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ABOUT THIS MANUAL

Purpose

This manual describes the Texas Instruments Explorer processor. The
information in this manual serves as a stand-alone descriptive document
for the Explorer processor. The manual is written for original equipment
manufacturers (OEMs), system designers, field maintenance people, and
Texas Instruments customer representatives (CRs).

Contents of
This Manual

This manual is divided into four sections as follows:

Section 1: Introduction — Provides a general description of the Explorer
processor, lists its important features, and describes how the processor
functions as a part of the Explorer computer system.

Section 2: Installation — Provides unpacking and installation procedures
for the Explorer processor.

Section 3: Operation — Provides operating information that includes how
the operator should respond to external and internal resets, and how to
interpret fault indicator responses to self-tests.

Section 4: System Design and Programming Data — Provides an overall
view of the operation of the Explorer processor that is keyed to block dia-
grams. A basic description of processor data flow, processor control and
timing, and macroinstruction and microinstruction formats is also
provided.







CONTENTS

Paragraph Title Page
1 Introduction
1.1 GEIEKAL oeoiiiiiiieeeeeeeeeeee et e et e et e e e e s e sa e ee e e smre e ase e e nee s nnee e nee e 1-3
1.2 Explorer Computer System OVerview ..........ccccocovmininiinciincniicee 1-3
1.2.1 BUS INEEITACES ..ottt ettt ettt st et e eseeseeeebeesaees 1-7
1.2.2 LOCAl MEIMOTY ...oeiiiiiieiceienecc ettt 1-8
1.2.3 Board Address Configuration ........ccc.ccceevenennieceninnnninciiciieen 1-8
1.3 Explorer Processor Features ..........ccceccieiinniininiinininniinicieeeceeee 1-9
1.4 Explorer Processor Specifications ...........cccovveiiinmniiininininiieicieene. 1-10
2 Installation
2.1 INEOAUCHION ..oviieeieeeeeeee ettt sttt 2-3
2.2 ReMOVAL ...ooiiiiiiiiie ettt 2-3
2.3 Unpacking Procedure .........cccccoceeiiiiniiniiiiiniieiieeic s 2-4
2.4 INSTAILAHION ...c.vve et 2-6
3 Operation
3.1 System Start-Up Procedures ..........ccoovvrmmiiiiniiniiiniieieieeee 3-3
3.2 Processor Board Self-Tests .......cocvicrerivrererieeeieireciiciis e 3-3
1 System Design and Programming Data
A1 GEIMETAL et ettt eete e s te ettt sttt 4-3
4.2  Processor Operational OVervIEW ........c.cccccniiiniirniniieiieniecninereeciesieenns 4-4
4.3 Processor Functional Description .........cccccccvviniiiiniinninniniieniieene 4-4
4.3.1 Processor Functional FEatures ........coovceereeenvenncnninicniencncee e, 4-4
4.3.2 Microinstruction FOIMALS ......cceeeviieiienieeieeie et sas s 4-8
4.3.3 Processor Data Paths ..........ccooviiiiiiiniiiiieen e, 4-8
4.3.4 Processor Control Paths ........ooocveriiieiniceenneneniciiiiccin e 4-11
4.3.5 Processor THMING .....cooeeveeerererenienceiiiiieinisie sttt 4-13
4.3.5.1 Data PIPEINE ..ottt 4-13
4.3.5.2 Control PIPEline .......cccoceveeereiiiiiiiieiiicicrce e 4-14
4.3.6 Memory Map and Memory Interface ... 4-15
4.3.7 BUS SEYUCTUIE ...oieveeeeeieeee e eeeser et ssnar e e e aaaeanes 4-19
4.3.7.1 A BUS oottt ettt ettt e et e st b e ra e s snne s 4-19
4.3.7.2 M BUS ittt et et e et sere e st e et e e sr e s se e b e ssb s sas et s asans 4-19
4373 R BUS oottt et e ettt st et 4-23
4.3.74 I BUS oottt ete et b e et s s e e st s s e et et e et b st eeeersen e ae et shr e 4-23
4.3.7.5 O BUS oottt eere e ettt e st e st et et st eaeeae st a e s 4-23
4.3.7.6 Local Bus and NUBUS .....ccvecoiecciernie ettt eaee s 4-24
4.3.8 Processor CLOCK ......oooviivieiier ittt cse s s e 4-24

Processor General Description Contents ix



Paragraph Title Page

4.3.9 NUBUS INEEITACE ....voeeeeiiiiecce e 4-26
4.3.9.1 NUBUS SIAVE ...t 4-26
4.3.9.2 NuBus Address ASSIGNMENts .............coc.oveueeeviuieeeeeeeeeeeeeeeeeeenenn, 4-26
4.3.9.3 Configuration REGISET ........cooveviimiriiiceeiecceeeeeeeee e 4-27
4394 Flag RegISter .........ooooiiiiiiiieiiicc e 4-27
4.3.9.5 Configuration ROM ..o, 4-27

4.3.10 Interface Connectors and Signal Assignments ...............ccocovevvven.... 4-30
4.3.10.1 NuBus Connector Signals .............c.ccoueevevieeeeeieeieeeeeeeee e, 4-30
4.3.10.2 Local Bus Connector Signals .............coooveveveviveviveeeeeeeeeeeeeen, 4-33
4.3.10.3 Test Connector Signals ..........cocoeuiieeevieieeeeiceeeeeeeeeeeeeeee e, 4-37

4.4 Processor MacroinStruCtions ...............ocoeeeeueueeineeeeeeeeeeeeeeeeeeeeeeereeeens 4-38

4.4.1 Main Instruction, Class I, Format ................cccooooevmvoveeeeeeeeee 4-38
44.1.1 Destination Field ..., 4-39
4.4.1.2 Register and Offset Fields ...........ccocoooevioviieeieieeeeeeeeeeeeeeee, 4-40
4.4.1.3 INAICALOYS ..., 4-41

442 Nondestination Instruction, Class I, Format ..........ocovoevoovovoeen, 4-41

4.4.3 Branch Instruction, Class I, FOrmat .........coeeeveeeeeemooeeeeeoeoeo 4-42

444 Miscellaneous Instruction, Class IV, Format ............ooveevevoovoeoeeo. 4-44

4.4.5 Array Reference Immediate Instruction, Class V, Format .................. 4-44

4.5 Processor Microinstructions ...............oco.oeueeeeeeeeeeeeeeeeeeeeeeee, 4-46

4.5.1 Common Field Definitions ............c.ooooviiieieeoioeeeeee e 4-46
4.5.1.1 Operation Field, IR(55:54) ......coooovorieieeceeeeeeeeeeeeeeeeeeeeeeeee e 4-46
4.5.1.2 Abbreviated Jump Field, IR(53:51) ......coooovioieiieeeeeeeeeeeeeeee 4-48
4.5.1.3 Parity Field, IR(50) .....cccoiiitieeeeeee e, 4-48
4.5.1.4 Halt Field, IR(49) ....eouiieeeeee e, 4-48
45.1.5 M-Source Address Field, IRM48:42) ......c.cocoovovieeeeeeeeeeeeeeeeersnn, 4-48
4.5.1.6 A-Source Address Field, IR(41:32) ......coooeeveieiiieeeeeeeeeeeeeeeeee 4-48
4.5.1.7 Destination Address Field, IR(31:19) ...ooovoeiooeeeeeeeeeeeeeee 4-49

4.5.2 M BUS SOUICES ..o 4-49

4.5.3 Selectable O Bus Destinations ...............c.ocooveeeeeeeeeeeeeeeeeeeeeeoeen 4-53

4.5.4 Rotation Count and Direction Fields ...............ccccoevveveveeeeeeeee 4-53

4.5.5 Condition and Sense Bit Field ............cccooooovoeeeeeeeeeeeeeeeee 4-53

4.5.6 ALUFOIMaL .o 4-53

4.5.7 Byte FOrmMat ...ccoioieiiiee e 4-60

4.5.8 JUMP FOrMAt ..coveiceee e 4-64

4.5.9 Dispatch FOrmat........ccoooiveiiiiiiececceeeeeeeeeeeeeeee . 4-67

List of Acronyms
Glossary
Index

x Contents

Processor General Description



Figure Titie Page
Figures 1-1  EXpIOrer ProCeSSOr .......cooiiiiiiiiiiciie 1-4
1-2 Example of the Explorer System Components ..........cc.ccoccoivvnniniininnns 1-5
1-3  Explorer System ENclosure ............ccocociviniiiniiiinnninicneccee e 1-6
1-4  Explorer Computer System Block Diagram .........ccocooveiiiiiniinnn. 1-7
2-1 Processor Board in Packing Container .........c..cccecocceveciiiinincniinnnnnns 2-4
2-2  Removal of Static-Protective Bag .....coooiieieniiieccccccccees 2-5
3-1 Fault LED LOCAtIONS ...coceeuieieieieieieieeeetecetete et 3-4
4-1 Organization of Words, Halfwords, and Bytes ............ccccoooiii 4-3
4-2  Storage Quantum Format ... 4-4
4-3 Explorer Processor Block Diagram ..o 4-5
4-4  Data Path Block Diagram .......cccooeeeeiciiicciiniiiniiiiiiennieieeeee e 4-9
4-5 Control Path Block Diagram ........cceceeoeeiinenieierceecceecee e 4-12
4-6  Pipeline Timing Data .......cccccoccooiiiiiiiiiieieeces 4-13
4-7  Control Pipeline Timing ......c.cccoccoverveiiinminnniriniiricriicsecnesee e 4-14
4-8 Map Logic Block Diagram .........c..cccociviiiiiiiniiinnecncceeecce 4-17
4-9  Memory Mapping Process ..........cccccevevceveecrnnininnnniiineienic e 4-18
4-10 Explorer Processor Detailed Block Diagram ...........ccccoooiiinininnnnn, 4-21
4-11 Main Instruction, Class I, FOrmat ........cccoooiieeiiiieiiciier et 4-38
4-12 Nondestination Instruction, Class II, Format ........c.ccocoveeniiiiniinini. 4-42
4-13 Branch Instruction, Class lII, Format ........ccooooiiiiiiieeee e 4-44
4-14 Miscellaneous Instruiction, Class IV, Format ....c.occoevevinciniennenccnnneee 4-45
4-15 Array Reference Immediate Instruction, Class V, Format ..................... 4-45
4-16 Explorer Processor Microinstruction Format ..., 4-47
4-17 Destination Address Field ........cccoooiiiiiiiiiecceeeee 4-49
4-18 Load Byte MicroinStruCtion ......c..cccccecinirieniiinienicninenceieiitoieie s 4-62
4-19 Selective Deposit Byte Microinstruction ........c..cccecevevveveievnencniinnninnns 4-63
4-20 Deposit Byte MicroinstrutCtion ........c.ccocceciiininiiiicniinniniciiccicee e 4-63

Processor General Description

Contents  Xi



Table Title Page
Tables 1-1  Explorer Processor Specifications ................occoueeecnvereeecereerieeesreeeeeeeens 1-10
4-1 Processor Event-Posting Addresses ...........c.oooeeveeeeeeeveeeveeerevieeeeeeen. 4-26
4-2  Configuration ROM CONtENtS .........cccoueeiveevieiiiececieeeeecereeeeeeereeseeeeens 4-27
4-3  NuBus Signals and Pin ASSIGNMENtS ............cocoveveeeeeeeeeteeereeeeeseerennns 4-30
4-4  Processor NuBus Connector Pin Assignments .............cocoevueuereveueneeennn. 4-33
4-5 Local Bus Signals and Pin Assignments ..............ccccovuevrvereveeeerneerenreennns 4-34
4-6  Processor Local Bus Connector Pin Assignments ............c.coceeeveuvuveen.. 4-37
4-7  Opcode Field to Instruction Class Map ..............ccoeveeeoreeeeeeeeeereeeeernnn. 4-39
4-8 Destination Field COdiNg ...........coovvevvuevieeriuieieiieiieeeeeee et 4-40
4-9  Register Field ENCOding ......c.cccooemueirinioeccecneeeeeceeceeeee e 4-40
4-10  Constants Table .......c.ccccooivieiiiirireeeeeeeceeee e 4-41
4-11 Offset Field Value Effective Addresses ............ocoweeeeeeeeeeeeeeeeerssreresenns 4-42
4-12 Nondestination Group Selection ...........cccoeceveeeeeeeeeueeeeeeeeeeeereeeseeereeenas 4-43
4-13 Nondestination Decoding ............ccoeveveueeveeeeeieiciieieeeee e eeeeseaeanas 4-43
4-14 Branch Operation Decoding ........c..c.ooeoeeveueeieieeeccniieeeeeceneeeeeseeeeeeeens 4-45
4-15 Reference Kind DecoOding ...........coeveuiuemiueecuinicieeeeeeeeeeeeeeeeeeeessenn 4-46
4-16 M BusSources, IR(48) = 1 ...coormeeeeeeeeeeeceeeeeeeee e 4-50
4-17 O Bus Functional Destinations, IR(31) = 0 .....ccocoeueieenerieeeeeeeeeeeene 4-54
4-18 Rotation Count and Direction Fields .............coooiceieeieeceieieeeeeeeeeene 4-57
4-19  Condition and Sense Bit Field .............ccoevememerieieieceiceecceee e 4-58
4-20  ALU Microinstruction FOrmat ............cceceueueueueeieceeiececeeeee e 4-59
4-21 Byte Microinstruction Format ............c.ccocoeveveunnee... ettt et eeen 4-61
4-22  Jump Microinstruction FOrmat ...........c.ccoouevivieieceieeenieeeeeeeeesee e 4-64
4-23  Transfer of CONtrol Bits .........c.ccovovveeevivecieieeeieiteeeeeeeee e 4-65
4-24  Dispatch Microinstruction FOrmat .............cocoeoieieinieeieceeeeeeeeeeeeeeen, 4-68

xii Contents

Processor General Description



INTRODUCTION

Highlights of B Bus interface
This Section
B Memory
B Board address configuration

M Features

B Characteristics

Proc

e€sSor

FAP YT BN B WPy Sy
uenerat pescriptior

Introduction
introguction

()
.

bt






General

1.1 This section provides general information on the Explorer processor
board (Figure 1-1), which serves as the processor in the Texas Instruments
Explorer Computer System shown in Figure 1-Z. Figure 1-3 shows the sys-
tem enclosure in more detail.

NOTE: Because of heat generation within the system enclosure, the
processor must alwavys be installed in slot 6 of the enclosure.

i1z

The basic Explorer computer system block diagram, Figure 1-4, shows
major circuit boards within the system enclosure and their local bus and
NuBus interfaces with each other. Explorer system features that are
important to understanding the operation of the Explorer processor are
described in the following paragraphs.

Explorer
Computer
System
Overview

1.2 The Explorer system features fast processing, a large memory capac-
ity, and high-quality graphics. It also provides support for development of
large-scale, complex programs and new technology research.

Processor General Descriplion



Figure 1-1 Explorer Processor
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Figure 1-2 Example of the Explorer System Components
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Figure 1-3 Explorer System Enclosure
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Figure 1-4 Explorer Computer System Block Diagram
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1.2.1

The NuBus is a 32-bit, synchronous bus with addresses and data

multiplexed on the same lines. A simple communications protocol allows
circuit boards on the NuBus to be either master or slave devices. All con-
trol, data, address, and power lines are brought to one 96-pin DIN connec-

tor.

On the system enclosure backplane,

connector Pl

provides

connection to the NuBus for all system boards. Refer to the Explorer 7-Slot
Systemn  Enclosure General Description manual for additional NuBus

information.

The local bus is also a high-speed, synchronous bus, but it provides
separate address and data lines. All control, data, address, and power lines
for the local bus are also brought to one 96-pin DIN connector. The
Explorer processor is the master device on the local bus; all other circuit
boards on the local bus are slave devices.

Processor Gener

¢

1! Description
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Local Memory

Board Address
Configuration

1.2.2 The local memory for the Explorer system consists of either one or
two memory boards. The processor accesses this memory via the local
bus.

The memory board has a capacity of 2 megabytes when using 64K-bit
dynamic random-access memory (DRAM) chips, and a capacity of 8 mega-
bytes when using 256K-bit DRAM chips. The system enclosure provides 2
slots (slots 3 and 4) into which memory boards can be installed, thus
increasing the total possible memory capacity to 16 megabytes.

Explorer system protocol mandates that, in either case (1 memory board
or 2 memory boards), a memory board must occupy slot 4. This slot, when
enabled by a local bus signal from the processor, becomes a NuBus master
to act as the local-bus-to-NuBus transfer port for the processor. The mem-
ory board uses both the NuBus and the local bus to communicate with
other system components.

1.2.3 System enclosure slots 3, 4, 5, and 6 are reserved for the memory
boards, the system interface board, and the processor board, respectively.
In general, all other circuit boards can be inserted into any of the
remaining slots without requiring jumpers or switches to link them to
specific locations. Hard-wired identification (ID) codes (> 0 through > F) on
the backplane identify the slots. Once a board is inserted into a particular
slot, the ID code for that slot becomes a part of the board address. The
board address is in the form of > FSXXXXXX where S is the slot ID code
and XXXXXX represents numbers in the range of > 000000 through
> FFFFFF.

NOTE: A value preceded by a right angle bracket (>) indicates a
hexadecimal value.

Each circuit board in the Explorer system contains a configuration read-
only memory (ROM) that provides a unique identity for the board. During
power-up, the processor reads the contents of each configuration ROM to
determine the addresses of all circuit boards. All succeeding operations use
these addresses to communicate with the boards.

Each backplane slot is allocated 16 megabytes of address space within the
range of >FS000000 through >FSFFFFFF. The total address space
reserved and mapped for the 16 possible slots on the NuBus is 256 mega-
bytes. This is only one sixteenth of the total 4-gigabyte address space capa-
bility of the 32-bit NuBus and local bus. The unused address space, from
> 00000000 to > F0000000, is uncommitted and used as required.

1-8 Introduction
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Explorer 1.3 The Explorer processor is a microprogrammed processor specially

Processor designed for high-speed symbolic processing. The microcode provides

Features optimum performance for the list processing (Lisp) computer language.
The hardware features that support Lisp programming include the
following:

m Bit-field hardware to manipulate complex data structures

m Multiway branching to facilitate the complex control operations
associated with symbolic processing

m Lisp instruction set decoding
m Large virtual address space with demand-paged memory mapping

m Full 32-bit data paths and a 16K by 56-bit writable control store for
microinstructions

® Special memory reclaimer (garbage collection) hardware to facilitate
dynamic reallocation of memory

B Large stack cache

m Self-test routines and a microcoded diagnostic engine for testing other
boards in the system

® A 142-nanosecond microinstruction cycle

Processor General Description Introduction 1-9



Explorer 1.4 Table 1-1 lists general specifications for the Explorer processor.

Processor
Specifications
Table 1-1 Explorer Processor Specifications
Item Characteristic
Word size 32 bits (4 bytes, 8 bits each)
Clock rate Approximately 7 MHz
Address bus 32 bits
Data bus 32 bits
Power 160 watts (5 volts at 32 amperes)
Temperature:
Operating 10 to 35 degrees C
(50 to 95 degrees F)
Nonoperating — 40 to 65 degrees C

Relative humidity:
Operating
Nonoperating

Board size:

Width
Depth

Electromagnetic emission

(—40to 149 degrees F)

15 to 80 percent, noncondensing

5 to 95 percent, noncondensing

366.7 mm (14.437 in)
280 mm (11.024 in)

The Explorer processor is a component of an
Explorer computer system and is tested to meet
applicable FCC and VDE electromagnetic
interference requirements at the system level.

1-10 Introduction
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INSTALLATION

Highlights of B Removing a processor board
This Section:

M Installing a processor
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Introduction 2.1 This section provides the instructions for removing the processor
board from an Explorer system enclosure, unpacking a new processor,
and installing a processor in the system enclosure.

CAUTION: The processor board contains static-sensitive elec-
tronic components. To prevent damage to these components, make
sure that you are properly grounded before handling the processor
board.

The recommended grounding method is to use a static-control sys-
tem composed of a static-control floor or table mat and a static-
control wrist strap (these are commercially available). If you do not
have a static-control system, you can discharge any static charge by
touching a properly grounded object prior to handling the proces-
sor board. As an additional safety measure, put the processor board
on a grounded work surface after removing it from the system
enclosure or its static-protective package.

Before storing or transporting the processor board, return it to its
static-protective package or the system enclosure.

Removal 2.2 To remove the processor from the Explorer system enclosure, per-
form the following steps:

1. If the system power is on, press the system enclosure power switch and
release it to its off (out) position. Figure 1-3 shows the power switch
location.

2. Open the front external door of the system enclosure.

3. Open the inner metal door by sliding the two latches (Figure 1-3) to the
left.

4. Pull out the two ejector/injector levers located at the top and bottom
of the edge of the processor board to unseat the board from the
backplane connectors.

5. Grasp the edge of the board with both hands (near the top and bottom)
and pull straight out until the board is free of the enclosure.

6. Temporarily place the board on a grounded work surface. Later, after
unpacking the new board, put the old board in the static-protective
bag.

scessor General Description Installation  2-3



Unpacking 2.3 If any unpacking instructions are attached to the exterior of the
Procedure packing container, read and follow those instructions. If not, perform the
following steps:

1. Open the packing container (Figure 2-1) and carefully remove the
packing material; then remove the processor board with its static-
protective bag in place.

2. Remove the static-protective bag (Figure 2-2) from the processor
board. Be sure to follow the static-caution recommendations when
handling the processor board without the static-protective bag.

3. Check the processor board for scratches, broken parts, marred finish,
or other damage that may have occurred during shipment. Follow
your local procedures to report any damage.

Figure 2-1 Processor Board in Packing Container

circuit board
inside the
static-protective
bag

packing
container

2-4  Installation Processor General Description



Figure 2-2 Removal of Static-Protective Bag
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CAUTION: The chassis slot into which the processor is to be
installed requires special high-airflow ducting for cooling air.
Proper airflow occurs only with the doors and panels in place dur-
ing operation. If the system enclosure cooling system is disturbed,
the resultant heat buildup can damage the processor board.

Installation 2.4 To install a processor board in the Explorer system enclosure, per-
form the following steps:

NOTE: Refer to Figure 1-3.

1. Set the system enclosure power switch to its off (out) position.
2. Open the front external door of the system enclosure.
3. Open the inner metal door by sliding the two latches to the left.

4. Position the processor with connector P1 at the top, then carefully
slide the processor into the slot track.

5. Push the processor in until its connectors make contact with the back-
plane connectors.

6. Press the two ejector/injector levers located at the top and bottom of
the processor board to seat and lock the processor into the backplane
connectors.

7. Close and latch both front doors.

8. Perform the self-test procedures described in Section 3 of this manual.

2-6 Installation Processor General Description
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System Start-Up
Procedures

3.1 The Explorer 7-Slot System General Description provides complete
system start-up instructions. The start-up procedure in this section is
intended primarily to allow installation of a new processor board.

WARNING: Potentially lethal voltages are present in the system
enclosure. Interlocks on the enclosure rear door and the front inner
door disable power to the enclosure when the doors are open. Do
not bypass or otherwise tamper with the interlocks.

Processor
Board Self-Tests

3.2 Computer system self-tests occur automatically at power-up. How-
ever, self-tests can be initiated after power-up either by cycling system
power off and then on, or by entering a command from the keyboard. The
following procedure describes both methods.

1. Open the front door of the system enclosure so the fault indicators can
be observed during self-test. Do not open the inner metal door.

2. To begin the self-test with power initially off, set the enclosure power
switch to its on (in) position. To initiate a self-test after initial power-up,
perform one of the following steps:

B Set the enclosure power switch off and then on.

B Simultaneously press both META keys, both CTRL keys, and the
ABORT key on the Explorer keyboard.

3. Check to see that the red fault LED on each circuit board in the enclo-
sure is on. This indicates that the self-test for that board is in progress.
Refer to Figure 3-1 for fault LED locations.

4. If the processor board is good, its red fault LED will go out during the
self-test period. The processor then runs the self-test microcode on
other boards in the enclosure.

NOTE: All red fault LEDs should go out within two minutes after self-test
initiation.

Processor General Descripiion
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5. If the processor fault LED does not go out, try another processor
board.

NOTE: Failure of the slot-4 memory board or any board in the system
that locks the NuBus can also cause the processor board to fail.

6. When the self-tests are completed, close the outer front door for nor-
mal operation.

Figure 3-1 Fault LED Locations
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General

4.1 All numbers used to describe bit positions and field widths in this
section are decimal. Memory sizes are decimal unless a suffix of K (where
K equals 1024) or M (where M equals 1 048 576) is attached. Memory
capacity is assumed to be the number of 8-bit bytes unless otherwise
specified. Bits are always described within a field so that the least
significant bit (LSB) has the lowest value descriptor. Bits are numbered
sequentially from least to most significant, and bit position zero is always
the LSB unless otherwise specified.

The Explorer processor can operate on words, halfwords, and bytes. The
bit organization for words, halfwords, and bytes is shown in Figure 4-1. A
minus sign (— ) following a signal is used to denote active low. This manual
denotes concatenation (linking numbers together) by the use of two
colons, for example (31::30).

The processor includes features that aid in the execution of a Lisp-oriented
virtual machine. Lisp data is stored in main memory in 32-bit quantities
called storage quantums (Qs) (Figure 4-2). A Q is divided into three fields:

m Q(31:30) — CDR code field. The information in this field reduces the
amount of storage required for list data.

m Q(29:25) — Q’s data type or tag field.

# Q(24:00) — Q-pointer fieid. This field contains either a
address of another Q) or immediate data, depending on the Q’s data

type.

Figure 4-1

Organization of Words, Halfwords, and Bytes
bit 31 bit 0

32-bit word

halfword 1 halfword 0

byte 3 byte 2 byte 1 byte 0
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Figure 4-2 Storage Quantum Format
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Processor
Operational
Overview

4.2 The processor is a general purpose, 32-bit microprogrammed proces-
sor designed to support high-speed, symbolic processing. The microcode is
designed for optimum Lisp performance. A typical configuration of an
Explorer computer system includes the following:

B A 2-megabyte memory array (8megabyte array when 256K-bit
dynamic random-access memory chips are used)

B A console interface with a bit-mapped graphics display and a keyboard
interface

B A mass storage system
W A local area network (LAN) interface/controller

The processor accesses local memory via the local bus. This allows high-
bandwidth memory transfers without the need to gain access to the
NuBus. The processor can access other memory, post events to other
processors, and perform [/0 operations through the NuBus. Local memory
and the processor are both accessible from the NuBus. The processor pro-
vides locations where other processors can post events. It also provides
control registers and a configuration ROM that conforms to system
conventions.

Processor
Functional
Description

Processor
Functional Features

4.3 The following paragraphs provide an overall functional view of the
processor. :

4.3.1 Nine arithmetic logic units (ALUs) and one look-ahead carry gen-
erator perform 16 high-speed, binary arithmetic operations on two 32-bit
words. The ALU can be used as a comparator, performing 16 logic func-
tions. Important functional features of the processor and their interactions
are shown in Figure 4-3.
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The following features are provided by the processor:

m Control store programmable, read-only memory (PROM) — 2K by 56-bit
PROM used for load and self-test programs. Refer to Section 3 for self-
test information.

W Writable control store, static, random-access memory (RAM) — 16K by
o6-bit static RAM used to store microinstructions. The control store
PROM and writable control store RAM are connected in parallel.

B A memory — 1K by 32-bit scratchpad memory used for microcode
variable storage and as a storage for constants. The A memory is the
source for the 32-bit A bus input to the ALU.

B M memory — 64 by 32-bit scratchpad memory that is one source for the
32-bit M bus. A copy of data written to the M memory is kept in the first
64 locations of the A memory.

® Push-down list (PDL) memory — 1K by 32-bit PDL memory used as a
special-purpose cache to contain the top portion of the processor push-
down stack. The PDL memory output is the M bus. The PDL memory
can be indexed by either the PDL pointer or the PDL index. The con-
tents of the PDL pointer or the PDL index can be read via the MF bus.

m MF bus — The MF bus has the following sources:
= Dispatch constant register

w PDL index register

= PDL pointer

Microprogram counter stack (uPCS) pointer

m Location counter

Q shift register
a Virtual memory mapping RAM

B Barrel shifter — Provides a shift function to its M bus source by rotating
the input from 0 to 31 positions. The barrel shifter output is to the R bus.

® R bus — The R bus is 32 bits wide and feeds the output bus (O bus)
multiplexer, feeds a single bit to the condition logic, and feeds seven bits
to the bit selector logic for the dispatch memory.

4-6 System Design and Programming Data Processor General Description



® O bus multiplexer and masker — Selects from one of seven sources of
data (not all shown on simplified block diagramj. The O bus multiplexer
output is the O bus. The masker that is part of the O bus multiplexer
selects between the R bus and the A bus. Bits under the mask are from
the R bus. Those not under the mask are from the A bus.

m Microprogram counter stack (uPCS) — 64 by 20-bit memory that func-
tions primarily as a microcode subroutine call/return stack. The uPCS
can also be used to temporarily store data.

m Program counter (PC) source select — Selects a 14-bit field from various
input sources. The 14-bit field is called the micro PC and is used to
address the control store.

m Dispatch memory — Provides 4K by 17-bit storage of 14-bit micro PCs,
each with its associated 3-bit transfer-type field.

® Instruction register (IR) and IR decode logic — 56-bit register that holds
the 56-bit microinstruction from which all control signals originate. The
IR decode logic decodes microinstructions to provide the appropriate
processor control signals.

B Memory data (MD) register — 32-bit /0 data interface to the local bus.

m Q register — 32-bit shift register connected to the output of the ALU that
supports multiply and divide algorithms in the microcode.

® Machine control register (MCR) — Controls and tests various machine
signals such as the highest interrupt pending. Other hardware functions
are controlled by storing data in the MCR.

W Macro location counter — Holds the macroinstruction PC.

m Local bus — The processor uses the local bus as the address, data, and
control interface from the processor to external devices.

m Clock — The processor generates a crystal-controlled clock used for
synchronous control of the processor and as the clock for the local bus.

® NuBus interface — A NuBus slave-only interface that provides board
configuration data to the bus and supports reset operations and
interrupts.

Processor General Description
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Microinstruction 4.3.2  Explorer processor instructions are sets of microinstructions
Formats accessed from either the control store PROM or the writable control store
RAM. There are four different microinstruction formats: ALU, byte, jump,
and dispatch. Some fields in the 56-bit microinstruction are common to
two or more of the four formats, but other fields have functions applicable
to only one of the four formats. The microinstruction format is described in
detail later in this section. The four microinstruction formats and their
functions are as follows:

B ALU — Performs an arithmetic or logical function on data from the
memmories or registers and stores the result in a memory or register

B Byte — Performs bit-field manipulation on the data and stores the result

B Jump — Conditionally alters control flow by jumping, calling, or
returning if the condition tested is true

B Dispatch — Performs a multiway branch or call, based on a field of the
source data

Processor 4.3.3 The 32-bit data paths for the processor are shown in Figure 4-4.

Data Paths There are two main functional units, each of which can be used by a
microinstruction to manipulate data. The ALU unit performs functions
such as left shift, right shift, and sign extend. The barrel shifter and masker
can be used to extract and deposit bit fields of any size or position from a
32-bit word.

The A bus and M bus provide inputs to the ALU. The A bus is fed from the
A memory. The M bus is fed from either the M memory, the PDL memory,
the memory data register, or the MF bus. The MD register receives and
holds data from the local bus. The MF bus connects to various registers in
the processor and is used for fast sources such as registers.

A major advantage of the barrel shifter is that the completely shifted out-
put is available within one microcycle. The shifted data from the barrel
shifter is applied to the R bus. The R bus feeds the masker that is part of the
O bus multiplexer. The O bus multiplexer is used by the ALU to provide
shifting and sign-extend functions. The masker selects between the R bus
and the A bus. Bits under the mask come from the rotated M bus source,
and bits not under the mask come from the A bus.

The O bus multiplexer applies the result from the ALU or the shifter/
masker to the O bus. This result on the O bus can be stored in the M mem-
ory and also in the A memory, the PDL memory, or another register. The
O bus is the heart of the processsor and is involved in almost every data
motion.

4-8 System Design and Programming Data Processor General Description



Figure 4-4 Data Path Block Diagram
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PDL memory is addressed by either the PDL pointer or the PDL index. The
PDL pointer is the stack pointer and points to the top element on the stack.
The PDL index is an auxiliary stack pointer which is used for accessing
other regions of the stack. This is the only means of addressing the PDL
memory. The PDL pointer and index can be read via the MF bus as M
sources and can be written to by the O bus.

The Q register assists in multiplication and division. It is used as a 32-bit
bidirectional shift register with right-shift and left-shift serial inputs. The Q
register can be parallel-loaded directly from the ALU output and is used by
the ALU function logic to control the multiply-step and divide-step ALU
operations.

The macroinstruction program count is kept in the macro location
counter. The location counter has a special path to the virtual memory
address (VMA) register (not shown on the data path block diagram) for
starting a macroinstruction fetch. The count is offset by one bit to account
for the 16-bit instructions that are stored two per word. Logic associated
with the counter and the macroinstruction buffer (IBUF) register reduce
fetching by keeping the second instruction of any 32-bit instruction word
and using it without a fetch if possible.

The MCR provides for control and testing of various machine signals. The
highest priority pending NuBus interrupt can be read from this register.
The enable signals for interrupts and other hardware functions are con-
trolled by storing the signals in the MCR.

The MD register and the VMA register provide the interface to memory. A
read operation can be started by loading the VMA register with an
address. A write operation can be started by loading the VMA register with
an address and the MD register with data. Memory interface operations
are discussed later in this section.

The uPCS is the microprogram call/return stack addressed by the uPCS
pointer. The uPCS can also be used for temporarily storing data. Loading
and storing uPCS from the data part of the machine also helps in context
switching where the uPCS must be saved and restored. The uPCS pointer
can be read and written into to facilitate initialization.

A microinstruction can be modified by the previous microinstruction. This
feature is called instruction modify (IMOD). IMOD logically ORs the result
of a microinstruction with part of the next microinstruction. The result can
modify either the high-order 24 bits or the low-order 32 bits of the next
microinstruction. The microinstruction fields are arranged so that no field
crosses the boundary between IMOD-low and IMOD-high. One use of
IMOD is to set the rotation count and/or field length of the byte
microinstruction that follows. IMOD logic is discussed in paragraph 4.3.4,
Processor Control Paths.
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Processor
Control Paths

All registers and memories can be read from and written to. This aids
diagnostics and simplifies microprograms that must access all or most of
the machine state.

4.3.4 The control paths (Figure 4-5) can be divided into two parts. One
part deals with instructions, and one part deals with instruction addresses.

The currently executing microinstruction is in the IR from which all
control signals originate. The instruction is fetched from either the
writable control store RAM (called the I memory) or the seif-test/loader
PROM. The instruction goes through the IMOD logic to the IR. A flag in the
MCR determines whether the instruction is fetched from the writable
control store RAM or the self-test/loader PROM. The PROM is enabled
automatically on power-up and also when a boot load is requested.

The PC is a register that contains the address of the instruction currently
being fetched from either the writable control store RAM or the self-test/
loader PROM. On each machine cycle, the PC is loaded from one of several
sources based on the control operation in that cycle. The normal control
operation is to increment the PC. Other control operations are jump, call,
return, abort, and dispatch. There is a source for the PC corresponding to
each of these. The jump or call address comes from the jump address field
of the IR. The return address comes from the uPCS top-of-stack (popped).
The abort target address is generated by the abort (trap) address genera-
tion logic. The dispatch address comes from the dispatch memory.

The dispatch memory is addressed by logically ORing the selected
dispatch source field with the dispatch address field of the IR. The selected
dispatch source field is normally from zero to seven low-order bits of the R
bus. The selected dispatch source field can also be taken from the data-
type field of the MF bus or from selected fields of IBUF. When taken from
selected fields of IBUF, this field is used to decode macroinstructions.

A call control operation is a jump operation with a pushing of the return
address on the uPCS. A return address select multiplexer selects a return
address of my-own-address, next-instruction-address, or instruction-after-
next-address. These are needed to get the proper return address with
various pipelining options as discussed in the processor timing description
that follows.

Pracessor General Description
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Processor Timing

Data Pipeline

4.3.5 The processor has one level of programmer-visible control pipe-
lining, although some data pipelining is largely invisible to the program-
mer. Data pipeline timing is illustrated in Figure 4-6; control pipeline
timing is shown in Figure 4-7.

4.3.5.1 Note in Figure 4-6 that each instruction consists of two machine
cycles. Each machine cycle contains two minor cycles. Thus, each instruc-
tion contains four minor cycles:

® Source (SRC)

B Execute (EXEC)

® Dead (DEAD)

B Destination (DEST)

Figure 4-6
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Figure 4-7 Control Pipeline Timing
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Instruction execution is overlapped so that as soon as two minor cycles of
one instruction are completed, a new instruction begins. That is, the
source cycle of the current instruction occurs during the dead cycle of the
previous instruction. Similarly, the current execute cycle occurs during the
previous destination cycle. Minor cycle operations are as follows:

B Source cycle — Fetches the sources for execution.

m Execute cycle — Operates upon the sources and produces the result.
Stores the results for fast destinations at the end of this cycle.

m Dead cycle — Holds the result of the instruction in the last-resuit register
(L) pending use in the destination cycle. AL, ML, and uPCSL data regis-
ters are examples of L registers.

m Destination cycle — Stores the results for slow destinations from the
previous instruction.

Any destination with short set-up time (a register, for example) is
considered a fast destination. Any destination with a long set-up time (such
as a memory) is considered a slow destination.

This pipelining of data can cause problems since the result of the previous
instruction has not yet been stored during a source cycle. To compensate
for this, pass logic has been provided on the A memory, M memory, PDL
memory, and uPCS. Pass logic notices that the source needed is the same
as the destination pending and uses the L register as the source instead.

Control Pipeline 4.3.5.2 Normally the control pipeline (Figure 4-7) consists of three
stages: '

m PC
B Fetch

B Decode and Execute
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Memory Map and
Memory Interface

Each stage requires one machine cycle to complete. A fourth stage is
added for execution of the call microinstruction — pending destination. A
complete microinstruction consists of the following:

m PC stage — Generates PC value to be used in the next stage.
m Fetch stage — Fetches the instruction from memory and stores it in IR.
m Decode and execute stage — The instruction is decoded and executed.

Microinstructions overlap in the following manner: while a decode and
execute stage is being carried out in the current instruction (1), a fetch
stage is being done for the next instruction (I.,), and a PC stage for
instruction I, ... The decode and execute stage of |, determine the PC value
for I,... However, it has no effect on I since this instruction is already in
the pipeline at the time a transfer of control decision is made.

To program such a machine, jump instructions would have to be moved
one instruction before the point at which the transfer should occur, and
many jump instructions would be followed by no-operation (NOP)
instructions.

To prevent the waste of expensive control store memory on NOP
instructions, an N bit is provided on jump instructions. The N bit, when set,
inhibits the execution of the next instruction. If the jump condition is true
and the N bhit is set, the instruction in the pipeline is inhibited (forced to a
NOP). If the microprogrammer can arrange for the instruction following
the jump to be useful whether the branch is taken or not, the instruction in
the pipeline can be executed by specifying an N bit of 0, thereby gaining a
speed advantage.

Since calling-type transfers must save the return address on the stack, the
proper return address must be chosen by examining the N bit. If the N bit is
set, the return address is the instruction after the cail. That address is
already in the PC (since it is‘in the pipeline). If the N bit is not set, the return
address is the second instruction after the call. That address is PC+1 {or
incremented PC).

4.3.6 The processor local bus interface to the system memory and
peripherals is via the VMA and MD registers. Each of these registers is
assigned several O bus destinations, and all destinations load the register.
Only one destination loads the register, and one starts an unmapped
(physical address) read operation. Another destination starts a mapped
(virtual address) read operation, and the others start mapped and
unmapped write operations.

Processor General Descripiion
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Figure 4-8 is a block diagram of the memory map logic showing the
interface of the local bus to the local memory array/NuBus interface. Note
that the processor contains a NuBus slave-only interface to support reset
operations, interrupts, the configuration ROM, the configuration register,
and the flag register.

On an unmapped read or write operation, the content of the VMA is used
directly as the local bus address. On a mapped read or write operation, the
VMA is translated by the virtual memory map, and the results of the trans-
lation are used as the local bus address. This address is placed on the local
bus where it is used by a memory board. If the address falls within the
memory’s address space, the local memory responds without starting a
NuBus access. Otherwise, the system NuBus is acquired and a NuBus read
or write operation is initiated. The system interface board is connected to
the local bus and can also respond to the processor’s memory requests.

The memory map is divided into two stages and operates on 25-bit
addresses to produce 32-bit NuBus addresses. The low-order 25-bits of the
VMA are the Lisp-field Q-pointer. Only the Q-pointer field of the VMA is
examined by the map; the other bits of the VMA are ignored. This pointer
is the virtual address to be mapped.

Figure 4-9 is a diagram of the memory mapping process. The virtual
address is divided into the virtual page number and the page offset. The
page offset bypasses the map and is not changed. The page offset is 8 bits,
setting the page size at 256 words (1K byte). The virtual page number has
17 bits, allowing 128K virtual pages in the system.

The virtual page number is further divided into a virtual page block
number field consisting of 12 bits and a virtual page block offset field
consisting of 5 bits. The virtual page block number is used to address the
4K by 12-bit level 1 (LVL1) memory map to produce a level 2 (LVL2) block
number. The 7-bit LVL2 block number is combined with the 5-bit virtual
page block offset to address the LVL2 map. The 22 bits from the LVL2 map
are combined with the page offset to produce a local bus address. Virtual
address mapping always produces a word address since logic in the
processor keeps the two LSBs of the 32-bit address set to zeros.

The map also stores other information, some of which is available for soft-
ware use. The Lisp system uses this information to aid garbage collection
and to provide several other features. The garbage collector (GC) performs
dynamic storage reallocation by periodically searching memory to locate
data structures that are no longer needed. This memory is then made
available for new data structures. Some map information is examined by
hardware and can signal a fault condition. The microcode must poll for
map faults and should do so after starting each mapped memory access. A
fault is signaled if the map entry is invalid, if a write operation is attempted
to a read-only page, or if software has marked this page as special. In
addition, two map outputs are available for use in dispatching. One output
is an information bit from the LVLI map. The other output is computed
from the GC volatility fault logic.
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Figure 4-8 Map Logic Block Diagram
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Normally, the map translates the 17-bit virtual page number portion of the
Q-pointer field of the MD register contents; the VMA register is used during
a mapped cycle. The map can be read and written into at the entry
selected by the contents of the MD register through MF bus sources and O
bus destinations.

Bus Structure 4.3.7 Figure 4-10 shows the bus structure of the processor board. There
are numerous buses throughout the processor. Each bus is discussed sepa-
rately. Numbers within the blocks on the diagram are logic-device identify-

ing numbers.
o

A Bus 4.3.7.1 The A bus feeds the B-input of the ALU, (hereafter referred to as
the A side of the ALU), the O bus multiplexer, the type-field comparator,
the dispatch memory transceivers, and the control store data transceivers.
The A bus is 32 bits wide. Sources for the A bus are as follows:

B The A scratchpad memory and the A memory (through the A memory
register)

W The AL data register (through the A memory register)
® The dispatch memory transceivers

B The control store data transceivers

NOTE: When reading either the 24-bit control store memory output or
the 17-bit dispatch memory to the A bus (through their respective data
transceivers), the high-order bits of the A bus are not zero-filled. The state
of these high-order bits is not determined.

MBus 4.3.7.2 The M bus feeds the A-input of the ALU, the barrel shifter, the
type-field comparator, the type-classifier RAM, and the control store data
transceivers.
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The M bus has a number of sources, one of which is the MF bus. These
buses are 32 bits wide. When accessing sources that are less than 32 bits
wide, the zero-generation logic forces the unused bit positions on the M
and MF buses to zero. The M and MF bus sources are as follows:

m M bus sources:

M memory

PDL memory

MD register

Control store data transceivers

uPCS — 20 bits

B MF bus sources:

Dispatch constant register — 10 bits

PDL index register — 10 bits
PDL pointer — 10 bits

MCR

uPCS pointer — 6 bits
Location counter — 26 bits
Q register

Virtual memory mapping RAM with map data registers:

= Memory map data LVL1 — 16 bits

= Memory map data LVL2 control — 16 bits

« Memory map data LVL2 page frame number — 22 bits
VMA register

IBUF register — 16 bits (This contains the current instruction.)

The argument-offset field of the IBUF register’s current instruction —
6 bits

The branch-offset field of the IBUF register — 9 bits

Zero-generation logic
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Figure 4-10 Processor Detailed Bilock Diagram
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R Bus

1Bus

O Bus

4.3.7.3 The R bus is the output of the barrel shifter. The 32-bit R bus is
applied to the O bus multiplexer and masker. A single bit of the R bus is
applied to the transfer of control condition test logic (not shown on the
block diagram), and seven bits are applied to the dispatch address selector
in the dispatch control logic.

4.3.7.4 The I bus is the microstore data bus. The bus is 56 bits wide and
connects both control store memories (PROM and RAM) to the control
store data transceivers, the control store test interface shift registers, the
next-instruction-modifier logic (IMOD), and the parity checkers.

4.3.7.5 The source for the O bus is a multiplexer with the following
inputs:

® Abus

m ALU bus

@ ALU bus shifted right one bit

B ALU bus shifted left one bit

B Rbus

® ALU output in mirror image

B ALU bus with the output sign extended from ALU{24)

Through masking and selection, the O bus multiplexer provides an output
consisting of the pointer field of the ALU output. However, the CDR code

and data-type fields of the ALU output are replaced with the corresponding
fields of the A bus. The O bus feeds the following:

® PDL pointer (10 bits)

@ Location counter (26 bits)

B VMA register

B MD register

m AL and ML data registers (A, M, and PDL memories)
m Next microinstruction modify logic (IMOD)

® uPCS pointer (6 bits)

m .PCS data (through puPCSL register, 20 bits) — uPCSL equals micro-
program counter stack last result.
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B O bus test monitor shift register
m [BUF register

m MCR

There are both true and complement versions of the O bus. The
complement of the O bus feeds the MD register, the AL and ML data
registers, and the O bus test-monitor shift register. All other O bus
destinations are connected to the true bus. This division of outputs is not
shown on the simplified block diagram. The O bus output is split because of
the limited drive capability of the O bus test-monitor shift register.

Local Busand 4.3.7.6 The local bus is the interface between the processor and high-
NuBus speed memory. The NuBus is the interface from the processor to the mass
storage controller(s) and the NuBus Ethernet controller(s). Logic on the
memory board provides an interface between the local bus and the NuBus
for communications with these devices. The bit-mapped graphics display is
accessed on the local bus. The NuBus interface is described in detail in
later paragraphs in this section.

Processor Clock 4.3.8 The processor crystal-controlled master clock is a 28-megahertz
clock from which a 14-megahertz minor-cycle clock and a 7-megahertz
microinstruction clock are generated.

The operation of the microinstruction clock is described here to clarify
explanations of the operation of various parts of the processor. During the
source phase (clock high), data sources from internal memories and regis-
ters are accessed. During the low portion of the clock, data from memories
internal to the processor is operated upon and the resuit of the previous
microinstruction is stored in the internal memories. During the operation/
destination phase, the result of the current microinstruction is stored in
internal registers. The 14-megahertz minor-cycle clock is used to control
synchronous logic that must be clocked at twice the rate of the
microinstruction clock.

Refer to Figure 4-10, the block diagram of the processor. During the time
the clock is high, data is enabled from the source register or internal mem-
ory in preparation to being clocked into the registers that are sources for
the A bus and the M bus. The A memory feeds the A bus through the A
memory register that is clocked on the falling edge of the clock. On the
falling edge of the clock, data from the A memory is captured and the data
on the A bus remains stable while the result of the previous microinstruc-
tion is being stored in the A memory. Data transfers from M bus sources to
the M bus occur in a manner similar to that described for the A bus.
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During the low portion of the clock, the ALU or barrel shifter completes
the operation on the data and places the resuit on the O bus. On the next
rising edge of the clock, the data on the O bus is stored in the destination
registers unless the destination is the A, M, PDL, uPCS, or map memory. If
the destination is A, M, or PDL memory, the result is heid in the AL and ML
data registers until the second half of the microcycle that has just been
started. At that time, the data from the AL and/or ML data registers is
stored into the A, M, or PDL memory. The AL and ML data registers
always contain the same data. (Two sets of registers performing the same
function are required for electrical reasons.) The uPCSL register holds data
at the end of a microcycle if the destination is uPCS. The PDL memory has
the same timing as the M memory. Data for the map memories is held in
the VMA register. The nominal clock period for the processor is 143 nano-
seconds. The clock logic is synchronous and contains interface logic to the
test interface that permits an external clock to replace the on-board clock
to facilitate speed-margining of the processor. The clock logic is connected
to the test interface. The test interface can control the clock to allow it to
be single-stepped.

The clock logic also contains a long clock function that allows the clock to
be held in the low state for (multiple) additional quarter-clock period(s).
This means that multipies of 35.71 nanoseconds of additional low time can
be provided to complete execution of the current operation. This feature
allows the clock to operate at its fastest possible rate for most operations
and to operate in a long clock mode when a long logic path is selected. The
hardware supports only the provision of 35.71 or 71.43 nanoseconds of
additional time in response to long clock requests. Long clock requests can
only be invoked by the hardware.

The minor-cycle clock is also affected by the long clock feature. The
minor-cycle clock is held low in the operation/destination phase of the
microinstruction clock.

clock feature. The memory controller has a local bus clock controller
associated with it that generates the local bus clock and synchronizes the
local bus clock with the processor clock before the start of any memory
cycle. If the VMA register or the MD register is accessed by microcode
while a memory cycle is in progress, the processor clock will stop. The
local bus clock controller is capable of restarting the processor clock
within 35.71 nanoseconds.
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NuBus Interface 4.3.9 The following paragraphs describe the NuBus interface require-
ments. The NuBus interface responds to the following:

B Full-word accesses

W Least significant halfword accesses

W Least significant byte accesses

All other accesses result in an error acknowledge.

NuBus Slave  4.3.9.1 By serving as a slave to the NuBus, the processor provides access
to its configuration PROM, configuration register, and flag register; it also
allows another NuBus master to post events to the processor. The NuBus
slave controller does not support block transfers.

NuBus Address 4.3.9.2 The starting address of the processor is determined by the ID
Assignments code for the slot the processor occupies. There are no address switches or
jumpers on the processor. The configuration PROM occupies 256 bytes of

NuBus memory space from >FSFFFC00 through > FSFFFFFF. The

configuration register is located at > FSD00000. The flag register is located

at > FSC00000. Table 4-1 lists the addresses used for posting events to the

processor.

Table 4-1 : Processor Event-Posting Addresses
NuBus Address Interrupt Priority Level
(Hexadecimal) (Decimal)
>FSE003C 15 (Lowest)
> FSE0038 14
> FSE0034 13
> FSE0030 12
> FSE002C 11
> FSE0028 10
> FSE0024 9
> FSE0020 8
> FSEQ01C 7
>FSE0018 6
>FSE0014 5
> FSE0010 4
> FSE000C 3
> FSE0008 2 (Highest)
> FSE0004 1  Warm Boot
> FSE0000 0 Power Fail
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Configuration

Register

Flag Register

Configuration ROM

4.3.9.3 The configuration register contains two bits that can be written
to. Bit two of the register is used to force the fault LED on when set to one.
However, setting this bit to zero may not turn off the LED, because the
processor may have failed self-test, which causes the fault LED to be lit. Bit
zero, when set to 1, causes the board to reset. This bit must be set to zero
before another reset can be issued.

4.3.9.4 The flag register contains three bits that can be read by other
NuBus devices. Bit two indicates subsystem pass/fail. The processor
always indicates pass. Bit one indicates board-level self-test pass/fail
(1 equals failed). Bit zero indicates self-test status (0 equals completion).
The processor always reports the appropriate value.

4.3.9.5 A configuration ROM on the processor is accessible from the
NuBus. Table 4-2 provides a listing of information contained in the configu-
ration ROM.

Table 4-2 Configuration ROM Contents

Data
Address Range Value Definition
> FSFFFECC > 04 Restart event offset. Roughly equivalent to warm-boot chord in Lisp.
> FSFFFEDO > 00
> FSFFFED4 >E0
> FSFFFEDS >08 System test and boot master (STBM) event offset. STBM interrupt for
> FSFFFEDC >00 communication during system booting.
> FSFFFEEO >E0
> FSFFFEE4 > 00 Event offset. Starting location of memory mapped interrupt space.
> FSFFFEES8 >00 First location is interrupt 0; second is interrupt 1, and so on (32-bit
> FSFFFEEC >E0 word addressing). The processor has a total of 16 interrupts.
> FSFFFEF0 >00 Nonvolatile RAM (NVRAM). Does not apply to the processor.
> FSFFFEF4 >FF
> FSFFFEFS8 >FF
> FSFFFEFC >FF
> FSFFFF00 >10 Resource type. This is a one-byte binary field that allows the initial
program loader to determine the resources required to perform the
initial program load (IPL).
> FSFFFF04 >C3 Configuration ROM ID.
> FSFFFF08 >02 Self-test time (log2 seconds).
> FSFFFFOC >03 ROM layout. The value > 03 indicates that the current processor

ROM layout conforms to the Explorer system specification. Each
revision of the document that affects the ROM will increment this
value.
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Table 4-2 Configuration ROM Contents (Continued)

Data
Address Range Value Definition
> FSFFFF10 > 25 ROM flags. This one-byte field reports certain system information
inherent to the processor board.
> FSFFFF14 > 00 Flag register offset. This three-byte field indicates the offset between
> FSFFFF18 >00 the start of the processor control space and the processor flag
>FSFFFF1C >C0 register address.
> FSFFFF20 >FF Diagnostic offset. (None)
> FSFFFF24 >FF
> FSFFFF28 >FF
> FSFFFF2C >FF Device driver offset. (None)
>FSFFFF30 >FF
> FSFFFF34 >FF
> FSFFFF38 >00 Configuration register offset. This three-byte field indicates the
> FSFFFF3C >00 offset between the start of the processor control space and the low-
> FSFFFF40 > D0 est address of the processor configuration register.
> FSFFFF44 > 30 This is the ASCII code for the complete processor board, TI part
> FSFFFF48 > 30 number 2243881-0001.
> FSFFFF4C > 30
> FSFFFF50 > 30
> FSFFFF54 >32
> FSFFFF58 > 32
> FSFFFF5C >33
> FSFFFF60 >38
> FSFFFF64 > 30
> FSFFFF68 >34
> FSFFFF6C > 30
> FSFFFF70 >2D
> FSFFFF74 > 30
> FSFFFF78 > 30
> FSFFFF7C >30
> FSFFFF80 >31
> FSFFFF84 >43 Board type. The first three addresses contain the ASCII code for
> FSFFFF88 >50 CPU, indicating that this is a processor board. The remaining five
> FSFFFF8C > 55 bytes indicate the memory size, cache size (log2 in K bytes), zero,
> FSFFFF90 > 00 and CPU type.
> FSFFFF94 >00
> FSFFFF98 >00
> FSFFFFIC > 00
> FSFFFFAQ >00
> FSFFFFA4 > 54 Vendor identification. These four addresses contain the ASCII code
> FSFFFFAS >49 for TIAU, indicating that the board was manufactured by Texas
> FSFFFFAC >41 Instruments Data Systems Group, Austin. This code can vary,
> FSFFFFBO >55 depending on the manufacturing site.
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Table 4-2 Configuration ROM Contents (Continued)

Data

Address Range Value Definition

> FSFFFFB4 > 08 ROM size. (log2 in bytes)

> FSFFFFB8 >FF Cyclic redundancy check (CRC) signature. This signature is the

> FSFFFFBC >FF result of a cyclic redundancy check of the ROM contents. The
method is transparent but should always yield the same signature,
indicating that the ROM contents are correct.

> FSFFFFCO Revision level. This is the ASCII code that indicates the current revi-

> FSFFFFC4 sion level {*) of the board. The asterisk indicates an unrevised

> FSFFFFC8 board. The next revision level will be A and each subsequent revi-

> FSFFFFCC sion level will increment this value.

>FSFFFFDO

> FSFFFFD4

> FSFFFFDS

> FSFFFFDC Serial number. These addresses contain codes that indicate the

> FSFFFFEO week and year of manufacture, the manufacturing site, and a serial

> FSFFFFE4 number.

> FSFFFFES8

> FSFFFFEC

> FSFFFFFQ

> FSFFFFF4

> FSFFFFF8

> FSFFFFFC

NOTES:

1. A weighted log2 value is a coding scheme in which the most significant digit is a hexadecimal mantissa (M)
and the least significant digit is an exponent (E) to the base 2. The value is M*(2* *E),

2. The ROM is accessed by byte only, not words. Valid header addresses > FSFFFF00, — 04, — 08, ..., — F4
F§, FC. ROM data is valid only on the least significant byte of NuBus.

Ll

3. The binary fields are stored such that the logically highest NuBus address of each field contains the most
significant byte, while the lowest address contains the least significant byte.

4. ASCll fields are stored as strings, with the first (most significant) character at the lowest address. Characters
are stored one per word in byte 0, with contiguous word addresses.

5. Any field containing > FF indicates that the field is invalid, with the exception of the CRC (> 00 and > FF are
valid signatures).

6. Any unused field should be left unblown.
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Interface

Connectors and
Signal Assignments

NuBus Connector

Signals

4.3.10 Each of the three 96-pin DIN interface connectors on the proces-
sor has three columns of pins; each column consists of 32 pins. On the
connectors, the columns are marked rows A, B, and C. The pins for each
column are marked 1 through 32. On the processor, however, the signal
pins are identified as numbers 01 through 96. Numbers in parentheses in
the connector pin assignment tables, (01) through (96), indicate processor
pin number designations.

NOTE: DIN is an acronym for Deutsches Institut fuer Normung, which
translates to the German Institute of Standards.

4.3.10.1 Functions of the NuBus signals and processor pin numbers are
shown in Table 4-3. Connector pin assignments (by column) for the NuBus
connector P1 are shown in Table 4-4.

Table 4-3 NuBus Signals and Pin Assignments

Signature Pin Definition

ACK- 28 Transfer acknowledge. This signal is driven for only one clock period by the
processor when it is addressed as a slave device on the NuBus. ACK- is asserted to
indicate the completion of a transaction.

AD31- 21 These NuBus address/data signals are multiplexed to carry a 32-bit address at the

AD30- 85 start of a cycle and 32 bits of data during the remainder of the cycle. These signals

AD29- 20 can be generated by any master on the NuBus. ADO- and AD1~ carry address

AD28- 84 information during the start cycle of a byte transaction and control information

AD27- 19 during the start cycle of a nonbyte transfer operation.

AD26~ 83

AD25- 18

AD24- 82

AD23- 17

AD22- 81

AD21- 16

AD20- 80

ADI19- 15

AD18- 79

AD17- 14

AD16- 78

AD15- 13

AD14~ 77

AD13- 12

ADI12-~ 76

ADI11- 11

AD10- 75

AD9- 10

AD8- 74
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Table 4-3 NuBus Signals and Pin Assignments (Continued)

Signature Pin Definition

AD7- 9

AD6- 73

AD5- 8

AD4- 72

AD3- 7

AD2- 71

AD1- 6

ADO- 70

ARB3- 25 These signals form an arbitration binary code and are given by contenders for the

ARB2- 89 bus. The distributed arbitration logic samples the signals to establish which of the

ARBI1- 24 vying devices becomes the next master on the NuBus. These signals are not imple-

ARBO- 88 mented on the processor.

CLK- 56 NuBus clock. CLK- synchronizes bus arbitration and data transfers beiween
system modules on the NuBus. The clock signal has a nominal frequency of 10
megahertz with a 75 percent duty cycle. In general, signals are changed at the
rising edge of CLK- and tested at the falling edge.

EARTH 87

GND 2 Ground

22
23
31
34
35
44
45
46
47
48
49
50
51
52
53
o4
55

ID3- 27 These binary-coded slot identification signals are hard-wired into each slot so that

ID2- 91 each installed board can be linked to its physical (slot) location.

ID1- 26

IDO- 90

RESET- 65 Reset. Assertion of this signal returns all boards on the NuBus to their initial
power-up state.

RQST- 30 Bus request. This signal can be asserted by any NuBus master that wants control of

the bus. The signal is not implemented on the processor.
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Table 4-3 NuBus Signals and Pin Assignments (Continued)

Signature Pin Definition
SP- 4 System parity (SP-) transmits parity information between NuBus devices that
SPV- 3 implement NuBus parity checking. SPV-is a system parity valid signal to indicate

that SP- is being used. These signals are both wired high on the processor and are
not used.

START- 90 Transfer start. This signal is driven for only one clock period by the current NuBus
master at the beginning of a transaction. START- indicates to the slaves on the
NuBus that the address/data signal lines are carrying a valid address.

T™M1- 5 Transfer mode signals. These signals are asserted by the current NuBus master

T™MO- 69 during start cycles to indicate the type of bus operation being initiated. The signals
are also driven by NuBus slaves during acknowledge cycles to indicate the type of
acknowledgement as shown below:

T™1I- T™O- Type of Acknowledgement

L Bus transfer complete
H Error

L Bus time-out error

H Try again later

Vee 29

~5Vdc 40 N
41
42
43
56
57
58
53  >—Not used by the processor.

-12 Vdce 1

+12 Vdc 32
64 7
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Table 4-4

Local Bus
Connector Signals

Processor NuBus Connecior Pin Assignments

Signais
Connector
Pin No. Column A Column B Column C
1 01) —12 (33) —12 (65) RESET-
2 (02) GND (34) GND (66) GND
3 (03) SPv- {35} GND (67) Vcc
4 (04) SP- (36) Vcc (68) Vcc
5 (05) TMI1- (37) Vcc (69) TMO-
6 (06) ADI1- (38) Vcc (70) ADO-
7 07) AD3- (39) Vce (7T1) AD2-
8 08) AD5- (40) -5 (72) AD4-
9 (09) ADT7- 41) =5 (73) AD6-
10 (10) AD9- 42) -5 (74) ADS8-
11 (11) ADI11- 43) -5 (75) AD10-
12 (12) ADI3- (44) GND (76) ADIi2-
13 (13) AD15- (45) GND (77) AD14-
14 (14) ADI17- (46) GND (78) ADI16~
15 (15) AD19- 47) GND (79) ADI18-
16 (16) AD21- {48) GND (80) AD20-
17 (17) AD23- (49) GND (81) AD22-
18 (18) AD25- (50) GND (82) AD24-
19 (19) AD27- (51) GND (83) AD26-
20 (20) AD29- (52) GND (84) AD28-
21 (21) AD31- (53) GND (85) AD30-
22 (22) GND (54) GND (86) GND
23 (23) GND (55) GND (87) EARTH
24 (24) ARBI- (56) -5 (88) ARBO-
25 (25) ARB3- (57) -5 (89) ARB2-
26 (26) ID1- 58 -5 (90) IDO-
27 (27) ID3- 59 -5 91) ID2-
28 (28) ACK- {60) Vcc (92) START-
29 (29) Vcc (61) Vcc (93) Vcc
30 (30) RQST- (62) GND (94) Vcc
31 (31) GND 63) GND {95) GND
32 (32) +12 (64) +12 (96) CLK-
NOTE:
Vee=+5V.

4.3.10.2 One 96-pin male DIN connector is used to connect the proces-
sor to the local bus on the backplane. Functions of the local bus signals and
processor pin numbers are shown in Table 4-5. Connector pin assignments
(by column) for the local bus connector P2 are shown in Table 4-6.
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Table 4-5 Local Bus Signals and Pin Assignments

Signature Pin Definition

AD31 32 These are the 32-bit local bus address signals generated by the processor.

AD30 31

AD29 30

AD28 29

AD27 28

AD26 27

AD25 26

AD24 25

AD23 24

AD22 23

AD21 22

AD20 21

ADI19 20

AD18 19

AD17 18

ADI16 17

AD15 16

AD14 15

AD13 14

ADI12 13

ADI11 12

ADI0 11

ADO09 10

ADO08 9

ADO7 8

ADO06 7

ADO5 6

ADO04 5

ADO3 4

AD02 3

ADO1 2

ADOO 1

BCLK- 53 BCLK- is the local bus clock and is generated by the processor. All local bus
control and data transfers are synchronized to BCLK-.

BERR- 54 BERR- is a bus error signal asserted by the memory board to the processor to
indicate that an error has been detected on a data transfer.

BSO- 45 BS0-is a local bus select signal generated by the processor. (This signal is not
being used at present and therefore is grounded.)

DAT31- 96 These are the 32-bit data signals used by the processor for read and write transfers

DAT30- 95 on the local bus.

DAT29- 94 :

DAT28 93

DAT27 92

DAT26 91

DAT25 90

DAT24 89
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Table 4-5 Local Bus Signals and Pin Assignments (Continued)

Signature Pin Definition
DAT23 88
DAT22 87
DAT21 86
DAT20 85
DATI19 84
DATI18 83
DATI17 82
DATI16 81
DAT15 80
DAT14 79
DATI13 78
DAT12 77
DATI11 76
DAT10 75
DAT09 74
DATO08 73
DATO7 .72
DATO06 71
DATO05 70
DAT04 69
DATO03 68
DATO02 67
DATO!1 66
DAT00 65
FAST- 56 This signal is not used at present and therefore is grounded.
GND 34
35
36
44
48
4§
50
51
35
61
62
63
LOCK- 42 LOCK- is generated by the processor. When LOCK- is asserted, the resources of

the memory board currently being accessed by the processor are locked and
cannot be accessed by the NuBus. When locked, the memory board stays locked
until LOCK- returns to inactive.
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Table 4-5 Local Bus Signals and Pin Assignments (Continued)

Signature Pin Definition
LTMO- 33 These are the local bus transfer mode signals that are generated by the processor.
LTM1- LTMO- and LTM1- are used with AD0O0O- and ADO1~ to form a four-bit binary code
that informs the memory board of the type of transfer mode the processor is
requesting. Command encoding of transfer modes of read and write operations of
words, halfwords, or bytes is as follows:
LTMO- LTMI- ADI- ADO- Transfer Mode
L L L L Write byte 3
L L L H Write byte 2
L L H L Write byte 1
L L H H Write byte 0
L H L L Write halfword 1
L H L H Reserved
L H H L Write halfword 0
L H H H Write word
H L L L Read byte 3
H L L H Read byte 2
H L H L Read byte 1
H L H H Read byte 0
H H L L Read halfword 1
H H L H Reserved
H H H L Read halfword 0
H H H H Read word
MEMACK- 46 MEMACK- is a memory acknowledge signal asserted by the memory board to the
processor to indicate that the current memory cycle will be completed on the next
falling edge of the local bus clock.
MEMREQ- 41 MEMREQ- is a memory request signal generated by the processor. MEMREQ- is
asserted by the processor when a memory cycle is required.
OPEN 43
47
52
37
59
Reserved 58
Spare 40
Vee 37
38
39
60
NOTE:

There is no hardware on either processor or memory board to support block moves on the local bus.
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Tabie 4-6

Test Connector
Signals

Processor Local Bus Connector Pin Assignments

Signals

Connector

Pin No. Column A Column B Column C
1 (01) ADOO (33) LTMO- (65) DATO00
2 (02) ADO1 (34) GND (66) DATO1
3 {03) ADU2 {35) GND (67) DATO2
4 (04) ADO3 (36) GND (68) DATO3
5 (05) ADO4 (37) Vcc (69) DATO04
6 (06) ADO5 (38) Vcc (70) DATO5
7 (07) ADO6 (39) Ve (71) DATO6
8 (08) ADO7 (40) SPAREL1 (72) DATO7
9 (09) ADO08 (41) MEMREQ- (73) DATOS8
10 (10) ADO9 (42) LOCK- (74) DAT09
11 (11) ADI10 (43) OPEN (75) DATI0
12 (12) AD11 {44) GND (76) DATI11
13 (13) ADI2 (45) BSO- (77) DATI2
14 (14) ADI3 (46) MEMACK- (78) DATI13
15 (15) ADI14 (47) OPEN (79) DATI14
16 (16) AD15 {48) GND (80) DATI15
17 (17) ADIl6 (49) GND (81) DATI6
18 (18) AD17 (50) GND (82) DATI17
19 (19) ADI8 (51) GND (83) DATIS
20 (20) AD19 (52) OPEN (84) DATI19
21 (21) ADZ0 (53) BCLK- {85) DATZ0
22 (22) AD21 (54) BERR~- (86) DAT21
23 (23) AD22 {55) GND (87) DAT22
24 (24) AD23 (56) FAST- (88) DAT23
25 (25) AD24 (57) OPEN (89) DAT24
26 (26) AD25 (58) RESERVED (90) DAT25
27 (27) AD26 (59) OPEN (91) DAT26
28 (28) AD27 (60) Vcc (92) DAT27
29 (29) AD28 (61) GND {93) DAT28
30 (30) AD29 (62) GND (94) DAT29
31 (31) AD30 (63) GND (95) DAT30
32 (32) AD31 (64) LTMI1- (96) DAT31
NOTE:

Vee=+5V

4.3.10.3 The third 96-pin connector at the bottom of the board is used as
an interface to a factory/laboratory tester. These pins are not connected
to any bus in a normal chassis configuration. Connections can be made to
the test interface connector at the chassis bulkhead without removing the
processor from the chassis. This allows testing of the processor in an
undisturbed environment. Functions of the test interface signals and
connector P3 pin assignments are included in the processor part of the
Explorer System Field Maintenance manual, Tl part number 2243141-
0001.
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Processor 4.4 Macroinstructions are 16 bits in length and are stored two per 32-bit
. . g . .

Macro- data word. The first macroinstruction is stored in the low order bits of the
instructions word; the other macroinstruction is stored in the high order bits of the

word. There are five macroinstruction formats as follows:

® Main instruction (class I)

® Nondestination instruction (class II)

® Branch instruction (class III)

m Miscellaneous instruction (class IV)

W Array reference immediate (AREFI) instruction (class V)

A brief description of each of the formats is provided in paragraphs that
follow.

NOTE: The macroinstruction information may change with subsequent
microcode ana load band changes. '

Main Instruction, 4.4.1 The basic macroinstruction format is the main instruction, class I,
Class I, Format format shown in Figure 4-11. Certain values contained in the opcode field
of the class [ macroinstruction can indicate that the instruction is one of the
other four classes of macroinstructions. The mapping of the opcode field
into instruction class is shown in Table 4-7. Since at least one field of the
main instruction format is shared with each of the other classes, the fields
of the main instruction format are described first. The format for the other
instruction classes is described in separate paragraphs, but descriptions of
shared fields are not repeated.

Figure 4-11 Main Instruction, Class I, Format

15 14113 12 11 10 9|8 7 6|5 4 3 2 1 0
A 4 ' l

Offset field

Register field

Operation code field

Destination field
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Table 4-7

Destination Field

Opcode-Field to Instruction-Class Map

Opcode Class

I
1 I
2 |
3 [
4 [
5 [
6 [
7 I
8 [
9 1
10 Il
11 1
12 Il
13 A%
14 11
15 Unused
16 \Y%
17 Unused
1 Unused
19 Unused
20 Unused
21 Unused
22 Unused
23 Unused
24 Unused
25 11
26 Il
27 11
28 il
29 1\%
30 I
31 Unused

4.4.1.1 The destination field consists of two bits that specify the destina-
tion of the result of the instruction. The destination field is common to
classes I, IV, and V macroinstruction formats. Instructions in class II format
have an implied destination (usually the PDL memory), and class Il format
instructions do not have a result. Coding of the destination field is shown in
Table 4-8.

Processor General Description

-

System Design and Programming Data 4-39



Table 4-8

Register and
Offset Fields

Destination Field Coding

Code Destination
0 Ignore

1 PDL

2 Return

3 Last

Ignore means that the result of the instruction is not stored but the
indicators are still set. (See paragraph 4.4.1.3, entitled Indicators.) PDL
indicates that the result of the instruction is pushed on to the PDL memory
and that the indicators are set. Return means that the result of the current
function is returned to the caller according to the destination of the call
instruction. Last indicates that the result is to be pushed on to the PDL
memory (as in destination PDL) as the last argument to a pending call. Des-
tination last completes the calling of the function and transfers control to
this destination.

4.4.1.2 The register and offset fields together specify the effective
address of the operand. These fields are used in class [ and class Il instruc-
tions. The effective address is formed by using the register specified in the
register field as the base register and adding the offset to it. The register
field is coded as shown in Table 4-9.

Table 4-9

Register Field Coding

Code Base Register

0 FEF

1 FEF + 64

2 FEF +128

3 FEF+192

4 Constants

5 Locals

6 ARGS

7 PDL/IVAR
NOTES:

FEF = functions entry frame
ARGS = arguments
IVAR = instance variable
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Indicators

Nondestination
Instruction,
Class II, Format

The FEF and FEF + registers are for addressing symbols and constants
used in the function. The FEF+64, FEF+128, and FEF+192 forms
increase the range of the FEF that can be used for symbols and constants.
The constants register addresses a table that contains commonly used con-

stants. The constants table is shown in Table 4-10.

NOTE: The effective address of an IVAR slot is the slot number plus one
with reference to the self variable.

The locals register provides access to the locals block on the PDL of the
currently active function. The ARGS register provides access to the
argument block on the PDL of the currently active function. Effective
addresses are determined by offset field values as shown in Table 4-11.

4.4.1.3 The instruction set uses two indicators: nil and atom. The indica-
tors can be tested in branch instructions {(class III). Instructions that pro-
duce a result set the indicators (even if the destination is ignore). The nil
indicator is set only if the result is the symbol nil. The atom indicator is set
only if the result is not a list.

4.4.2 Nondestination instructions have an effective address but no des-
tination field. Most instructions produce a result that is stored in an implicit
destination (usually the PDL). Nondestination instructions are most useful
for stack operations such as arithmetic and a pop from the top of the stack.

The format of a nondestination instruction is shown in Figure 4-12. As

- shown, the three high-order bits of a nondestination instruction select one

of eight nondestination operations (NDOP) within one of four

grnnne colacrtad h

DO . .
nondestination groups as selected by the group field. Coding for

<

nondestination group selection is shown in Table 4-12. The low nine bits
form the register and offset fields as they did in class | instructions.

Table 4-10

Constants Table

Offset Object Type Object
0 Symbol NIL

1 Symbol T

2 Fixnum 0

3 Fixnum 1

4 Fixnum 2
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Table 4-11

Branch Instruction,
Class III, Format

Offset Field Value Effective Addresses

Offset Field Value Effective Address

63 The top of the PDL memory

56 An VAR

0to 31 The unmapped IVAR at the indicated slot number

32to 55 The IVAR obtained by reading the selected slot of the
self-mapping table

The eight NDOPs within each of the four groups are defined in Table 4-13.

4.4.3 Branch (BR) instructions alter program flow within a function but
cannot transfer outside the currently executing FEF. The unconditional BR
instruction always transfers to the target. Conditional BR instructions test
one of the indicators and transfer if the test is true. Two more complex
instructions are provided for looping support.

BR instructions have no effective address nor destination field. Instead, the
effective address field is used as a nine-bit branch offset. The branch offset
is a signed two’s complement quantity to be added to the location counter
after it has been incremented to point to the instruction following the BR
instruction. This sum is the location counter of the branch target.

If the branch offset is —1, then a long branch is indicated. The next 16 bits
of the instruction stream are read and used as a signed two’s complement
quantity to be added to the location counter after it has been incremented
to point to the instruction following the BR instruction. If the branch is not
taken, execution continues with the instruction following the BR instruc-
tion. Note that even if the branch is not taken, the branch offset must be
checked for a long branch and, if it is a long branch, the next halfword (the
long branch offset) must be skipped.

Figure 4-12 Nondestination Instruction, Class II, Format

15

14

13

12

11

10

98 7 6|5 4 3 2 1 0

\

i

Offset field

Register field

Group selection field

Nondestination operation
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Table 4-12

Nondestination Group Selection

Code Group
9 1
10 2
11 3
14 4

Table 4-13

Nondestination Decoding

Group NDOP  Instruction

lllegal

+ (plus)

— (difference)
* (times)

/ (quotient)
and

XOR

IOR

e

SN OOUTRWN = O

= {equalj
> (greater)
< (less)
EQ

SCDR
SCDDR
SETE-1+
SETE-1-

SO RWN = O

bind
bindnil
bindpop
setnil
setzero
push
move

pop

SN ULAWN— O

stack-closure-disconnect
stack-closure-unshare
make-stack-closure
push-number
stack-closure-disconnect-first
push-CDR-if-CAR-equal
push-CDR-store-CAR-if-CONS
lllegal

SN UL R WN - O
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Miscellaneous
Instruction,
Class IV, Format

Array Reference

Immediate
Instruction,
Class V, Format

The format of a BR instruction is shown in Figure 4-13. The high-order
three bits of a BR instruction select the specific branch operation. This field
occupies the same bit positions as the destination field and the high bit
position of the class I opcode field. The remainder of the class I opcode
field is 12 to select class Ill instructions. The remaining nine bits (the class |
register and offset fields) are the branch offset. The coding of the selection
of the operation field is shown in Table 4-14.

4.4.4 Miscellaneous instructions have a destination but no effective
address field; most take ARGS on the stack. These instructions are used
mainly for Lisp functions that are microcoded for speed and also for special
purpose instructions.

The format of miscellaneous instructions is shown in Figure 4-14. The high-
order two bits select the destination just as in the class [ instruction format.
Bits 9 through 13 (corresponding to the class 1 opcode field) must be either
13 or 29 to select a class IV instruction. If this field is 13, a group 0 miscella-
neous instruction is indicated; if it is 29, a group 1 miscellaneous instruc-
tion is indicated. The remaining nine-bit field is the miscellaneous
operation (MISCOP) field. This field selects an instruction within either
group 0 or group 1.

4.4.5 Array reference immediate (AREFI) instructions support abbrevi-
ated sequences for accessing one-dimensional arrays (also array leaders
and instances) with a small constant index. The format of this class V
instruction is shown in Figure 4-15. The kind of object to be referenced is
indicated by the reference kind (REFKIND) field. Decoding of the REFKIND
field is shown in Table 4-15. The index field is a six-bit index into the struc-
ture. The structure to be accessed is an argument on the stack.

Figure 4-13 Branch Instruction, Class III, Format

15

14

13

12

11

10

°9¢/8 7 6 5 4 3 2 1 0

A

1

Branch offset field

12 = class Il instraction

Branch operation field
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Table 4-14

Branch Operation Decoding

Brainch Operation

Instruction

—_

~1 N Uk O DN

branch

branch-nil
branch-not-nil
branch-nil-else-pop
branch-not-nil-else-pop
branch-atom
branch-not-atom
Hllegal

Figure 4-14 Miscellaneous Instruction, Class IV, Format

s
wl
—

!
14}13 12

1

10

918 7 6 5

3 2 1 0

/ A

Miscellaneous operation field

Class  opcode field

Destination field

Figure 4-15 Array Reference Immediate Instruction, Class V, Format
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98 7 6|5
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A A

L Indexfield

Reference kind field

Accessed structure

Destination field
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Table 4-15

Reference Kind Decoding

REFKIND Instruction

—~
=

AREFl-array-new
AREFl-array-leader-new
AREFl-inmstance-new
AREFl-array-new-common-lisp
AREFI-set-array-new
AREFl-set-array-leader-new
AREFI-set-instance-new

Hlegal

IS UL W -

Processor
Microinstructions

Common Field
Definitions

Operation Field,
IR(55:54)

4.5 The microinstructions in the processor are 56 bits wide, including
the parity bit, and at the output of the microinstruction register are called
IR(55:00). As described earlier, there are four basic microinstruction
formats: the ALU, byte, jump, and dispatch formats. Fach of these
microinstruction formats are shown in Figure 4-16 and are described in the
paragraphs that follow. As shown, the microinstructions are organized into
functional fields. Some of the fields are common to all formats, while
others are unique to one format.

4.5.1 Fields that are common to all microinstruction formats are
described in the following paragraphs.

4.5.1.1 Functions for operation field values (IR(55:54)) are shown as
follows:

Field

Value Function

00 ALU operation

01 Byte operation

10 Jump operation

11 Dispatch operation
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Figure 4-16 Explorer Processor Microinstruction Format
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Abbreviated Jump
Field, IR(53:51)

Parity Field, IR(50)

Halt Field, IR(49)

M-Source Address
Field, IR(48:42)

A-Source Address
Field, IR(41:32)

4.5.1.2 Functions for abbreviated jump field values (IR(53:51)) are shown
as follows:

Field

Value Function

000 nil (unconditional)

001 Skip (conditional)

010 Call-to-ILLOP (conditional)

011 Call-to-trap (conditional)

100 Call-to-BUSERR (conditional)

101 Call—Currently unused (conditional)
110 POPJ (conditional return)

111 POPJ-XCT-next (conditional return)

The abbreviated jump operations allow a change of control in ALU and
byte microinstructions only, having no effect in jump or dispatch
microinstructions. In ALU and byte microinstructions, if the condition
tested is true, skip the next microinstruction, or perform the call to ILLOP,
trap, BUSERR, or unused micro-PC addresses.

POPJ causes a return from a microsubroutine, which inhibits execution of
the next microinstruction. POPJ should not be set when the destination of
a microinstruction is the yPCS. POPJ can be used in all microinstruction
formats. POPJ is interpreted as POPJ-XCT-Next in jump and dispatch
microinstructions.

POPJ-XCT-Next causes a return from a microsubroutine after executing
the next instruction. This should not be set when the destination of a
microinstruction is the pPCS. POPJ-XCT-Next can be used in all
microinstruction formats.

4.5.1.3 IR(50) is an odd parity bit and is calculated over the control
word. IR(50) can be disabled from causing an error PC trap by MCR(12).

4.5.1.4 The HALT bit, when set, causes the machine to halt in the next
cycle. The instruction that has this bit set executes to completion, includ-
ing all pipelined writes. The machine then stops execution.

4.5.1.5 The first 64 addresses (IR(48) = 0) of the M-address field
reference the M memory itself. The last 64 addresses (IR(48) = 1) reference
sources on the M and MF buses (functional sources). (See paragraph 4.5.2,
M Bus Sources.)

4.5.1.6 The A-source operand is at the address specified in the A-source
field.
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Destination Address
Field, IR(31:19)

M Bus Sources

4.5.1.7 The destination address field is common to the ALU and byte
microinstruction formats. The destination addresses (Figure 4-17) are
broken into parts as follows:

B The first half of the addresses (when IR(31) = 0) is used to specify both
an M-memory location and one of 32 possible internal machine
registers.

B The second half of the addresses (when IR(31) = 1) is used to specify an
A memory destination.

W Bits [R(30:25) specify internal machine registers.

W Bits IR(24:19) specify the M scratchpad write addresses. Whenever the
64-location M memory is written to, the corresponding address in the
first 64 locations of the A memory is also written to. Writing to one of
the first 64 A memory locations does not cause a write operation to the
M memory.

4.5.2 Table 4-16 lists the M bus sources, their addresses, and the data
supplied to the M bus (some via the MF bus). The M source address field is
common to all of the microinstruction formats.

Figure 4-17 Destination Address Field

31 30 29 28 19
1
/
A-memory location
(full 1024 addresses)
|
|
{ Unused
3130 25 24 19
0
[
A&M memory address

(only first 64 locations)

Internal machine register(s)

(see table entitled O bus
functional destinations)
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Table 4-16 M Bus Sources, IR(48) = 1
Bits
IR(47:42) Source
000000 VMA register
M(31:00) = VMA(31:00)
000001 Q register
M(31:00) = Q(31:00)
000010 IBUF argument offset field zero extended
M@31:06) = 0
M(05:00) = IBUF(05:00) of current macroinstruction
000011 Stacked micro-PC pointer
M@31:06) = 0
M(05:00) = uPCS pointer(05:00)
000100 MCR
M(31:28) = ID(03:00) NuBus slot ID- (low active)
M27) = NuBus flag register self-test busy indicator
(0 = incomplete or fail, 1 = complete)
M(26) = Macroinstruction chaining enable
M(25) = Enable MISCOP group 1 if group 0 is enabled
M(24) = Enable MISCOP group 0
M(23) = Loop on self-test
M(22) = Need fetch
M(21) = NuBusreset
M(20) = Power fail warning and warm-boot-event
enable
M(19) = Interrupt level (03)
M(18) = Interrupt level (02)
M(17) = Interrupt level (01)
M(16) = Interrupt level (00)
M(15) = Interrupt enable
M(14) = Sequence break (tested by page fault,
interrupt, or sequence break condition)
M(13) = Abort on bus-error enable
M(12) = Internal parity error halt enable
M(11) = Microcode PROM disable
M(10) = Interlocked memory cycle control
M(09) = Forced access request
M(08) = Memory cycle enable
M(07) = (0 = failed, 1 = passed. Not valid if
MCR(27.=0)
M(06) = NuBus flag register self-test fail indicator
(0 = failed, 1 = passed. Also the fault LED
control.)
M(05) = LED5-
M(04) = LED4-
M(03) = LED3-
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Table 4-16 M Bus Sources, IR(48) = 1 (Continued)

Bits
IR(47:42) Source

M(02) = LED2-

M(01) = LEDI-

M(00) = LEDO-
000101 (Location counter)

M@31:26) = 0

M(25:00) = location counter(25:00)
000110 Memory map data LVL2, address bits

M@31:22) = 0

M(21:00) = Physical page number (page frame number)
000111 Dispatch constant register

M@31:10) = 0

M(09:00) = Dispatch constant (09:00)
001000 Memory map data LVLI

M(31:16) = 0

M(15) = Unmapped cycle

M(14) = Not(forced cycle)

M(13) = Privilege fault — write

M(12) = Privilege fault — access

M(11) = Map entry valid

M(10) = Reserved

M(09:07) = GC region volatility

(M(09) is the GC valid bit.)

M(06:00) = LVLI map index into LVL2 map
001001 Memory map data LVL2 — control bits

M@31:16) = 0.

M(15) = Last TMO

M(14) = Last TM1

M(13) = Last locked

M(12:11) = LVL2 GC most volatile point

M(10) = Forced access bit

M(09:08) = Read/write access rights

M(07:06) = Map status

M(05:00) = Meta bits (software controlled memory

management)

001010 IBUF register

M@31:16) = 0

M(15:00) = IBUF(15:00) of current macroinstruction
001011 IBUF branch offset field zero extended

M@31:09) = 0

M(08:00) = IBUF(08:00)of current macroinstruction
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Table 4-16

M Bus Sources, IR(48) = 1 (Continued)

Bits
IR(47:42) Source
001100 Reserved
through
001111
010000 Stacked micro-PC
M@31:200 = 0
M(19:00) = uPCS(19:00)
010001 Stacked micro-PC data, pop stack.
M@31:200 = 0
M(19:00) = uPCS(19:00)
010010 MD register
M(31:00) = MD(31:00)
010011 Reserved
through
011111
100000 PDL buffer, addressed by pointer
M(31:00) = PDL(31:00)
100001 PDL buffer, addressed by index
M(31:00) = PDL(31:00)
100010 Unused, reserved for future expansion
100011 Unused, reserved for future expansion
100100 PDL buffer, addressed by pointer, pop
M(31:00) = PDL(31:00)
100101 PDL buffer, addressed by index, decrement
M(@1:00) = PDL(31:00)
100110 Unused, reserved for future expansion
100111 Unused, reserved for future expansion
101000 PDL pointer(09:00)
M@31:10) = 0
101001 PDL index(09:00)

101010

101011

M@31:10) = 0
Unused, reserved for future expansion

Unused, reserved for future expansion
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Table 4-16

Selectable O Bus
n

Destinations

Rotation Count
and Direction Fields

Condition and
Sense Bit Field

ALU Format

M Bus Sources, IR(48) = 1 (Continued)

Bits
IR(47:42) Source

101100 PDL pointer, pop

M(@31:10) = 00

M(09:00) = PDL pointer(09:00)
101101 PDL index, decrement

M@31:10) = 0

M(09:00) = PDL index(09:00)
101110 Unused, reserved for future expansion
101111 Unused, reserved for future expansion
110600 Unused
through

111111

4.5.3 Table 4-17 lists the selectable destinations available from the O
bus. The table includes the address and the data bit assignments of the
destination.

4.5.4 The rotation count and direction fields are common to byte, jump,
and dispatch microinstruction formats. The field is described in Table 4-18.

4.5.5 The condition and sense bit field (IR(15:10)) is common to ALU,
byte, and jump microinstruction formats. Bit IR(15) is the jump condition
sense bit. When iR(15) = 1, invert the jump condition sense. Functions of
condition and sense bits IR(14:10) are shown in Table 4-19. In ALU and
byte instructions, the conditions that can be tested are those conditions
accessible with the condition specifier. In the jump microinstruction, the M
source select (MSEL) (IR(17)) bit allows any bit of any M source to be tested
in place of any of the conditions accessible with the condition specifier.

4.5.6 The ALU instruction is used to perform arithmetic and logical
operations in the processor. The instruction performs operations on the
two source variables and writes the result at the destination address. The
carry-in bit to the ALU is directly under microcode control. The ALU
microinstruction format also allows for control of the O bus multiplexer
and control of the operation of the Q register. Table 4-20 shows the ALU
microinstruction format.
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Table 4-17

O Bus Functional Destinations, IR(31) = 0

Bits
IR(30:25)

Destination

000000
000001

000010

000011

000100

000101

000110

000111

001000

None
Location counter(25:00) = O bus(25:00)

MCR
Unused (O bus(31:28))
NuBus flag register self-test busy indicator
(O bus(27), 0 = incomplete or fail, 1 = complete)
Macroinstruction chaining enable (O bus(26))
Enable MISCOP group 1 if group 0 is enabled (O bus(25))
Enable MISCOP group 0 (O bus(24))
Unused (O bus(23:22))
NuBus reset — active high (O bus(21))
Unused (O bus(20))
Unused (O bus(19:16))
Interrupt enable (O bus(15))
Sequence break request (O bus(14))
Trap on bus-error enable (O bus(13))
Internal parity-error-abort enable (O bus(12))
Microcode PROM disable (O bus(11))
Interlocked memory cycle control (O bus(10))
Forced access request (O bus(09))
Memory cycle enable (O bus(08))
NuBus flag register subsystem fail indicator
(O'bus(07), 0 = failed, 1 = passed)
NuBus flag register self-test fail indicator
(O bus(06), 0 = failed, 1 = passed. Also fault LED control.)
Fault LEDs (O bus(05:00))
(0 = turn on LED)

uPCS pointer
uPCS pointer(05:00) = O bus(05:00)

uPCS data
puPCS(19:00) = O bus(19:00)

pPCS data, push
uPCS(19:00) = uPCSL(19:00)

Next IR modifier — IMOD low
(IMOD register (31:00))
NXTIR(31:00) = O bus(31:00) OR 1(31:00)

Next IR modifier — IMOD high
(IMOD register (55:32))
NXTIR(55:32) = O bus(23:00) OR 1(55:32)

IBUF register
IBUF(31:00) = O bus(31:00)
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Table 4-17

O Bus Functional Destinations, IR(31) = 0 (Continued)

Bits
IR(30:25) Destination
001001 Unused
through
001110
001111 Test sync signal destination
010000 VMA register
VMA(31:00) = O bus(31:00)
010001 VMA register, write map LVL1 — The map is addressed from the
MD register and written from the VMA register (1 1:00).
010010 VMA register, write map LVL2 control — The map is addressed
from MD and LVL1 and written from VMA(12:00).
010011 VMA register, write map LVL2 address — The map is addressed
from MD and LVL1 and written from VMA(21:00).
010100 VMA register, start memory read
VMA(31:00) = O bus(31:00)
010101 VMA register, start memory write
VMA(31:00) = O bus(31:00)
010110 VMA register, start memory read unmapped
VMA(31:00) = O bus(31:00)
010111 VMA register, start memory write unmapped
VMA(31:00) = O bus(31:00)
011000 MD register
MD(31:00) = O bus(31:00)
011001 MD register, write map LVL1 — See 010001
011010 MD register, write map LVL2 control — See 010010
011011 MD register, write map LVL2 address — See 010011
011100 MD register, start memory read
MD(31:00) = O bus(31:00)
011101 MD register, start memory write
MD(31:00) = O bus(31:00)
011110 MD register, start memory read unmapped

MD(31:00) = O bus(31:00)
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Table 4-17 O Bus Functional Destinations, IR(31) = 0 (Continued)

Bits

IR(30:25) Destination

011111 MD register, start memory write unmapped
MD(31:00) = O bus(31:00)

100000 PDL butfer, addressed by pointer
PDL(31:00) = O bus(31:00)

100001 PDL buffer, addressed by index
PDL(31:00) = O bus(31:00)

100010 Reserved

100011 Reserved

100100 PDL buffer, addressed by pointer, push
PDL(31:00) = O bus(31:00)

100101 PDL buffer, addressed by index, increment
PDL(31:00) = O bus(31:00)

100110 Reserved

100111 Reserved

101000 PDL pointer(09:00) = O bus(09:00)

101001 PDL index{09:00) = O bus(09:00)

101010 Reserved

101011 Reserved

101100 Reserved

101101 Reserved

101110 Reserved

101111 Reserved

110000 Unused

through

110101

110110 VMA register, start memory read unmapped

VMA(31:00) = O bus(31:00)
(If NuBus access, then TM0 = 1))
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Table 4-17

O Bus Functional Destinations, IR(31) = 0 (Continued)

Bits

IR(30:25) Destination

110111 VMA register, start memory write unmapped
VMA(31:00) = O bus(31:00)
(if NuBus access, then TMO = 1.)

111000 Reserved

111101 Reserved

111110 MD register, start memory read unmapped
MD(31:00) = O bus(31:00)
(If NuBus access, then TMO = 1.)

111111 MD register, start memory write unmapped
MD(31:00) = O bus(31:00)
(If NuBus access, then TMO = 1.)

NOTE:

For the unmapped memory accesses specified in this table, the two LSBs in the
address are supplied by the VMA. Hardware associated with the mapper detects a
bit combination that can request a NuBus block transfer and override A(01) to
force the request to a singie-word transfer.

Table 4-18

Rotation Count and Direction Fields

Bits Function

IR(16) Rotation direction select
If IR(16) is zero, the rotation direction is left.
If IR(16) is one, the rotation direction is right.

IR(04:00) Rotation count to rotate mask and/or M source
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Table 4-19 Condition and Sense Bit Field

Bits
IR(14:10) Function

00000 LSB of shifter output R(00)
(normally used only for M sources)
00001 M source less than A source (ALU negative)
00010 ALU(32)
00011 Not (M source equals A source)
00100 Page fault
00101 Page fault or interrupt pending
00110 Page fault or interrupt pending or sequence break
00111 Unconditionally true
01000 Not (A-TYPE equals M-TYPE)
01001 Not (memory busy)
01010 Q(0)
01011 Bus error on last transfer attempt
01100 Typed-data overflow
01101 Boxed sign bit (ALU(24))
01110 Not (interrupt pending)
01111 Reserved, do not use
through
10000
11111 M-type classifier RAM
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Table 4-20

ALU Microinstruction Format

Bits

Function

IR(48:42)
IR(41:32)
IR(31:19)

IR(18:16)

IR(15:10)
IR(09)
IR(08:03)

IR(02)

IR(01:00)

Opcode = 00 = ALU instruction
Abbreviated jump field

Parity

Halt

M source

A source

Destination

O bus control
000 — A bus
001 —Rbus
010 — A bus
011 — ALU output
100 — ALU output left shift
O bus(31:01) = ALU(30:00)
O bus(00) = Q31)
101 — ALU output right shift
O bus(31) = sign
O bus(30:00) = ALU(31:01)
110 — ALU pointer field sign extended
O bus(31:24) = ALU(24), O bus(23:00)
111 — ALU mirror

Jump condition specifier, sense bit
Write M-type classifier RAM

ALU operation (Fixnum overflow is valid in any ALU add or sub-
tract operation whether IR(08) is set or not.)

Carry into ALU

Q-register control

00 — Do nothing

01 — Shift left, shift in the inverse of the sign of the ALU
output
Q(31:01) = Q(30:00)
Q(00) = ALU31)-

10 — Shift right, shift in ALU(00)
Q(30:00) = Q(31:01)
Q(31) = ALU(00)

11 — Load Q from ALU output
Q(31:00) = ALU(31:00)
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The most significant bit (MSB) of the ALU operation field, IR(08), is used to
select typed-data ALU operations. In typed-data ALU operations, bits
ALU(24:00) are passed to the O bus, and bits A(31:25) are substituted for
ALU(31:25). The typed-data select bit affects only the result of the
operation and not the data into the ALU. This means that the ALU flags are
based on the 32-bit result of the operation and not just the 25-bit typed-
data field. All of the ALU logic operations and all of the normal ALU arith-
metic operations can be used with the typed-data bit selected. ALU
operations can also be used with the typed-data bit set. The multiply and
divide ALU operations operate correctly only with the typed-data bit reset.

Selecting the typed-data bit requires that the O bus control field of the ALU
microinstruction be set to ALU (011 binary). If the typed-data bit is set, only
the ALU and the A input to the O bus multiplexer will participate in gener-
ating the data to be placed on the O bus.

The following information applies during ALU instructions with IR(08)
equal 1.

When the O bus control field has the LSB set to zero, the selected input to
the O bus multiplexer is passed unaltered to the O bus. Selecting the O bus
control field to be 001 causes the contents of the R bus to be placed in the
25 LSBs of the O bus with the 7 MSBs being supplied by the A bus. Thus, O
bus(31:00) equals A(31:25)::R(24:00).

Selecting the O bus control field to be 7 (111) causes the seven MSBs of the
sign-extended ALU result to be placed on the O bus along with the 25 LSBs
of the mirrored ALU output. Thus, O bus(31:00) equals ALU(24)(in the
seven MSBs):: ALU(88:31).

Therefore if IR(08) equals 1, then IR(16) must also equal 1.

Byte Format 4.5.7 The byte instruction allows a variable-length field from the M
source to be inserted into an equal length field of the A source. The byte
instruction forces the ALU operation to a subtract mode so that the ALU-
related condition flags are meaningful. Table 4-21 describes the byte
microinstruction format.

4-60 System Design and Programming Data Processor General Description



Table 4-21 Byte Microinstruction Format

Bits Function

IR(55:54) Opcode = 01 = byte instruction
IR(53:51) Abbreviated jump field

IR(50) Parity

IR(49) Halt

[R(48:42) M source

IR(41:32) A source

IR(31:19) Destination

IR(18) Mask rotate

{ — Rotate mask { bits
1 — Rotate mask left by number of bits specified in the rotate
field

IR(17) Source rotate
() — Rotate M source by 0 bits
1 — Rotate M source left by number of bits specified in the

tnt H
rotate field

IR(16) Rotation direction, 1 = right
IR(15:10) Jump condition, sense
IR(09:05) Length of field from M source
1R{04:00) Rotation count
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The following list explains the results of using all of the combinations of
IR(18:17) (the mask and source rotate enables).

B 00 — This is a subset of the other operations and is not considered use-
ful. Only the LSB of the M bus is selected.

m 01 — A field of arbitrary position from the M source is right justified in
the output. Figure 4-18 shows the load byte operation.

B 10 — A masked field from the M source is used to replace the same
length field and position field in a word from the A source. Figure 4-19
shows the selective deposit byte operation.

W 11 — Aright-justified field from the M source is used to replace a field of
arbitrary position in the word from the A source. Figure 4-20 shows the
deposit byte operation.

Figure 4-18 Load Byte Microinstruction
M-SOURCE A—SOURCE
31 11 to 7 6 o [¢]

NN

A-SOURCE WITH M—SOURCE FIELD INSERTED
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Figure 4-19

Seleciive Deposit Byte Microinstruction

Ui

X

\

/////////

\\\\

/////

Figure 4-20 Deposit Byte Microinstruction
3 O
N 7 /////////////
YN
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Jump Format 4.5.8 The jump microinstruction specifies a new 14-bit micro-PC and
three transfer type bits. The micro-PC is specified in IR(31:18). The three
transfer type bits are specified with the R (IR(07)), P (IR(06)), and N (IR(05))
bits. The jump instruction forces the ALU operation to a subtract mode so
that the ALU related test condition flags are meaningful. The format of the
jump microinstruction type is shown in Table 4-22.

Table 4-22 Jump Microinstruction Format
Bits Function
IR(55:54) Opcode = 10 = jump instruction
IR(53:51) Abbreviated jump field (Must be 000, 110, or 111)
IR(50) Parity
1R(49) Halt
IR(48:42) M Source
IR(41:32) A Source
IR(31:18) New PC
IR(17) MSEL, select M source for jump test bit
IR(16) Rotation direction {1 = right)
IR(15:10) Jump condition, sense
IR(09) When set, causes a control store write operation
IR(08) When set, causes a control store read operation
IR(07) R bit (I = pop new PC off uPCS)
IR(06) P bit (1 = push return PC on uPCS)
IR(05) N bit (1 = inhibit execution of next instruction if jump is
successful)
IR(04:00) Rotation count
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The three transfer type bits are individually defined as follows:

m N Bit — When N equals 1, the execution of the next microinstruction
loaded into the microinstruction register is inhibited (NOPed). No regis-
ters or memories that are destinations of a microinstruction are written
to. No stack pointers are modified.

m P Bit — When P equals 1, the return micro-PC is pushed onto the uPCS.

® R Bit — When R equals 1, the return micro-PC is popped off of the uPCS.

The R, P, and N bits taken together define the operations as shown in
Table 4-23.

Table 4-23

Transfer of Control Bits

RPN Operation

000 Branch to the specified location after executing the
microinstruction following the branch.
PC(13:00) = IR(31:18)

001 Branch to the specified location after one additional clock
cycle. The microinstruction following the branch is not
executed.

PC(13:00) = IR(31:18)

010 Call the routine at the specified address after executing the
microinstruction following the call.
PC(13:00) = IR(31:18)
Top-of-uPCS = call-micro-PC-plus-2

011 Call the routine at the specified address after one additional
clock cycle. The microinstruction following the call is not
executed.

PC(13:00) = IR(31:18)
Top-of-uPCS = call-micro-PC-plus-1

100 Return from the subroutine after executing the
microinstruction following the return.
PC(13:00) = uPCS(13:00)

101 Return from the subroutine after one additional clock cycle.
The microinstruction following the return is not executed.
PC(13:00) = uPC5(13:00)

110 Same as 000.

111 Same as 001.
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A sequence of two jump instructions is used to write to or read from the
control-store memory. The first set of two microinstructions that perform a
control-store memory write operation are as follows: (Data is supplied by
the A and M memories.)

Write to control store memory:
(CALL-EXECUTE-NEXT (CONTROL-STORE-TARGET-ADDRESS))
RETURN-INHIBIT-EXECUTION-NEXT JUMP-ADDRESS-DONT-CARE
A-CONTROL-STORE-LOC M-CONTROL-STORE-LOC WRITE-IRAM)

The second set of two microinstructions performs a control store read
operation and saves a portion of the data in the address specified in the
new PC field. The data in this field is interpreted as a destination address in
this situation.

Read instruction memory bits (55:32):
(CALL-EXECUTE-NEXT (CONTROL-STORE-TARGET-ADDRESS))
(RETURN-INHIBIT-EXECUTION-NEXT
A-CONTROL-STORE-SAVE-IN-THE-NEW-PC-FIELD
A-DONT-CARE M-DONT-CARE READ-IRAM)

A third pair of instructions saves the remaining porticn of the control-store
data in the M memory.

Read instruction memory bits (31:00):
(CALL-EXECUTE-NEXT(CONTROL-STORE-TARGET-ADDRESS))
(RETURN-INHIBIT-EXECUTION-NEXT

M-CONTROL-STORE-SAVE-IN-THE-NEW-PC-FIELD A-DONT-CARE
M-DONT-CARE READ-IRAM)

When performing a control store read, IR(31:19) contains the destination
address. IR(18:16) must be 011 binary. When reading and writing control
store memory, A(23:00) maps to [(55:32) and M(31:00) maps to 1(31:00).

These same operations are specified to the microassembler in symbolic
form:

Write to control store memory:
(Access-I-Mem < [ memory label>) Specify I-memory-location.
(Write-I-Mem < A source> < M source>) Perform the write.

Read instruction memory bits (55:32)
(Access-I-Mem < I memory label> ) Specify [-memory location.
(Read-I-Mem < A memory destination>)

Read instruction memory bits (31:00):
(Access-I-Mem < [ memory label>) Specify [-memory location.
(Read-I-Mem < M-memory destination> )
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Dispatch Format

4.5.9 The dispatch microinstruction allows a muitiway transfer of con-
trol. This transfer is based on the address produced by logically ORing the
following:

B The seven LSBs of the dispatch address field
W The seven LSBs from the selected dispatch address source

if the selected dispatch address source is the R bus, the MSBs of the
dispatch address are taken from the dispatch address field of the
microinstruction.

If the selected address is from the MF bus, only five bits (MF(29:25)) from
the bus are available to be selectively ORed with the dispatch address field
of the microinstruction. These bits are fed into dispatch address positions
(05:01) where they are inclusively ORed with bits (25:21) of IR. Bit position
(00) is set equal to IR(20). The LSB can become the inclusive OR of one of
the following:

m [R(20)

B A bit from the LVL1 map (the old space bit)

® The GC volatility fault bit

This form of dispatch is called the transport dispatch.

If the selected address is from the IBUF register, only the seven low-order
bits of the 10-bit field from IBUF can be selectively ORed with the dispatch-
address field of the microinstruction register. The three next MSBs of IBUF
replace the bits from the IR field. The next MSB of the dispatch address is
generated by ORing the corresponding bit in the IR and the status of the
MISCOP decode. The MSB of the dispatch address is generated by the cor-
responding bit in the IR. A dispatch based on the contents of IBUF is called
an instruction-decode-dispatch. Note that MISCOP detection can be dis-
abled under the control of two bits in the MCR.

If the MSB of the dispatch address source select field (IR(13)) is 1, then the
most significant address bit into the dispatch memory is forced to 1. If the
MSB of the dispatch address source select field is set to 0, the address
selected is generated from either the R bus or the MF bus.

The dispatch address field is 12 bits long and is found in IR(31:20). After the
OR takes place, the address produced is an index into the dispatch mem-
ory that contains a 14-bit micro-PC and 3 transfer type bits. The 3 bits are
the same R, P, and N bits described in the jump microinstruction. The 3
transfer type bits describe the type of transfer to take place and use the 14-
bit micro-PC if required. The O bus multiplexer is forced to select the A bus
as the source of data for all dispatch operations. Table 4-24 shows the dis-
patch microinstruction format.
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Table 4-24 Dispatch Microinstruction Format

Bits

Function

IR(55:54)

IR(53:51)

IR(50)
IR(49)
IR(48:42)

IR(41:32)

IR(31:20)
IR(19)
IR(18)

IR(17)

IR(16)
IR(15)
IR(14)

IR(13:12)

IR(11)

IR(10)

IR(09)
IR(08)

IR(07:05)

[R(04:00)

Opcode = 11 = dispatch instruction

Abbreviated jump field (Must be 000, 110, or 111, must be 000 if
writing dispatch memory)

Parity (odd)
Halt
M source

Dispatch constant (also the A memory source when writing to the
dispatch memory)

Dispatch address
Unused
Unused
Stack-own-address alters the return address pushed on the uPCS
by the call transfer type. If the N bit is set, the address of this
instruction should be stacked rather the next instruction.
Rotation direction (1 = right)
Enable instruction stream hardware
Unused
Dispatch address source
00 — R(06:00)
01 — MF(29:25):0
1x — IBUF(09:00) or IBUF(15:06) — Auto selected by the

macroinstruction opcode if MISCOP decoding is enabled.

Old space enable — When IR(11) is set, the LSB of the dispatch
address is set to 1 when the old space bit (LVL1{10))is set to 1.

GC volatility enable bit — When IR(10) is set, the LSB of the dis-
patch address is set to 1 if the GC volatility bit is 1.

Write dispatch memory
Read dispatch memory

Length of field from the selected M source (0 to 7 bits) to logically
OR into the dispatch address of the microinstruction register

Rotation count
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The operation of the R, P, and N bits and the POPJ function in the dispatch
instruction are identical to that in the jump instruction. With both R and P
set to one, the dispatch operation is ignored and the execution of the next
instruction is based on the state of the N bit. Refer to Table 4-23, Transfer
of Control Bits.

The dispatch format (if IR(11) = 1) also allows the next to MSB of the LVLI1
map (the old space bit) to be inclusively ORed with the LSB of the dispatch
address field from the instruction register (IR(20)). The GC volatility fault
bit can also be selected to be inclusively ORed into the LSB of the dispatch
address (if IR(10) = 1). If both IR(11) and IR(10) are set, then the LSB of the
dispatch address is the inclusive OR of the old space bit, the GC volatility
fault bit, and IR(20).

Processor General Description
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LIST OF ACRONYMS

AL A-memory, last-result (data register)

ALU arithmetic logic unit

AREF1 array reference immediate

ARGS arguments

ASCII American Standard Code for Information Interchange
BR branch (instructions)

CDR contents of decrement portion of register

DIN Deutsches Institut fuer Normung

(German Institute for Standardization)

FEF functions entry frame

GC garbage collector

IBUF macroinstruction buffer
ILLOP illegal operation

iMOD instruction modify

IOR immediate OR

IR instruction register

IRAM instruction RAM

IVAR instance variable

LAN local area network

LED light-emitting diode

Lisp list processing (a computer language)
L last-result (register)

LSB least significant bit or byte
LVL level

MCR machine control register
MD memory data (register)
MISCOP miscellaneous operations
ML M-memory, last-result (data register)
MSB most significant bit or byte
MSEL M-source select

NDOP nondestination operation
NOP no operation

NVRAM nonvolatile RAM

NXTIR next instruction register

O bus output bus
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PC
PDL
POPJ
PROM

RAM
ROM

T™O
TM1

uPCS

Vce
VMA

program counter

push-down list

pop jump

programmable, read-only memory

random-access memory
read-only memory

transfer mode zero
transfer mode one

microprogram counter stack

collector voltage
virtual memory address

2 List of Acronyms
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GLOSSARY

address cycle

address space

arbitration

asserted

assertion edge

The last period of a transaction (one clock period long) during which the
ACK- signal is asserted.

A hexadecimal number indicating memory slot space, a slot ID number,
and a data address. An example is F(S)FFFFFF.

The first period of a transaction (one clock period long) during which the
START- signal is asserted. The Address cycle is the same as the start cycle.

The space set aside in memory for a specific group of address numbers.

To select between the different circuit boards that are available on a bus
using a priority system.

This expression indicates logic low or true.

The rising edge (low to high) of the central system clock.

B

backplane

block transfer

A circuit board that connects all the circuit board slot connectors in a
chassis together to make a bus connection.

The movement of groups of consecutive 32-bit words over the NuBus.

bus A group of one or more signal lines that are used to transfer information
from one or more sources to one or more destinations.

byte A group of eight parallel bits of data.

C

chip An integrated circuit device containing a large number of electronic
elements in a single package.

cycle A periodically repeated sequence of operations.
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E

ejector A mechanical device on a circuit board that provides leverage to help
remove a circuit board from the connectors on the backplane.

H

hardwired This describes wires that are permanently connected to terminals.

halfword A group of 16 parallel bits of data.

I

injector A mechanical device on a circuit board that provides leverage to help
insert a circuit board into the connectors on the backplane.

J

jumper A connection between two or more terminals.

L

Lisp A high-level computer programming language used for artificial
intelligence.

local bus A bus that is related to a particular group of circuit boards that operate
under the same signal protocols.

M

master The controlling circuit in a master/slave communication protocol over a

bus.

2 Glossary

Processor General Description



sample edge

slave

slot
slotID

static-sensitive

NuBus A high-speed synchronous bus that multiplexes 32-bit data words with 32-
bit address codes and uses master/slave communication protocols.
P
period One clock cycle of either the NuBus clock or the local bus clock.
S

Falling edge (logic high to low) of the central system clock.

The device that is controlled by a master device in a master/slave
communication arrangement over a bus.

A physical channel in a chassis where a circuit board is inserted.
A binary code that identifies the slot into which a circuit board is inserted.

This refers to devices that can be damaged by static eiectricity.

synchronous bus A bus that has a separate clock line to provide synchronization for data
that is transferred over the bus.

T

transaction A completed bus operation; for example, a read or write operation.

U

unasserted A term that is synonymous with logic high or false.

W

word A group of 32 parallel bits of data.
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