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FOREWORD

This manual contains information on the WE 32100 Microprocessor that is essential
to computer designers, software architects, and system design engineers. The support
software and development tools available simplify system integration for this complex
32-bit microprocessor. This issue contains a description of the version SVR2.0 of the
WE 321SG Software Generation Programs.

Additional information is available in the form of data sheets, application notes, and
on-line documentation from the UNILX Operating System.

For additional information contact your Sales Account Representative or call:
0O Commercial sales: 1-800-372-2447
O AT&T and Associated Company sales: (215) 770-3204 or (CORNET) 8+624-3204.

To obtain additional copies of this manual, Select Code 451-000, call:
0 1-800-432-6600.
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1. INTRODUCTION

This chapter introduces the WE 32100 Microprocessor and summarizes the support
products available for it. The chapters describing the WE 32100 Microprocessor
architecture, instruction set, operating system considerations, and software generation
programs are also introduced.

1.1 Overview

The WE 32100 Microprocessor is a high-performance, single-chip, 32-bit central processing
unit designed for efficient operation in a high-level language environment. The WE 32100
Microprocessor represents a state-of-the-art concept in microprocessor architecture,
providing one of the most powerful and extensive instruction sets available with any
microprocessor. The WE 32100 Microprocessor, packaged in a 132-pin ceramic pin array,
is shown on Figure 1-1.

Figure 1-1. The WE 32100 Microprocessor

The system memory space is addressed over a full 32-bit address bus using either physical
or virtual addresses. The 32-bit address bus produces a vast memory space of more than
four billion bytes which increases the flexibility of memory organization and provides
ample space for the storage of software and data. Data can be read or written over the
separate 32-bit data bus in byte (8-bit), halfword (16-bit), or word (32-bit) lengths.

The WE 32100 Microprocessor is an efficient execution vehicle for operating systems and
high-level languages. The operating system instructions included in the instruction set
establish an environment that permits process switching and interrupt handling with a
minimum of operating system support. Other instructions allow the use of coprocessors
and provide the necessary signals for interfacing with the WE 32101 Memory Management
Unit for virtual memory systems.

1-1
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Software support for the WE 32100 Microprocessor is available through the WE 321SG
Software Generation Programs (SGP). This collection of programs and utilities provides
everything necessary for rapid development of software. The high-level development
language is the C language, and the entire SGP resides in the UNLX Operating System.
The SGP includes a C compiler, an assembler, a link editor, and various utility programs.

Development support is available through the WE 321DS Microprocessor Development
System. The development system is a powerful development tool that can expedite the
integration of hardware and software into a finished application. It permits the debugging
of hardware and software to occur in parallel. The development system components
include the WE 321AP Microprocessor Analysis Pod, the WE 321SD Development
Software Programs, a UNIX System Host, and a logic analyzer. The modular design of
the development system enables the user to configure the system for maximum productivity
from initial hardware debug through the final stage of hardware and software integration.
The WE 321AP Microprocessor Analysis Pod is shown on Figure 1-2.

Prototyping and performance evaluation support is available through the WE 321EB
Microprocessor Evaluation Board. The evaluation board is a single-board microcomputer
evaluation system that provides a prototyping vehicle to evaluate the hardware and
software capabilities and performance of the WE 32100 Microprocessor in an application
environment. The board is supplied with a WE 32100 Microprocessor as the CPU, a

WE 32101 Memory Management Unit, a WE 32102 Clock, a ROM-based monitor,
read/write memory (RAM), and sockets for additional memory. Also included are address
decoding circuitry, RS-232C ports, programmable parallel I/0 lines, programmable
interval timers, and an interrupt controller. The WE 321EB Microprocessor Evaluation
Board is shown on Figure 1-3.

1.2 Architecture

The WE 32100 Microprocessor performs all the system address generation, control,
memory access, and processing functions required in a 32-bit microcomputer system.
Execution speed is enhanced by its unique pipelined architecture. Using this architecture,
the microprocessor overlaps the execution of instructions while tracking each separately. In
addition, as each instruction is fetched from memory it is cached in an internal instruction
cache, resulting in even greater operating efficiency.

The CPU utilizes a combination of address and data strobes and interface and control
signals to provide the bus protocol required for efficient transfer of data. The protocol
facilitates interfacing to commercial memories and peripherals, as well as providing wait-
state generation for handshaking with slow peripherals. In addition, the CPU also provides
special coprocessor signals for a high throughput coprocessing environment.

The architecture and a bus protocol for the WE 32100 Microprocessor is discussed in
Chapter 2. ARCHITECTURE AND BUS OPERATION.
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1.3 Instruction Set

The WE 32100 Microprocessor supports a powerful instruction set that includes standard
data transfer, arithmetic, and logical operations for microprocessors, plus several unique
operations. Its many program control instructions (branch, jump, return) provide
flexibility for altering the sequence of execution. Other instructions are designed to aid in
process switching for operating systems by manipulating the context of the processor with a
minimum of code. In addition, special coprocessor instructions are included in the
instruction set to implement a high-speed interface with special purpose coprocessors
planned for the WE 32100 Microprocessor.

Eighteen addressing modes are provided that include special high-level language support
modes such as frame pointer short offset and argument pointer short offset. These modes
are designed for referring to local variables of high-level functions and function arguments.

Chapter 3. INSTRUCTION SET AND ADDRESSING MODES contains a detailed
description of the WE 32100 Microprocessor Instruction Set.

1.4 Operating System Support

The WE 32100 Microprocessor is designed for high-level language and operating system
support. To aid in the design of process-oriented systems, it provides:

e four execution privilege levels: kernel, executive, supervisor, and user
e flexible transfer of execution control between privilege levels

e capability to have the operating system contained within the address space of every
process

e support of explicit process switching by a scheduler
e implicit switching of processes through the interrupt structure

e layered exception handling structure, with different mechanisms used for different
exceptions.

The processor groups all of the switchable process context into a compact area in memory
called the process control block. This feature, plus the use of the special operating system
instructions and microsequences, provides the programmer with an excellent tool for the
creation and support of process-oriented systems.

Chapter 4. OPERATING SYSTEM CONSIDERATIONS discusses the techniques for
efficient operating system design using the WE 32100 Microprocessor and also describes
the use of the WE 32101 Memory Management Unit in a virtual memory operating
system.
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1.5 Software Generation Programs

The WE 321SG Software Generation Programs (SGP) is a package of support tools used
to create and test programs for the WE 32100 Microprocessor. The SGP runs under the
UNIX Operating System and uses many features of the UNIX System shell. The SGP
allows the programmer to generate code in the high-level C language and test programs at
the source level. This improves productivity and program accuracy by freeing
programmers from the details of the hardware architecture associated with assembly
language programming.

The SGP contains a C compiler that converts C language programs into assembly language
programs. The assembly language programs are ultimately translated into object files by
the SGP assembler for the WE 32100 Microprocessor and link-edited into executable load
modules by the link editor (also contained in the SGP). Each of these tools preserves all
symbolic information necessary for meaningful symbolic testing at the source level. The
SGP also provides a variety of utilities that read and manipulate object files.

The SGP is described in detail in Chapter 5. SOFTWARE GENERATION PROGRAMS.
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2. WE 32100 MICROPROCESSOR OVERVIEW

The WE 32100 Microprocessor is the first 32-bit microprocessor with separate 32-bit
address and data buses. Using either physical or virtual addresses, the 32-bit address

bus can access over four billion (2*?) bytes of system memory or peripherals. Data is read
or written over the 32-bit bidirectional data bus in either byte (8-bit), halfword (16-bit), or
word (32-bit) lengths and is processed internally over 32-bit internal data paths.

The execution speed of the microprocessor is enhanced by an internal instruction queue and
an internal instruction cache that store prefetched instructions. Also, the microprocessor’s
extensive use of pipelining allows overlapping of the execution of instructions while
tracking each one individually. Should a fault or interrupt occur during instruction
execution, the instruction that caused it can be easily determined and execution restarted.
This feature is essential for systems with demand-paged memory management.

Using a group of address and data strobes and interface and control signals, the
microprocessor controls information flow over the address and data buses. These signals
provide the timing required for transfer of data and facilitate interfacing to commercial
memories and peripherals. The microprocessor also accommodates wait-state generation to
allow handshaking with slow peripherals.

The WE 32100 Microprocessor consists of the four major sections shown on Figure 2-1.
These are the main controller, the fetch unit, the execute unit, and the bus interface
control. The main controller is responsible for acquiring and decoding instruction opcodes
and directing the action of the fetch and execute controllers as the specified instruction is
executed. The main controller also has the responsibility of responding to and directing the
handling of interrupts and exception conditions.

The fetch unit handles the instruction stream and performs memory-based operand
accesses. [t consists of a fetch controller, an instruction cache, an instruction queue, an
immediate and displacement extractor, and an address arithmetic unit (AAU). The fetch
controller directs the action of the elements in the fetch unit. The instruction cache is a 64
by 32-bit on-chip cache which is used to increase the microprocessor’s performance by
reducing external memory reads for instruction fetches. When an instruction fetch from
memory occurs, instruction data is placed in the cache and in the instruction queue. If
that instruction data is needed again, it is fetched from the cache rather than from external
memory, which improves performance. The instruction queue is an 8-byte first-in-first-out
queue that stores prefetched instructions. Instructions are taken from the queue for
execution, and the fetch controller fills it asynchronously with respect to instruction
execution. The immediate and displacement extractor provides address calculation data to
the AAU for its use in calculating 32-bit addresses.

The execute unit performs all arithmetic and logic operations, performs all shift and rotate
operations, and computes condition flags. It consists of:

o an execute controller that directs the actions of the elements in the execute unit

2-1



ARCHITECTURE & BUS OPERATION

Overview

e sixteen 32-bit registers that are user-accessible and include:
O nine general-purpose registers (r0—r8)
O seven dedicated registers (r9—r15)

e working registers that are used exclusively by the microprocessor and are not user-
accessible

© a 33-bit ALU that performs arithmetic operations on 32-bit data, with an extra bit that
is used whenever an operation requires a carry or borrow beyond 32 bits.

The bus interface control provides all the strobes and control signals necessary to
implement the interface with peripherals.

The WE 32100 Microprocessor pin assignments are summarized in 2.17 Pin Assignments.

MAIN CONTROLLER
FROM INSTRUCTION
QUEUE
aooress < 32
ke FETCH CONTROLLER EXECUTE CONTROLLER
T0 MAIN l
CONTROLLER
32-BIT
REGISTERS
I
64-WORD 8-BYTE :
INSTRUCTION —a(%—a INSTRUCTION = VORKING
CACHE QUEUE
BUS r REGISTERS[¥ ]
oaa "7 > merrace T
CONTROL T
r
! ;
FP
AP
IMMEDIATE | PSW | ARITHMETIC
& SP LOGIC
DISPLACEMENT |_Pcep | UNIT
EXTRACTOR ISP
PC
ADDRESS
INTERFACE ARITHMETIC
& .‘E’ UNIT
CONTROL
32 32 32 32 32 32
32 ABUS ® 32 CBUS
j= FETCH UNIT —— et EXECUTE UNIT ——pf

Figure 2-1. WE 32100 Microprocessor Block Diagram
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2.1 USER REGISTERS

Figure 2-2 shows the programming model for the microprocessor’s sixteen 32-bit registers
(r0—r15). This register set is designed for efficient support of high-level language
program execution. All of these registers, except for the program counter (r15) and the
processor status word (r11), may be accessed in any addressing mode. The processor
status word (r11), process control block pointer (r13), and interrupt stack pointer (r14) are
privileged registers. These may be read at any time, but may be written only when the
microprocessor is in kernel mode (i.e., the operating system is in control). The other
registers may be read or written in any of the four execution levels.

31 161 15 87 0
r1s PROGRAM COUNTER (PC)
r14|  INTERRUPT STACK POINTER (ISP)*
r13| PROCESS CONTROL BLOCK POINTER (PCBP)*
ri2 STACK POINTER (SP)
rii PROCESSOR STATUS WORD (PSW)*
ri0 ARGUMENT POINTER (AP)
r9 FRAME POINTER (FP)
r8 I l
] 1
T I
< I | o
r0 | |
31 18] 15 8|7 0
BYTE
\
HALFWORD
\- /
WORD

* KERNEL LEVEL PRIVILEGED

Figure 2-2. Programmer’s Model for User Registers
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2.1.1 General-Purpose Registers (r0—r8)

The nine general-purpose registers may be used for high-speed accumulation, for
addressing, or for temporary data storage. The first three registers (rO—r2) are the
microprocessor’s scratch registers. These three registers are used by the C compiler to
store temporary values during expression evaluation. They also pass and return specific
values during procedure calls. For example, r0 should always be used to return the value
of a procedure. If a floating point double value is returned from a procedure, it is stored in
r0 and rl. If a procedure returns a structure, then the pointer to that structure should be
returned to r2. In addition, registers rO0—r2 are implicitly used by the data transfer
instructions MOVBLW (move block of words), STRCPY (string copy), and STREND
(string end) and also by the MVERNO (move version number), INTACK (interrupt
acknowledge), ENBVJMP (enable virtual pin and jump), DISVIMP (disable virtual pin
and jump), GATE (system-call), and CALLPS (call process) operating system
instructions.

2.1.2 Frame Pointer

The frame pointer (FP), r9, points to the beginning location in the stack of a function’s
local variables. It is affected implicitly only by the save register (SAVE) and the restore
register (RESTORE) instructions.

2.1.3 Argument Pointer

The argument pointer (AP), r10, points to the beginning location in the stack where a set
of arguments for a function has been pushed. The AP is affected implicitly only by the
procedure call (CALL) and return (RET) instructions.

2.1.4 Processor Status Word

The processor status word (PSW), r11, contains status information about the
microprocessor and the current process. It is divided into 14 fields, as shown on Figure
2-3. Although the PSW is a privileged register, the microprocessor may alter some of its
fields at any execution level. Most instructions alter the N, Z, V, and C bits (condition
flags) in the PSW. In general, the PSW changes as a whole only when a process switch
occurs. The final values of the PSW bits are based on the result of the last calculation and
are latched into the PSW at the end of the instruction. The PSW may not be referenced
in some addressing modes.

Table 2-1 contains a description of each of the processor status word fields.

Bit |31 26| 25| 24| 23| 22|21 18] 17|16 13|12 11{10 9|8}7| 3| 2|10
Field |Unused [CFD |QIE |CD|OE|NZVC |TE| IPL | CM |PM |R|I|ISC|TM|ET

I

Figure 2-3. Processor Status Word
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Table 2-1. Processor Status Word Fields

Bit(s) | Field | Contents Description
0—1 ET Exception | This read-only field indicates the type of exception
Type generated during operations and is interpreted as:
Code Description
Bit 1 Bit 0
0 0 On Reset Exception
0 1 On Process Exception
1 0 On Stack Exception
1 1 On Normal Exception
(See 2.12 Exceptional Conditions.)
2 ™ Trace The read-only TM field enables masking of a trace trap.
Mask This bit masks the trace enable (TE) bit for the duration

of one instruction to avoid a trace trap. The TM bit is
set (1) at the beginning of every instruction and cleared
(0) as part of every microsequence that performs a
context switch or a return from gate (RETG) or when
any fault or interrupt is detected and responded to.

3—6 ISC Internal | This 4-bit code distinguishes between exceptions of the

State same exception type. The ISC is a read-only field. (See
Code 2.15 Exceptional Conditions.)

7-8 RI Register- | These bits control the context switching strategy. The I
Initial bit (bit 7) determines if a process executes from initial

Context or intermediate saved context. The R bit (bit 8, read
only) determines if the registers of a process should be
saved during a process switch. It also controls block
moves to change map information. (See Chapter 4.)

9—10 |PM Previous | This field defines the previous execution level. The code
Execution | is interpreted as:
Level Code Description
Bit 10 Bit 9
0 0 Kernel level
0 1 Executive level
1 0 Supervisor level
1 1 User level

11—-12 | CM Current | This field defines the current execution level. The code
Execution | for bits 11 and 12 is interpreted in the same manner as
Level that of bits 9 and 10 of the PM code, respectively.
Changes to the CM field via instructions with the PSW
as an explicit destination may affect the XMD pins
during a prefetch access. Therefore, only microsequence
instructions should be used to change the CM field state.
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Table 2-1. Processor Status Word Fields (Continued)

Bit(s)

Field

Contents

Description

13—16

IPL

Interrupt
Priority
Level

The IPL field represents the current interrupt priority
level. Fifteen levels of interrupts are available. An
interrupt, unless it is a nonmaskable interrupt, must have
a higher priority level than the current IPL in order to
be acknowledged. Therefore, level 0000 indicates that
any of the fifteen interrupt priority levels (0001 through
1111) can interrupt the microprocessor. Level 1111, the
highest interrupt priority level, indicates that no
interrupts (except a nonmaskable interrupt) can
interrupt the microprocessor.

17

TE

Trace
Enable

This bit enables the trace function. When TE is set (1),
it causes a trace trap to occur after execution of the next
instruction. Debugging and analysis software use this
facility for single-stepping a program. Changes to the
TE field via instructions with the PSW as an explicit
destination may cause unpredictable trace trap behavior
(i.e., the instruction that changed the TE field in the
PSW may or may not cause a trace trap). Therefore,
only microsequence instructions should be used to change
the TE field state.

18—21

NZVC

Condition
Codes

The condition codes reflect the resulting status of the

most recent instruction execution that affects them.

These codes are tested using the conditional branch
instructions and indicate the following when set (1):

N - Negative (bit 21) V - Overflow (bit 19)
Z - Zero (bit 20) C - Carry (bit 18)

22

OE

Enable
Overflow
Trap

This bit enables overflow traps when set (1). It is
cleared (0) whenever an overflow trap is detected and
handled.

23

CD

Cache
Disable

This bit enables and disables the instruction cache.
When the CD bit is cleared (0), the cache is used to
store and read text. When the CD bit is set (1), the
cache is not used. The instruction cache should only be
disabled when its use could cause problems, e.g., when
self-modifying code is executing. Changes to the CD
field via instructions with the PSW as an explicit
destination may corrupt the contents of the instruction
cache. Therefore, only microsequence instructions
should be used to change the CD field state.
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Table 2-1. Processor Status Word Fields (Continued)
Bit(s) | Field | Contents Description

24 QIE | Quick- The QIE enables and disables the quick-interrupt
Interrupt | facility. If QIE is set (1), an interrupt is handled via the
Enable | quick-interrupt sequence. If QIE is cleared (0), the
interrupt causes a process switch (full-interrupt

sequence).
25 CFD | Cache When set (1), bit 25 disables instruction cache flushing
Flush (emptying of the cache’s contents) when a new process is

Disable | loaded via the XSWITCH_TWO microsequence (see
4.8.4 Microsequences). When cleared (0), the contents
of the cache are flushed when a new process is loaded
via the XSWITCH_TWO microsequence.

26—31 Unused | These bits are not used and must always be cleared (0).

2.1.5 Stack Pointer

The stack pointer (SP), r12, contains the current 32-bit address of the top of the execution
stack; i.e., the memory address of the next item to be stored on (pushed on) the stack or
the last item retrieved (popped) from the stack. The stack pointer and the related
instructions implement a LIFO (last-in-first-out) queue that supports efficient subroutine
linkage and local variable storage.

2.1.6 Process Control Block Pointer

The process control block pointer (PCBP), r13, points to the starting address of the process
control block for the current process. The process control block is a data structure in
external memory that contains the hardware context of a process when the process is not
running. This context consists of the initial and current contents of the processor status
word, program counter, and stack pointer; the last contents of registers rO through r10;
boundaries for an execution stack; and block move specifications (and possibly memory
specifications) for the process. The PCBP may only be written when the microprocessor is
in kernel mode.

2.1.7 Interrupt Stack Pointer

The interrupt stack pointer (ISP), r14, contains the 32-bit memory address of the top of
the interrupt stack. This stack is used when an interrupt request is received and also by
the call process (CALLPS) and return to process (RETPS) instructions. The ISP may

only be written when in kernel mode.
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2.1.8 Program Counter

The program counter (PC), r15, contains the 32-bit memory address of the instruction
being executed or, upon completion, the starting address of the next instruction to be
executed. The PC may not be referenced in some addressing modes and is usually
implicitly referenced by all program control instructions and all function calls and returns.

2.2 DATA HANDLING

All operations within the microprocessor are performed on 32-bit quantities, but data may
be read or written as a byte, halfword, or word. Bits are numbered from right to left,
starting at 0, and are right-adjusted on the address/data bus. The microprocessor
automatically extends a byte or halfword to 32 bits before performing an operation. Zeros
fill the high-order bits for unsigned operations, while the sign bit (bit 7 for bytes, bit 15 for
halfwords) fills the high-order bits for signed operations. See Chapter 3 for a detailed
description of data handling.

2.2.1 Data Types
The WE 32100 Microprocessor supports the following integer data types:

® byte A byte is an 8-bit quantity that may appear at any address. Bits are
numbered from right to left starting with 0, the least significant bit (LSB),
and ending with 7, the most significant bit (MSB). (See Figure 2-4.)

® halfword A halfword is a 16-bit quantity that may appear at any address that is
divisible by 2. Bits are numbered from right to left starting with 0, the
LSB, and ending with 15, the MSB.

® word A word is a 32-bit quantity. A word may appear at any address that is
divisible by 4. Bits are numbered right to left starting with 0, the LSB,
and ending with 31, the MSB.

A bit field data type is also supported by the WE 32100 Microprocessor. A bit field is a
sequence of 1 to 32 bits contained in a base word. The field is specified by the address of
its base word, a bit offset, and a width. The bit offset ranges from 0 to 31 and identifies
the starting bit of the field. The offset is numbered from the LSB of the base word and
corresponds to the number of the bit in the word. That bit becomes bit 0, the LSB, of the
field. The width ranges from 0 to 31 and specifies the size of the field. (Width plus one is
the number of bits in the field.) The width is numbered from right to left in the field and
corresponds to the bit number of the field’s MSB. Fields do not extend across word
boundaries and will wrap around from the MSB to LSB when the word boundary is
reached. Figure 2-5 illustrates a bit field located at address a, with an offset of 6, and a
width of 9. (Notice that the field contains 10 bits, one bit more than the width.)
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BITS 7 0
MsB LSB
A. BYTE DATA
BITS 15 817 0
I | |
l
nsB LSB
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Data Types
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| | | 1\
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Figure 2-4. Bit Order of Data
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Figure 2-5. Bit Field Data Type
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Data in Memory

2.2.2 Data in Memory

Memory locations consist of a series of 8-bit (byte) locations for storing data. Halfwords
occupy two consecutive memory locations and words occupy four consecutive memory
locations. Boundary restrictions apply to the starting location of halfwords and words.
Halfwords may only appear at addresses divisible by 2, and words may only appear at
addresses divisible by 4. The microprocessor generates a fault if these boundaries are

violated.

During memory reads the memory system must provide a word of data. The memory
system must ignore the two lowest address bits (ADDRO00 and ADDROI1) and provide the
word data beginning at this resulting word address.

Memory writes require that the memory system be set up in byte format, i.e., each byte
must be writable independent of all other bytes. During memory writes, only the byte or
bytes the CPU wants to write are to be changed. The remaining byte or bytes of the same
word, if any, must not be altered. The CPU informs the memory system which byte(s)
should be written based on the contents of the data size bits (DSIZEO and DSIZE1) and
the lower two address bits (ADDROO and ADDRO1). Table 2-2 indicates which byte(s)
should be written based on the following byte addressing.

Data | 31

24

23 16

15 8

7 0

Byte Byte 0

Byte 1

Byte 2

Byte 3

!

Increasing Addresses

Table 2-2. Memory Write Summary

Memory Byte(s) Written

DSIZE1 DSIZEO ADDRO1 ADDROO| Byte 0 Byte 1 Byte 2 Byte 3
0 0 (Word) 0 0 Written  |Written  {Written | Written
1 0 (Halfword) 0 0 Written Written Unchanged | Unchanged
1 0 Unchanged | Unchanged | Written Written
1 1 (Byte) 0 0 Written  |Unchanged |Unchanged |Unchanged
0 1 Unchanged | Written Unchanged | Unchanged
1 0 Unchanged | Unchanged | Written Unchanged
1 1 Unchanged | Unchanged | Unchanged | Written

Note: For write transactions, any combination of DSIZE1—DSIZE0O and ADDRO1—ADDROO not
indicated in the table generates an alignment fault.

2.2.3 Memory Management

Memory management enables the operating system to efficiently manage the memory
space for single and multiple processing applications. The memory management concepts
are implemented with an external memory management unit (MMU) interfaced directly to
the microprocessor. The MMU manipulates the microprocessor’s vast address space by
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accepting virtual addresses from the microprocessor and translating them into physical
addresses (the physical address of the data). Therefore, the MMU can provide a vast
address space per process (over four billion bytes of virtual or physical address space).

2.3 SIGNAL SAMPLING POINTS

The WE 32100 Microprocessor utilizes two phase-shifted input clocks (CLK23 and
CLK34) as depicted on Figure 2-6. The CPU samples all inputs at the points indicated on
this figure. This figure can be used as a reference for the protocol diagrams in the sections
that follow.

SYNCHRONOUS
POINT SAMPLING
POINT
CLK23
CLK34 0 1]\ 2 /3 5
BUSRQ IPLO-IPL3 DTACK FAULT* DATAOO-DATA3I

BRACK (cPU NMINT  FAULT RETRY*

NOT MASTER) AVEC . RETRY RRREG*
DONE gg%gT RRREQ SRDY
BLKFTCH
RESETR

* double latched

Notes:

1. BUSRQ, BRACK, IPLO—IPL3, NMINT, AVEC, INTOPT, STOP, RESETR are
sampled repetitively one CLK34 cycle apart (i.e., on every clock cycle).

2. After DTACK is asserted, FAULT, RETRY, RRREQ and BLKFTCH are sampled once

at the synchronous sampling point. If FAULT, RETRY, or RRREQ are asserted prior

to or at the same time as DTACK, then they are sampled once and double latched. If

SRDY is asserted, then FAULT, RETRY, RRREQ and BLKFTCH are sampled once at

the synchronous sampling point.

BLKFTCH must remain asserted until negation of data strobe (DS).

4. DSHAD is not latched and can be asserted at any time subject to the following
conditions: DSHAD should only be asserted during a CPU-initiated transaction while
AS is active and DTACK, SRDY, and FAULT are inactive. Unless RETRY or RRREQ
is active, DSHAD should only be negated while AS is still active and DTACK, SRDY
and FAULT are inactive. If RETRY or RRREQ is active, then DSHAD should be
negated one cycle after AS is negated.

hed

Figure 2-6. Signal Sampling Points
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The bus transactions that are described in the upcoming sections share the following
attributes. The read/write (R/W) output remains in its mode (high, logic 1, for read
transactions and low, logic 0, for write transactions) for the entire transaction. The cycle
initiate (CYCLEI output goes active for two clock cycles at the beginning of each
transaction. The CPU asserts the data ready (DRDY) output at the end of the transaction
if there are no bus exceptions (fault, FAULT; retry, RETRY; or relinquish and retry
(RRREQ) during the transaction.

The address bus (ADDR0O0—ADDR31) is driven for the entire transaction if the CPU is
operating in physical mode. If the CPU is operating in virtual mode, the CPU only drives
the address bus during the first and second clock states. (One clock state is half a clock
cycle.) The CPU 3-states its address bus during the third clock state so that the MMU
can drive the translated physical address onto the bus.

The data size bits (DSIZE0—DSIZE]) indicate the size of the transaction (byte, halfword,
word, or double word) and are driven for the entire transaction. The access status code
(SAS0—SAS3) is driven one clock cycle before the transaction starts and remains active
for two additional cycles during the transaction. This 4-bit code indicates the type of
transaction being performed. At clock state four, the access status code is changed to
reflect the next operation (if the next operation is a bus transaction) or to "no operation"
(if the next operation is not a bus transaction). The leading edge of CYCLEI can be used
to latch the access status code.

2.4 READ AND WRITE OPERATIONS

The WE 32100 Microprocessor performs zero wait-state read and write accesses in three
clock cycles. These accesses are performed in two stages. The microprocessor first outputs
the address and the control signals necessary for the given operation. Once these signals
have had time to settle, the data transfer takes place. All accesses are followed by a
vestigial cycle to allow enough time for a memory management unit to release the shared
address bus.

Two inputs that allow handshaking between the CPU and slow slave devices are provided.
External devices can cause the CPU to insert wait cycles during a bus transaction through
the use of the synchronous ready (SRDY) input and the data transfer acknowledge
(DTACK) input. Wait cycles prolong a bus transaction which allows slave devices more
time to place data on the bus during a read transaction and more time to pick up data
from the bus during a write transaction.

During bus transactions the CPU samples the DTACK and SRDY inputs at their respective
sampling points, as shown on Figure 2-6. If either input is active (low) at its sampling
point, no wait cycles are inserted and the transaction completes in three clock cycles.
However, if neither DTACK nor SRDY is sampled active, wait cycles are inserted, and the
CPU samples each input at cycle intervals from its respective sampling point until either
input is sampled active. At this point no more new wait cycles are generated and the bus
transaction completes one clock cycle after the completion of the current wait cycle.
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In the following read and write operation descriptions, the term "asserted” means that a
signal is driven to its active state either by the microprocessor (outputs) or by an external
device (inputs). The term "negated" means that the signal is driven to its inactive state. A
bar over a signal name (e.g., AS) indicates that the signal is active low, logic 0.

2.4.1 Read Transaction Using SRDY

Figure 2-7 illustrates a read transaction with zero wait cycles (3 cycle access) using SRDY
to terminate the access. The read transaction starts with the CPU driving the address bus
(ADDR00—ADDR31) and the data size outputs (DSIZEO—DSIZE1), negating the
read/write (R/W) output to indicate that a read operation is being performed, and
asserting the cycle initiate (CYCLEID output at the beginning of clock state zero.

For read operations the address strobe (AS) and data strobe (DS) have the same timing.
The CPU latches data driven onto the data bus by the addressed device at the end of clock
state four, when the CPU negates AS and DS. Data can be driven onto the bus while AS
and DS are active.

The transaction illustrated on Figure 2-7 is terminated by the assertion of SRDY by the
addressed device. SRDY is the acknowledgement that the addressed device is putting the
data onto the data bus and that the CPU can latch the data and terminate the transaction.

SRDY is synchronously sampled at the end of clock state three.

The read transaction depicted on Figure 2-7 completes in three clock cycles (zero wait
cycles) because SRDY is active when sampled at the end of the clock state three.
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Figure 2-7. Read Transaction (Using SRDY)
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2.4.2 Read Transaction Using DTACK

The read transaction using DTACK is identical to the read transaction using SRDY, except
that the addressed device asserts DTACK to acknowledge that it is putting data on the data
bus instead of SRDY (see Figure 2-8). DTACK is asynchronously sampled at the end of
clock state two and is double latched to avoid metastability.

The read transaction shown on Figure 2-8 completes in three clock cycles because the CPU
samples DTACK active at the end of clock state two. Upon sampling DTACK active, the
CPU latches the data and terminates the transaction.
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Note: Zero Wait Cycles.

Figure 2-8. Read Transaction (Using DTACK)
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2.4.3 Read Transaction With Wait Cycle Using SRDY

The CPU inserts wait cycles during bus transactions if it does not sample DTACK active at
the end of clock state two or SRDY active at the end of clock state three, and no bus
exceptions occur. As illustrated on Figure 2-9, the CPU inserts one wait cycle because
DTACK is not active at the end of clock state two and SRDY is not active at the end of
clock state three. Only one wait cycle is inserted during the transaction because SRDY is
active when sampled at the end of the wait cycle. The CPU then latches the data and
terminates the transaction.
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Figure 2-9. Read Transaction With One Wait Cycle (Using SRDY)
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2.4.4 Read Transaction With Two Wait Cycles Using DTACK

The CPU can insert multiple wait cycles during bus transactions, as illustrated on Figure
2-10. In this figure the CPU does not receive an acknowledge (DTACK or SRDY) for two
clock cycles. Neither DTACK nor SRDY is active during clock states two and three or the
first wait cycle. DTACK is sampled active in the middle of the second wait cycle, causing
the termination of wait cycle generation. The CPU then latches the data and terminates
the transaction.

was | /TN T\ ARV ARNYARNI
cLK34 r\ o /1 \ 2 s\ w /w\Xw/w\Nae/s \x /[ x
S CURRENT VALID ( ({{ NEXT VALDD
_ L 7]
Pern _ LK
_ L 1 1 [ 1 T |
A K vao ) 3 - STATE IF VIRTUAL )
7S, DS AN (/7]

oK%, o 00
o Y00 \

DRDY \ / 7
R/W __zy Jr
TYCLE r\< N /

Figure 2-10. Read Transaction With Two Wait Cycles (Using DTACK)
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2.4.5 Write Transaction Using SRDY

During write transactions the R/W output is held low (logic 0) for the entire transaction.
The CPU drives the data bus with the data to be written from clock state two until the end
of the transaction. The access status code at the beginning of a write transaction is "write"
(SAS3—SAS0 = 1010).

Unlike read transactions wﬁre AS and DS have the same timing, the CPU asserts DS one
cycle after it has asserted AS, allowing the addressed device to latch the data with either
the leading or trailing edge of DS.

Figure 2-11 illustrates a write transaction with the addressed device using SRDY as the
acknowledgement. By asserting SRDY the addressed device indicates to the CPU that it is
ready to latch the data on the data bus. SRDY is synchronously sampled at the end of
clock state three. On Figure 2-11, the CPU sampled DTACK inactive at the end of clock
state two; however, it sampled SRDY active at the end of clock state three. As a result, the
CPU terminates the transaction.

2.4.6 Write Transaction Using DTACK

The write transaction using DTACK is identical to the write transaction using SRDY,
except that the addressed device asserts DTACK to indicate that it is ready to latch the
data on the data bus. DTACK is sampled asynchronously at the end of clock state two.

On Figure 2-12,the CPU samples DTACK active at this time and proceeds to terminate the
transaction.

2.4.7 Write Transaction With Wait Cycle Using SRDY

Wait cycle insertion for write transactions is similar to wait cycle insertion for read
transactions. Just as in read transactions, the CPU inserts wait cycles if DTACK is not
active when sampled at the end of clock state two, SRDY is not active when sampled at the
end of clock state three, and no bus exceptions occur.

Figure 2-13 illustrates a write transaction with two wait cycles. The CPU begins wait
cycle insertion because DTACK is not active at the end of state two and SRDY is not active
at the end of state three. A second wait cycle is inserted because, again, neither input was
active when sampled during the first wait cycle. The addressed device finally asserts
SRDY at the end of the second wait cycle, and the CPU terminates the transaction.
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Figure 2-11. Write Transaction (Using SRDY)
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Figure 2-12. Write Transaction (Using DTACK)
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2.4.8 Write Transaction With Wait Cycle Using DTACK

The write transaction shown on Figure 2-14 is another example of wait cycle insertion. In
this transaction the addressed device asserts DTACK to indicate that it is ready to latch the
lata, and that therefore, no more wait cycles are to be inserted.

Neither DTACK nor SRDY is active at its initial sampling point and, as a result, the CPU
inserts a wait cycle. When the CPU samples DTACK a second time during the wait cycle,
DTACK is now active. The CPU can then terminate the transaction.

Additional protocol diagrams for read and write operations are included in
2.19 Supplementary Protocol Diagrams.

2.5 READ INTERLOCKED OPERATION

Read interlocked operation consists of a memory fetch (read access) and one or more
internal microprocessor operations, followed by a write access to the same memory
location. Once the read access has been completed, the read interlocked operation may not
be preempted other than by a reset. This prevents another process from altering data in
memory which is being operated on by the current process. If a fault occurs during the
read access, the read interlocked operation terminates without going through the write
access.

Figure 2-15 illustrates a read interlocked transaction. Note that the access status code is
"read interlocked” (SAS3—SASO = 0111) for both transactions and that the address
remains the same for both transactions. The read portion and the write portion of the
transaction are standard read and write transactions.
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2.6 BLOCKFETCH OPERATION

The CPU can fetch two words of instruction code in one bus transaction via a blockfetch
operation. The CPU generates one address, and the memory provides two words of
instruction code. This reduces the number of cycles that it takes to fetch two words. The
CPU starts the transaction with the DSIZE of double word, which indicates that it is ready
to perform a blockfetch.

If the memory is designed to handle blockfetch, it will respond with the blockfetch
(BLKFTCH) signal and an acknowledge signal, either SRDY or DTACK.

2.6.1 Blockfetch Transaction Using SRDY

After the memory issues BLKFTCH and SRDY, the CPU latches the data being sourced by
the memory during clock state four, removes DS, and keeps AS in the active state. One
cycle later the CPU reissues DS and is ready to latch the second word.

The memory drives the data bus with the second word and a SRDY. The CPU samples the
SRDY at the end of clock state seven, then latches the data during clock state eight and
terminates the transaction. This operation is shown on Figure 2-16.

AS stays low for both words fetched. DS goes inactive for one cycle in between the first
and second words. DSIZE changes from double word to word at clock state six. R/W is
held in the read mode for the entire transaction. Only one CYCLEI is issued for this
transaction. Two DRDY’s are issued, one for each word. The BLKFTCH pin is sampled
only with the first SRDY. It is not used during the second word. The SAS code for the
first word can be "instruction fetch," "instruction fetch after PC discontinuity,"” or
"prefetch.” SAS for the second word is always "prefetch.” If the memory does not issue a
BLKFTCH with the acknowledgement on the first word then the CPU will latch the data
and terminate the transaction by removing both AS and DS. It will then precede to start
up a second read with SAS of "prefetch" and issue a new address.

For a blockfetch transaction, the CPU issues only one address. If it is in virtual mode the
CPU 3-states the address during clock state two which allows the MMU to drive the
physical address for fetching both words. Also note that the CPU is fetching the two
words from a double word address block. It will ask for either the even or odd address
first, as indicated by the value on the address bus. For the second word it expects the
memory to provide the data corresponding to the address location with ADDR02
complemented. This is the other corresponding word from the double word block.

For example, assuming physical addressing, the CPU drives ADDR with 0003C000.
Memory provides data for the first word corresponding to location 0003C000. Memory
provides data for the second word corresponding to location 0003C004.

As another example of physical mode, consider the CPU driving ADDR with 00078004.
Memory provides data for the first word corresponding to location 00078004. Memory
provides data for the second word corresponding to location 0007800.
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Figure 2-16. Blockfetch Transaction (Using SRDY)
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2.6.2 Blockfetch Transaction Using DTACK

This transaction (see Figure 2-17) is the same as Figure 2-16 except the acknowledgement
used by the memory is DTACK. On the first word DTACK is sampled by the CPU at the
end of clock state two. BLKFTCH is sampled at the end of clock state three which is the
same as on Figure 2-16. For the second word, DTACK is sampled at the end of clock state
six.
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Figure 2-17. Blockfetch Transaction (Using DTACK)
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2.6.3 Blockfetch Transaction Using DTACK With Wait Cycle on Second Word

In this case (see Figure 2-18), during the fetch of the second word there was no DTACK
during clock state six nor SRDY during clock state seven. Therefore, the CPU inserted a
wait cycle. It sampled DTACK during the first clock state "W," then latched the data and
terminated the transaction.
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Note: Wait cycle on second word.

Figure 2-18. Blockfetch Transaction Using DTACK With Wait Cycle on Second Word
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2.6.4 Blockfetch Transaction Using SRDY With Wait Cycles on Both Words

During the fetch of the first word in this transaction, the CPU did not sample a DTACK
during clock state two nor a SRDY during clock state three (see Figure 2-19). It inserted
a wait cycle. During the second clock state "W," it sampled SRDY and BLKFTCH, then
latched the data and terminated DS. The CPU proceeded to the second fetch. During
clock state six it did not sample DTACK nor a SRDY during clock state seven. The CPU
inserted a wait cycle. During the second clock state "W," it sampled SRDY, then latched
the data and terminated the transaction.
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Note: Wait cycle on both words.

Figure 2-19. Blockfetch Transaction (Using SRDY)
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2.7 BUS EXCEPTIONS

Bus exceptions cause the termination of the current memory access and result when an
access retry is required or when a fault occurs during an access. The three bus exceptions
are fault, retry, and'relinquish and retry.

A fault is the result of an error condition during a bus cycle. An external device reports
errors to the CPU (such as address translation and memory faults) by asserting the fault
input (FAULT). This causes the CPU to terminate the access and perhaps execute a fault
handling routine. The WE 32101 Memory Management Unit uses the FAULT input when
it detects that a virtual address corresponds to data that is not presently in physical
memory. The MMU also generates a fault if it detects an error condition when it attempts
to translate the virtual address. A retry causes the CPU to retry the access. An external
device requests a retry by asserting the RETRY input. A relinquish and retry causes the
microprocessor to give up its bus and retry the preempted access once the bus has been
returned to its control. An external device requests a relinquish and retry by asserting the
RRREQ input.

Table 2-3 describes how the microprocessor handles the simultaneous assertion of two or
more bus exceptions. The term negated indicates the signal is driven to its inactive state.
2.7.1 Faults

A bus transaction can be terminated by a bus exception: in this case, FAULT without a
DTACK or SRDY (see Figure 2-20). On Figure 2-20, the CPU inserted two wait cycles

Table 2-3. Simultaneously Asserted Exception Conditions*

Simultaneously

Asserted Signals Behavior

RRREQ, RETRY, | The relinquish and retry request (RRREQ) is honored first. The
FAULT microprocessor acknowledges this request by relinquishing the bus and
then asserting the relinquish and retry request acknowledge (RRRACK)
output. The access is retried once RRREQ and RETRY are negated by

the requesting devices. If the fault (FAULT) input is still asserted
during the retried access, the fault will be honored (recognized). The
fault input will be recognized only during the retried access.

RRREQ, RETRY | The relinquish and retry request (RRREQ) is honored first. The
microprocessor 3-states the appropriate signals and then asserts the
relinquish and retry acknowledge output (RRRACK). The access is
retried once RRREQ and RETRY are negated.

RRREQ, FAULT | Same as in behavior for RRREQ, RETRY, and FAULT simultaneously
asserted.

RETRY, FAULT | The RETRY request is honored first. The FAULT will be recognized on
the retried access if it is still asserted.

* Table 2-3 applies only when the microprocessor is the bus master.
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because it did not receive an acknowledge or a bus exception. During the third clock state
"W," the CPU asynchronously sampled FAULT and terminated the transaction. Note that
if a DTACK was also sampled with the FAULT during the third clock state "W," the figure
would still look identical.

Upon the faulted transaction, the CPU will proceed to the fault handler to process the
exception. However, for a faulted prefetch, the CPU ignores the data, continues with its
current instruction execution, and does not enter the fault handler. If the CPU needs this
instruction later, it will do an instruction fetch, and if this is also faulted, the CPU will
proceed with the fault handler. At the end of the transaction, DRDY is not issued starting
with clock state five because the CPU sampled the FAULT. If this bus transaction is a
write, the CPU will sample FAULT the same way as in a read case. There are some
differences for a blockfetch which can be seen in 2.8 BLOCKFETCH SPECIAL CASES.
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Figure 2-20. Asynchronous Fault Without DTACK and SRDY (Read Transaction)
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FAULT With SRDY

The CPU can sample FAULT synchronously if it has a SRDY with it. Figure 2-21 shows
both SRDY and FAULT being sampled during the last clock state "W." The CPU then
terminates the transaction and does not issue a DRDY. For reads and writes, the CPU
samples the SRDY and FAULT in the same way.
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Figure 2-21. Fault with Synchronous Ready (SRDY); i.e., Synchronous Fault
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FAULT After DTACK J

The CPU can also sample FAULT synchronously if it has sampled a DTACK
asynchronously in the same clock cycle. Figure 2-22 shows DTACK sampled during clock
state three and FAULT sampled during clock state four. The CPU then terminates the bus
and does not issue DRDY. This sampling of STACK and FAULT is the same for reads.
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Note: FAULT must meet setup time with respect to CLK34 edge
after assertion of DTACK.

Figure 2-22. Fault After Assertion of DTACK (Write Transaction is Shown)
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2.7.2 Retry

RETRY is sampled the same way the FAULT is sampled. The previous figures on how
FAULT is sampled can have the words FAULT replaced by RETRY as far as the sampling
is concerned. Figure 2-23 shows a retry for a read transaction.

When the CPU samples the RETRY, it terminates the transaction and does not issue a
DRDY. The CPU continues to asynchronously sample RETRY. After RETRY is removed,
the CPU will redo the entire transaction. The SAS code will be the same as the first
transaction as well as the address, DSIZE, and R/W.

RETRY operates on reads and writes in the same way. There are some differences if the
transaction is a blockfetch, and these can be seen in the RETRY with blockfetch figures in
2.8 BLOCKFETCH SPECIAL CASES.

2.7.3 Relinquish and Retry

RRREQ is sampled the same way that the other two bus exceptions (FAULT and RETRY)
are sampled. An example is shown on Figure 2-24.

When the CPU samples RRREQ, it terminates the transaction and does not issue a DRDY.
After the second clock state "X," the CPU 3-states the address and data buses as well as
most of the control signals in order to allow some other device to use the bus. A cycle later
the CPU issues RRRACK. This indicates that the device that had issued RRREQ can get
onto the bus and do its bus transaction. The CPU will continue to asynchronously sample
RRREQ. When the device using the bus is finished, it should remove RRREQ. When the
CPU sees that RRREQ is removed, it will take back the bus and redo the entire
transaction. As in the RETRY case, the SAS code, address, DSIZE, and R/W will be the
same on both transactions.

RRREQ operates on reads and writes in the same way. There are some differences if the
transaction is a blockfetch, and these can be seen in the blockfetch with relinquish and
retry figure in 2.8. BLOCKFETCH SPECIAL CASES.
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2.8 BLOCKFETCH SPECIAL CASES

As indicated in the descriptions of the bus exceptions, a fault, retry, or relinquish and retry
of a blockfetch transaction is a special case of bus exception. The following descriptions
address these special cases.

2.8.1 Fault on First Word of Blockfetch With Status Code Other Than Prefetch

If the CPU samples FAULT on the first word of a blockfetch where the SAS code is
"instruction fetch" or "instruction fetch after PC discontinuity," the blockfetch transaction is
altered as on Figure 2-25. The CPU sampled FAULT in clock state two and BLKFTCH in
clock state three. Note that to sample BLKFTCH, the CPU needs a DTACK, SRDY, or a
bus exception. Upon seeing blockfetch and fault, the CPU removes DS at clock state five.
It holds AS low and continues to hold it until the end of the first clock state X. The
address bus, if in physical mode, is driven until the second clock state X. DRDY is not
issued at all during this transaction.

2.8.2 Fault on First Word of Blockfetch With Status of Prefetch

As in other prefetch transactions, when the CPU is faulted, it ignores the data and just
continues on with its current execution. This is illustrated on Figure 2-26. On clock state
two, the CPU sampled FAULT and on clock state three, it sampled BLKFTCH. The CPU
terminated the first word fetch by removing DS (not issuing DRDY), and continuing on to
the second transaction. The second transaction operates normally.

2.8.3 Retry on First Word of Blockfetch

The CPU samples RETRY during clock state three and the BLKFTCH during clock state
four. The CPU then terminates the transaction by removing DS at clock rate state five
and the AS at the second clock state X. At this point the CPU waits for RETRY to go
away. When it does the CPU retries the entire blockfetch transaction. This process is
illustrated on Figure 2-27.

2.8.4 Retry on Second Word of Blockfetch

In this case (see Figure 2-28), the CPU sampled BLKFTCH and DTACK, clocked the data
from the data bus, issued a DRDY, and continued on to the second word. During the first
clock state W, the CPU samples RETRY. It then terminates the transaction, does not issue
a DRDY, and waits for the RETRY to be removed. Since the second word of a blockfetch
is always a prefetch, the CPU faults this transaction internally rather than retrying the
entire blockfetch transaction. When the RETRY signal is removed, the CPU continues on
with its current execution. If the CPU wants to do a new bus transaction it will proceed
with this one since it will not retry the blockfetch.
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2.8.5 Relinquish and Retry on Blockfetch

Figures 2-27 and 2-28 can be used to illustrate the RRREQ bus exception for the first and
second word of a blockfetch.

The timing and bus transaction for Figure 2-27 will look the same if the bus exception is
RRREQ rather than RETRY. However, the CPU will release the bus before doing the
retried transaction. Additionally, the CPU will 3-state the bus at the end of the second
clock state X (indicated by A on the diagram). One cycle later it will issue a relinquish
and retry request acknowledge (RRRACK) to tell the requesting device that it can now use
the bus. When RRREQ is removed, the CPU will continue with the retried transaction
starting at point B.

The same explanation applies for a RRREQ on the second word of a blockfetch (Figure
2-28). As above, the CPU will 3-state the bus at point A and issue a RRRACK. Once the
RRREQ is removed, the CPU will continue with the next bus transaction starting at point
B and would not retry the blockfetch.

2.9 INTERRUPTS

The microprocessor accepts fifteen levels of interrupts. An interrupt request is made to the
microprocessor by placing an interrupt request value on the interrupt priority level pins
(IPLO—IPL3) or by requesting a nonmaskable interrupt by asserting NMINT. Pending
interrupts are not acknowledged until the currently executing instructions are completed.
The exceptions to this are multiply, divide, modulo, move block word, string copy, and
string end instructions which abort upon a pending interrupt.

The pending interrupt value input on IPLO—IPL3 is internally inverted and compared to
the value contained in the interrupt priority level (IPL) field of the processor status word
(PSW). In order for the pending interrupt to be acknowledged, its inverted value must be
greater than the IPL field value. Pending interrupts whose inverted values are equal to or
less than the IPL field value are ignored. However, if the pending interrupt is
nonmaskable, it will always interrupt the microprocessor regardless of the IPL field value.

The microprocessor also provides autovector, nonmaskable, and quick-interrupt facilities.
The following describes these facilities.

2.9.1 Interrupt Acknowledge

The microprocessor acknowledges an interrupt by transmitting the inverted interrupt value
on bits 2 through 5 of the address bus. In addition, the value placed on the interrupt
option (INTOPT) pin is inverted and transmitted on bit 6 of the address bus. (The
INTOPT input has no effect on the microprocessor; however, it could be used to indicate,
for example, whether the interrupt was hardware- or software-generated.) The
microprocessor then fetches the interrupt vector number from the interrupting device on
bits 0 through 7 of the data bus and begins execution of the interrupt handling routine.
The interrupt acknowledge transaction is illustrated by Figure 2-29 which depicts the case
where a value placed on the IPLO—IPL3 inputs causes an interrupt. In this case, the
interrupt acknowledge is issued in response to the application of the IPL pins and INTOPT
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pin with no AVEC and NMINT active. During the interrupt acknowledge transaction, the
CPU reads in an 8-bit offset provided by the interrupting device and used by the CPU as
an offset to a table. The SAS code is "interrupt acknowledge.” The DSIZE is a byte. The
address corresponding to the interrupt acknowledge is indicated at the bottom of the figure.
The interrupting device drives the data bus with the 8-bit offset and a memory
acknowledge; in this case a DTACK. The bus exceptions are accepted during this bus
transaction. The IPL input values should be removed once the corresponding interrupt
acknowledge has occurred.
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Note: During the interrupt acknowledge the address bus (ADDR0O0—ADDR31)
contains the following data.
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Figure 2-29. Interrupt Acknowledge
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Table 2-4 summarizes how the interrupt priority levels are to be interpreted and shows the
corresponding acknowledge for each level.

Table 2-4. Interrupt Level Code Assignments
Interrupt Interrupt Interrupt Priority
Request Option Acknowledge Level
Input Input Output
IPLO—-IPL3 INTOPT ADDR02—ADDRO06
Bits: Bits:

3 2 1 0 06 05 04 03 02
0[O0 00O 0 1 1 1 1 1 Highest
0)]0]01|O 1 0 1 1 1 1 Priority
0[O0 0] 1 0 1 1 1 1 0
olofo]1 1 ol 1| 1] 1]o0 2nd
0|]0|] 1[0 0 1 1 1 0 1 3rd
0] 0 110 1 0 1 1 0 1
001 1 0 1 1 1 0 0
oo 11 1 ol 1] 1]ofo 4th
0oj1]0]0 0 1 1 0 1 1
ol1]0]o0 1 o 1] o] 1] 1 Sth
01 011 0 1 1 0 1 0
ol1]ol1 1 ol 1ol 1] o 6th
011 1{0 0 1 1 0 0 1
ol1|1]o0 1 ol 1]lo] o] 1 7th
01 1 1 0 1 1 0 0 0
o1 )11 1 ol1lo]lo]o 8th
1{0}]10]0O0 0 1 0 1 1 1
1lolo]o 1 olol] 1] 1]1 Oth
1|10f{0]1 0 1 0 1 1 0
1{o]o]1 1 olol1]|1]o 10th
10 110 0 1 0 1 0 1
1lol1]o 1 olo|1]o0]1 1t
110111 0 1 0 1 0 0
1lof1]1 1 olo|l1|o]o 12th
1111010 0 1 0 0 1 1
1l1]o]o 1 olofo]|1]1 13th
1 11011 0 1 0 0 1 0
1l1]o]1 1 olofjo|1]o 14th
1 1 110 0 1 0 0 0 1 Lowest
1 {1 1|0 1 0 0 0 0 1 Priority
11|11 0 X X X X x | No Interrupt
1 {1 {1]1 1 X X X X X Pending

x signifies no value placed on address bus.
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2.9.2 Auto-vector Interrupt

If the auto-vector (AVEC) input is active during an interrupt request, the microprocessor
will not fetch a vector number from the interrupting device. Instead, the microprocessor
provides the interrupt vector by treating the inverted INTOPT input, concatenated with the
interrupt priority level input (IPLO—IPL3), as a vector number. The auto-vector facility
reduces hardware costs in smaller, less complex systems because the interrupt vector is
supplied by the microprocessor instead of by external hardware.

Refer to Figure 2-30 for an illustration of the auto-vector interrupt acknowledge
transaction. In this transaction, an auto-vector acknowledge is issued in response to the
application of the IPL pins and INTOPT pin with AVEC active and no NMINT. Since the
CPU does not need to read in an external value, it does an auto-vector interrupt
acknowledge without looking for a memory acknowledge or a bus exception. The
transaction goes through the clock states without inserting wait cycles. This transaction is
used to tell the interrupting device that it should remove the IPL and AVEC input values.
No DRDY is issued because there is no latching of data.

2.9.3 Nonmaskable Interrupt

The nonmaskable interrupt facility is provided to satisfy reliability and recoverability
requirements of various systems. As previously mentioned, a nonmaskable interrupt can
interrupt the microprocessor regardless of the current priority level in the IPL field. A
nonmaskable interrupt occurs if the nonmaskable interrupt input (NMINT) is asserted.
The interrupt is then treated as an autovector interrupt with vector number 0. During the
interrupt acknowledge cycle of a nonmaskable interrupt, address bus bits ADDR00—
ADDR31 contain zeros. This distinguishes a nonmaskable interrupt from all other
interrupts.

Figure 2-31 illustrates the nonmaskable interrupt acknowledge transaction. Here, a
nonmaskable interrupt acknowledge is issued in response to the application of the NMINT
input. For a nonmaskable interrupt, the CPU uses an internal offset corresponding to an
IPL of zero. Since the CPU does not need to read in data, it performs the transaction
without looking for a memory acknowledge or a bus exception. The transaction goes
through the clock states without inserting wait cycles. Again, the interrupting device
should release NMINT when it sees the acknowledge. The SAS code is "auto-vector
acknowledge," but the interrupt vector is 0. ADDROO can be used to determine the
difference between the AVEC and NMINT interrupts. It is a 1 for auto-vector and a 0 for
nonmaskable interrupt.
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Figure 2-30. Auto-vector Interrupt Acknowledge
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Note: The address bus ADDR0O0—ADDR31 contains all zeroes during the acknowledge of a
nonmaskable interrupt.

Figure 2-31. Nonmaskable Interrupt Acknowledge
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2.9.4 Quick Interrupt

The quick-interrupt facility enchances the performance of systems that do not require the
functionality of the "full interrupt." Its handling routine (a microsequence that stores the
PSW and PC) requires less time than that of a "full interrupt.”" All interrupts are serviced
via the quick-interrupt facility if the quick-interrupt enable (QIE) bit in the PSW is set
(1). Table 2-5 summarizes how the microprocessor handles the various interrupt requests.
See Chapter 4 for more information on full and quick interrupts.

2.10 BUS ARBITRATION

The microprocessor’s bus may be requested in two ways. External devices may request the
bus by asserting the relinquish and retry request input (RRREQ), as explained previously,
or by asserting the bus request input (BUSREQ).

The relinquish and retry request has priority over a bus request. The microprocessor will
only acknowledge a relinquish and retry request during bus transactions; however, it will
ignore the request during the write portion of a read interlocked transaction.

A bus request during a CPU bus transaction is not acknowledged until the end of a bus
transaction or until the end of the write portion of a read interlocked transaction.

2.10.1 Bus Request During a Bus Transaction

BUSRQ is sampled independently of bus transactions at the beginning of every clock cycle.
On Figure 2-32 it is sampled for the first time at the beginning of clock state two. After
sampling BUSRQ, the CPU continues the current bus transaction. After the transaction is
completed, the CPU 3-states the address and data buses and some control signals just after
the last clock state X. A cycle later it issues the bus request acknowledge, BRACK. At
this point the device requesting the bus can perform its operations. When finished, the
device drops the BUSRQ. After seeing this drop, the CPU removes BRACK and takes back
the bus. Note that if the bus request occurred during an active retry request or relinquish
and retry request it would not be acknowledged until after the current transaction had been
retried. Refer to 2.19 SUPPLEMENTARY PROTOCOL DIAGRAMS for an example.

For a bus request that does not occur during a bus transaction, the CPU will 3-state the
bus a cycle after sampling BUSRQ and issue BRACK a cycle after that.
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Bus Request During a Bus Transaction

Table 2-5. Interrupt Acknowledge Summary
Interrupt
Interrupt | Acknowl-
Priority edge AVEC | NMINT | QIE Result

Less than No X 1 x | Interrupt is not acknowledged.

PSW

IPL field

priority

Equal to No X 1 x | Interrupt is not acknowledged.

PSW

IPL field

priority

Greater Yes 1 1 0 | Interrupt is acknowledged and

than PSW serviced via the full-interrupt

IPL field sequence. Microprocessor fetches

priority vector number from interrupting
device.

Greater Yes 0 1 0 | Interrupt is acknowledged and

than PSW serviced via the full-interrupt

IPL field sequence. Microprocessor supplies

priority the vector number.

Any level Yes X 0 0 | Interrupt is acknowledged and

compared serviced via the full-interrupt

to PSW sequence. It is treated as an auto-

IPL field vector at vector number 0. The

priority address bus contains all zeros during
the acknowledge.

Greater Yes 1 1 1 | Interrupt is acknowledged and

than PSW serviced via quick-interrupt sequence.

IPL field Microprocessor fetches vector number

priority from interrupting device.

Greater Yes 0 1 1 | Interrupt is acknowledged and

than PSW serviced via quick-interrupt sequence.

IPL field Microprocessor supplies the vector

priority number.

Any level Yes X 0 1 | Interrupt is acknowledged and

compared serviced via quick-interrupt sequence.

to PSW It is treated as an auto-vector

IPL field interrupt at vector number 0. The

priority address bus contains all zeros during
the acknowledge.
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2.10.2 DMA Operation

The microprocessor provides the support for direct memory access (DMA) and shares bus

control responsibilities with the system DMA controller. To initiate a DMA operation, the
controller requests the microprocessor bus by asserting (BUSRQ). Recall that this request

is not acknowledged until the end of a bus transaction or until the end of the write portion

of a read interlocked transaction. However, if the CPU is not using the bus, the request is
acknowledged immediately. Once the microprocessor recognizes the request, it 3-states the
following signals:

ABORT DATA00—DATA31 R/W
ADDR00—ADDR31 DRDY SAS0—SAS3
AS DS VAD

CYCLEI DSIZE0—DSIZEI XMDO0—XMDI

After the microprocessor has 3-stated the above signals, it acknowledges the DMA request
by asserting the bus request acknowledge output (BRACK). Table 2-6 summarizes the
output signal states once the DMA has been acknowledged.

Terminating a DMA operation reverses the start of DMA. The DMA controller removes
the request by negating BUSRQ (drives the input high). The microprocessor then negates
the acknowledge (BRACK), and, finally, the 3-stated signals are returned to the
microprocessor’s control. The next operation may then begin.

Table 2-6. Output Signal States After DMA Request is Acknowledged
Output Signal Signal State Output Signal Signal State
ABORT z DSIZE0—DSIZEI V4
ADDRO0—ADDR31 Z R/W z
AS z RESET Logic 1
BRACK Logic 0 RRRACK Logic 1
CYCLEIL z SAS0—SAS3 z
DATA00—DATA3I1 V4 VAD V4
DRDY z XMD0—XMDI Z
DS z
Where:

Z High impedance state.
Z’ High impedance. Held at logic 1 with external passive hold resistor.
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2.11 RESET

The microprocessor handles two types of reset requests: system and internal. A reset has
the highest priority and will preempt any ongoing microprocessor operation.

2.11.1 System Reset

A system reset is initiated when the system drives the reset request input (RESETR) low.
This double-latched input must be active on three consecutive latchings before being
recognized. This ensures noise immunity. After recognizing the reset request, the
microprocessor sends a reset acknowledge to the system by asserting RESET. All
microprocessor outputs are then driven to a temporary state that prevents control signal
and bus conflicts while the system responds to the reset acknowledge.

Once the system has responded to the acknowledge, it negates RESETR. The
microprocessor continues to hold RESET active for 128 clock cycles after RESETR has
been negated, allowing the external system to go through its own initialization sequence.
At the end of this period the microprocessor negates RESET and begins executing the
internal reset sequence. Table 2-6 indicates the states of the microprocessor’s output pins
once RESET is negated. During this sequence, the microprocessor performs the following
register initialization to restart the operation.

e The microprocessor changes to physical addressing mode.

e The microprocessor fetches a word at location 80 hexadecimal and stores it in the
process control block pointer (PCBP). This word is the beginning address of the reset
process control block, PCB.

e The microprocessor fetches a word at the PCB address and stores it in the processor
status word.

e The microprocessor fetches a word at the location four bytes from the PCB address and
stores it in the program counter (PC). This word is the PC value for initial execution.

o The microprocessor fetches a word at the location eight bytes from the initial PCB
address and stores it in the stack pointer.

e If the PSW I bit is set (1), the microprocessor clears the bit (0), fetches a word at the
location twelve bytes from the initial PCBP, and stores it as the new PCBP.

e The microprocessor begins execution at the address specified by the PC.

2.11.2 Internal Reset

An internal reset sequence is like a system reset sequence except there is no external reset
request signal. The request is generated internally. Note that the RESET line will still go
active for 128 clock cycles after RESETR is released.
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Table 2-7. OQutput States on Reset

Signal State

Output CPU* is CPU* is Not

Signal Bus Arbiter Bus Arbiter
ABORT Logic 1 High Impedance
ADDR0O0—ADDR31 High Impedance High Impedance
AS Logic 1 High Impedance
BRACK Logic 1 -
BUSRQ - Logic 1
CYCLEI Logic 1 High Impedance
DATA00—DATA31 High Impedance High Impedance
DRDY Logic 1 High Impedance
DS Logic 1 High Impedance
DSIZEO, DSIZE1 Logic 0 High Impedance
1QS0, IQS1 Logic 1 Logic 1
R/W Logic 1 High Impedance
RRRACK High Impedance, (a) | High Impedance, (a)
SAS0—SAS3 Logic 1 High Impedance
So1 Logic 1 Logic 1
VAD (b) High Impedance
XMDO, XMDI1 (©) High Impedance

*CPU is the WE 32100 Microprocessor.

Notes:

a  Open drain output not actively driven under

this condition.

b  Not guaranteed to be logic 1 (i.e., physical
address) until approximately 38 clock

cycles after RESET is negated.

¢ Not guaranteed to be in kernel mode until

approximately 18 clock cycles after RESET is

negated.
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RESETR \ ‘) %—/F

2<CLOCK CYCLES<3 128 CLOCK CYCLES

RESET \
RESET
- N— —_— —/ /
INTERNAL RESET SEQUENCE
BEGINS

Note: RESETR must be asserted for at least two clock cycles to be recognized.
RESET is negated 128 clock cycles after negation of RESETR.

Figure 2-33. Reset Sequence

2.11.3 Reset Sequence

The reset sequence is depicted on Figure 2-33. As previously stated, after RESETR is
sampled for at least two consecutive clock cycles, the CPU issues the reset acknowledge
(RESET). While RESETR is active, the CPU holds RESET active. Once RESETR is
removed by the requesting device, the CPU counts 128 clock cycles and then removes
RESET. At this point the CPU enters the internal reset sequence (see Chapter 4).

Note that if the CPU receives a fault during certain high-level bus transactions it can enter
a reset exception (see 2.15 EXCEPTIONAL CONDITIONS). This exception goes through
a simulated system reset and includes issuing RESET for 128 clock cycles.

2.12 ABORTED MEMORY ACCESSES

There are two events that cause the CPU to abort a memory access; when the CPU has a
program counter (PC) discontinuity with an instruction cache hit, and when an alignment
fault occurs. These two events are illustrated next.
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2.12.1 Aborted Access on PC Discontinuity With Instruction Cache Hit

Figure 2-34 depicts the protocol associated with this event. When the CPU does a PC
discontinuity it starts to fetch the next instruction word from memory. The SAS code is
"instruction fetch after PC discontinuity." If there is a hit in the cache for this instruction
fetch, the CPU cancels the external instruction fetch by terminating the transaction. The
CPU ignores memory acknowledges and bus exceptions during this transaction. To
indicate that it is terminating the transaction, the CPU issues ABORT for two cycles,
starting with clock state four. No DRDY is issued and the CPU ignores the data bus. The
CPU uses the instruction word that it obtained from the instruction cache.

wes | /N [\ T\ [
Y [ x

F 0 3 0\ 4 5 )
SASO-

SAS3 > J( (L NexT vaLo

NSTRUCTION FETCH ON PC DISCONTINUITY ‘
N | |

CLK34.:\ \ 2 / \X4

] o S——
ADDROO- : (K vaup ) 3 - STATE IF VIRTUAL
w05 LAY 1///
RBORT AN Yo
DRDY

777y
NRRM (1777

I/l L;I

Note: BLKFTCH, DATA00—DATA31, DTACK, FAULT, RETRY, RRREQ, and SRDY
are ignored.

Figure 2-34. Aborted Access on I-Cache Hit With PC Discontinuity
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2.12.2 Alignment Fault Bus Activity

If the CPU detects an alignment fault on an intended CPU-generated bus transaction, it
will terminate the transaction and proceed to the fault handler. The write transaction on
Figure 2-35 started with the address bus, as well as the DSIZE, SAS, R/W, and CYCLEI
being driven by the CPU. The CPU detects the alignment fault and does not issue AS and
DS. It issues ABORT, starting at clock state three, to indicate that it is terminating the
transaction. The CPU ignores memory acknowledges and bus exceptions during this time
(see note Figure 2-35). DRDY is not issued.

VARV RN VA RNYARW)
)

CLK34 )

/ 5 \

\_° / \_°4 /

SShs3 WRITE ALK
"ere _ LK )

ADDROO : K(( ({ vao ) 3 - STATE IF VIRTUAL )
AS, DS _
ABORT _ AN L7777
DRDY _
RAR j\? W\
CYCLE :‘5 N\ V7777
Notes:

1. DATA00—DATA31, DTACK, FAULT, RETRY, RRREQ, and
SRDY are ignored.
2. Protocol is the same for a read transaction.

Figure 2-35. Alignment Fault Bus Activity (Write Transaction Is Shown)
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2.13 SINGLE-STEP OPERATION

Hardware single-step can be performed by use of the stop input (STOP). This input halts
the execution of instructions beyond the ones already started by the microprocessor.
Because of the pipelined architecture, the CPU may execute, at most, one more instruction
beyond the instruction during which STOP was asserted. The microprocessor then remains
in a halt state until the STOP input is released.

A bus request (BUSREQ) is honored while the microprocessor is halted. Additionally,
interrupts are acknowledged upon release of STOP, but not while STOP remains asserted.

Figure 2-36 depicts the start of single-step operation. The operation is started by the
assertion of STOP. The CPU will complete the current instruction and execute, at most,
one more instruction. After this the CPU stops execution and issues the SAS code "stop
acknowledge." The CPU will remain in this state until STOP is released.

-~

wa — |\ / T\ /[ /T \ L,
N/

A\
CLK34 :_[—\_/— /Al —\ /e
D

/|
—

N/ R R N R |
o ( )
STOP ACKNOWLEDGE

sToP \

- A T
o T\ — A o

- \ 4 |/
Notes:

1. At most, one full assertion of SOI may appear before STOP is acknowledge.

2. BARB = 0 and BRACK = 1 in order to see stop acknowledge access status code.

Figure 2-36. Start of Single-Step Operation

2-57



ARCHITECTURE & BUS OPERATION

Coprocessor Operations

s TN\ / T\ L/ T\ U/ /" BRSVARSYE
N

- \ /— \ — \ —\ — — —
CLK34 _/ (‘J
sAso. STOP ACKNOWLEDGE X ’ ‘ (

‘ ) STOP IACKNOWIl_EDGE -
STOP / \ ) l :
5o \ ¢

- P_____/
Note: BARB = 0 and BRACK = 1 in order to see stop acknowledge access status code.

Figure 2-37. Single-Step Operation

After the CPU has stopped, and until a start of instruction output (SO is issued,
instruction by instruction execution can be performed by releasing STOP. At this point,
immediate application and holding of STOP will prevent a second instruction from starting.
With STOP asserted, the CPU will complete the instruction and issue the stop acknowledge
SAS code. To resume normal execution, STOP must be completely released. The single-
step operation is shown on Figure 2-37.

2.14 COPROCESSOR OPERATIONS

The WE 32100 Microprocessor provides a coprocessor interface consisting of ten
instructions and the associated pinout and bus transactions. The coprocessor interface
assures high performance and system throughput. When a coprocessor instruction is
executed by the CPU, a series of bus transactions occur. The following details the process
and provides the associated protocol.

2.14.1 Coprocessor Broadcast

This transaction notifies the coprocessor of the action the CPU wants performed. To
prevent memory from being selected, AS is not issued during this transaction. Since this is
a write operation, R/W is in write mode and the timing of DS is for a write. The CPU
drives the data bus with the information that it wants to send to the coprocessor. The
coprocessor responds with a memory acknowledge. The CPU then terminates the
transaction and goes on to the next one. The CPU will insert up to two wait cycles while it
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waits for the memory acknowledge from the coprocessor. This gives the coprocessor a
limited time to respond to this transaction. Figure 2-38 shows the zero, one, and two wait
cycle cases before the coprocessor responds with a memory acknowledge (in this case,
SRDY).

CLK23 —__ _/__\ /——\ /_—\__
(%)

cu<34r\o 1.2(3.4/5\x, \
C- COPROCESSOR BROADCAST
Séts(gi i )(< Q( ( NEXT VALID
E —
s _ NN\
AT : (((f COMMAND/ID )

oraek_ OUOUROOUXY | ORCOOROOUOCOCX
s XQUOCOOROO0UN | AXOOUROOURX

R/W j\L\ \M

CYCLEl :\ \\\

.

’/4’

A. Zero Wait Cycles

Notes:
1. Zero, one, and two wait cycles using SRDY.
2. Greater than two wait cycles causes internal CPU memory fault.

Figure 2-38. Coprocessor Command and ID Transfer (Sheet 1 of 3)

2-59



ARCHITECTURE & BUS OPERATION
Coprocessor Broadcast

CLK23 /

REVARNYARNVARNYAR!
U ER =B

cu<34:\o, \ 2 VAR ERARY \
C- COPROCESSOR BROADCAST
SA%0: > )( <( NEXT VALID
A_S —
Be _ \\\ \ y / Z /Jf
oug0; = K )

oTack 000000 NQOOOOUXOOROOGOO
sroY QXU N | AO0OOQOOOOOO
DROY _ W\ A

GEE A NN\ L

B. One Wait Cycle

Notes:
1. Zero, one, and two wait cycles using SRDY.
2. Greater than two wait cycles causes internal CPU memory fault.

Figure 2-38. Coprocessor Command and ID Transfer (Sheet 2 of 3)
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C. Two Wait Cycles
Notes:

1. Zero, one, and two wait cycles using SRDY.
2. Greater than two wait cycles causes internal CPU memory fault.

Figure 2-38. Coprocessor Command and ID Transfer (Sheet 3 of 3)
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2.14.2 Coprocessor Operand Fetch

After doing a broadcast, the CPU will perform from zero to three coprocessor operand
fetch transactions, depending on which coprocessor instruction is being executed. For this
transaction, the CPU goes through the motions of doing a read from the memory, but the
coprocessor latches the data as it sees it on the bus. The SAS is "coprocessor data fetch,"
and DSIZE is a word. The memory is issuing the acknowledge for this transaction.
Figure 2-40 shows the protocol for a single coprocessor operand fetch.
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Note: Zero wait cycles use of DTACK or SRDY

Figure 2-40. Coprocessor Operand Fetch
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2.14.3 Coprocessor Status Fetch

After processing the data latched during the coprocessor operand fetch transaction, the
coprocessor indicates that it is finished by asserting the coprocessor done input (DONE) of
the CPU. Approximately two clock cycles later, the CPU initiates the coprocessor status

fetch transaction shown on Figure 2-41. This is a read type transaction where the

coprocessor drives the data bus with status information. There is no AS issued to keep the

memory from being accessed. The SAS code is "coprocessor status fetch."
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Note: Coprocessor status fetch begins approximately two clock
cycles after the microprocessor’s processor done input (DONE)
has been driven low.

Figure 2-41. Coprocessor Status Read (Using SRDY)



2.14.4 Coprocessor Data Write

After doing the coprocessor status fetch, the CPU will perform from zero to three
coprocessor data write transactions, depending on what coprocessor instruction is being
executed. For this transaction the CPU goes through the motions of doing a write to the
memory but the coprocessor drives the data bus with the results that it wants to send to the
memory. The CPU does not drive the data bus during this transaction. The SAS is
"coprocessor data write," and DSIZE is a word. The memory is issuing the acknowledge
for this transaction. Figure 2-42 shows the protocol for a single coprocessor data write.
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Notes:

1. Zero wait cycles using SRDY.

2. DATA00—DATA31 supplied by coprocessor.

Figure 2-42. Coprocessor Data Write
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2.15 EXCEPTIONAL CONDITIONS

2-66

In addition to interrupts and reset requests, several types of events may interrupt the
execution of a program. The four events, called exceptional conditions, are: normal
exceptions, stack exceptions, process exceptions, and reset exceptions. When an exception
occurs, the microprocessor sets the 4-bit internal state code (ISC) field and the 2-bit
exception type (ET) field in the processor status word to identify the exception. (Table 2-8
lists the exception conditions and their respective ISC codes.) The microprocessor also
executes the appropriate microsequence before passing control to the operating system.
These sequences save the context of the current process and give the operating system
information it needs to locate the correct exception handler. The saved context enables the
program to resume execution after the exception is handled.

Table 2-8. Exception Conditions

Exception Type

Exception

Internal
State
Code Bit
5| 4

Normal Exception
(ET=11)

Integer zero-divide
Trace trap

Illegal opcode
Reserved opcode

Invalid descriptor
External memory fault
Gate vector fault
Illegal level change

Reserved data type
Integer overflow
Privileged opcode
Breakpoint trap
Privileged register

Stack Exception
(ET=01)

Stack bound
Stack fault
Interrupt ID fetch

Process Exception
(ET=10)

Old PCB fault
Gate PCB fault
New PCB fault

Reset Exception
(ET=00)

Old PCB fault
System data
Interrupt stack fault
External reset

New PCB fault
Gate vector fault

COO0CO0OO0O0O0O0OQ0|COO IR~ =IOO0O0OO0|COCOCO |

—_—_- 0000|0000 |m OO0~ H,HIOOOO
—_ O = -~ O OO0 OO0~ = ~O0OO|m~OO|~—=OO0O

OO~ O —OIO—O—m OO0 ~O|ImO=O—mO—O| W

* These exceptions reset the processor status word flags.
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The exceptions increase in levels of severity, with normal exceptions being the least severe
and reset exceptions being the most severe. An exception (but not reset exceptions which
require restarting the system) can ripple up through levels of exception severity if its
handling routine cannot resolve the condition that caused the exception.

1. Normal Exception. The microprocessor generates this class of exception when it
detects a condition such as trap, invalid opcode, incorrect address mode, or illegal
operation. Most normal exceptions occur during the translation or execution of an
instruction.

2. Stack Exception. This exception may occur during a process switch or a GATE
sequence (see Chapter 4).

3.  Process Exception. This exception may occur during a process switch (see Chapter 4).

4. Reset Exception. This exception is triggered by an error condition in accessing critical
system data and requires restarting of the system. Since exceptions can ripple up to
higher levels of severity, reset exceptions may occur during reset and also during
process and normal exceptions. The microprocessor reacts as if an external reset
occurred when a reset exception is detected. (See 2.11 Reset and Chapter 4.
OPERATING SYSTEM CONSIDERATIONS.)

Normal exceptions consist of two types of events generated by the microprocessor - traps
and exceptions. When a trap is generated, the instruction that caused the trap is executed
completely, and the program counter (PC) points to the next executable instruction.
(Integer overflows may not behave this way due to pipelining; see part b under Integer
Overflow.) When an exception is generated, the PC points to the opcode of the instruction
that caused the exception; this instruction may have been executed partially or not at all.
Each different trap or exception uses a different trap vector to branch to the corresponding
trap or exception-handling software.

There are three kinds of traps:

1. Breakpoint Trap (BPT). This trap is invoked whenever the breakpoint trap (BPT)
instruction is executed.

2. Integer Overflow. This trap is enabled when the enable overflow trap (OE) bit in the
processor status word is set. Overflow trapping behaves as follows:

a.  When an overflow trap occurs, the OE bit is cleared before the PSW is saved.

b.  When an overflow trap occurs, the instruction following the instruction that
caused the overflow trap may or may not be executed before the microsequence is
entered. Consequently, the saved PC may point to the instruction following the
trapped instruction or to the next instruction after that one. If the instruction
following the trapped instruction is completed, it may not set the PSW flags.

c. If two consecutive instructions cause overflow traps, only one overflow trap
occurs.

d.  An overflow trap occurs if the OE bit is set and the execution of an instruction
causes the V (overflow) bit in the PSW to be set (1) after the instruction is
completed. In particular, this can be caused by the return from gate (RETG)
and return to process (RETPS) instructions or by an explicit move to the PSW.
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3.

Trace Trap. Trace trapping is enabled when the trace enable (TE) bit in the PSW is
set. This causes a trace trap to occur after each instruction is executed (except for the
RETPS, CALLPS, and RETG instructions).

There are ten types of exceptions:

1.

10.

2-68

External Memory Fault. This exception occurs if alignment requirements are violated,
if an external device asserts the FAULT input on an access, if a fault occurs during a
coprocessor status fetch, or if no coprocessor responds to a support processor
broadcast. Alignment fault behavior has the following properties:

No alignment fault ever occurs on a byte access.
b. No alignment fault ever occurs on an instruction fetch access.

c. An alignment fault occurs if the access is a data access of word length and if
address bit 1 (ADDRO1) or address bit 0 (ADDROQO) is 1.

d. An alignment fault occurs if the access is a data access of halfword length and
address bit 0 (ADDROO) is 1.

Gate Vector Fault. This exception is caused by a memory fault when reading gate
tables during a gate (GATE) instruction.

Illegal Level Change. This exception is caused when attempting to increase the current
execution privilege on a return from gate (RETG) instruction.

Illegal Opcode. The opcode is not defined for the microprocessor.

Integer Zero-divide. This exception is caused by an attempt to divide by zero and is
always enabled. This exception resets the PSW flags.

Invalid Descriptor. The address mode generated cannot be used in the specified way.
This exception resets the PSW flags and may result from the following causes:

a. Literal or immediate used as destination.
b. Effective address requested of literal or immediate.
c. Effective address requested of a register.

Privileged Opcode. The opcode is defined for kernel execution level only. An attempt
to execute it in another execution level causes this exception.

Privileged Register. An attempt to write the three privileged registers (process status
word, process control block pointer, and interrupt stack pointer) in an execution level
other than kernel causes this exception. This exception resets the PSW flags.

Reserved Data Type. The operand type described by the expanded operand-type
descriptor is not implemented in the microprocessor. This exception resets the PSW
flags.

Reserved Opcode. The opcode is not implemented on the microprocessor, but is
reserved for future use.
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2.16 TRACE MECHANISM

Every instruction for the WE 32100 Microprocessor consists of an interruptible and a

noninterruptible portion. Because a trace trap is detected in the noninterruptible portion,

trace traps have priority over interrupts. The microprocessor’s trace trap mechanism uses ‘
two bits in the processor status word: trace enable (TE) and trace mask (TM).

Trace traps are enabled if TE is set (1), but a trace trap is generated only if TM is also set
(see Table 2-9). In the table:

o TE-beg is the value of the TE bit at the start of an instruction.
o TE-end is the value of the TE bit at the time the trace trap is detected.
o TM-end is the value of the TM bit at the same instant the trace trap is detected.

The microprocessor detects a trace trap before the next instruction starts. Any of the
following actions may change the values of the TE and TM bits at the end of an
instruction:

o An instruction, other than an operating system instruction or microsequence, writes to
the PSW and changes TE. However, this method of changing TE causes inconsistent
trace behavior and should be avoided.

o A return from gate (RETG) instruction restores the PSW from the stack.
o A context switch to a process loads the PSW from the process control block.
Because of the way a return to process (RETPS), call process (CALLPS), or return from

gate (RETG) instruction changes TE and TM when it overwrites the PSW, these
instructions cannot be traced.

Table 2-9. Truth Table for Trace Trap

TE-beg | TE-end TM-end | Trap
0 0 Oorl No
0 1 0 No
0 1 1 Yes
1 0 Oorl No
1 1 0 No
1 1 1 Yes

Note: This table is valid only if an operating
system instruction or microsequence is used
to alter the TE bit of the PSW.
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The TM bit cannot be set by software. However, the microprocessor changes TM
automatically by:

e Setting TM to 1 at the beginning of every instruction.
e Clearing TM to 0 as part of every microsequence that performs a context switch.
e Clearing TM to 0 as part of the return from gate microsequence.

o Clearing TM to 0 when it detects and responds to a fault or interrupt.

The TM bit masks the TE bit for the duration of one instruction. The user’s trace-trap
handler should use TM to prevent a trace trap when a return from gate instruction returns
control to a process. Similarly, the microprocessor uses the TM bit to prevent a trace trap
from occurring in the context of a newly switched process when the previous process is
being traced.

2.17 PIN ASSIGNMENTS

The WE 32100 Microprocessor contains 107 active pins, ten power pins, and eleven ground
pins. Figure 2-43 illustrates the WE 32100 Microprocessor pin-array package as viewed
from both the top and bottom. The top view shows the scratch pad test points and the 700
mil square heat sink attachment area. The scratch pads provide test points for each pin.
The heat sink is user-supplied and is used in applications that require additional cooling.
The following tables list the pins both in numerical order and by functional groups.

In the following pin function descriptions the term asserted means that a signal is driven to
its active state either by the microprocessor (outputs) or an external device (inputs). The
term negated means that the signal is driven to its inactive state. A bar over a signal name
(e.g., AS) indicates that the signal is active low, logic 0. The 0 bit is the least significant
bit for signals which occupy two or more pins (e.g., DSIZEO—DSIZE1). The signal type
column is interpreted as input (I), output (0), or bidirectional (I/0).
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Figure 2-43. WE 32100 Microprocessor Pin Configuration
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Table 2-10. WE 32100 Microprocessor Pin Descriptions

Pin Name Type Description

Al DATAI18 170 Microprocessor Data 18
A2 ADDR17 (0] Microprocessor Address 17
A4 DATA17 170 Microprocessor Data 17
AS DATA14 170 Microprocessor Data 14
A7 ADDRI12 (6] Microprocessor Address 12
A8 ADDRI11 (0] Microprocessor Address 11
A10 DATAO08 170 Microprocessor Data 08
All ADDRO6 (o) Microprocessor Address 06
Bl DATA19 170 Microprocessor Data 19
B2 GRD - Microprocessor Ground

B4 DATAI16 170 Microprocessor Data 16
BS ADDRI13 (0] Microprocessor Address 13
B7 ADDRI10 (0] Microprocessor Address 10
B8 ADDRO9% (0] Microprocessor Address 09
B10 ADDROS5 (o) Microprocessor Address 05
B11 ADDRO4 (0] Microprocessor Address 04
C1 DATA22 /0 Microprocessor Data 22
C2 DATA20 170 Microprocessor Data 20
C4 DATAI1S 1/0 Microprocessor Data 15
Cs +5V - Microprocessor Power

C7 DATAO09 170 Microprocessor Data 09
C8 +5V - Microprocessor Power

C10 DATAO04 170 Microprocessor Data 04
Cl11 DATAO3 170 Microprocessor Data 03
D1 ADDR23 (o) Microprocessor Address 23
D2 +5V - Microprocessor Power

D4 GRD - Microprocessor Ground
D5 DATAO5 1/0 Microprocessor Data 05
D7 GRD - Microprocessor Ground
D8 ADDRO7 (0] Microprocessor Address 07
D10 GRD - Microprocessor Ground
D11 DATAO02 1/0 Microprocessor Data 02
El DATAI12 170 Microprocessor Data 12
E2 DATAL11 1/0 Microprocessor Data 11
E4 ADDROS8 (o) Microprocessor Address 08
ES DATAO06 170 Microprocessor Data 06
E7 ADDRO3 (6] Microprocessor Address 03
E8 ADDRO1 (0] Microprocessor Address 01
E10 IPL1 I Interrupt Priority Level 1
Ell DATAO1 1/0 Microprocessor Data 01
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Table 2-10. WE 32100 Microprocessor Pin Descriptions (Continued)

Pin Name Type Description

F1 ADDRI14 (0] Microprocessor Address 14

F2 DATA13 170 Microprocessor Data 13

F4 DATAI10 1/0 Microprocessor Data 10

F5 DATAOQ7 1/0 Microprocessor Data 07

F7 ADDRO02 (6] Microprocessor Address 02

F8 ADDRO0 (6] Microprocessor Address 00

F10 +5V - Microprocessor Power

F11 DATAO00 1/0 Microprocessor Data 00

Gl ADDRI15 O Microprocessor Address 15

G2 GRD - Microprocessor Ground

G10 IPL3 I Interrupt Priority Level 3

Gl1 VAD (0] Virtual Address

H1 ADDRI18 (0] Microprocessor Address 18

H2 ADDRI16 (0] Microprocessor Address 16

H10 AVEC I Auto-vector

HI11 IPLO I Interrupt Priority Level 0

J1 ADDR19 o Microprocessor Address 19

J2 +5V Microprocessor Power

J10 IPL2 I Interrupt Priority Level 2

J11 INTOPT I Interrupt Option

K1 ADDR20 o Microprocessor Address 20

K2 DATA21 1I/0 Microprocessor Address 21

K10 NMINT I Nonmaskable Interrupt

K11 — - WARNING: This pin is for
manufacturing use only and must be
tied high (+5 Vdc).

L1 ADDR21 (6] Microprocessor Address 21

L2 ADDR22 (6] Microprocessor Address 22

L10 ABORT (0] Access Abort

L1l DRDY (0] Data Ready

M1 DATA23 1/0 Microprocessor Data 23

M2 DATA2S 1I/0 Microprocessor Data 25

M10 CLK34 I Input Clock 34

M1l AS 0] Address Strobe

N1 DATA24 1I/0 Microprocessor Data 24

N2 GRD - Microprocessor Ground

N10 CLK23 I Input Clock 23

N11 DS (0] Data Strobe

Pl DATA26 1/0 Microprocessor Data 26

P2 ADDR28 (0] Microprocessor Address 28

P10 FAULT I Fault

P11 RESETR I Reset Request
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Table 2-10. WE 32100 Microprocessor Pin Descriptions (Continued)

Pin Name Type Description

Q1 ADDR27 6] Microprocessor Address 27

Q2 +5V - Microprocessor Power

Ql0 RESET 0 Reset Acknowledge

Ql1 BLKFTCH I Block (Double Word) Fetch

R1 ADDR?29 (0] Microprocessor Address 29

R2 ADDR30 (0] Microprocessor Address 30

R4 DATA3! 1/0 Microprocessor Data 31

RS IQS1 (0] Instruction Queue Status 1

R7 SAS2 (0} Access Status Code 2

R8 SRDY I Synchronous Ready

R10 RETRY I Retry

R11 DTACK I Data Transfer Acknowledge

S1 ADDR24 (6] Microprocessor Address 24

S2 ADDR31 (0] Microprocessor Address 31

S4 DATA30 1I/0 Microprocessor Data 30

S5 XMDI1 (0] Execution Mode 1

S7 BRACK 1I/0 Bus Request Acknowledge

S8 DSIZE1 (o) Data Size 1

S10 GRD - Microprocessor Ground

S11 STOP I 32100 Stop

Tl ADDR25 (0] Microprocessor Address 25

T2 GRD - Microprocessor Ground

T4 +5V - Microprocessor Power

TS XMDO o Execution Mode 0

T7 +5V - Microprocessor Power

T8 SASO o Access Status Code 0

T10 DSHAD I Data Bus Shadow

T11 CYCLEI (0] Cycle Initiate

Ul ADDR26 (o) Microprocessor Address 26

U2 DATA27 1/0 Microprocessor Data 27

U4 IQS0 (0] Instruction Queue Status 0

us GRD — Microprocessor Ground

u7 R/W [6) Read/Write

Us GRD - Microprocessor Ground

uUl10 +5V - Microprocessor Power

Ull No Connect — WARNING: This pin must be
left unconnected.

\2! DATA28 I/0 Microprocessor Data 28

V2 +5V - Microprocessor Power

V4 SoI (0] Start of Instruction

V5 BUSRQ 1I/0 Bus Request
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Table 2-10. WE 32100 Microprocessor Pin Descriptions (Continued)
Pin Name Type Description
\%i DSIZEO (6] Data Size 0
V8 HIGHZ I High Impedance
V10 RRREQ I Relinquish and Retry Request
Vil BARB 1 Bus Arbiter
w1 GRD - Microprocessor Ground
w2 DATA29 I/0 Microprocessor Data 29
w4 SAS3 (0] Access Status Code 3
W5 SAS1 O Access Status Code 1
w7 DONE I Coprocessor Done
%4 RRRACK (0] Relinquish and Retry
Request Acknowledge
wio, No Connect - WARNING: These pins must be
W11 left unconnected.
Table 2-11. Address and Data Signals
Name Pin(s) Type Description
ADDRO00—ADDR31 | F8,E8,F7,E7, O | Address. These pins are used by the
B11,B10,Al1, microprocessor to issue 32-bit addresses
D8,E4,B8,B7, for off-chip accesses. They also convey
A8,A7,B5,F1, the interrupt acknowledge level on bits 2
G1,H2,A2,H1, through 6 during an interrupt
J1,K1,L1,L2, acknowledge operation.
D1,S1,T1,Ul,
QI1,P2,R1,R2,
S2
DATA00—-DATA31 | F11,E11,D11, I/0 | Data. These bidirectional pins are used to
C11,C10,D5, convey data to and from the
E5,F5,A10, microprocessor. This data may be an
C7,F4,E2,E1, interrupt vector (bits O through 7).
F2,A5,C4,B4,
A4,A1,B1,C2,
K2,C1,MI1,N1,
M2,P1,U2,V1,
W2,S4,R4
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Table 2-12. Interface and Control Signals

Name

Pin(s)

Type

Description

AS

Mi11

o

Address Strobe. When low (0), this signal indicates the
presence of a valid physical address on the address pins. If
the address is virtual, the falling edge of AS indicates a valid
address, and the address pins are 3-stated subsequent to the
falling edge of AS.

CYCLEI

T11

Cycle Initiate. This signal is asserted at the beginning of a
bus transaction and negated two clock cycles later. CYCLEI
is asserted in both the read and write halves of an
interlocked read transaction.

DONE

w17

Coprocessor Done. This input is recognized during a
coprocessor instruction. It informs the microprocessor that a
slave processor has completed its operation.

DRDY

L11

Data Ready. When asserted, this signal indicates that the
microprocessor_has not detected any bus exceptions (FAULT,
RETRY, RRREQ signals) during the current bus cycle. The
trailing edge of this signal indicates the end of a bus
transaction which has no bus exceptions.

N11

Data Strobe. During a read operation this signal, when low,
indicates that a slave device can place data on the data bus.
During a write operation, this signal, when low, indicates
that the microprocessor has placed valid data on the data
bus.

DTACK

R11

Data Transfer Acknowledge. This signal is used to
handshake between the microprocessor and a slave device.
During a read operation, the microprocessor latches data
present on the data bus and terminates the bus transaction
one cycle after DTACK is driven low by a slave device.
During a write operation, the transaction is terminated when
a slave device drives DTACK low. If DTACK is high, wait
states are inserted in current cycle. DTACK is ignored if the
data bus shadow (DSHAD) input is asserted. The DTACK
input can be returned asynchronously and is double latched
to avoid metastability.

SRDY

R8

Synchronous Ready. When asserted, this signal is a
synchronous input that begins the termination of a read or
write operation. It is sampled only once on the leading edge
of the fifth clock state during read and write operations. If
SRDY is not asserted at this time and DTACK was not
asserted during the previous cycle, then wait-state cycles are
inserted until either signal is asserted. SRDY is ignored if
the data bus shadow (DSHAD) input was previously
asserted.
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Table 2-13. Access Status Signals

Name

Pin(s)

Type

Description

BLKFTCH

Qll

I

Block (Double-Word) Fetch. This input indicates to the
microprocessor that the memory system can perform a
double-word (eight byte) program block fetch. On all
instruction fetches, the data size (DSIZEO and DSIZE1)
pins will show a double-word access. If the memory system
can handle a double-word access, it can activate this input.
Otherwise, the input is left inactive, and the microprocessor
fetches a block of instructions by two consecutive reads.

DSIZEO—
DSIZE1

V7,58

Data Size. This two-bit output is used to indicate whether
the microprocessor is transferring byte, halfword, word, or
double-word data in the current bus transaction. On all
instruction fetches, the DSIZEO—DSIZE]1 pins will have the
value for double word.
DSIZE1 DSIZEO Description

0 0 Word transaction

0 1 Double-word transaction

1 0 Halfword transaction

1 1 Byte transaction

R/W

u7

Read/Write. This signal indicates whether the bus
transaction is a read or a write. When low (0), the
operation is a write. When high (1), the operation is a read.
This pin is valid during the time the address strobe (AS) is
active.

SASO—
SAS3

T8,WS
R7,W4

Access Status Codes. These pins describe the type of bus
transaction being executed. SASO is the least significant bit
of the access status codes.

SAS3 SAS2 SAS1 SASO Description

0 0 0 0  Move translated word

0 0 0 1 Coprocessor data write

0 0 1 0  Auto-vector interrupt
acknowledge

0 0 1 1 Coprocessor data fetch

0 1 0 0  Stop acknowledge

0 1 0 1 Coprocessor broadcast

0 1 1 0  Coprocessor status fetch

0 1 1 1 Read interlocked

1 0 0 0  Address fetch

1 0 0 1 Operand fetch

1 0 1 0 Write

1 0 1 1 Interrupt acknowledge

1 1 0 0  Instruction fetch after PC

discontinuity

1 1 0 1 Instruction prefetch
1 1 1 0  Instruction fetch
1 1 1 1 No operation
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Table 2-13. Access Status Signals (Continued)

Name

Pin(s)

Type

Description

VAD

Gl11

o)

Virtual Address. When low, this signal indicates that the
address is virtual. When VAD is high, the address is a
physical address. VAD is a level signal. It is asserted by
execution of the enable virtual pin and jump
(ENBVJMP) instruction and negated by execution of
the disable virtual pin and jump (DISVIMP)
instruction.

Note: This output is the only indication of the CPU’s
mode of operation.

XMD0—-XMD1

TS,S5

Execution Mode. These two outputs indicate the present
execution mode of the microprocessor.

XMD1 XMDO Description
0 0 Kernel mode
0 1 Executive mode

1 0 Supervisor mode

1 1 User mode
If a memory management unit (MMU) is present in the
system, it may latch and use a spurious execution mode
value if XMDO0—XMD1 changes during an access.
Since XMDO0—XMDI1 reflect the state of the current
execution level (CM) bits in the PSW, changes to the
CM field via non-microsequence instructions must be
avoided. See Chapter 4 for a more detailed explanation
of the execution modes.
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Table 2-14. Interrupt Signals

Name Pin(s) | Type Description

AVEC H10 I | Auto-vector. When this input is asserted with the
interrupt priority level input, the microprocessor
supplies its own vector. The vector number value is
the inverted interrupt option input (INTOPT)
concatenated with the interrupt priority level value.
When auto-vector is not asserted, the interrupting
device supplies the vector (see 2.9 Interrupts).

INTOPT J11 1 Interrupt Option. This asynchronous input is latched
along with interrupt priority level inputs IPLO—
IPL3. It is then inverted and output on ADDRO6
during an interrupt acknowledge transaction.

IPLO—IPL3 | H11,E10, 1 | Interrupt Priority Level. These asynchronous inputs
J10,G10 indicate the level of the pending interrupt. The code
is based on a decreasing priority scheme with 0000
having the highest priority and 1110 the lowest.
Level 1111 indicates no interrupts pending. To be
acknowledged, the inversion of the requesting level
on the pins must be greater than the present
interrupt priority level (IPL field) in the process
status word. The exception to this is a nonmaskable
interrupt which can interrupt the microprocessor
regardless of the present IPL field priority level.
IPLO is the LSB of the interrupt priority level code.
(See 2.9 Interrupts.)

NMINT K10 I Nonmaskable Interrupt. When asserted, this
asynchronous input indicates that a nonmaskable
interrupt is being requested. The microprocessor
acknowledges this interrupt with an auto-vector
interrupt acknowledge cycle (see 2.9 Interrupts).
During the acknowledge cycle the microprocessor
address bus contains all zeros.
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Table 2-15. Arbitration Signals

Name | Pin(s)

Type

Description

BARB Vi1

Bus Arbiter. When this input is strapped low, the
microprocessor is the arbiter of the bus. As arbiter, the
microprocessor need not request access to the bus. When the
pin is strapped high, the microprocessor is not the arbiter and
must request bus access to use the bus. When the
microprocessor is not the bus arbiter the following outputs are
3-stated until the CPU does a bus transaction:

ABORT DATA00—DATA31 SAS0—SAS3
ADDRO00— DRDY VAD
_ADDR3I DS XMD0—XMD1
AS DSIZE0—DSIZEI1

CYCLEI R/W

BRACK | S7

1/0

Bus Request Acknowledge. This signal is an output if the
microprocessor is the arbiter of the bus and an input if it is not.
As an output, this pin indicates that the bus request (BUSRQ)
has been recognized, and the microprocessor has 3-stated the
bus for the requesting bus master. The bus signals which are
3-stated when the BRACK is issued are:

ABORT DATA00—DATA31
ADDRO0O— DRDY

_ADDR31 bs

AS DSIZE0—DSIZE!1
CYCLEI R/W

As an input, this pin indicates that the microprocessor’s bus

request has been recognized and the microprocessor may take
possession of the bus.

SAS0—SAS3
VAD
XMD0—-XMD1

BUSRQ | V5

170

Bus Request. This asynchronous signal is an input if the
microprocessor is the arbiter of the bus and an output if it is
not. As an input, this signal indicates that an external device is
requesting the bus. As an output, the signal indicates that the
microprocessor is requesting the bus.
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Table 2-16. Bus Exception Signals

Name

Pin(s)

Type

Description

ABORT

L10

O

Access Abort. This pin is asserted on an access that is to be
ignored by the memory system. This occurs when the
microprocessor has a program counter discontinuity with an
instruction cache hit or an alignment fault.

DSHAD

T10

Data Bus Shadow. This input is used by the memory
management unit (MMU) to remove the microprocessor
from the data bus. The DATAO0—DATA31, DRDY,
DSIZE0—DSIZEI, and R/W pins are 3-stated when this
input is asserted. When DSHAD is asserted, the DTACK,
SRDY, and FAULT inputs are ignored.

FAULT

P10

Fault. This input notifies the microprocessor that a fault
condition has occurred. It is a double-latched,
asynchronous input prior to the assertion of DTACK, and
synchronous after the assertion of DTACK (latched once).
FAULT is ignored if DSHAD is asserted.

RESET

Q10

Reset Acknowledge. This signal indicates that the
microprocessor has recognized an external reset request, or

The microprocessor executes its reset routine once it negates
RESET (see 2.11 Reset).

that it has generated an internal reset (e.g., reset exception).

RESETR

P11

Reset Request. This asynchronous signal is used to reset the
microprocessor. RESETR must be active for three clock
cycles in order to be acknowledged. The microprocessor
acknowledges the request by immediately asserting RESET.

RETRY

R10

Retry. When this signal is asserted, the microprocessor
terminates the current bus transaction and retries it when
RETRY is negated.

RRRACK

w8

Relinquish and Retry Request Acknowledge. This output is
asserted in response to a relinquish and retry bus exception

It is negated when the bus transaction terminated by the
relinquish and retry bus exception is retried.

when the microprocessor has relinquished (3-stated) the bus.
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Table 2-16. Bus Exception Signals (Continued)

Name

Pin(s)

Type

Description

RRREQ

V10

I

Relinquish and Retry Request. This signal is used to
preempt a bus transaction so that the microprocessor bus
may be used. The signal causes the microprocessor to
terminate the current bus transaction and 3-state the
following pins:

ABORT DATA00—DATA31 SASO—SAS3
ADDRO0—  DRDY VAD

_ADDR31 DS XMD0—XMD1
AS DSIZE0—DSIZE1

CYCLEI R/W

The RRRACK signal is asserted after all the above listed
pins are 3-stated. During this 3-state phase, the bus master
requesting the relinquish and retry may take possession of
the bus. No external bus arbitration signals are
acknowledged during the assertion of a relinquish and retry
request. When RRREQ is negated, the preempted bus
transaction is retried.

STOP

Sl11

Stop. When asserted, this asynchronous signal halts the
execution of any further instructions beyond those already
started. Before the microprocessor comes to a halt, there
may be one more instruction beyond the instruction during
which STOP was asserted.
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Table 2-17. Development System Support Signals

Name

Pin(s)

Type

Description

HIGHZ

V8

I

High Impedance. When asserted, this signal puts all output
pins on the microprocessor into the high-impedance state.
This pin is intended for testing purposes.

IQS0—-1QS!

U4,R5

Instruction Queue Status. This two-bit code indicates the
activity on the microprocessor instruction queue. 1QSO0 is
the least significant bit of the instruction queue status code.

Value Description

00 Discard 4 bytes
01 Discard 1 byte
10 Discard 2 bytes
11 No discard this cycle

sor

V4

Start of Instruction. When asserted, this signal indicates
that the microprocessor’s internal control has fetched the
opcode for the next instruction from the internal instruction
queue. Since the instructions are pipelined, it does not
always mean the end of the previous instruction execution.

Table 2-18. Clock Signals

Name

Pin(s)

Type

Description

CLK34

M10

Input Clock 34. The falling edge of this clock signifies the
beginning of a machine cycle. This clock input has the same
frequency as CLK23 and lags it by 90°.

CLK23

N10

Input Clock 23. This clock input has the same frequency as
CLK34 and leads it by 90°.

2.18 MICROPROCESSOR OPERATING REQUIREMENTS

The WE 32100 Microprocessor operates at a frequency of 10 MHz and requires only a
single +5 volt supply. The operating requirements are summarized in Table 2-18. The
following describes the microprocessor’s electrical (inputs und outputs), clocking, and

thermal requirements.

Note: Voltage level specifications are referenced to as either VCC (power supply input to
the microprocessor) or GRD (microprocessor ground).
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2.18.1 Electrical Requirements

The WE 32100 Microprocessor provides four classes of outputs: Classes 1, 2, 3, and 4.
All classes can support TTL input voltage levels and are capable of driving loads of 130

pF.

Class 1: These outputs are capable of driving one TTL load or eight PNP Schottky TTL
loads and have current allowance for an external holding resistor employed in
3-state buffers. The minimum holding resistor value is 2.7 kilohms. The Class 1
outputs are:
ABORT Access abort
AS Address strobe
BRACK Bus request acknowledge
BUSRQ Bus request
CYCLEI Cycle initiate
DRDY Data ready
DS Data strobe
DSIZE0O—DSIZE1 Data size
1QS0—-IQS1 Instruction queue status
R/W Read/write
RESET Reset acknowledge
SAS0—SAS3 Access status codes
so1 Start of instruction
VAD Virtual address
XMD0—-XMD1 Execution mode

Class 2: This class has the same driving capabilities as Class 1, but does not have the
current allowance for a holding resistor. The Class 2 outputs are:
ADDRO0O—ADDR31 Address bus
DATA00—DATA31 Data bus

Class 3: The signal in this class is an open drain output used for wired-logic operations,
allowing more than one device to drive a node without conflict. An external
resistor is required to pull this signal high. The minimum pull-up resistor value
is 510 ohms. The Class 3 output is:
RRRACK Relinquish and retry request acknowledge

Class 4: This class is the same as Class 1; however, its minimum holding resistor value is
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Table 2-19 contains the electrical specifications for the four classes of outputs.

The microprocessor has two types of inputs. The two clock inputs are CMOS inputs with
CMOS voltage levels. The remaining inputs are CMOS with TTL voltage levels. The
electrical specifications for both input types are given in Table 2-19.

2.18.2 Clocking Requirements

The microprocessor requires two input clocks (CLK34 and CLK23), both operating at a
maximum frequency of 10 MHz. This frequency should not vary by more than +0.02% for
all temperature and power supply conditions. CLK34 lags CLK23 by 90 degrees, and its
falling edge indicates the beginning of a machine cycle. The WE 32102 Clock is
specifically designed for the CPU. The electrical specifications for the two clocks are given
in Table 2-20.

2.18.3 Thermal Requirements

The ambient temperature at the microprocessor pins must be in the range of 0 °C to

70 °C. The microprocessor package provides a 700 mil square metalized pad for
attachment of a heat sink for applications which require additional cooling. The heat sink
must be supplied and attached by the user.

Table 2-19. Operating Requirements

Parameter Symbol | Min | Nom | Max | Unit

Supply Voltage Vcc 475 5.00 | 5.25| Vdc

Input Load TTL Inputs CIN - - 12 pF

Capacitance CMOS Clocks - - 7 pF

Total Output Class 1 - - 130 pF

Load Capacitance Class 2 CL - - 130 pF

Class 3 - - 130 pF

Class 4 - - 130 pF

Ambignt Tcmperaturf: at TA 0 _ 70 °C
the Microprocessor Pins

Humidity Range - 5% — | 95% —

Power Dissipation P - = 0.8 W

Operating Frequency F - 10 | MHz
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Table 2-20. Output Electrical Specifications

Outputs Min | Nom { Max | Units
Output Sink Current (IOL): Class 1 - - 5.5 | mAdc
(VoL < 0.4 V)
Class 2 - - 3.5 | mAdc
Class 3* — - 10.0 | mAdc
Class 4 — - 6.5 | mAdc
Output Source Current (IOH): | Class 1 - - —5.5 | mAdc
(VOH = 2.4 V)
Class 2 - - —3.5 | mAdc
Class 3* - — | —10.0 | uAdc
Class 4 - - —5.5 | mAdc
Output Logic Levels High Level | 2.4 - - Vdc
Low Level | — - 0.4 | Vdc
* See explanation of Class 3 in 2.15.1 Electrical Requirements.
Table 2-21. Input Electrical Specifications
Inputs Min Nom Max Units
TTL Input Voltage High Level 20 — |Vcc+0S5 Vdc
Low Level -05| — 0.8 Vdc
CMOS Clock High Level | VcC— 13| — |Vcc+05| Vde
Input Voltage
Low Level 0| — 0.8 Vdc
TTL Input
Loading Current: High Level 0| — 0.01 | mAdc
(20 V < VIH = Vco)
TTL Input
Loading Current: Low Level —-0.01 - mAdc
OV=VIL=08V)
CMOS Clock Input
Loading Current: High Level 0 — 0.01 | mAdc
(Vcc—1.3 V < VIH =< Vce)
CMOS Clocks Input
Loading Current: Low Level -0.01| — mAdc
OV =VIL=08YV)
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2.19 SUPPLEMENTARY PROTOCOL DIAGRAMS

The following supplementary protocol diagrams are provided:

Figure 2-44. Read Transaction Followed by a Read Transaction.

Figure 2-45. Read Transaction Followed by a Write Transaction (Using DTACK).

Figure 2-46. Write Transaction Followed by a Write Transaction.

Figure 2-47. Write Transaction Followed by a Read Transaction.

Figure 2-48. Double-Word Program Fetch Without Blockfetch Transaction (Using DTACK).

Figure 2-49. Bus Arbitration During Relinquish and Retry.
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3. INSTRUCTION SET

The WE 32100 Microprocessor has a powerful instruction set that includes the standard
data transfer, arithmetic, and logical operations for microprocessors, plus some unique
operating system operations. Its many program control instructions (branch, jump, return)
provide flexibility for altering the sequence in which instructions are executed. Some of
these instructions check the setting of the processor’s condition flags before execution. For
operating systems, the processor has instructions to establish an environment that permits
other processes to take control of the processor. The special instructions dedicated to
operating system use are discussed in Chapter 4.

The microprocessor instructions are mnemonic-based assembly language statements.
However, programs may be written in C language and translated into assembly language
by its C compiler.

A mnemonic defines the operation an instruction performs. For most arithmetic or logical
operations, the mnemonic also defines one of the data types:

O byte - 8-bit data
O halfword - 16-bit data
o word - 32-bit data.

Some instructions perform operations on a bit field, a sequence of 1 to 32 bits contained in
a word, or on a block (or string) of data locations.

3.1 DATA TYPES

The data types supported by the WE 32100 Microprocessor instruction set are illustrated
on Figure 3-1 and are defined as:

byte - An 8-bit quantity that may appear at any address in memory. Its bits are numbered
from right to left starting with 0, the least significant bit (LSB), and ending with 7, the
most significant bit (MSB).

halfword - A 16-bit quantity that may appear at any address in memory divisible by 2. Its
bits are numbered from right to left starting with 0, the LSB, and ending with 15, the
MSB.

word - A 32-bit quantity that may appear at any address in memory divisible by 4. Its bits
are numbered from right to left starting with 0, the LSB, and ending with 31, the MSB.

Each of these types may be interpreted as a signed or unsigned quantity. A signed
quantity is represented in 2’s complement form. Therefore, for a signed quantity, the MSB
indicates the sign of the quantity; O for a positive quantity and 1 for a negative quantity.

A bit field is a sequence of 1 to 32 bits contained in a base word. The field is specified by
the address of its base word, a bit offset, and a width. The bit offset ranges from 0 to 31
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and identifies the starting bit of the field. The offset count starts at the LSB of the base
word and corresponds to the number of the bit in the word. That bit becomes bit 0, the
LSB of the field. The width ranges from O to 31 and specifies the size of the field. Width
plus one is the number of bits in the field. The width is numbered from right to left in the
field and corresponds to the bit number of the field’s MSB. Fields do not extend across
word boundaries. Fields wrap around from MSB to LSB at the word boundary. Figure
3-2 illustrates a bit field located at address a, with an offset of 6, and a width of 9. Notice
that the field contains 10 bits, one bit more than the width.

3.1.1 Sign and Zero Extension

All operations are performed only on 32-bit quantities even though an instruction may
specify a byte or halfword operand. The WE 32100 Microprocessor reads in the correct
number of bits for the operand and extends the data automatically to 32 bits. It uses sign
extension when reading signed data or halfwords and zero extension when reading
unsigned data or bytes (or bit fields that contain less than 32 bits). The data type of the
source operand determines how many bits are fetched and what type of extension is
applied. Bytes are treated as unsigned, while halfwords and words are considered signed.
The type of extension applied can be changed using the expanded-operand type mode as
described in 3.4.5 Expanded-Operand Type Mode. For sign extension, the value of the
MSB or sign bit of the data fills the high-order bits to form a 32-bit value. In zero
extension, zeros fill the high order bits. The microprocessor automatically extends a byte
or halfword to 32 bits before performing an operation. Figure 3-3 illustrates sign and zero
extension.

An arithmetic, logical, data transfer, or bit field operation always yields an intermediate
result that is 32 bits in length. If the result is to be stored in a register, the processor
writes all 32 bits to that register. The processor automatically strips any surplus high-
order bits from a result when writing bytes or halfwords to memory.

3.2 REGISTERS

A processor register may contain the operand for an instruction or may be used when
computing an address of an operand. Therefore, most address modes, other than absolute,
immediate, or literal, reference a processor register. In general, any of the sixteen
processor registers may be used as an operand in all of the address modes. Table 3-1 lists
the registers and assigned functions.

General-purpose registers r0 through r8 may be used for accumulation, addressing, or
temporary data storage. The remaining processor registers are special purpose and are
usually referenced with different names. Three of these registers are pointers to data
stored on an execution stack: the frame pointer (FP), register 9 (r9), the argument pointer
(AP), register 10 (r10), and the stack pointer (SP), register 12 (r12). Function calls and
returns affect the AP, FP, and SP implicitly. The FP identifies the starting location of
local variables for the function, while the AP identifies the beginning of the set of
arguments passed to the function. The SP always points to the next available word
location on the stack. Note that the stack grows upward to higher memory addresses.

33
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Table 3-1. Register Set
Assembler
Register | Name Syntax Assigned Function
0 r0 %r0 General-purpose (Note 1)
1 rl %rl General-purpose (Note 1)
2 r2 %or2 General-purpose (Note 1)
3 r3 %r3 General-purpose
4 r4 %ord General-purpose
5 rS %r5 General-purpose
6 r6 %or6 General-purpose
7 r7 %17 General-purpose
8 r8 %18 General-purpose
9 FP %fp or %r9 Frame pointer
10 AP %ap or %rl0 Argument pointer
11 PSW %psw or %rll Processor status word (Note 2)
12 SP %sp or Jer12 Stack pointer
13 PCBP %opcbp or %rl3 Processor control block
pointer (Note 2)
14 ISP %isp or %rl4 Interrupt stack pointer (Note 2)
15 PC %pc or %rl5 Program counter (Note 3)
Notes:

34

1. Block or string instructions may use this register as an implied argument
for indexing or addressing. Operating system instructions also use these
registers.

2. Privileged register. Writing to this register when the processor is not in
kernel execution level causes a privileged-register exception (see 4.2.1
Execution Privilege).

3. Registers 11 and 15 may not be used in some address modes (see 3.4

Address Modes).

Some of the registers have restrictions on usage in instructions. Because registers 11, 13,
and 14 (r11, r13, and r14) are privileged, these may be written only when kernel execution

level is in effect. Register 11, the processor status word (PSW), contains status

information about the current instruction and process. Register 13, the process control
block pointer (PCBP), identifies a block of status information and pointers for a process.
Register 14, the interrupt stack pointer (ISP), functions as a stack pointer for the interrupt

stack.

The last register is the program counter, register 15 (r15). This register and register 11
may not be referenced in some address modes (see 3.4 Address Modes). In addition, it is
referenced implicitly in all program-control instructions and for all function calls and

returns.
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3.2.1 Writing and Reading Registers

A write to a register always affects all 32 bits. When a destination operand is a register,
the processor ignores the data type of the operand and copies all 32 bits of a result to that
register.

When reading from a register, the data type of the source operand determines how many
bits are fetched and what type of extension is applied (see Figure 3-4). If a register is a
byte operand, bits 0 through 7 of the register are fetched, and zero extension produces the
32-bit value required internally. If a register is halfword operand, bits O through 15 are
fetched, but sign extension forms the 32-bit value.

3.3 INSTRUCTION FORMAT

Instructions may appear at any byte address. An instruction consists of a one- or two-byte
opcode followed by zero or up to four operands. In assembly language, the mnemonic
replaces the opcode and is followed by its operands. This is represented as

mnemonic opndl,opnd2,...,opnd4

where the mnemonic is separated from the operands by a white space and commas are used
to separate operands.

Part A of Figure 3-5 shows the general format of an instruction in memory. Each operand
may consist of a descriptor byte followed by up to four bytes of embedded data. Part B of
Figure 3-5 shows the general format of the operand. During execution, the program
counter always points to the starting address (opcode byte) of the instruction.

3.3.1 Data Embedded in Operands

Figure 3-6 illustrates the format for operands with embedded word, halfword, and byte
data. The first byte is the operand descriptor that defines which address mode and register
the operand uses. The descriptor is divided into two 4-bit fields. Bits O through 3 define
the register field; bits 4 through 7 define the address mode. The register field and address
mode combinations are shown in Table 3-2.

There are two cases of operands with embedded data that do not have operand descriptors.
First, when the operand is used as a target in a branch instruction, the operand is used as
an 8- or 16-bit displacement from the program counter and no descriptor is needed.
Second, there is no descriptor when a command word appears in a coprocessor instruction.

3.4 ADDRESS MODES

The WE 32100 Microprocessor recognizes the commonly used address modes such as
immediate, register, absolute, and displacement or offset from the content of a register.
Some modes involve a pointer, the address of a word location in memory that contains the
address of the operand, and are known as deferred modes.
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In assembly language, the syntax of the operand defines the operand and its address mode.
Each address mode description in this section includes an example using a move instruction
(MOVB, MOVH, or MOVW) to be described later. Because each example includes two
operands, only the first operand demonstrates the address mode being described. The
second operand uses the register mode.

Table 3-2 lists the address modes and gives the syntax for each. The descriptions and the
table use the following notation:

Oxnnn

ap

expr

fp

imm8
imml6
imm32
lit
opnd

%rn

SO

type

Hexadecimal number nnn, where n is a hexadecimal digit 0 to 9 or a to f (or A to
F); may also be written 0Xnnn

Argument pointer (AP); contains the starting location on the stack of a list of
arguments for a function

User-supplied expression that yields a byte, halfword, or word

Frame pointer (FP); contains the starting location on the stack of local variables
for a function

Signed integer in the range —128 to +127 (ie., =27 to +27—1)
Signed integer in the range —32768 to +32767; i.e., —215 ¢ (+215—1)
Signed integer in the range —231 to (+2°1-1)

Signed integer in the range —16 to +63

An operand that uses a mode other than the expanded-operand type

References a processor register; use the syntax shown in Table 3-1 for the desired
register

Short offset; an integer in the range 0 to 14

Data type: sbyte (for signed byte), byte or ubyte (for unsigned byte), half or shalf
(for signed halfword), uhalf (for unsigned halfword), word or sword (for signed
word), uword (for unsigned word); see 3.4.5 Expanded-Operand Type Mode for
more details.

In machine language, a descriptor defines all source or destination operands and occupies
one or more bytes in the instruction stream.

The first byte of the operand, called the descriptor byte, defines the address mode. (The
expanded-operand type mode uses two descriptor bytes and is discussed later in this

section.) Bytes that follow the descriptor byte contain any data required by the address
mode for that operand. Table 3-2 identifies the total bytes in memory required for each

mode.
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Table 3-2. Addressing Modes

Mode Register Total
Mode Syntax | ‘gl Field Bytes | \otes
Absolute
Absolute Sexpr 7 15 51 —
Absolute deferred *Sexpr 14 15 5 -
Displacement (from a register)

Byte displacement expr(%rn) 12 [ 0—10,12—15 2| —
Byte displacement

deferred *expr(%rn) 13 [ 0—10,12—15 2| -
Halfword displacement | expr(%rn) 10 | 0—10,12—15 3] -
Halfword displacement

deferred *expr(%rn) 11 [ 0—-10,12—15 3| -
Word displacement expr(%rn) 0—10,12—15 5| —
Word displacement

deferred *expr(%rn) 910-—10,12—15 5| —
AP short offset so(%ap) 7 0—14 1 1
FP short offset s0(%fp) 6 0—14 1 1

Immediate
Byte immediate &imm8 6 15 2 2,3
Halfword immediate &imml6 5 15 3 2,3
Word immediate &imm32 4 15 5 2,3
Positive literal &lit 0-3 0—15 1 2,3
Negative literal &lit 15 0—15 1 2,3
Register
Register %rn 4 0—14 1 1,3
Register deferred (%rn) 5]10-—10,12—14 1 1
Special Mode

Expanded-operand

type {type}opnd 14 0—14 | 2—6 4

Notes:

1. Mode field has special meaning if register field is 15; see absolute or

immediate mode.

2. Mode may not be used for a destination operand.
3. Mode may not be used if the instruction takes effective address of the

operand.

4. type overrides instruction type; type determines the operand type,

except that it does not determine the length for immediates or literals
or whether literals are signed or unsigned. opnd determines actual

address mode. For total bytes, add 1 to byte count for address mode
determined by opnd.

Address Modes

39
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As described before, the descriptor byte has two 4-bit fields:

7 4 3 0
Immmm| TIIr |

The register field rrrr, bits O through 3, contains the number of a register, O through 15.
The mode field mmmm, bits 4 through 7, contains an address-mode number, O through 15.
Table 3-2 lists the value in the mode field and the possible values in the register field for
each address mode. If the register field contains 15, the mode field may be interpreted
differently.

In the following examples for the address modes, the first operand illustrates the mode
while the second operand uses the register mode. For assembly language programming,
values follow the C language conventions:

e Leading Ox or 0X denotes a hexadecimal value
e Leading O followed by the digits O through 7 is octal

o Digits 0 through 9, but no leading zero is decimal.

The byte boxes illustrating the instruction stream in the following examples contain
hexadecimal values.

3.4.1 Absolute Address Modes

In this mode, an absolute address is embedded in the operand. This may be the address of
the operand or of a pointer.

Absolute

The operand is accessed by an absolute address computed from the expression expr.
Syntax: $expr

mmmm; 7
rrrr: 15
Total bytes: 5

Example: MOVB $0x100,%r0

87 Opcode

7F First Operand
00
01
00
00
40 Second Operand




INSTRUCTION SET & ADDRESSING MODES
Byte Displacement

This instruction moves the byte at location 100 to register 0(r0). %r0 is the syntax for the
register mode. In the instruction stream, the four bytes that follow the descriptor byte
form the 32-bit absolute address of the operand. The bytes follow the order shown on
Figure 3-6 for word data.

Absolute Deferred

The operand is accessed through the absolute address of a pointer, a location in general
memory that contains the address of the operand. The absolute address of this pointer is
computed from the expression expr.

Syntax: *$expr

mmmm: 14
rrrr: 15
Total bytes: 5

Example: MOVB *$0x2E00,%r1

87 Opcode

EF First Operand
00
2E
00
00
41 Second Operand

This example moves a byte from memory to register 1 (r1). However, it uses a pointer
(the word starting at location 0x2E00) to locate the byte in memory. In the instruction
stream, the four bytes that follow the descriptor byte form the 32-bit absolute address of a
word location in memory. That location contains the address of the operand. The 32-bit
absolute address in the instruction follows the byte order shown on Figure 3-6 for word
data.

3.4.2 Displacement Modes

For these modes, a displacement contained in the operand added to a register forms the
address of the operand or a pointer to the operand. Sign-extension expands the
displacement of 32 bits before the addition occurs.

Byte Displacement

A byte displacement added to a register forms the address of the operand. The
displacement, computed from the expression expr, ranges from —128 to +127, and n ranges
from O to 10 and 12 to 15 (use the syntax given in Table 3-1).
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Syntax: expr(%rn)

mmmm: 12
rrrr: 0 to 10, 12 to 15
Total bytes: 2

Example: MOVB 6(%r1),%r0

87 Opcode

C1 First Operand
06

40 Second Operand

This example moves a byte from memory to register 0. This byte in memory is located by
adding the displacement 6 to register 1. The displacement is the byte that follows the
descriptor byte in the instruction stream. This displacement is sign extended and added to
the contents of the register 1. The sum is the address of the operand.

Byte Displacement Deferred

A byte displacement added to a register forms a pointer. The word location identified by
the pointer contains the address of the operand. The displacement computed from the
expression expr ranges from —128 to +127, and n ranges from 0 to 10 and 12 to 15 (use
the syntax given in Table 3-1).

Syntax: *expr(%rn)

mmmm: 13
rrrr: 0 to 10, 12 to 15
Total bytes: 2

Example: MOVB*0x30(%r2),%r3

87 . | Opcode

D2 First Operand
30

43 Second Operand

This example adds the byte displacement 0x30 to the contents of register 2 (r2) to form
the starting address of a pointer in memory. The pointer is the address of a byte in
memory. After zero extension of the byte, the value is written to register 3 (r3). The
displacement is the byte that follows the descriptor byte in the instruction stream. This
byte is sign extended and added to the contents of register 2. The sum is the address of a
word location in memory that contains the address of the operand.

Halfword Displacement

A halfword displacement added to a register forms the address of the operand. The
displacement is computed from the expression expr and ranges from —2!% to (+2'5—1.)

3-12
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Syntax: expr(%rn)

mmmm: 10
rrrr: 0 to 10, 12 to 15
Total bytes: 3

Example: MOVB 0x1101(%r2),%r8

87 Opcode
A2 First Operand
01

11
48 Second Operand

This example adds the halfword displacement 0x1101 to the contents of register 2. The
result is the address of a byte in memory. This byte is written to register 8 after zero
extension. In the instruction stream, the halfword that follows the descriptor byte is the
displacement. This displacement is sign extended and added to the contents of register 2.
The sum is the address of the operand. The displacement stored in the instruction follows
the byte ordering shown on Figure 3-6 for halfword data.

Halfword Displacement Deferred

A halfword displacement added to a register n forms a pointer. The word location
identified by the pointer contains the address of the operand. The displacement computed
from the expression expr ranges from —2'° to (+2'°~1), and n ranges from 0 to 10 and 12
to 15 (use the syntax given in Table 3-1).

Syntax: *expr(%rn)

mmmm: 11
rrrr: 0 to 10, 12 to 15
Total bytes: 3

Example: MOVB *0x200(%r2),%r6

87 Opcode

B2 First Operand
00

02

46 Second Operand

This instruction adds the halfword displacement 0x200 to the contents of register 2,
forming the address that locates a pointer in memory. The pointer locates a byte in
memory that is written to register 6 after zero extension. In the instruction stream, the
halfword that follows the descriptor byte is the displacement. This displacement is sign
extended and added to the contents of register 2. The sum is the address of a word
location in memory that contains the address of the operand. The displacement in the
instruction stream follows the byte order shown on Figure 3-6 for halfword data.

3-13
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Word Displacement

A word displacement added to a register forms the address of the operand. The
displacement computed from the expression expr ranges from —2' to (+2°'—1), and n
ranges from 0 to 10 and 12 to 15 (use the syntax given in Table 3-1).

Syntax: expr(%rn)

mmmm: 8
rrrr: 0 to 10, 12 to 15
Total bytes: 5

Example: MOVB 0x112234(%r2),%r4

87 Opcode

82 First Operand
34
22
11
00
44 Second Operand

The word displacement 0x112234 added to the contents of register 2 forms the address of a
byte. The byte is stored in register 4 (r4) after zero extension. In the instruction stream,
the byte that follows the descriptor byte is the displacement. This displacement is sign
extended and added to the contents of the register 2. The sum is the address of the
operand. The displacement stored in the instruction follows the byte ordering shown on
Figure 3-6 for word data.

Word Displacement Deferred

A word displacement added to a register forms the address of a pointer. The pointer is the
address of the operand in memory. The displacement computed from the expression

expr ranges from —2°' to +2°'—1, and » ranges from 0 to 10 and 12 to 15 (use the syntax
given in Table 3-1).

Syntax: *expr(%rn)

mmmm: 9
rrrr: 0 to 10, 12 to 15
Total bytes: 5

3-14
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Example: MOVB *0x20304050(%r2),%r0

87 Opcode

92 First Operand
50
40
30
20
40 Second Operand

The word displacement 0x20304050 added to the contents of register 2 forms an address of
a pointer in memory. That pointer identifies the location of a byte to be written to register
0 after zero extension. In the instruction stream, the word that follows the descriptor byte
is the displacement. This displacement is sign extended and added to the contents of
register 2. The sum is the address of a word location in memory that contains the address
of the operand. The displacement in the instruction stream follows the byte order shown
on Figure 3-6 for word data.

AP Short Offset

This mode applies a short offset to the argument pointer (referenced as %ap) to locate an
argument to a function. The offset so ranges from 0 through 14 and is added to AP to
form the address of the argument.

Syntax: so(%ap)

mmmm: 7
rrrr: O through 14 (see text that follows)
Total bytes: 1

Example: MOVW 4(%ap),%r3

84 | Opcode
74 First Operand
43 Second Operand

The offset 4 added to the contents of AP locates a word that is written to register 3. In the
instruction stream, the 4-bit register field serves as the offset (a literal ranging from 0
through 14). This offset is sign extended and added to the contents of AP to locate a word,
or argument, on the stack.

FP Short Offset
This mode applies a short offset to the frame pointer, referenced as %fp, to locate a local

variable for a function. The offset so ranges from O through 14 and is added to FP to form
the address of the variable.
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Syntax: so(%fp)

mmmm: 6
rrrr: O through 14 (see text that follows)
Total bytes: 1

Example: MOVW 12(%fp),%r0

84 Opcode
6C First Operand
40 Second Operand

The offset 12 added to the contents of FP locates a word (a local variable) that is written
to register 0. In the instruction stream, the 4-bit register field serves as the offset (a literal
ranging from O through 14). This offset is sign extended and added to the contents of FP.

3.4.3 Immediate Modes

For these modes, the instruction stream contains the operand data. The type of the
mnemonic does not affect the width of an operand that uses these address modes.

Byte Immediate
The operand is the signed 8-bit immediate value imm8 that ranges from —128 to +127.

Note: This address mode may not be used as a destination or for an effective address.
Either usage causes an illegal-operand exception.
Syntax: &imm8

mmmm: 6
rrrr: 15
Total bytes: 2

Example: MOVW &40,%r6

84 Opcode

6F First Operand
28

46 Second Operand

The byte value 40 replaces the contents of register 6. The mnemonic specifies a word
operation, but the immediate value remains a byte. In the instruction stream, the byte that
follows the descriptor byte contains an 8-bit immediate value that ranges from —128 to
+127.

3-16
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Halfword Immediate

Thelc;pcr)and is the signed 16-bit immediate value immI6 that ranges from —2'° to
(+2"-1.

Note: This address mode may not be used as a destination or for an effective address.
Either usage causes an illegal-operand exception.
Syntax: &imml6

mmmm: 5
rrrr: 15
Total bytes: 3

Example: MOVW &0x1234,%r2

84 Opcode

SF First Operand
34

12

42 Second Operand

Here, the halfword value 0x1234 replaces the contents of register 2. In the instruction
stream, the halfword that follows the descriptor byte contains a 16-bit immediate value
that ranges from —2'° to (+2'°~1). This immediate value is stored in the byte order shown
on Figure 3-6 for halfword data.

Word Immediate

The operand is the signed 32-bit immediate value imm32 that ranges from —2*' to
(+2%-1).

Note: This address mode may not be used as a destination or for an effective address.
Either usage causes an illegal-operand exception.
Syntax: &imm32

mmmm: 4
rrrr: 15
Total bytes: 5

3-17
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Positive Literal

Example: MOVW &0x12345678,%r3

84 Opcode

4F First Operand
78
56
34
12
43 Second Operand

In this example, the word value 0x12345678 replaces the contents of register 3. In the
instruction stream, the word that follows the descriptor byte contains a 32-bit immediate
value that ranges from —2*' to +2*'—1. This immediate value is stored in the byte order
shown on Figure 3-6 for word data.

Positive Literal
The operand is the unsigned 6-bit literal value /it that ranges from 0 to 63.

Note: This address mode may not be used as a destination or for an effective address.
Either usage causes an illegal-operand exception.

Syntax: <&lit

mmmm: 0 to 3

rrrr: 0 to 15
Total bytes: 1

Example: MOVB &4,%r4

87 Opcode
04 First Operand
44 Second Operand

Here, the positive literal 4 replaces the contents of register 4. Zeros fill the high-order bits
in the register. In the instruction stream, the descriptor byte provides an unsigned 6-bit
literal that ranges from O to 63. It is formed by concatenating the 4-bit register (rrrr) field
with the two low-order bits of the mode (mmmm) field; i.e., bits O through 5 of the
descriptor byte form the literal.

Negative Literal
The operand is the signed 8-bit literal value /it that ranges from —1 to —16.

Note: This address mode may not be used as a destination or for an effective address.
Either usage causes an illegal-operand exception.
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Syntax: &lit

mmmm: 15
rrrr: 0 to 15
Total bytes: 1

Example: MOVB &—1,%r0

87 Opcode
FF First Operand
40 Second Operand

In the instruction stream, the descriptor byte provides a signed 8-bit literal that ranges
from —1 to —16. It is formed by concatenating the 4-bit register (rrrr) field with the 4-bit
mode (mmmm) field; i.e., the 8-bit descriptor byte forms the literal.

3.4.4 Register Modes

These modes use the contents of a register as the operand or as a pointer to the operand.

Register Mode
In this mode, the register n, which ranges from 0 to 14, is the operand.

Note: This mode may not be used if the opcode takes the effective address of the operand.
Syntax: %rn

mmmm: 4
rrrr: O to 14
Total bytes: 1

Example: MOVB %r0,%ap

87 Opcode
40 First Operand
4A Second Operand

This example moves a byte from one register to another. It reads bits O through 7 of
register 0, extends a zero through 32 bits, and writes the result to register 10, the argument
pointer. In the instruction stream, the register specified in the register field is the operand.

Register Mode Deferred

The register n, which ranges from 0 to 10 and 12 to 14, contains a pointer to the operand.
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Syntax: (%rn)

mmmm: 5
rrrr: 0 to 10, 12 to 14
Total bytes: 1

Example: MOVH (%r2),%r1

86 Opcode
52 First Operand
41 Second Operand

Here, register 2 contains the address of a halfword that is read. The halfword is sign
extended through 32 bits, and the result is written to register 1. In the instruction stream,
the register specified in the register field contains a pointer to a word location in memory
that is the operand.

3.4.5 Expanded-Operand Type Mode

Normally, the opcode controls the type of all operands for the instruction. This mode
changes the type of an operand and those that follow it in an instruction.

Note: The expanded-operand type mode does not affect the length of immediate operands,
but does affect whether they are treated as signed or unsigned. The expanded-operand
mode does not affect the treatment of literals.

In assembly language, the syntax of this mode is
{typelopnd

where opnd is an operand descriptor that uses any address mode other than the expanded-
operand type mode.

When the expanded-operand type mode is used, zype overrides the type for this operand,
except as noted above, and opnd becomes the real address mode for the operand. The new
type remains in effect for the operands that follow in the instruction unless another
expanded-operand mode overrides it. Table 3-3 lists the syntax for type.

This mode requires two descriptor bytes (see Figure 3-7). The first byte identifies the
expanded-operand mode and the new type, while the second is the descriptor byte for the
address mode.

The type field zz¢¢ contains the value of the new type (see Table 3-3). The second byte
contains the mode field (nmmm) and the register field (rrrr) for the address mode. This
byte is the descriptor byte for the new address mode.

For example, the following instruction converts a signed byte into an unsigned halfword:

MOVB {sbyte}%r0,{uhalf}4 (%r1)
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The first operand’s real mode is register, the second operand is byte displacement. The
instruction reads bits O through 7 from register 0, extends the sign through 32 bits, and
writes an unsigned halfword. In the instruction stream, the bytes contain the following:

87 Opcode

E7 First Operand
40

E2 Second Operand
Cl

04

Note: Expanded-operand type mode is illegal with coprocessor instructions with operands
CALL, SAVE, RESTORE, SWAP INTERLOCKED, PUSHW, PUSHAW, POPW, and
JSB instructions and will generate an illegal operand fault.

Table 3-3. Options for type in Expanded-Operand Mode
tttt Field
Type Syntax (See Note)
Signed byte shyte 7
Signed halfword half or shalf 6
Signed word word or sword 4
Unsigned byte byte or ubyte 3
Unsigned halfword | uhalf 2
Unsigned word uword 0

Note:  Types are not defined for the values 1, 5, and 8
through 14; using these generates a reserved-data-type
exception.

b——— REAL ADDRESS MODE

|

7 3 07 3 0
T T

mmmm: rrrrl 1110: tttj

N'S

<
b4

< ¢
l-0-4 DATA BYTES-o|
i | 4— INCREASING ADDRESS

LEGEND

mmmm = ADDRESS MODE (0-13, 15)

rrrr = REGISTER (0-15)
tttt = NEW TYPE

Figure 3-7. [Expanded-Operand Type Descriptor
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3.5 CONDITION FLAGS

Bits 21 to 18 of the processor status word (PSW) contain four condition flags (N, Z, V,
and C) that are set by most instructions. The order is shown on Figure 3-8. The
conditional program-control instructions check one or more of these flags before executing
the branch, jump, or return. In general, these flags reflect the result of the most recent
instruction that affects them. Most instructions set the flags according to standard criteria.
Before defining that criteria, the following terms are defined:

® Result refers to the internal result of the operation as if it were performed in an
infinite-precision machine. The microprocessor operates on 32-bit data internally and
uses a 33-bit space for the internal result. Bytes and halfwords read in are extended to
32 bits before the operation. The destination operand determines the type (i.e., signed or
unsigned, and size: byte, halfword, or word) of this result.

o Output value refers to the data written to the destination location. The size of this data,
8, 16, or 32 bits, corresponds to the data type of the destination operand: byte, halfword,
or word, respectively.

The following conditions cause the appropriate flag bit to be altered:

N Negative (PSW bit 21) - Logical instructions change N to the setting of the output
value of the MSB: bit 31 for words, bit 15 for halfwords, and bit 7 for bytes. For all
other instructions, N is set if the sign of the result is negative. If truncation occurs,
the N flag may be set even though the sign bit of the output value is zero. Zero is
considered positive.

Z  Zero (PSW bit 20) - Logical instructions set Z if the output value is zero. For all
other instructions Z is set if the result is equal to zero. If truncation occurs, the Z flag
may not be set even though all bits of the output value are zero.

V. Overflow (PSW bit 19) - For instructions with a signed destination, V is set if the sign
bit of the output value is different from any truncated bit of the result. For
instructions with an unsigned destination, V is set if any truncated bit is a 1. The
arithmetic left shift operation sets the V bit only if a truncation error occurs. Bit,
compare, and test instructions always reset V.

Figure 3-8. Condition Flags
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Data Transfer Instructions

C  Carry/Borrow (PSW bit 18) - Logical instructions clear this bit. For all other
instructions, the type of the result determines the state of the C bit. C is set if a carry
occurs into the 33rd bit for word operations, into the 17th bit for halfword operations,
or into the 9th bit for byte operations. The C bit is set if a borrow occurs from these
bits for subtract, negate, and decrement. For example, consider A minus B where A
and B are unsigned. If A > B after both are extended to 32 bits, then C is cleared.
Otherwise, the C flag is set.

Note: If a memory-write fault occurs, the flags are set as if the instruction was completed
normally.

The instruction descriptions later in this chapter include the effect that each instruction has
on the condition flags.

3.6 FUNCTIONAL GROUPS

The WE 32100 Microprocessor instruction set may be separated into six functional groups:
data transfer instructions, arithmetic instructions, logical instructions, program control
instructions, coprocessor instructions, and stack and miscellaneous instructions. This
section contains a description of each group, along with an instruction listing of each group.
The conditions column in the instruction listing refers to the condition flag code assignment
cases listed in Table 3-10. (For more details of individual instructions see

3.7 INSTRUCTION SET LISTINGS.)

3.6.1 Data Transfer Instructions

These instructions transfer data to and from registers and memory. Most of them have
three types (indicated by the last character of the mnemonic): byte (B), halfword (H),
and word (W). A mnemonic’s type determines the type of each operand in the instruction,
unless the expanded-operand type mode changes an operand’s type. The type of the
destination operand (dst) determines how the condition flags are set (see 3.5 CONDITION
FLAGS). The instructions have a read-only source operand (src) and a read/write
destination operand.
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Table 3-4. Data Transfer Instruction Group

Instruction Mnemonic | Opcode | Conditions*
Move:
Move byte MOVB 0x87
Move halfword MOVH 0x86
Move word MOVW 0x84
Move address (word) MOVAW | 0x04 Case 1
Move complemented byte MCOMB | 0x8B
Move complemented halfword | MCOMH | 0x8A
Move complemented word MCOMW | 0x88
Move negated byte MNEGB 0x8F
Move negated halfword MNEGH | Ox8E Case 2
Move negated word MNEGW | 0x8C
Move version number MVERNO | 0x3009 [ Unchanged
Swap (Interlocked):
Swap byte interlocked SWAPBI | CxIF
Swap halfword interlocked SWAPHI | O0x1E Case 1
Swap word interlocked SWAPWI | 0x1C
Block Operations:
Move block of words MOVBLW | 0x3019 [ Unchanged
Field Operations:
Extract field byte EXTFB 0xCF
Extract field halfword EXTFH 0xCE
Extract field word EXTFW 0xCC Case 1
Insert field byte INSFB 0xCB
Insert field halfword INSFH 0xCA
Insert field word INSFW 0xC8
String Operations:
String copy STRCPY | 0x3035
String end STREND | 0x301F | Urehanged

* Refer to Table 3-10 for condition flag code assignments.
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3.6.2 Arithmetic Instructions

Arithmetic instructions perform arithmetic operations on data in registers and memory.
Most of these instructions have three types (specified by the last character of the
mnemonic): byte (B), halfword (H), and word (W). This type specification applies to
each operand in the instruction, unless the expanded-operand type mode changes an
operand’s type. The type of the destination operand (dst) determines how the condition
flags are set (see 3.5 CONDITION FLAGS).

Many arithmetic operations are available as two- or three-address instructions. A two-
address instruction has a read-only source operand (src) and a read/write destination
operand. Three-address instructions have two read-only source operands (srcl, src2) and a
write-only destination operand. A few instructions also have a read-only count operand
(count).

If the result of an arithmetic operation is too large to be represented in 32 bits, the high-
order bits are truncated and the processor issues an integer-overflow exception.

Table 3-5. Arithmetic Instruction Group

Instruction Mnemonic | Opcode | Conditions*
Add:
Add byte ADDB2 0x9F
Add halfword ADDH2 0x9E
Add word ADDW2 | 0x9C
Add byte, 3-address ADDB3 0xDF
Add halfword, 3-address ADDH3 0xDE
Add word, 3-address ADDW3 | 0xDC
Subtract:
Subtract byte SUBB2 0xBF
Subtract halfword SUBH2 0xBE Case 2
Subtract word SUBW2 0xBC
Subtract byte, 3-address SUBB3 OxFF

Subtract halfword, 3-address | SUBH3 0xFE
Subtract word, 3-address SUBW3 0xFC

Increment:

Increment byte INCB 0x93
Increment halfword INCH 0x92
Increment word INCW 0x90
Decrement:

Decrement byte DECB 0x97
Decrement halfword DECH 0x96
Decrement word DECW 0x94

* Refer to Table 3-10 for condition flag code assignments.
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Table 3-5. Arithmetic Instruction Group (Continued)
Instruction Mnemonic | Opcode | Conditions*

Multiply:
Multiply byte MULB2 0xAB
Multiply halfword MULH2 | 0xAA | Case 3
Multiply word MULW2 | 0xA8
Multiply byte, 3-address MULB3 0xEB
Multiply halfword, 3-address MULH3 | 0xEA | Case 4
Multiply word, 3-address MULW3 | OxE8
Divide:
Divide byte DIVB2 0xAF
Divide halfword DIVH2 OxAE [ Case 3
Divide word DIVW2 0xAC
Divide byte, 3-address DIVB3 O0xEF
Divide halfword, 3-address DIVH3 0xEE Case 4
Divide word, 3-address DIVW3 0xEC
Modulo:
Modulo byte MODB2 | 0xA7
Modulo halfword MODH2 | 0xA6 Case 3
Modulo word MODW2 | 0xA4
Modulo byte, 3-address MODB3 O0xE7
Modulo halfword, 3-address MODH3 | 0xE6 Case 4
Modulo word, 3-address MODW3 | 0xE4
Arithmetic Shift:
Arithmetic left shift word ALSW3 |oxco | Cases
Arithmetic right shift byte ARSB3 0xC7
Arithmetic right shift halfword | ARSH3 0xC6 Case 3
Arithmetic right shift word ARSW3 | 0xC4

* Refer to Table 3-10 for condition flag code assignments.

3.6.3 Logical Instructions

Logical instructions perform logical operations on data in registers and memory. Most of
these instructions have three types (specified by the last character of the mnemonic):

byte (B), halfword (H), and word (W). A mnemonic’s type determines the type of each
operand in the instruction, unless the expanded-operand type mode changes an operand’s
type. The type of the destination operand (dst) determines how the condition flags are set
(see 3.5 CONDITION FLAGS).

Many logical operations are available as two- or three-address instructions. A two-address
instruction has a read-only source operand (src) and a read/write destination operand
(dst). Three-address instructions have two read-only source operands (srcl, src2) and a
write-only destination operand. A few instructions have a read-only count operand (count).
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Table 3-6. Logical Group

Instruction Mnemonic | Opcode | Conditions*
AND:
AND byte ANDB2 0xBB
AND halfword ANDH?2 0xBA
AND word ANDW?2 | 0xB8
AND byte, 3-address ANDB3 0xFB
AND halfword, 3-address ANDH3 0xFA
AND word, 3-address ANDW3 | OxF8
Exclusive OR (XOR):
Exclusive OR byte XORB2 0xB7
Exclusive OR halfword XORH2 0xB6
Exclusive OR word XORW2 | 0xB4 Case 1
Exclusive OR byte, 3-address XORB3 0xF7
Exclusive OR halfword, 3-address | XORH3 0xF6
Exclusive OR word, 3-address XORW3 | 0xF4
OR:
OR byte ORB2 0xB3
OR halfword ORH2 0xB2
OR word ORW?2 0xB0O
OR byte, 3-address ORB3 0xF3
OR halfword, 3-address ORH2 OxF2
OR word, 3-address ORW3 OxF0
Compare or Test:
Compare byte CMPB 0x3F
Compare halfword CMPH 0x3E Case 2
Compare word CMPW 0x3C
Test byte TSTB 0x2B
Test halfword TSTH 0x2A Case 6
Test word TSTW 0x28
Bit test byte BITB 0x3B
Bit test halfword BITH 0x3A Case 1
Bit test word BITW 0x38
Clear:
Clear byte CLRB 0x83
Clear thfword CLRH 0x82 Case 2
Clear word CLRW 0x80
Rotate or Logical Shift:
Rotate word ROTW 0xD8
Logical left shift byte LLSB3 0xD3 Case 1
Logical left shift halfword LLSH3 0xD2
Logical left shift word LLSW3 0xDO
Logical right shift word LRSW3 0xD4

* Refer to Table 3-10 for condition flag code assignments.
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3.6.4 Program Control Instructions

Program control instructions change the program sequence, but generally do not alter the
condition flags.

Branch instructions have two types specified by the last character of the mnemonic: byte
displacement (B) and halfword displacement (H). A mnemonic’s type determines if an

8- or a 16-bit displacement is embedded in the instruction. This displacement (disp8,
displ6) is read, its sign is extended through 32 bits, and the result is added to the program
counter (PC) to compute the target address. Jump instructions have a read-only, 32-bit
destination (ds?) operand that replaces the contents of the PC.

Jump instructions are always unconditional, but both conditional and unconditional branch
and return instructions are provided. Unconditional transfers change the contents of the
PC to the value specified. Conditional transfers first examine the status of the processor’s
condition flags to determine if the transfer should be executed.

Subroutine and procedure-call (function) transfer instructions save or restore registers so
execution can transfer to the subroutine or function and then return to the original
program sequence.

Subroutine Transfer. A subroutine transfer is different from a normal transfer. Before
transferring to a subroutine, it is necessary to save the address of the next instruction.

Branch, jump, and return instructions for subroutines always implicitly affect the stack
pointer (SP). For subroutines, branch and jump save the address of the next instruction on
the stack at the location identified by the SP, increment the SP by 4, and then alter the
PC. Return from subroutine decrements the SP by 4, retrieves the saved address from the
stack, and writes it to the PC.

Procedure Transfer. For procedure transfers it is necessary to save other registers. These
instructions establish the environment for a function in a high-level language. Call and
save instructions automatically save the calling function’s pointers, set up pointers to the
new function’s environment, call the function, and save registers for local variables.
Restore and return instructions remove that environment and return to the calling function.

A stack frame provides reserved space, including a register-save area, for each function.
The register-save area stores the calling function’s FP, AP, PC, and registers 3 through 8
(r3 through r8), if requested. Saving r3 through r8 gives the new function space for up to
six register variables. The SP is not saved because its value is always implicit.

All function calls have a fixed-size register-save area, even though some of it may not be
used. Save and restore control how many of the six user registers r3 through r8 will be
saved and restored. A return from a function retrieves the saved pointers and registers to
restore the original function’s environment.
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Table 3-7. Program Control Instructions

Instruction Mnemonic | Opcode | Conditions
Unconditional Transfer:
Branch with byte (8-bit) displacement BRB 0x7B
Branch with halfword (16-bit) displacement BRH 0x7A
Jump JMP 0x24
Conditional Transfers:
Branch on carry clear byte BCCB 0x53*
Branch on carry clear halfword BCCH 0x52*
Branch on carry set byte BCSB 0x5B*
Branch on carry set halfword BCSH 0xSA*
Branch on overflow clear, byte displacement BVCB 0x63
Branch on overflow clear, halfword displacement BVCH 0x62
Branch on overflow set, byte displacement BVSB 0x6B
Branch on overflow set, halfword displacement BVSH 0x6A
Branch on equal byte (duplicate) BEB 0x6F
Branch on equal byte BEB 0x7F
Branch on equal halfword (duplicate) BEH 0x6E
Branch on equal halfword BEH 0x7E
Branch on not equal byte (duplicate) BNEB 0x67
Branch on not equal byte BNEB 0x77
Branch on not equal halfword (duplicate) BNEH 0x66 Unchanged
Branch on not equal halfword BNEH 0x76
Branch on less than byte (signed) BLB 0x4B
Branch on less than halfword (signed) BLH 0x4A
Branch on less than byte (unsigned) BLUB 0x5B*
Branch on less than halfword (unsigned) BLUH 0xSA*
Branch on less than or equal byte (signed) BLEB 0x4F
Branch on less than or equal halfword (signed) BLEH 0x4E
Branch on less than or equal byte (unsigned) BLEUB 0x5F
Branch on less than or equal halfword (unsigned) BLEUH 0xSE
Branch on greater than byte (signed) BGB 0x47
Branch on greater than halfword (signed) BGH 0x46
Branch on greater than byte (unsigned) BGUB 0x57
Branch on greater than halfword (unsigned) BGUH 0x56
Branch on greater than or equal byte (signed) BGEB 0x43
Branch on greater than or equal halfword (signed) BGEH 0x42
Branch on greater than or equal byte (unsigned) BGEUB 0x53*
Branch on greater than or equal halfword (unsigned) | BGEUH 0x52*
Return on carry clear RCC 0x50*
Return on carry set RCS 0x58%*

* Indicates that opcode matches another instruction but operation is the same.
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Table 3-7. Program Control Instructions (Continued)

Instruction Mnemonic | Opcode | Conditions
Conditional Transfers (Continued):
Return on overflow clear RVC 0x60
Return on overflow set RVS 0x68
Return on equal (unsigned) REQLU 0x6C
Return on equal (signed) REQL 0x7C
Return on not equal (unsigned) RNEQU 0x64
Return on not equal (signed) RNEQ 0x74
Return on less than (signed) RLSS 0x48
Return on less than (unsigned) RLSSU 0x58*
Return on less than or equal (signed) RLEQ 0x4C
Return on less than or equal (unsigned) RLEQU 0x5C Unchanged
Return on greater than (signed) RGTR 0x44
Return on greater than (unsigned) RGTRU 0x54
Return on greater than or equal (signed) RGEQ 0x40

Return on greater than or equal (unsigned) RGEQU 0x50*

Subroutine Transfer:

Branch to subroutine, byte displacement BSBB 0x37
Branch to subroutine, halfword displacement | BSBH 0x36
Jump to subroutine JSB 0x34
Return from subroutine RSB 0x78
Procedure Transfer:

Save registers SAVE 0x10
Restore registers RESTORE | 0x18
Call procedure CALL 0x2C
Return from procedure RET 0x08

* Indicates that opcode matches another instruction but operation is the same.

Program control instructions explicitly manipulate four registers:

1.

PC - The call instruction saves the old PC as the return address (RA) and sets PC to
the first executable instruction of the function being called. The return instruction
restores PC to the RA (the next executable instruction of the calling function).

SP - These instructions adjust SP automatically to point to the top of the stack
whenever they store or retrieve items.

FP - The save instruction sets FP to the address just above the saved registers. The
FP accesses a region on the stack that stores temporary (or automatic) variables for
the function.

AP - The call instruction adjusts AP to the beginning of a list of arguments for the
function.



On a function call, the calling function contains a call instruction; the save instruction
should be the first statement of the called function. For a return, a restore and a return

appear in the function being exited.
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Figure 3-9 shows the stack after the CALL-SAVE sequence:

PUSHW argl
PUSHW arg2
PUSHW arg3

CALL —(3*4) (%sp) funcl

funcl: SA;VE %r3

First, three arguments are pushed onto the stack; each push increments SP. Then CALL
automatically saves the old pointers. It uses its first operand to set AP to the beginning of
the three arguments and its second operand to call the function. Next, SAVE, the first
statement in the function, is executed, automatically saving registers r3 through r8. It also

adjusts SP and FP for each push.

/*push three arguments*/

/*call function*/

/*other instructions*/

/*save r3 through r8*/

SP, FP—p»
(FP-4) r8
(FP-8) r7
(FP-12) ré
(FP-16) rs
(FP-20) r4 REGISTER
(FP-24) 3 SAVE AREA
(FP-28) OLD FP
(FP-32) OLD AP
(FP-36) RA (OLD PC)
arg3
arg2 ‘1‘
AP —p argl INCREASING
ADDRESS

Figure 3-9. Stack After CALL-SAVE Sequence
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To return to the original sequence, the function funcl contains the following instructions:
funcl: SAVE %r3 /*save r3 through r8*/
/*other instructions*/

RESTORE %r3  /*restore r3 through r8*/
RET /*return to main function*/

The restore instruction retrieves registers r8 through r3 from the stack. It must have the
same operand as the original SAVE; otherwise, the return (RET) cannot restore the
correct AP and PC. Both instructions decrement SP as they pop the register contents from
the stack.

3.6.5 Coprocessor Instructions

These instructions implement the interface with coprocessors. All coprocessor instructions
have an 8-bit opcode followed by one word. This word is transmitted on the data bus and
interpreted by the coprocessor. The word is not used by the CPU. If no coprocessor
responds to the transmitted word, an external memory fault occurs.

After the word following the opcode is transmitted, the source operands, if any, are fetched
from memory. The CPU then waits until the “coprocessor done” signal is asserted, after
which the CPU attempts to read a word. If this access is faulted, an external memory
fault occurs. If this access is not faulted, bits 18 through 21 of the word are copied into
bits 18 through 21 (condition flags) of the PSW. The resulting operand, if any, is then
written to memory.

Coprocessor instructions can have from zero to two operands. The operands may be of
three data types (specified by the last character of the mnemonic): single-word (S),
double-word (D), and triple-word (T). All operands must start on an address evenly
divisible by four (a word boundary).

3.6.6 Stack and Miscellaneous Instructions

The stack instructions are used to manipulate the stack. The push and pop instructions
always process a word and alter the SP. They have a read-only source operand src or a
write-only destination operand dsz.

Miscellaneous instructions include those that alter the machine state or have an effect on
the cache memory. The breakpoint instruction causes a breakpoint-trap exception.

Control transfers to the operating system for the appropriate exception handler. The NOP
instructions come in three lengths: 1, 2, or 3 bytes. If an instruction, other than a
conditional transfer, reads the PSW, the ‘assembler m32as inserts a NOP before that
instruction. This allows time for the PSW codes to settle before the new instruction tries
to access them. Cache flush makes the instruction cache invalid.
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Table 3-8. Coprocessor Instructions

Instruction Mnemonic | Opcode | Conditions*
Coprocessor operation SPOP 0x32
Coprocessor operation read single SPOPRS | 0x22
Coprocessor operation double SPOPRD | 0x02
Coprocessor operation triple SPOPRT | 0x06

Coprocessor operation single 2-address | SPOPS2 | 0x23 Case 10
Coprocessor operation double 2-address | SPOPD2 | 0x03
Coprocessor operation triple 2-address | SPOPT2 | 0x07

Coprocessor operation write single SPOPWS | 0x33
Coprocessor operation write double SPOPWD | 0x13
Coprocessor operation write triple SPOPWT | 0x17

* Refer to Table 3-10 for condition flag code assignments.

Table 3-9. Stack and Miscellaneous Instructions

Instruction Mnemonic | Opcode | Conditions*

Stack Operations:
Push address word PUSHAW | OxEO0

Push word PUSHW 0xA0 Case 1

Pop word POPW 0x20

Miscellaneous:

No operation, 1 byte | NOP 0x70

No operation, 2 byte | NOP2 0x73

No operation, 3 byte | NOP3 0x72

Breakpoint trap BPT 0x2E Unchanged
Cache flush CFLUSH 0x27

Extended opcode EXTOP 0x14

* Refer to Table 3-10 for condition flag code assignments.

3.7 INSTRUCTION SET LISTINGS

Section 3.7.2 Instruction Set Descriptions presents descriptions of each member of the
instruction set for the WE 32100 Microprocessor. The descriptions are in alphabetical
order, and any instructions that operate on more than one type of operand, byte, halfword,
or word are listed on the same page. (For quick reference to the instructions by function,
mnemonic, or opcode see Sections 3.7.3 Instruction Set Sumary by Fuction,

3.7.4 Instruction Set Summary by Mnemoic, and 3.7.5 Instruction Set Summary by
Opcode.)
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3.7.1 Notation

Each instruction description contains several parts: assembler syntax, opcode operation,
address modes, condition flags, exceptions, examples, and notes (optional).

Assembler Syntax. Presents the assembly language syntax for the instruction, including
any required spacing and punctuation. The user-specified elements appear in italics. All
operands must appear in the order shown. If an instruction has byte, halfword, and word
forms, all three forms are presented.

The syntax uses the following symbols to denote operands that may be written in the
address modes shown in Table 3-2: count, dst, offset, src, width. Program control
instructions use disp8 or displ6 as a displacement operand. The operand does not use an
address mode, but is written as an 8- or 16-bit literal.

Opcodes. Lists each opcode with the appropriate mnemonic and function.

Operation. Describes the operation performed. The description generally uses C language
syntax and the operators and symbols shown in Table 3-11.

Address Modes. Identifies the valid address modes for each operand. Refer to Table 3-2
for address mode syntax and to Table 3-1 for the syntax for referencing registers.

Condition Flags. Identifies the effect of the instruction on each of the condition flags.

Exceptions. Identifies any error conditions that may result in illegal operands, opcodes, or
operations.

Examples. Presents examples of the instruction written in assembly language. In some
cases, it will give the contents of registers before and after execution. Register bytes are
read from right to left and their contents are given as hexadecimal values.

Notes (Optional). Explains other parts of the description when necessary.

Table 3-10. Condition Flag Code Assignments

Condition Flags
Case Special Conditions*
N(Negative) Z(Zero) C(Carry) | V(Overflow)

1 MSB of dst lifdst=0 0 0 V flag is set when
expanded operand
type mode is used,
and the result is
truncated when
represented in
destination.

2 1if result < 0| 1ifresult =0 |1 on carry | 1 on integer -

or borrow | overflow
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Table 3-10. Condition Flag Code Assignments (Continued)

Condition Flags

Case

N(Negative)

Z.(Zero)

C(Carry)

V(Overflow)

Special Conditions*

1ifdst <0

1ifdst=0

0

1 on integer
overflow

lif dst <0

1ifdst=0

0

1 on integer
overflow

V flag may not set
when dst is signed
word type, bit 31 of
absolute value of the
result is 1, and while
bits 32—63 of the
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