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SECTION 1
OVERVIEW

The MC88110 is the second implementation of the 88000 family of reduced instruction
set computer (RISC) microprocessors. The MC88110 is a Symmetric Superscalar™
machine capable of issuing and retiring two instructions per clock without any special
alignment, ordering, or type restrictions on the instruction stream. Instructions are issued
to multiple execution units, execute in parallel, and can complete out of order, with the
machine automatically keeping results in the correct program sequence. This symmetric
superscalar design allows sustained performance to approach the peak performance
capability.

The MC88110 uses dual instruction issue and simple instructions with extremely rapid
execution times to yield maximum efficiency and throughput for 88000 systems.
Instructions either execute in one clock cycle, or effective one clock cycle execution is
achieved through internal pipelining. Ten independent execution units communicate
with a general register file and an extended register file through multiple 80-bit internal
buses. Each of the register files has sufficient bandwidth to supply four operands and
receive two results per clock cycle. Each of the pipelined execution units, including those
that execute floating-point and data movement instructions, can accept a new instruction
and retire a previous instruction on every clock cycle.

In a single chip implementation, the MC88110 integrates the central processing unit
(CPU), floating-point unit (FPU), graphics processing unit (GPU), virtual memory address
translation, instruction cache, and data cache.

The CPU contains two arithmetic logic units (ALUs) that allow two integer instructions to
issue and execute in each clock cycle. The multiply and floating-point add execution
units are fully pipelined and provide the same high performance for single-, double-, and
double-extended-precision floating-point operations.

The graphics processing unit provides dedicated hardware to allow direct manipulation
of pixel-oriented data types. This ability, combined with exceptional floating-point
performance and high data throughput, allows the MC88110 to provide high
performance three-dimensional (3D) graphics capability, including shading, Z-buffering,
and compositing.

Symmetric Superscalar is a trademark of Motorola, Inc.
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The MC88110 also includes two on-chip 8K-byte caches and two on-chip memory
management units (MMUs): one cache and MMU for instructions and one cache and
MMU for data. Additionally, on-chip logic maintains data cache coherency in
multiprocessor applications.

The MC88110 maintains compatibility with MC88100 user application software. Also, a
full line of highly optimizing compilers, operating systems, application programs, and
development tools has been developed for the 88000 family.

This section provides an overview of the MC88110, including a feature list and an
overview of the 88000 family. In addition, there is a block diagram of the MC88110, a
description of each execution unit, the MC88110 execution model, and a brief summary
of the instruction set. Instruction mnemonics used in this section are defined in detail in
Section 10 Instruction Set.

1.1 FEATURE LIST

The major features of the MC88110 are as follows:

» Symmetric Superscalar Design Which Issues Two Instructions Per Clock

» Ten Independent Execution Units and Two Eight Ported Register Files:
—Superscalar Instruction Unit
—=80-Bit Integer, Floating-Point, and Graphics Multiply Execution Unit
—=80-Bit Integer and Floating-Point Divide Execution Unit
—B80-Bit Extended-Precision Floating-Point Add Execution Unit
—Two 64-Bit 3D Graphics Execution Units
—Two 32-Bit Integer Arithmetic Logic Execution Units
—32-Bit Bit-Field Execution Unit
—Data Unit with Load Buffer and Store Reservation Station
—Thirty-de 32-Bit General Registers for Operand Storage

—Thirty-Two 80-Bit Extended Registers for Additional Floating-Point Operand
Storage

» High Performance Instruction Execution
—Single-Clock Integer, Logical, Bit-Field, and Graphics Operations

—Single-, Double-, and Double-Extended-Precision IEEE 754 Floating-Point
Compatibility (Up to Two Operations Executed per Clock Cycle)

—Pipelined Load and Store Operations
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- High Performance Instruction and Data Throughput
—Internal Harvard Architecture

—Separate 8K-byte Instruction and Data Caches: 2-Way Set-Associative, Physically
Addressed

—80-Bit Internal Data Paths
—32-Entry Branch Target Instruction Cache for Branch Acceleration
—Run-Time Reordering of Loads and Stores
—Speculative Instruction Execution
—Register Scoreboard Managing Data Dependencies in Hardware
—Decoupled Data Cache Accesses
—Data Cache Write-Through and Write-Back Operation
- Extensible Architecture Facility Through Special Function Units
« Facilities for Enhanced System Performance
—64-Bit Split-Transaction External Data Bus with Burst Transfers

—Hardware Enforced Data Cache Coherency (Bus Snooping) for Multiprocessor
Applications

—Critical-Word-First Burst Cache Line Fills with Instruction and Data Streaming
—Instruction and Data Address Translation Caches with Page and Block Entries
—High-Speed Interrupt Processing with Minimal Interrupt Latency

+ System Software Flexibility
—Hardware or Software Address Translation Cache Refill
—Data Address Breakpoints for Software Debugging
—Selectable Big-Endian or Little-Endian Byte Ordering

» JTAG Boundary Scan for In-System Testability

1.2 88000 FAMILY OVERVIEW

The following paragraphs give an overview of the features which are common to all
members of the 88000 family, including the register-to-register architecture, the
simplified addressing modes, the instruction formats, the special function units (SFUs),
and the optimizing software.

1.2.1 Register-to-Register Architecture

The 88000 family defines register-to-register operations for all computational
instructions. Source operands for these instructions are accessed from the on-chip
registers or are provided as immediate values embedded in the instruction opcode. The
computational instruction results are stored in separate on-chip registers, allowing
source operand registers to be reused in subsequent instructions. Data is transferred
between memory and registers with load and store instructions only.
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1.2.2 Simplified Addressing Modes

The 88000 family has simplified addressing modes for memory and register accesses.
Address calculations are simple, efficient, and execute quickly. All computational
instructions are implemented as register-to-register or register-plus-immediate-value
instructions which eliminates memory access delays in these instructions.

1.2.3 Instruction Formats

All 88000 instructions are implemented as single-word (32-bit) opcodes. Formats are
consistent across all instruction types, allowing for efficient decoding in parallel with
operand accesses. This fixed instruction length and consistent format greatly simplifies
instruction pipelining.

1.2.4 Levels of Privilege

The 88000 family has two instruction execution modes: supervisor mode and user mode.
The supervisor mode is the higher privilege level. In supervisor mode, memory and
control register access is unrestricted. The supervisor mode is typically used by
operating systems and other system-level resources. The user mode is the lower
privilege level. In user mode, resource access is limited to the user memory space,
general registers, extended registers, and some floating-point control registers.
Application software is typically executed in user mode.

1.2.5 Special Function Units

The 88000 family provides the flexibility for extensions, as technology and applications
evolve, through the definition of special function units (SFUs) within the overall
instruction mapping. An SFU is defined as a set of instructions, with a common opcode
field, which provides additional functionality to the base architecture. The architecture
defines a base instruction set and seven reserved sets of opcodes to support up to
seven SFUs. These SFUs may or may not be included in an implementation of the
architecture. Any SFU can be added to, or removed from, a given implementation of the
88000 family with no impact on the base architecture.

In addition to the base instruction set, the MC88110 implements two SFUs: the floating-
point unit, which is SFU1, and the graphics processing unit, which is SFU2. Figure 1-1
illustrates how the concept of SFUs is integrated with the MC88110 hardware. In this
diagram, each of the boxes represent hardware on the MC88110. The top box,
representing the instruction fetch and decode circuitry, is part of the instruction unit. The
three ovals are a conceptual representation of the base instruction set and the two SFU
instruction sets. When an SFU is enabled, the instructions in that SFU's instruction set
can be issued.
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Figure 1-1. SFU Conceptual Diagram

The instruction unit fetches, decodes, and issues each instruction to the appropriate
execution unit. The instructions fall into one of three categories: those in the base
instruction set, SFU1, or SFU2. The execution units receive source data from the register
files or from the instruction opcode and perform the specified operation. When the results
are ready, they are written to the appropriate register file.

Figure 1-2 shows which execution units are used by each of the instruction sets. The
base instruction set uses the instruction, data, integer, bit-field, divide, and multiply
execution units. The SFU1 (floating-point) instruction set uses the divide, multiply, and
floating-point add execution units. The SFU2 (graphics) instruction set uses the multiply,
pixel add, and pixel pack execution units. Note that the general register file can provide
data for and receive data from all ten of the execution units and all three of the instruction
sets. The extended register file can only be accessed by the SFU1 instruction set and
those instructions in the base instruction set that transfer data to and from memory.
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Figure 1-2. SFU Hardware Use

1.2.6 Optimizing Software

Optimizing compilers, linkers, and operating systems, which have been designed in
conjunction with the design of the MC88110, are essential contributors to its
performance. This software performs optimizations based on the multiple, independent
execution units of the MC88110; instructions are scheduled to maximize parallelism and
instruction throughput. This software also makes efficient use of the MC88110 instruction
set and register model.

A register usage convention has been established that supports the cross-linking of
procedures from various compilers and languages. With this convention, compilers and
linkers allocate the general registers in a manner that minimizes data movement to and
from memory, even during procedure calls.

1.3 MC88110 PROCESSOR OVERVIEW

The MC88110 contains ten execution units (see Figure 1-3) which operate
independently and concurrently. The integer, floating-point, graphics, multiply, and
divide execution units perform computational operations. The data unit performs the data
memory accesses, while the instruction unit performs instruction fetches and many of the
control functions for the MC88110.

The integer execution units include two identical ALUs, which perform 32-bit arithmetic
and logic operations, and one bit-field execution unit, which performs all bit-field
operations. The multiply execution unit handles all integer, floating-point, and graphics
multiply instructions. The divide execution unit handles integer and floating-point divide
instructions. The floating-point add execution unit handles the remaining floating-point
arithmetic instructions. The graphics execution units include a pixel adder, which
performs the remaining graphics arithmetic instructions, and the pixel packer, which
performs pixel pack and unpack functions.

In addition to the execution units, the MC88110 contains a general register file and an
extended register file. The MC88110 also has six 80-bit internal buses that are used for
passing operands between the register files and the different execution units: four of the
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buses provide the execution units with source data from the register files or the
instruction encoding, and two buses return the results from the execution units to the
register files.

To speed up memory accesses and instruction fetching, the MC88110 has one cache
and MMU for data accesses, and one cache and MMU for instruction fetches. The data
cache contains duplicate address tags to facilitate snooping in multiprocessor
environments. There is also a target instruction cache (TIC), which contains the target
instructions for recently taken branches.

The bus interface unit arbitrates between external instruction and data accesses and
controls the external bus.

INTEGER INTEGER || BIT-FIELD || MULTIPLY DIVIDE FLOATING || PIXEL ADD || PIXEL PACK
EXECUTION | | EXECUTION | | EXECUTION | | EXECUTION | | EXECUTION POINT EXECUTION | | EXECUTION
UNIT UNIT UNIT UNIT UNIT ADD UNIT UNIT UNIT
G B
Y YA A Y Y Y A R

A A A A
Y Y Y Y y
DATA GENERAL || EXTENDED TARGET SUPERSCALAR
UNIT REGISTER || REGISTER INSTRUCTION [<€—>> INSTRUCTION
FILE FILE CACHE UNIT
A A
Y Y \
TAGS
8KB 8KB
MMU T NooP DATA CACHE INSTRUCTION CACHE TAGS | MMU
TAGS
A A |
Y | ¥ Y
BUS INTERFACE UNIT
| EXTERNAL BUS INTERFACE |

Y
64-BIT PIPELINED, BURST-MODE, SPLIT-TRANSACTION BUS

Figure 1-3. MC88110 Block Diagram
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1.3.1 Internal Buses

The MC88110 has two source 1 buses, two source 2 buses and two destination buses.
These 80-bit buses perform all internal data transfers between the register files and the
execution units. The source 1 and source 2 buses transfer source operands to the
execution units. All source data originates from the register files or from 16-bit immediate
values embedded in instructions. The destination buses transfer data from the execution
units to the register files.

Arbitration for the internal buses is performed by the sequencer, which is a part of the
instruction unit. The contents of the source registers for an instruction are gated onto the
source buses under control of the sequencer. When an execution unit completes an
instruction, it requests a slot on a destination bus. Since there are only two destination
buses and more than two instructions can complete at any time, the sequencer
prioritizes the data transfers on the destination buses.

1.3.2 General Register File

The general register file (GRF) consists of thirty-two 32-bit registers which are
designated as r0 through r31. The r0 register always contains the constant zero and
can be used by instructions requiring the constant zero as an operand. The GRF can
provide operands for all computational instructions, can serve as the data source or
destination for load and store instructions, and can provide addresses for branch and
memory-access instructions.

The GRF has six output ports and two input ports. Four of the six output ports allow
source operands to be simultaneously placed on the two source 1 and two source 2
buses so that two instructions can be executed per clock. The last two output ports are
used to write the contents of the destination registers for the current instructions into the
history buffer. (For more information on the history buffer, see Section 7 Exceptions.)
The input ports are used to move the results from completed instructions from the two
destination buses into destination registers.

1.3.3 Extended Register File

The extended register file (XRF) consists of thirty-two 80-bit extended registers which are
designated as x0 through x31. The x0 register always contains the constant zero and
can be used by instructions requiring the constant zero as an operand. The remaining
registers in the XRF can contain data objects of any of the three defined floating-point
data formats: single-, double-, or double-extended-precision. The extended registers can
provide operands for all floating-point instructions and can serve as the data source or
destination for load and store instructions.

The XRF has six output ports and two input ports. Four of the six output ports allow
source operands to be simultaneously placed on the two source 1 and two source 2
buses so that two instructions can be executed per clock. The last two output ports are
used to write the contents of the destination registers for the current instructions into the
history buffer. (For more information on the history buffer, see Section 7 Exceptions.)

1-8 MC88110 USER’S MANUAL MOTOROLA



The input ports are used to move the results from completed instructions from the two
destination buses into destination registers.

1.3.4 Integer Execution Units

There are three integer execution units: two identical ALUs and one bit-field unit. Each of
the integer execution units completes instruction execution in one clock cycle. Since
there are two identical ALUs, two ALU instructions can be issued simultaneously;
therefore, arithmetic and logical instructions are never stalled due to the execution units
being unavailable. Integer multiply and divide are multi-cycle instructions and are
executed by the multiply and divide execution units, not by the ALUs.

1.3.5 Multiply and Divide Execution Units

The multiply unit executes all integer, floating-point, and graphics multiplies; the divide
unit executes all integer and floating-point divides. The multiply unit is implemented as a
three-stage pipeline; therefore, since all multiplies are three-cycle instructions, one
multiply can be issued in each clock cycle. The divide unit is an iterative multi-cycle
execution unit, so only one divide instruction can be executing at any time.

1.3.6 Floating-Point Function Unit

The FPU, implemented as SFU1, provides high performance mixed-mode operations for
single-, double-, and double-extended-precision floating-point data. The FPU operations
are executed in either the multiply, divide, or floating-point add execution units. Floating-
point operands can be stored in either the general register file or the extended register
file. The MC88110 also implements three control registers to support the FPU.

The floating-point add execution unit performs the integer/floating-point conversion
instructions and all floating-point arithmetic instructions except the multiply and divide.
The floating-point add unit is implemented as a three-stage pipeline; therefore, since
floating-point adds are three-cycle instructions, one floating-point add can be issued in
each clock cycle. The floating-point multiply and divide instructions are executed by the
multiply and divide execution units.

The three control registers associated with the FPU are the floating-point exception
cause register (FPECR), the floating-point status register (FPSR), and the floating-point
control register (FPCR). Information about the cause of floating-point exceptions is
recorded in the FPECR. This register is privileged and can only be accessed by
supervisor code. The FPSR and FPCR contain information on IEEE exception conditions
(divide by zero, overflow, etc.) and control the floating-point rounding mode. The FPSR
and FPCR are not privileged and can be accessed by either user or supervisor code.
The FPU control registers are described in detail in Section 4 Floating-Point
Implementation.
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1.3.7 Graphics Processing Function Unit

The process of rendering realistic animated 3D images in real time is computationally
intensive. The process has five major steps: 1) viewpoint transformation, 2) lighting, 3)
raster conversion, 4) image processing, and 5) display. Because of its exceptional
floating-point performance, the MC88110 is capable of rapidly performing viewpoint
transformation and lighting calculations on complex images. The flexible computational
instructions and high data throughput of the MC88110 allow efficient coding of the bit
block transfer algorithm (bitblt) and other algorithms necessary to achieve good display
system performance. To achieve good interactive performance, raster conversion, and
image processing phases requires hardware support beyond that found in most
conventional microprocessors. The graphics processing function unit (GPU),
implemented as SFU2, is targeted at improving the performance of these phases of the
rendering process.

The MC88110 includes two independent execution units to support the GPU: the pixel
add execution unit and the pixel pack execution unit. Graphics operands are made up of
multiple pixels of varying length, which are packed into 64-bit fields and stored in
register pairs in the general register file. The graphics instructions process the individual
fields within the 64-bit fields in parallel, avoiding the need to separate them and operate
on them individually. The graphics multiply instruction is executed by the multiply
execution unit.

1.3.8 Instruction Unit/Sequencer

The MC88110 contains an instruction unit/sequencer which provides centralized control
of data flow among the execution units and the register files. The instruction
unit/sequencer enforces data interlocks, directs data from the register files onto and off of
the buses, maintains a state history of the processor's actions, and performs the flow
control instructions. The following paragraphs describe the instruction unit and the
sequencer.

1.3.8.1 INSTRUCTION UNIT. The instruction unit fetches instruction pairs from the
instruction cache, performs the first steps of instruction decode, and provides instructions
to the appropriate execution units via encoded internal control signals. The instruction
unit also executes flow control instructions and performs other related tasks such as
exception processing. In addition, the register scoreboard and the general control
registers are contained in the instruction unit.

1.3.8.1.1 Program Flow. The instruction unit fetches instructions from the cache as
dictated by program flow. Program flow includes sequential accesses, jump and branch
instructions, and exception vectoring.

The instruction unit executes all flow control instructions. It calculates the return pointer
for jump to subroutine (jsr) and branch to subroutine (bsr) instructions and saves the
return pointer in 