (MINIT-L)

This input is used by the power up logic in order 'to synchronize the
chip sat and the System Interface. Assertion of this input causes all
bits in the Microinstruction Register (MIR) to be cleared, effectively
setting up a JMP 0 for the first microcycle. When the Data chip
recognizes MINIT-L, it asserts and then synchronously deasserts
MSCTL-L to synchronize the Control chip(s) to the Data chip.
Deassertion of MSCTL-L indicates that the next chip state is T-25. For
details on initialization timing, see the timing diagrams.

6.1.11 Test Mode (TEST1-L)

Assertion of TEST1-L disables the output of MCLK and MCLK2. This
permits external logic to drive the Data chip c¢lock circuitry through
MCLK.~ TEST1-L is internally pulled to the high (inactive) state.

6.1.12 Chip Disable (TEST2-L)

Assertion of TEST2-L causes the Data chip to disable all outputs. This
input is internally pulled to the high (inactive) state.
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6.2 OQutputs

6.2.1 Micro Data and Address Lines (MDAL-H<21:0>)

These outputs transmit addresses and data from the Data chip to the
Control chip(s), Cache Subsystem, and System Interface. During an I[/0
cycle, the Data chip drives the physical address (or GP code) oanto
MDAL-H<21:0> by T25. Ouring a write sequence, the Data chip drives the
output data onto MDAL-H<K15:0> at T175 until the next T-25 and drives
zeroes into MDAL<21:16>. During all cycles, the Data chip drives XC,
XR, and the local status flags (AN, AZ, AV, AC) onto MDAL<21:16> at T75,

and during non-1/0 cycles, the low 16 bits of the A-port register onto
MDAL-H<15:0> at T75.

6.2.2 Microinstruction Bus (MIB-H<21:0>)

The Data chip sustains the data on MIB-H<21:0> with a small sustainer
device.

6.2.3 Clock (MCLK)

This signal is the source of the chip set clock. It neminally consists
of a MOS level, single phase, 20Mhz squarewave.

6.2.4 Phase Clock {MCLK2)

This signal is an extra clock with the same output characteristics as
MCLK for use by the System Interface. It nominally consists of a MOS
level, single phase, 20Mhz squarewave.

§.2.5 Address Latch Enable (MALE-L)

This signal is asserted every microcycle at T25. [t provides timing and
control information for external logic. Assertion of MALE-L can be used
ts latch the physical address or GP code on MDAL-H<21:0> during any I/0
cycle. MALE-L is deasserted at T150 every micracycle and can be used to
latch the cache data.

6.2.5 MODAL Buffer Control (MBUFCTL-L)

During all read cycles, including instruction stream and data stream
references, GP reads, and interrupt vector reads, this signal i
assarted at T75 and deasserted at T150. It can be used to control t
output enable on the cache data array. It is also asserted at T200 a
deasserted at T-50 during all stretched non-write microcycles.
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6.2.7 Stretch Control (MSCTL-L)

During extended microcycles, the Data chip asserts MSCTL-L to indicate
the start of wait state, and deasserts MSCTL-L to mark the end. It is
asserted at T250 and deasserted at T-100. Either edge may be usad to
strobe write data on writes.

During initialization, the Data chip asserts and then synchronously
deasserts MSCTL-L to synchronize the Control chip(s) to the Data chip.

6.2.8 Stack Qverflow and Jump Allow (MSOV/JA-L)

This time-multiplexed signal informs the Control chip that a stack
violation has occurred or that the conditional Jjump test just executed
has been satisfied. A stack violation is signaled during I1/0
microcycles; jump allow 1is signaled during <conditicnal jump
microinstructions. During other microcycles, this signal is set to a
specified value at T75 and 1left unchanged for the rest of the
microcycle.

6.2.9 Abort (MABORT-L)

This signal reports that an abort condition occurred during a memory
operation. Both memory management errors {access violation, length
error, etc.) and bus errors (parity, NXM, etc.) for demand and request
cycles are reported by this line. The Data chip drives this signal high
or low at T-25 and then sustains this state: if high, with a small
sustainer device; if low, with a driver capable of sinking a TTL load.
This signal may be driven low later in the microcycle by the Systenm
Interface. This low level is held by the Data chip until T-25 at whnich
time the next micraocycle's MMU abort state 1is asserted. During
initialization, MABORT-L will be driven low by the Data chip.

6.2.10 Kill Prefetch Buffer (MKP8-L)
This signal 1is asserted by the Data chip when a condition which
invalidates the prefetch buffer has been detected.
o
6.2.11 Strobe (MSTR8-L)

This signal is asserted every microcycle at T75 and deasserted at TZIND
(the next microcycle's TQ). It is a general purpose strobe.



J-11 DATA CHIP SPECIFICATION Page 6-5

6.2.12 Bank Select (MBS-H<1:0>)

These signals are time-multiplexed. From T-25 to T75 during a read or
write microcycie, they provide encoded information about the type of
physical address present on MDAL-H<21:0>:

MBS<1)> MB8S<0> Address Class

Q 0 Memory reference

0 1 System board register reference
1 0 External [/0 reference

1 1 Internal Register reference

Physical addresses which are less than 17760000 (octal) are memor
references. Addresses which fall in the [/0Q page (17760000 - 17777777
and do not access a CPU register (internal or board level) are external
1/0 references. Addresses which are in the I1/0 page and access Data
chip internal registers (except for CCR) are internal register
references. Lastly, addresses which access CPU registers which are

partially or completely implemented in the System Interface are system
board register refarences.

From T75 to T-25 during a read or write microcycle, M8S-H<1:0> convey
miscellaneous status:

MBS-H<1> = cache bypass (if data stream, CCR<9>=1 + POR<15>=1
+ RMW<12>=0; if dnstruction stream, CCR<9>=1 +
PCS<1>=1)

MBS-H<KO> = force miss {(CCR<3> + CCR<2>)

Note that these signals are stable until T-25 with the old data.

6.2.13 1/0 Map Enable (MMAP-L)

This signal is time-multiplexed. If asserted at TS50, it indicates that
the [/0 map is enabled (MMR3<S> = 1l). |If asserted at T150Q0, it indicates
that a OMA grant will occur during the current microcycle.
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6.3 Signal Summary

Signal Signal Pin

Name Type Numbers
v v
I I
H L

MDAL -H<21:16> TTL 0

MDAL-H<15:0> TTL I0 tbs .

MIB-H<21:0> MOS 10 y vy

XTALI tbs I tbs

XTALQ tbs O tbs

MDV-L TTL I

MMISS-L TTL I

MCONT -L TTL I

MOMR -L TTL [

MABORT-L TTL 10 (1)

MPROC -L TTL I

MINIT-L TTL I

TEST1-L MOS I y vy

TEST2-L MOS 1 y Y

MCLK M0S O

MCLK2 MOS O

MALE -L TTL O

MBUFCTL-L TTL Q

MSCTL-L TTL @

MSOV/JA-L M0S 0O

MKP8-L MOS 0

MSTRB-L TTL O

MBS -H<1:0> TTL O

MMAP -L TTL Q

power na

ground na na

b I

<

K KKKK<

Applicable DC Tests
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(1) MABORT-L must be driven with an open collector driver.

The data chip has a pull-up device which supplies I[OSH.
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7.0 DC CHARACTERISTICS

Absolute Maximum Rating

Storage Temperature Range
Active Temperature Range

Supply Voltage

Input or Qutput Voltage Applied

-65 C to +150 ¢

-55 C to +125 C
+7.0V

VSS-O.3V to Vcc+0.3v

Electrical Characteristics

Specified Temperature Range
Specified Voltage Range
Test Conditions

Parameter

Symbol Min.
V.. High level 7049 v
IH MQS input cc
ViL Low level
MOS input
v High level 2.2
THT TTL input
) Low Tevel
LT TTL input
II Input leakage -10
current
nan-TEST inputs
(note 1)
IILL Input current .1
TEST inputs
(note 1)
IOH Output current -2.0
at high level
IOL OQutput current 2.0
at low level
IOHT Qutput current -2.0

at high TTL
level

0C to +70 C
+4,75Y to +5.25YV

Temperature = +70 C
Vss = QY .
vCc = +4,75V (except as noted)
Max. Units Test Condition
v
309 vCC v
v
0.6 v
10 uA °V$V15Vcc
5 mA VI=OV
mA V0=Vcc-0.4
mA V0=0.4V
mA VO=2.4V



0SH

Lost

Note 1
Naote 2
Note 3

Note 4

High level -0.2 . -0.6 mA VO=VCC-1.0V
sustainer

current

(note 1)

Low Tevel 0.2 0.
sustainer

current

(note 1)

[}

mA V0=l.0V

Output leakage 10 10 uA 0V<VosVee
current

(notes 1,2)

Static power tbs uA
supply current
(notes 1,3)

Input - 5 pF
capacitance
(note &)

[nput/output 15 pF
capacitance
{(note 4)

Qutput 15 pF
capacitance
(note 4)

= S
tested at Vcc £.25V.

only applies in the high impedence condition.

with TEST1-L, TEST2-L, and all outputs open circuit, all
other inputs equal to vcc'

sampled 'and guaranteed, but not tested. Ooes not apply
to TEST1-L or TEST2-L.
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8.0 AC CHARACTERISTICS

Unless marked with an R (required), all AC characteristics are goals and
are subject to further refinement.

Test Conditians sempergsure = +70 C
ySS 2 44,75y (except as noted)

FGrF output test loads, see
Test Circuits

Timing Requirements

Symbol Parameter Min Max Units Test Conditions
Cinitw MINIT-L pulse width tbs ns
tinit]s MINIT-L setup ths ns
taibs MIB-H setup 25 ns
tmibh MIB-H hold tbs , ns
tprds MPRDC-L setup 25 ns
tprdh MPRDOC-L hold tbs ns
tys MDAL -H<15:0> setup 20 ns
with respect to 7150 (R)
L MDAL -H<15:0> hold 0 ns
with respect to T150 (R)
Cdvds MDAL-H(IS:O) setup 25 ns
with respect to MDV-L
thdh Maﬁt;H:iiézzthgldMDV-L e "
LP MDY -L pulse width 25 ns
tdvf MOV-L fall time 15 ns
thms MMISS-L setup (R) 20 ns
thmh MMISS-L hold (R) Q ns
tabs MABORT-L drive 20 ns

Labd MABOQORT-L delay 0 ns
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tibid MABORT-L turn-off 0 ns
delay

tabw MABORT-L width 40 ns + 2 x tcyc]e

tents M%:ﬁI;Llietup 20 ns

Centh M%g:I;ngold 20 ns

tamrs M?gg;: §§tup 20 ns

tdmrh H?:g;t ??1d 20 ns

Note 1 - setup and hold requirements are only to guarantee recognition
at next sample point.
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Timing Resoonses

Symbol Parameter Min Max Units Test Conditions
t MCLK cycle time (R) 50 ns tast circuit 3
cycle (note 2)
t MCLK high width 18 ns test circuit 3
¢lkh (note 2)
L1kl MCLK Tow width 18 ' ns test circuit 3
{(note 2)
t. MCLX rise time 7 ns test circuit 3
(note 2)
te MCLK fall time 7 ns test circuit 3
(note 2)
t MCLK2 cycle time 50 ns test circuit 2
pcyc (note 2)
t 'Y . o .
pclkh MCLK2 high width tbs ns %%g%ec§3cu1t 2
t MCLK2 low width tbs ns test circuit 2
pclkl
(note 2)
tpr MCLK2 rise time tbs ns test circuit 2
(note 2)
tof MCLKZ fall time tbs ns test circuit 2
P (note 2)
tpclkd MCLK2 valid delay tbs ns %iggec;gcu1t 2
teg strabe active delay (R) 0 25 ns test circuit 2
tsig strobe inactive delay (R) 0 28 ns  test circuit 2
tais MDAL -H output disable (R) 25 ns test circuit 1
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tdald
L4alh

tdist

ent

Note 2 - input conditions are tbs.

MDAL-H valid dealay (R)
MDAL-H valid hold

transition to high
impedance following
assertion of TEST2-L

transition from high
impedance following
deassertion of TEST2-L

25

tbs

ths.

ns

ns

ns

ns

Page 8-4

test circuit 2
test circuit 2

functional test

functional test



Appendix A - Mu
UMULS . (W) (L) (™)

21 20

LER R PR kTR

|
1 uMuLS

teeteatactantan

Operation:

Description:

Status flags:

1tiply/Oivide Microinstructions

- Unsjgned Multiply Step

15§ 14 13 12 11 10 ¢ s 4 0
bemboetacteatentectantbactantoatantaatactontactantant
[ |
LN {PFlOC|CC Rb Ra

|

Peectocwteanbenteatentoecntrewntactaateatentacteatbcataataat

[F SR<0> =1

" THEN § <-- Ra + Rb

ELSE S <-- Ra

F<msb-1:0> <¢-- S<msb:1>
F<msb> <-- arithmetic carry out of ALU
AC <-- SR<O>
SR<¢30:0> ¢-- SR<31: 1>
SR<31> <-- S<KO> A
where msb is bit<31> for longword and bit<l3> for word
operations, S is the output of the ALU and the input to
the shifter, F is the output of the shifter, and SR is
the Shift Register.

The 1sb of the Shift Register (SR) is tested for a 0 or
1. If SRKO> = 0, then register Ra is passed through the
ALY unmodified. [f SR<0> = 1, then registers Rb and Ra
are added together. In both cases the output of the ALU
is rotated right together with the SR. The shift into
the msb of the 32-bit shifter is the arithmetic carry out
of the ALU. The shifted out bit of the SR becomes the
new AC flag.

AN <-- msb of F
AZ <-- 0, if F < O
<-- 1, if F =0
AV <-- the exclusive-or of the result's AN-bit and AC-bit
AC <-- old 1sb of the SR
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SMULS. (W) (L) (*)

21 20

oo tavntenteataa

|

1

&

SMULsS

PoesPeasPacteaPaa

Operation:

Description:

Status flags:

SPECIFICATION Page A-2

- Signed Multiply Step

15 14 13 12 11 10 9 5 4 aQ
Poectectastectevntrataacateaatentoewtantoontovntoestaabdactoeet
| | l
LN iPF DC'CC{ Rb Ra

!

tPestectbecteetontenteatentectaatoctontantaatactactaes

[F SR<O> =1
THEN S <-- Ra + Rb
ELSE S <-- Ra
F<msb-1:0> <-- S<msb:1>
F<msb> <-- S<msb> XOR (ALU arithmetic overflow)
AC <-- SR<O>
SR<30:0> <-- SR<31: D>
SRC31> <-- S<O>
where msb is bit<31> for longword and bit<lS> for word
operations, S is the output of the ALU and the input to
the shifter, F is the output of the shifter, and SR is
the Shift Register.

The 1sb of the Shift Register (SR) is tested for a 0 or
1. If SR<KO> = 0, then register Ra is passed through the
ALU unmodified. If SRKO> = 1, then registers Rb and Ra
are added together. In both cases the output of the ALU
is rotated right together with the SR. The shift into
the msb of the 32-bit shifter is the exclusive-or of the
ALU's oqutput's sign and the arithmetic overflow aut of
the ALU (arithmetic overflow is the exclusive-or the
carry in and carry out of the msb). The shifted out bit
of the SR becomes the new AC flag.

AN <-- msb of F
AZ <-- 0, if F <& 0
<-- 1, if F = 0
AV <-- the exclusive-or of the result's AN-bit and AC-bi*
gld 1s

~ b A sl €
AC <-- 5 of the SR
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DIVS.(W)(L)(™)

21 20

Poeetancntoectaatas

l
1 DIVS

LR R T P TR Tps

Operation:

Description:

tatus flags:

SPECIFICATION Page A-3
- Divide Step
15 14 1312 11 10 9 5 4 0

bPoctectocteetontrateantretectoeetaantoeatentecataatrantasd

Pl
LN PF‘DC‘CC Rb Ra

PectevteaPactevboeteaatecctenbPacteatecatactactactacataet

IF AC = 1

THEN § <-- Ra + Rb
ELSE § ¢-- Ra - Rb
F<msb:1> <-- S<msb-1:0>
F<O> <-- SR>
SR<31:1> <-- SR<30:0>
SRCO> <-- -S<msb>
where msb is bit<3l> for longword and bit<l5> for word
operations, S is the output of the ALU, F is the output
of the shifter, and SR is the Shift Register.

The AC flag is tested for a Q0 or 1. [f AC = 0, then
register Rb is subtracted from register Ra. If AC = 1,
then registers Rb and Ra are added together. The output
of the ALU is rotated left with the msb of the Shift
Register (SR) as the carry in. The SR is rotated left
with the complement of the msb of the ALU result as the
g?rry in. The msb of the ALU result becomes the new AC
ag.

AN <-- msb of F
AZ <-- 0, if F <> O
<-- 1, if F =0 ,
AV <-- the exclusive-or of the result's AN-bit and AC-bit
AC ¢-- msb of S
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XLDIVS(*) - Low Half of Extended Divide Stepn

21 20 15 14 13 12 11 10 ¢ 5 4 0

Peetantecteasteactactasantbecstontoosteantoactaectactactacntactecntosataadtacrsaas

I l
1 XLOIVS 0 1‘ 1*0c cc Rb Ra

bPooteatacteacteatacntacantactactacstanteatecfPactevrteabactactentactectaat

Operatiaon: [F AC =1
THEN S <-- Ra + Rb; XC <-- arithmetic carry out
ELSE S <-- Ra - Rb; XC <-- - arithmetic carry out
F<31:1> €-- §¢30:0>
F<O> ¢-- 0
XR <¢-- SK3L>
AC <-- AC

where S is the output of the ALU, F is the output of the
shifter, XC is the extended precision carry flag, and XR

is the extended precision rotate flag.

Description: The AC flag is tested for a 0 or 1. [If AC = 0,

register Rb is subtracted from register Ra and the XC

loaded with the borrow out of the ALU. If AC = 1,
registers Rb and Ra are added together and the XC
loaded with the arithmetic carry out of the ALU.

output of the ALU is shifted left with a 0 as the carry

in. The XR is 1loaded with S<31>. The AC flag
unchanged.

Status flags: AN <-- F<31>
AZ <-- 0, if F <> 0
<¢-=- 1, if F = 0
AV <-- if AC = 1 then

(set if operands' signs are same and result's sign

is different; cleared otherwise)
if AC = 0 then

(set if operands' signs are different and result's

and Rb's signs are same; cieared otherwise)
AC <-- unchanged
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XHOIVS(*) - High Half of Extended Divide Step

21 20 15 14 13 12 11 10 ¢ 5 4 0
boadeatectoctbeatectentectactentactbenteatoctoatoataataatantaatontand
! 1
1 XHDIVS 5 0 1} 1joC|ccC Rb Ra

teoeboeetentevbanteatentovtantacteatentectentontectectcatactaateactranst

Operation: [F AC =1

THEN S <-- Ra + Rb + XC
ELSE S ¢-- Ra - Rb - XC

F¢31:1> <-- $<30:0>

F<O> <-- XR

SR<31:1> <-- SR<30:0>

SRKO> <-- -S<31>

AC <-- S<31>

where S is the output of the ALU, F is the output of the
shifter, SR is the Shift Register, XC is the extended

precision carry flag, and XR is the extended precision

ratate flag.
Description: The AC flag is tested for a 0 or 1. If AC = 0,

register Rb is subtracted with the borrow flag XC from

register Ra. [f AC = 1, then registers Rb and Ra

added together with the carry in flag XC. The output of

the ALU is shifted left with the XR as the carry in.

Shift Register (SR) is rotated left with the complement
of S<31> as the carry in. S<31> becomes the new AC flag.

Status flags: AN <-- F31>
AZ <-- 0, if F <> 0
<-- 1, if F =0

AV (<< the exclusive-or of the result's AN-bit and AC-bit

AC <-- SGDL>



J-11 DATA CHIP SPECIFICATION Page B-1

Appendix B8 - Condition Cade Equations

Data Format:

....................................................... +
LONGWORD

......... ..-----‘-‘-Q----+_-‘-C---C---G-------C--QGCC‘H+
WORD 1 WORD O

---------- B D e R L L R L Lk L R R R

| l |

Byte 3 Byte 2 Byte 1 Byte 0

---------- Pocsvmneacvnoevnncsecntanancsccncavevnasfoecsvemaccnsenand
24 23 16 15 8 7 0

Length Field (MIR<14:13>):

11 - byte
01 - Tlongword
X0 - word

Upoer Sixteen 3it Register Select:

MIR<4:0> = 01XXX

Svmbols

e ler————

. := logical AND
- 1= logical inclusive OR
XOR := logical exclusive OR

logical inversion

Pracedence Order

Higqhest () - . XOR + Lowest

CAPITALIZED variables are microinstruction names. Names which

contain

an operand length specifier (8/W/L) reference the

microinstruction.

33 Decode equations

; Dyte swaps

Swap

= SWAB + LLSW

do not
genearic



J-11 DATA CHIP SPECIFICATION

;3 Length equations

; longword select: longword

longword = -mir<ld> ., mir<l3>

; word select: word, wordQ, wordl

word =z -mir<l3>

wordd = word . (mird<d4> + -mir<3>)

wordl = word . -mird<d> . mird<d>

; byte select: byte, byteQ, bytel, byte2, byte3
byte = mir<ld> . mir<i3>

byteQ = byte . -swap . (mir<4> + -mir<3>)
bytel = byte . swap . (mir<d> + -mir<3>)
byte2 = byte . -swap . -mir<d4> . mir<3d>

byted = byte . swap . -mir<d> ., mir<3d>

33 Intermediate Status latch equations

; buffered carries - ¢i_ refers to the carry into bitn
H co, refers to the carry out of b1tn
ci?&l; = ¢i7 latched at TlSO

co7(l) = co7 latched at T 50

cil5(1)= cil5 latched at Frog

colS(1l)= colS latched at 7150

¢i31(1)= ¢ci3l latched at TISO

c031{1l)= co3l latched at TISO

; buffered right shift carry out of the SR: sr<0>(1)
sr<O>(1)= sr<0> latched at T0
; buffered version of LSB of the s bus: s<0>(1)

§<0>(1)= s<0> latched at T150

33 AN, AZ, AV, AC tlatch

an = ani latched at To
az = 3zi latched at To
av = avi latched at T0
ac = 3¢i latched at T0

33 ANI equations

ani = a<31> . (longword + waordl . -swap + byteld) +
a<23> . (wordl . swap + bytel) +

Page 38-2



J-11 DATA CHIP SPECIFICATION Page B8-3

zb0
zbl

zb2
zh3

; exten

ez

a<ls> . (word0 . -swap + bytel) +

a<7> .

equations

{word0 . swap + byted)

byte conditions: zbQ, zbl, zb2, zb3

d

-a<7>

-a<6> . -a<h> . -a<c4> ., -a<d3> . -ac2> . -a<kl> . -a<0>

-a<15> . -a<ld4> . -a<l3> . -akl2> .

-a<ll>
-ak23d>
-a<cl19>
-a<31>
-a3<27>

Z flag
SUBC +

. -a<l0> . -a<9> . -a<®

. =af22> ., -a<c21l> . -a<k20> .
. =a<cl8> . -a<l7> . -aklé>

. =a<30> . -a<29> . -a<28> .
. =ad26> . -a<2s5> . -a<c24>

microinstruction: ez

ADDC + NEGC

; propagate Z (PS<2>) flag -- sticky Z operations: pz

pz

azi

73 ACI equations

= -7 + 2

= pz . § zb0 . zbl . zb2 ., zb3 . longword +
zb0 . zbl . wordQ . -swap + zb2 . zb3 . wordl . -swap +
zbQ . wordQd . swap + zb2 . wordl . swap +
zb0 . byte0 + zbl . bytel + zb2 . byte2 + zb3 . byted ft

; carry out of the ALU's most significant bit (MSB): msbco
= co31(1)

msbco

col5(1)

co7(1)

. longword +
. word +
. byte

; carry into the ALU's MSB: msbci

msbei

= ¢i3l(1)
cils(l)

ci7 (1)

. longward +
. word +
. byte

; most significant S bus bit: mssb

mssh

= s<31> . iongword +
. word +
s<7> . byte

s<15>

; buffered versions of the most significant S dus bit (mssb): mssy(l)

mssb(l)

mssb latched at TlSO



J-11 DATA CHIP SPECIFICATION Page B-4
; shift left microinstructions: shll

shll = ASL + ROL + ASLQ + XHDIVS + DIVS

; shift right microinstructions: shrl, shr2

shrl
shr2

ASR + ROR + LSR
LSRQ + SMULS + UMULS

; conditional subtract microinstruction execution conditions: csube
csube = DIVS . ac
; subtract operations: subt

subt = NEG + NEGC + CMP + COM + SUB + DEC + SBC + LsSuB +
LCMP + LLCM + SOBC + ACNEG + ANNEG + CNEG + NNEG + csube

; microinstructions which copy C (PS<0>) into AC: ec

ec = INC + DEC + XOR + BIT + MOV + SXT + BIC + BIS + AND +
MOVPM + MOVS + LXOR + LBIT + LLD + LBIC + LBIS + LAND +
LCNTR + LMSTK

; microinstuctions which copy AC into AC: eac

eac = XLDIVS

; other special case AC microinstructions: specl

specl = MTST

; special case conditions: sign0, signl

S

signd = -a<31> . -a<30> . -a<29> . -a<28> . -a<d27> . -a<26> . -a<25> .
-3¢24> , -a<23> . -ak22> . -a<21> . -a<20> ., -a<19> . -a<id> .
-a<l7> . -acle> . -a<ls>
signl = a<31> . a<30> . a<29> . a<28> . a<27> . a<c28> . a<c25> .
a<24> . a<23> . a<c22> . a<2l> . a<20> . a<1i9> . a<18> .
a<l7> . a<le> ., a<i%
aci s -shll ., -shrl . -shr2 . -ec . -sac . -specl .
(subt xor msbece(l))
shil . mssb(l)
shrl . s<0> (1)
shr2 . sr<0> (1)
ec . ¢
eac . ac
specl . =(sign0 + signl)

33 AVI equations

; sticky left shift microinstructions: sshl



J-11 DATA CHIP SPECIFICATION Page 8-5
sshl s ASL
; Sticky V fiip-flop: svff

svff: sat
clear

-prdec . sshl . (ani xor mssbhb(l))
prdc

]

; buffered sticky V flip-flop: svff(l)
svff(l)= svff latched at TISO

avi = -shll . -shrl . -shr2 . (msbco(l) xor msbei(l)) =+
shll . (ani xor mssb(l)) +
shrl . {ani xor s<0>(1)) +
shr2 . (ani xor sr<0>(1)) +
sshl . svff(l)



J-11 MICROINSTRUCTION QPCODES

Octal | Binary | Mnemonic | KO[ K1] K2| x3] LO!l L1] L2|SuBT| EC|

...... Peocancesateaccnccnaatecatenctecotecatenntecateacabennatecnat

000 0000000 JMP
001 0000001 JZ
002 0000010
Q03 0000011 | JC
004 0000100
005 gooqQial | Jv
006 0000110
007 | 0000111 JN

010 | 0001000
011 | 0001001 | JAZ
012 | 0001010
013 | 0001011 | JAC
014 | 0001100
015 | 0001101 | JAV
016 | 0001110 | JKkM
017 | 0001111 | JAN

029 0010000
021 0010001 INPR
022 0010010
023 | 0010011l
024 0010100 [ :

025 0010101 QUTR 1 1
026 0010110 QuTC
027 0010111l | QUTS

030 | 0011000 | RDI
031 0011001 ROF
032 | 0011010 | RO
033 0011011 RMW
034 | 0011100
03§ 0011101
036 0011110 | ROG
037 golllll ROINTR | ]




Octal | 8inary | Mnemonic | KOl K1| K2} K3] LO| L1f L2]/SuBT| EC/|

------ #---------+------_--- -—a- B R R I s " - N S 1
040 | 0100000 X X 1 X X
041 | 0100001 | LSu8 1 1 1 1
042 | 0100010
043 | 0100011 | LCMP 1 1 1 1
044 | 0100100 | LADD 1|1 1
045 | 0100101 X x| x X £ | x
046 | 0100110 | LLSW 1 1
047 | 0100111 | LLCM 1 1 1
050 | 0101000 | LBIT 1 1
051 | 0101001 | LAND 1 1
052 | 0101010 | LCNTR 1 1 1
053 | 0101011 | LMSTK 1 1 1
054 | 0101100 | LXOR 1|1 1
055 | 0101101 | LBIC 1 1
056 | 0101110 | LLD . 1 1 1
057 | 0101111 | LBIS 111 1
060 | 0110000
061 | 0110001
062 | 0110010
063 | 0110011 | ARG
064 | 0110100
065 | 0110101
066 | 0110110
067 | 0110111 | AWG
070 | 0111000 | ARI 1] 1 1
071 | 0111001 | ARD 1 1 1
072 | 0111010
073 | 0111011 | AR
074 | 0111100 | AWI 11 1
075 | 0111101 | AWD 1 1 1
076 | 0111110
077 | 0111111 | AW ! l



Octal

| Binary | Mnemonic | K0 K1 K2 K3
------ Poevecccccntecmncncnestacscecnssteecancectreccrercetacncncnst

1000000
1000001
1000010 MQoVs 1 1
1000011 CNEG -C C -C c
1000100 CLR
1000101 DIVS -AC AC AC -AC
1000110 SXT N N N N
1000111 NNEG -N N -N N
1001000 UMULS -SR<0> 1 SR<O>
1001001 XLDIVS -AC AC AC -AC
1001010 MOVPM 1 1
1001011 ACNEG -AC AC -AC AC
1001100 SMULS -SR<O> 1 SR<K0>
1001101 XHOIVS -AC AC AC -AC
1001110
1001111 ANNEG -AN AN -AN AN
1010000 LSR
1010001 ROL
1010010
1010011 ASL
1010100 ROR 1 1
1010101
1010110
1010111 -
1011000 LSR.Q 1 1
1011001 ASL.Q 1 1
1011010
1011011 NEG 1 1
1011100 ASR 1 1
1011101
1011110 INC 1 1
1011111 NEGC 1 1




Octal | Binary | Mnemonic KO K1| K2| K3| LOJ L1] L2|SUBT| EC| €z]|

|

------ +---------4-----------4-----i--—~+---+---+--‘*---¥---+----?---+-~-?
|
|

140 | 1100000 | SOBC 1 1 1 1

141 | 1100001 | SuB 1 1 1 1

142 | 1100010

143 | 1100011 | cMp 1 1 1 1

144 | 1100100 | ADD 1 (1 1

145 | 1100101 | DEC 1 1] 1 1 1] 1
146 | 1100110 | SWAB 1 1

147 | 1100111 | com 1 1 1

150 | 1101000 | BIT 1 1
151 | 1101001 | AND 1 1
152 | 1101010 | X | X X
153 | 1101011 X X X
154 | 1101100 | XOR 1|1 1
155 | 1101101 | BIC 1 1
156 | 1101110 | MOV 1 1 1
157 | 1101111 | 8IS 111 1
160 | 1110000 | ADoC 11 1 : 1
161 | 1110001 | SBC 1 1)1 1 1

162 | 1110010 | RSYNC

163 | 1110011 | CRSYNC

164 | 1110100 | ADC 1 1

165 | 1110101 | susc 1 1 1 1
166 | 1110110 | TST 1 1

167 | 1110111 | MTST 1] 1

170 | 1111000 | PDAD 11 1

171 | 1111001

172 | 1111010 | A0BC 1|1 1

173 | 1111011

174 | 1111100 | DADP 1|1 1

175 | 1111101 .

176 | 1111110

177 | 1111111 | NOP




| Binary | Mnemonic Lo | L1
------ Pecvwcccenteccaccacactecanvanteccea
!

1000000

1000001

1000010 | MOVS

1000011 CNEG

1000100 CLR

1000101 0IVS AC -AC

1000110 SXT

1000111 NNEG

1001000 UMULS SR<0>

1001001 XLOIVS AC -AC

1001010 MOvVPM

1001011 ACNEG

1001100 SMULS SR<0O>

1001101 XHOIVS AC -AC

1001110

1001111 | ANNEG

1010000 LSR

1010001 | ROL 1

1010010

1010011 AsL 1

1010100 ROR

1010101

1010110

1010111

1011000 LSR.Q

1011001 AsL.Q

1011010

1011011 NEG

1011100 ASR

1011101

1011110 INC

1011111 NEGC

EZISHLL'SHRI!SHRZI

------- tevcetrcecatenncaetaac.
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