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ABSTRACT

Using the logic devices with lawch function (e.g. Joseph devices), a ¢

is nawrally pipelined to a high-pitch and shallow-logic pipeline. To wtilize such pipe-
line fully, Cyclic Pipeline Architecture (CPA) has been proposed and rescarched.
Though CPA is originally introduced for the Joseph [ CPA is also

P s

effective in silicon technology to get the higher performance per cost.
This digsertation describes a Cyclic Pipeline Computer FLATS2, which is imple-
mented with conventional Silicon technology. In FLATSZ2, the internal status of each

virtual processor in the pipeline is simplified to ease the migration of processes
between virtual processors. The communication and synchronization between virtual

p can be impl d effectively and easily, because the hardware is shared.

This di ion also | the i ion  set archi of FLATS2.

FLATS2 provides range-checking a{:ldmssins modes (BL addressing modes) and com-

bined arithmetic instructions, which are effective in a wide variety of array processing.
In BL addressing modes, any effective address is compared against the base and limit
addresses specified in the instruction, then a conditional branch is executed according

to the result of range check. This scheme is applicable to loop optimization and other

Combined arithmetic i i i high arithmetic performance,
ing with BL addressing modes of FLATS2.

All these fe are i d to utilize hard ial 1o achieve higher

perfi in less hand cost. Some evaluation results of FLATS2 architecture
are also presented in this dissertation.
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1. Introduction

1.1. Logic Devices with Latch Function

Josephson logic devices have been researched and developed for future computer
systems [1]. The prominent merits of Josephson devices are short switching time and

low power dissipation. Adding to these, some Josephson devices have laich func-

ionality with primitive logic operat Such a latching logic device requires a clock
signal to perform logic operation. Therefore, the logic function implemented with
latching logic devices is naturally pipelined.

Quantum Flux Parametron (QFP) is a basic Josephson logic device invented by
Eiichi Goto [2], which is expected to operate at more than 10 GHz [3,4]. QFP con-

sists of a pair of Josephson junctions, and it uses the polarity of the magnetic flux ina

i ing loop to reg a binary logic value.
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Fig. 1-1. A Schematic Drawing of QFP

Figure 1-1 illustrates QFP, where L is the external load inductance, @, is the input

flux, @, is the excitation flux, @ is the output flux, and X in the circuit stnds for a
Josephson Junction (7). @, is the sum of inputs of a QFP. @, has the polarity of
major inputs, because inputs of opposite polarity are compensated each other. The
power of QFP is supplied by a clock signal, which is called "‘excitation flux'" QFP
amplifies @, at the rising edge of excitmion flux and holds the polarity of @,
amplified to the output flux @ during excitation flux is supplied (See Figure 1-2).
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time

Amplified Flux

Fig. 1-2. Input/Output Flux of QFP

When excitation flux is off, input flux is passed to the output with no gain. This
means that QFP acts as a lach with majority function, regarding excitation flux as
clock signal. Any logical function can be implemented by using majority function and

where the jon function for QFP is easily implemented by a




transformer which inverts the polarity of the input flux.

Latching logic devices are not peculiar 1o Josephson technology. Various laiching
logic devices have been researched and practically used in silicon technology, also.
Earle [5] used a kind of latching logic gates of silicon technology (so-called Earle
Latch) w0 implement the carry save adder in IBM System/360 Model 91 [6,7].
Though the first Earle latch integrated majority function with lawch facility, Earle latch
can be applied 1o any combinational logic function. For example, figure 1-3 shows a
simple Earle latch, which performs two level logic function (Z =A -8B + C'D) as well

as the larching function.
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Fig. 1-3. A Simple Earle Lach

The merit of this structure is that it does not require the additional propagation delay
time beyond that needed to perform the combinational function [8]. This nature is

common 1o QFP,

1.2. Deeply Pipelined Computer

The 7 impl d with larching logic devices will be naturally pipelined

o many pipeline stages, each of which is Jogically shallow and consequently works at
very high frequency. However, it is well known that the performance of a pipeline

which is split into many stages is seriously degraded by the competition b
instructions in the pipeline for hardware resources (hazard [9]). Many techniques have
been rtesearched and practiced to avoid hazards w derive higher performance
[10;11,12], including various advanced control methods such as bypass (internal data
forwarding [13]) and branch prediction [14].

However, the more a pipeline is split into pipelines stages, the harder the
advanced control is to implement. First, the cost of advanced control sets the limit.

in a pipeline simul ly, the difficulty

L

Provided that n instructions are p
of advanced control is O(n?), because hazards can occur between any combination of

in the pipeline. Therefore, the cost of advanced control increases radi-
has a

cally, a5 n increases. Second, the

natural limit. If there is data dependency b ive i ions, or if a con-
ditional branch appears in the sequence of instructions, the performance of pipeline
will be degraded. Although this degradation of perf e can be alleviated by

i) d control techni the sequential nature of the program itself will be left

unresolved. That is, if the program includes much dependency among ive

instructions as its nature, most of the pipeline performance will be left unused. Resent

researchers [15,16,17,18,19] have reporied that the ilable parallelism in the
instruction sequence of ordinary programs is between 2 and 4. This means that the
pipeline split to far more stages than 4 will be used only partially in most situations.

1.3, The Scope of This Dissertation

As mentioned above, a single instruction stream cannot make full use of a pipe-

line split into many stages. To resolve this problem, Shimizu, Goto and Ichikawa [20]




proposed Cyclic Pipeline Architecture (CPA), in which the pipeline is timeshared by

several instruction streams. Instructions of different instruction streams do not inter-
fere each other, because each instruction stream uses its own resource in execution,
Consequently, the pipeline can be utilized fully beyond the available parallelism of a

single instruction stream. The impl ion cost of advanced control is reduced as

well, in proportion 10 the number of the instruction streams, because the degree of
instruction overlap for a single instruction stream is reduced by other instruction

streams in the pipeline.

| as the archil suited for Josephson dev-

Though CPA was originally i
ices (especially for QFP), CPA is not peculiar to Josephson technology. CPA is also
effective for deeply pipelined computer, in particular with latching logic devices. To
prove the efficiency of CPA in existing silicon technology, and 1o obtain the experi-
ence to build future Josephson computers, a Cyclic Pipeline Computer (CPC) named
FLATS2 was designed and implemented with existing silicon devices. This disserta-
of FLATS2 machine, The pri-

tion describes the archi and the impl
mary evaluation results of FLATS2 are also presented.
The purpose of FLATS2 is to fully utilize a single hardware pipelined with many
stages. A multiprocessor system can be constructed with several cyclic pipelines con-
nected each other, however such multipipeline system is beyond the scope of this

study. Since FLATS2 was impl

1 by using

isting silicon devices in market
(ECL 10K/10KH [21,22], ECL 100K [23,24], FAST [25,26], CMOS SRAM), the

number of pipeline stages of FLATS2 is not so big. N heless, FLATS2 archi

ture is desig
like in future Josephson computers.

Y P¥

This di ion p

d 10 be 1t} ded to the pipeline split into much more stages,

the following contents. In chapier 2, the specification
and characteristics of Cyclic Pipeline Architecture is described.  Next, in chapter 3, the
architecture of FLATS2 is outlined from a programmer's point of view. Chaprer 4

=

shows how to execute various applications on FLATS2 architecture. Some examples
written in high-level programming languages and FLATS2 assembly language are also
given, The implementation of FLATS2 machine is detailed in chapler 5, with the
description of the cyclic pipeline control of FLATS2. The primary results of perfor-
mance evaluation of FLATS2 are described in chapter 6. Some famous benchmark
programs are evaluated on FLATS2, showing how to execute them efficiently with
FLATS2 architecture. Chapter 7 concludes the dissertation.




Chapter 2

Cyclic Pipeline Architecture




2. Cyclic Pipeline Architecture

Cyelic Pipeline Architecture (CPA) was proposed by Shimizu, Goto, and Tchi-
kawa[20] as an architecture suited for Josephson and pipelined memory computer.
This chapter outlines the idea and the characteristics of CPA as a background of
FLATS2 architecture. For more details on CPA, please refer to the abovementioned

paper(20]

2.1. Resource Shared MIMD

The peak performance of a pipeli P is in inverse proportion to the seg-

ment time (t,), which is the time necessary to make the pipeline proceed one stage.
Therefore, the shorter t, gets (i.e. higher the clock frequency gets), the higher peak
performance is derived from the pipeline. However, shorter T, means that only shal-

lower logic can be imp
required to implement the same logic functions as before. On the other hand, if the

1 in each pipeline stage, hence more pipeline stages are

pipeline is split into more stages, pipeli it incurs more perfi

tion by hazards. Consequently, the method to avoid this performance degradation has

been always one of the foci in designing a pipeline computer[9, 10].

Flynn[27] proposed to share a pipeline hard among plural instruction streams
10 resolve pipeline hazards, and he named this kind of MIMD configuration *‘Resource

Shared MIMD."" Here, instruction stream means a virtual processor, which has its

own program counter and register set. These virtual p run independently,
sharing a single pipeline hardware (real processor) in a timesharing or overlapped
manner. Hazard or resource competition does not happen between instructions of
different virual processors, because each instruction stream has its own internal status.
Therefore, if the instructions are orderly issued into the pipeline in turn from different

degradation will be posed by hazards.

virtual no perfi

Figure 2-1 ill the of

shared MIMD. The figure (a) is a

=10 -

DD EBDDDY
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{a) Instructions of a single
instruction stream
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i-th instruction stream

(b} Instructions of multiple
instruction streams

Fig. 2-1. Concept of Resource Shared MIMD

normal pipeline, in which a series of instructions (f,.J5, . . . ,{,) of a single instruction
stream is executed. On the other hand, the figure (b) shows a resource shared MIMD
pipeline, in which instructions from different instruction streams (PP, .. . P,) are
executed in the pipeline stages. Though hazards can occur among /4 1o I, , no hazard
can occur among Py to P

As a resource shared MIMD computer, Denelcor HEP system(28,29] was
developed and sold in marker. In HEP, memory access is left outside of the execution
pipeline. That is, if a memory access was issued in an instruction stream, the instruc-
tion stream concerned is forced 1o wait for the completion of the memory access.
Consequently, the performance of each instruction stream is strictly limited by the
memory access time, because memory accesses are unable to be overlapped to the
other operations in a single instruction stream. On the other hand, in CPA, memory
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nceess is built into pipeline with advenced control to improve the performance of cach
instruction stream. Later in this section, HEP will be detailed as a contrast to describe

the characteristics of CPA.

2.2. Pipelined Memory Access

Implementing memory control circuits with latching logic devices (e.g. QFP), the
memory is naturally pipelined into stages. By pipelining a memory chip, the cycle
time 1o accept the access requests is shorened and the throughput of memory chip is
improved[20], though the access delay time is left unimproved (or slightly worsened).
Even in traditional memory chips on market, there are some chips pipelined into some
stages [30,31]. Figure 2-2 is the block diagram of a 4-staged pipelined memory,
where A is the access address, D is the write data for & write access, § is the output
enable, W is the write enable, and @ is the output data for a read access.

D : pipeline latch
CTolu=n
Decoder
(3] —l
[—= Memory fa-e. . Column
i cell e | |pecoder o]

Fig. 2-2. Block Diagram of a Typical Pipelined Memory Chip

First, each input signal is latched in the input register. In the first stage, the row

=12

address part of A is decoded to supply select signals for cell array, In the second
stage, memory cells are accessed to read/write data. Also, the column address pan of
A is pre-decoded for the data multiplexer of the next stage. In the third stage, ourput
data is selected from the column by the data multiplexer. In the fast suge, O is
buffered and output by the output driver.

Interleaving or multi-bank memory configuration has been often used to improve
the throughput of memory system, but these

conflict, access congestion on k, and

have such probl as bank

inty of access delay time. On the
other hand, pipelining main memory at the same clock as CPU clock, no congestion or
no conflict occurs. Therefore, the access delay time is always the same.

Resource shared MIMD especially fits pipelined memory very well, because
memory access requests are issued in a pipelined manner from virtual processors. By
timesharing main memory among virtual processors, these virtual processors naturally

acts as & shared memory iprocessor. Cyclic pif includes memory access in

the pipeline control to overlap memory 1o CPU operati The cerainty of
access time of pipelined memory eases the advanced control in cyclic pipeline very
much. Consequently, more instruction level parallelism can be utilized by overlapping

Pipelined memory chip was unavailable when CPA was first proposed.  However,
pipelined memory has got practical and available recemtly[30,31,32]. Though the
memory of FLATS2 is not pipelined in the current implementation, FLATS2 architec-
ture was carefully designed so that future FLATS2 implementation could be imple-
mented with pipelined memory chips.

2.3, Characteristics of Cyclic Pipeline Architecture

In designing a resource shared MIMD computer, it is an important subject to
decide the number of instruction streams (m) against the number of pipeline stages (n).



Also, the scheduling scheme of virtual p is another i theme.

P

In ak ioned HEP cc 128,29],

128 instruction streams
Madule or PEM) pipelined with 8 stages.
The instruction stream of HEP is called “process,’” and the number of processes are

share an execution unit (Process E

variable in HEP pipeline. The processes of HEP are dynamically created and deleted

in executing a program, while virtual processor of CPA is a permanent entity, the
number of which is determined by the pipeline design.

There is a queve of processes ready for execution (snapshot queue) in PEM of

HEP, and processes are taken from this queue to the execution pipeline (See Figure 2-

3 (@), If a process issues & memory access, the process concerned goes out from

snapshot queve to another queue (storage function unit queue) 1o wait for the comple-

tion of the memory access. As the number of processes varies according 1o the load

of CPU, when the number of processes in snapshot queue is less than the number of

pipeline stages (i.c. 8), some of execution pipeline stages is left unused. As shown
above, the jon order of in HEP is d d ically at

Y )

time, affected by other processes in PEM. This makes advanced control very difficult,

In fact, so far as the instruction execution of a single process is concerned, instructions
are exccuted serially in HEP, without using the parallelism available by pipelining.

Consequently, the perfi of a single process is limited to a very small portion of
the total performance of the execution pipeline. Briefly saying, the relation m = n
holds in HEP architecture,

On the other hand, in CPA, the number of instruction streams (m) is fixed, so that

each instruction stream would always occupy the pipeline stages every m stages.

Under this condition, advanced control is simplified very much. That is, advanced

control is only necessary every m stages, because the scheduling of instruction stream

is always static. With advanced control, the instructions from the same instruction

stream can be exccuted overlappingly in the pipeline, improving the performance of a

PR

process gueue
(max.128)

P, : i-th process

(a) HEP architecture

advanced control

sy TR
WHBHHDESD

B *

J=th instruction
of i-th virtual processor

(b) Cyeclic Pipeline architecture

Fig. 2-3. HEP and Cyclic Pipeline Architecture

single instruction stream. Figure 2-3 (b) illustrates this nature of CPA. As shown in
the figure, the relation m <n holds in CPA, If the value of m is small, the total
quantity of internal status of m virnual processors gets small accordingly, which means
that the cost of hardware gets also small.

Another important merit is that the efficiency of cache and memory usage is

improved, the total king set size of memory (or cache) is basically propor-

tional to the number of virtual processors, Too many instruction streams (m > n) will
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enlarge the active working set and incur the degradation of memory throughput by
cache miss or page fault. Moderate number of instruction streams (m <n) of CPA
avoids such performance degradation.

Chapter 3

The Architecture of FLATS2




3. The Architecture of FLATS2

This chapter describes the architecture of FLATS2 mainly from the programmer’s
point of view. First, the basic specification, the purposes, and the characteristics of
FLATS2 are presented. Then, the instruction set architecture of FLATS2 is outlined.
For systematic description, please refer 1o "*FLATS2 architecture handbook®*[33] and
“FLATS2 instruction set manual''[34). The examples of programming on this archi-

tecture will be given in chapier 4.

3.1. Purposes, Characteristics, and Specifications
FLATS2 is a cyclic pipeline computer with 2 virtual processors. One of the pur-

y of cyclic pipeli hi in existing

poses of FLATS2 is to verify the effici
silicon technology. Another important purpose is 1o obin the experiences on cyclic
pipeline design for future Josephson computers. Hence, FLATS2 architecture is
T i ideration of Josephson comy

cessors, though the number of virtual processors of FLATS2 is small by reason of

which will have many virtual pro-

implementation technology. FLATS2 is consequently designed to have little context in
each wvirmual processor to reduce context switch overhead. This makes thread-
ing [35,36] of programs very easy and efficient, thus utilizing cooperating virtual pro-
cessors for a task.

One of the most distinct characteristics of FLATS2 instruction set architecture is

addressing modes with range checking facility (BL addressing mode). Cyclic pipeline

architecture attempts to derive high throughput from a hard pipelined into many
stages by using plural i i (viral p ). Though the total
hroughput of a pipeline is improved by CPA, another technique is required to imp

the perfs of each i stream. In FLATS2 pipeline, some advanced con-

trol techniques such as data bypass are adopted to increase the degree of instruction

overlapping to imp: the perfe of each i ion stream. In to this,

FLATS2 introduced an architecture called BL addressing to utilize more parallelism at

instruction set level,

BL addressing is an ion of usual addressing modes. In BL addressing

modes, any effective address is checked against the given base and limit addresses
before accessing memory. If the access address is out of the range between base and
limit, the memory access concerned is denied and an access error occurs. This access
error causes a branch or a trap immediately, thereby the program changes the action
hereafter. This feature is useful for various applications such as array processing, sym-
bol

and dynamic array boundary check to detect software errors in pro-

gram execution. Such usages are detailed later.

In addition to the range check facility, FLATS2 offers much numerical arithmetic

Maximally 8 floating-point arithmetic operations (sin-

lity 10 each i

gle precision) are performed in one instruction cycle, while the operands are supplied

from memory by using BL addressing. This ic facility coof with BL

ddressing modes to lish effecti in numerical applications. The numeric

performance of FLATS2 will be reported in later chapter on linear algebmaic solver and
other scientific codes.

Machine Cycle 65 ns

‘Woard Length 32 bit {data) + 1 bit (ag)
Real Memory  5.5M Byte (currently)

Logic Devices  ECLIOK, 10KH, 100K, FAST
Logic Board 465(W) x 323(H)}

multi-tayered, multi-wined
total 26 boards
Packa) x 1 %1

Table 3-1. Basic Specification of FLATS2

Table 3-1 shows the basic specification of the current FLATS2 hardware,
Machine cycle is the cycle time of primitive machine clock, by which the pipeline
proceeds one stage. In FLATS2, memory cycle is equivalent to machine cycle time.
The transfer rate of memory is thus 123 x 10° bytes/second for instruction and data,
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tespectively. Mainly ECL 10K/I0KH series|21,22] (DIP package) is used to imple-
ment FLATS2 logic. Adding to these, some ECL 100K series[23, 24] (DIP) chips are
used in some units (e.g. floating-point arithmetic unit). No highly integrated devices
(ie. LSIs) are used except for 16 x 16 bit parallel multiplier chips (CMOS/S0S) for
TTL chips (FAST[25,26]) were parnially
used in memory control circuits. FLATS2 consists of 26 logic boards, each of which

the integer/floating-point Itiplier unit.

contains from 200 to 400 chips on it. These boards are connected ecach other by a
backplane board and front flat cables, mounted to a rack chassis (sbout 57 cm % 62 cm
% 37 em) which is air-cooled by 14 fans. This rack chassis is packed into a cubic box
with power supplies.

The current FLATS2 is designed as a back end processor, which serves computa-
tional resources with only limited inputfoutput fi P for FLATS2 are
developed, compiled, and linked on the fronr end processor (FEF), which serves the

face and develop i for FLATS2., The current FEP is a UNIX
workstation (DEC microVAX 3500). Executable binary image is downloaded from
FEP 10 FLATS2 via network (eth ). The input/output of the p

FLATS2 is also performed via network.

on

3.2. Hardware Overview

This section outlines FLATS2 hardware configuration. Figure 3-1 illustrates the
block diagram of FLATS2. FLATS2 CPU consists of three major units, which are
Instruction Processing Unit (IPU), Global/Variable register Unit (GVU), and Sum and
Product Unit (SPU). 1PU fewches an instruction from [Instruction Memory (IM),
decodes it 10 execute, and controls the program sequence. General registers are called
Global/Variable registers (GV registers) in FLATS2 architecture. A fixed amount of
GV register sets (GV frames) is prepared in an independ memory called

GlobaliVariable register Memory (GVM), in which 4096 sets of GV regisiers are
prepared in the current FLATS2 implementation, Current Frame Pointer (CFP) of

py|
| MCU Hsvp]

Fig. 3-1. Block Diagram of FLATS2

each virtual processor specifies which GV frame is used for this virtual processor.
GVU perfi ithmeti ion, logical of

and address calculation between
GV registers. SPU consists of 64 bit ineger/floating-point  ALU, 64 bit
integer/floating-point multiplier, and 64 bit registers (SP registers) for SPU operations.
SPU is a general purpose arithmetic unit, which can take memory operands from Data
Memory (DM). Memories such as IM, DM, and GVM are implemented with SRAM
chips which are fast but expensive, thus the total capacity of these memories is not so
big. Extended Memory (XM) is a staging memory of IM/DM/GVM, implemented with
DRAM chips which are slower but cheaper than SRAM. The capacity of XM is
planned to be 64M byte, though it is not included in the current implementation.
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MCU is a Memory Control Unit, which has the following functions:
(1) DMA transfer wo/from IM/GVM/DM,
(2) management of XM,
(3) clock signal generation and distribution to CPU,
(4) initialization of internal status and control storages of CPU,
(5) internal register scan function (scan N/O[37]) for debug and maintenance of CPU,
(6) and inputoutput management.

Service Processor (SVP) is o mini which is 1 to MCU to con-

trol and supervise FLATS2. The control registers of MCU are mapped on SVP
memory space as devices, thereby SVP initi and s MCU fi SVP has

its own bus (SVP bus) w atach inputfoutput devices such as le, disks, and net-

work interface. When FLATS2 is executing a program, SVP watches for the
input/output requests from FLATS2, and controls devices on SVP bus to substitte
input/output of FLATS2.

3.3. Memory System

3.3.1. Address Tag
The most distinguishing characteristic of FLATS2 memory system is 1o have an
address tag for each word. Though number and address are the most common and

Fond 1

types in prog usual I cannot distinguish them by their
memory representations. In FLATS2, the address tag of each word indicates this
difference. Figure 3-2 illustrates the address 1ag of FLATS2 memory word. A word
of FLATS2 consists of 32 bit data and 1 bit address tag. [f the address tag is zero, the
cormesponding word

4 numeric dawm. If the address tag is set to one, the

an address. Any word in GV registers, instructions in

IM, and data in DM has an address tag for each word. These address tags cooperate

-22-
3D2 31 o
t t
Address Tag Data
Numerical data El | number i

Address data I_ address I

Fig. 3-2. Memory Word of FLATS2

with address range checking facility of BL addressing modes to achieve loop optimiza-
tion and data protection.

3.3.2. Memory Space
FLATS2 provides a single virual address space, which is shared among every
processes in the real processor. This shared single address space greaily eases the
peration of and the migration of p
which are very important to utilize a resource shared MIMD. However, the memory

among virual processors,

P ion from other p can be a problem of the shared single space. Such
antinomy has been usually lved by impl ing multiple virtual storage with
memory sharing h or by impl ing & hard support for the group of

cooperating processes (so-called rask). Though all these techniques are applicable 10
FLATS2 (or shared resource MIMD), such supports are omitted in FLATS2 to reduce
implementation cost. It is not important for FLATS2 to achieve perfect protection,

because FLATS2 is not a commercial computer but an experimental computer.
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3.3.3. Memory Hierarchy

Figure 3-4 shows the memory hierarchy of FLATS2.

c
BYFFFEFT

SVP bus

Memory Space

TEFFFFEE Virtual Processors

Fig. 3-3. Memory Space of FLATS2

An address in FLATS2 is 32 bit long, excluding the address tag. This single
address space of FLATS2 is split into three subspaces according to its memory
configuration; that are D space for DM, [ space for IM, and V space for GVM. Fig. 3-4. Memory Hicrarchy of FLATS2
Representing the virual address in hexadecimal format (preceded by (x), D space is
located from 0x00000000 to Ox7FFFFFFF, | space is located from Q80000000 to
0xBFFFFFFF, and V space is located from 0xCO000000 to OxFFFFFFFF. Though
each memory is mapped into the corresponding address space by its association
mechanism, fixed areas are reserved for trap handling routines to be resident in the

‘The memory system of FLATS2 consists of 3 levels. IM, GVM, and DM act as three
dedicated cache memories for IPU, GVU, and SPU, respectively. XM is to act as a
backup memory for IM, GVM, and DM, while it is also used for the buffer of DMA

and /0. However, the current FLATS2 does not include XM, consequently DMA is
lowest addresses of each space. These areas are mapped to have the same virtual

directly performed between IM/GVM/DM and SVP bus, The virual memory image of
address as its real address (V=R area), and are never swapped out to the secondary

programs is stored in the swap area of the disk on SVP bus. The rest of SVP disk
storage. Each trap entry corresponds to each cause of traps, and each virtual processor

can be used for the file system of FLATS2 operating system.
has its own sets of entries in resident arcas.



3.4, Virtual Processor Architecture

There are two kinds of hardware resources in FLATS2; one is the shared resource
which belongs 1o the real processor, and the other is the resource which belongs 1o
each virtual processor. Some examples of the former resources are as follows:
memory (IM/DM/GVM), memory map registers (key memory), and inputfoutput
memory (iodev), These resources are shared among virtual processors in the real pro-
cessor. The later kind of resources is called virtual processor context, which stands
for the internal status of each virtual processor. This section describes the viral pro-
cessor context of FLATS2 and their functions,
(1) Program counter (PC)

32 bit wide, and points to the currently executing instruction in 1 space.

(2) Current Frame Pointer (CFP)

32 bit wide, and points to the currently using GV frame in V space. In the
lowermost 6 bits of CFP, the lowermost 6 bits of PS is mapped. These bits

includes privileged bir which indicates this virtual processor is in privileged
status, interrupt mask bit which indicates this virtal processor is currently inter-
rupt disabled, trace bit which indicates trace trapt is enabled in this virual pro-
cessor, and halt bir which indicates this virtual processor is currently halting.3 For
more detail, please refer to FLATS2 architecture handbook [33].
{3) Condition Code (CC)

4 bit wide, which includes Z (zero), O (overflow), N (negative), and C (carry)
bits.

(4) SP registers (S, P, T, Q, R, U)

1 Trace trap is initisted after every normal inations of i i thereby a

trap handler can trace PC values of successfully executed instructions.

1 In halt swstus, the virwal processor does not execute any instruction, holding its internal
status unmodified, until halt status s resolved. Virtual processors can escape from halt status
by receiving an extermal intermupt.
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64 bit wide each, which are used in M format operations.
(5) Processor Status (PS)
32 bit wide, which represents senings and status that is related to the behavior of
processor,
By saving and restoring abovementioned registers, the context of each virual processor
can be switched, In case of interrupt, trap, and subroutine call, PC and CFP (in which

the lowermost 6 bits of PS is included) are ically saved by hardware. CC and

SP registers are used to contain temporary results, therefore in case a program wil-
lingly requests a context switch, generally it can be omitted 10 save or restore CC and
SP regi In user progr it is ¥ to save and 10 restore PS register,

because PS is a privileged register. After all, for user level context switch (for thread-
ing [35,36]), PC and CFP is usually enough 10 represent a virtual processor context.

In FLATS2, GV registers act as general regi 64 regi are available in
each instruction, each of which is 33 bit wide (32 bit data + 1 bit tag). These registers
are grouped into 2 frames, each of which consists of 32 registers. The first 32 regis-
ters (from Oth to 31st) are called General Registers (GR). The other registers (from
32nd 1o 63rd) are called Variable Registers (VR). Variable register frame (V frame) is
pointed by CFP on V space, on the other hand, Global register frame (G framie) is the
same frame regardless of CFP.* Call (subroutine call) instruction automatically incre-
ments CFP register and saves the old CFP value to a GV register, thereby switching
the V frame in use. This old CFP value is restored from GV register to CFP register,
when a rer (return) instruction is executed. [nterrupr and frap also involve a V frame
switchover to reserved frames, each of which corresponds to each reason of excep-
tions, After switching V frame to the reserved frame, the control is passed 1o the

* Precisely, there is an 8 bit GFP field in PS, which specifies one of the lowest 256 frames

in V space. However, G frame does not change in user level software, because GFP is pant of
PS5 which is a privileged resource.
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appropriate trap handler,

By using CFP register to access V frame indirectly, GV register set can be
excluded from the virtual processor context of FLATS2. This reduces the overhead of
context switch very much, which makes threading of a task more effective in many

applications.
3.5. Instruction Set

3.5.1. Processor Model
Figure 3-5 illustrates the processor model from the viewpoint of FLATS2 instruc-

tion set architecture.

M bus

IPUM~GVU SPU
32] IIM 32 a4
IM DM

IPU : Instruction Processing Unit,
GVU : Gloval/Variable register Unit,
SPU : Sum and Product Unit,

IM : Instruction Memory,

BM : Data Memory.

Fig. 3-5. Processor Model of FLATS2

IPU and GVU are tightly connected eath other by internal control and data paths. IPU

and GVU work together just like an independent processor, which has a self-contained
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load/store architecture for GV registers. Three instruction formats (/, J, and X' format)
are prepared for this IPU/GVU subarchitecture. SPU acts as a co-processor or an
integrated accelerator of IPU/GVU subprocessor for memory oriented operations,

luding floating-point arithmetic. SPU is 1 10 IPU, GVU, and DM concep-

twally by a bus called M bus,t via which the operands are mansferred w/from SPU.

An instruction format called M format is dedicated for SPU operati which gives a
general scheme to handle the whole processor resources.
The following sections describe the framework of FLATS2 instructions set archi-

tecture, including instruction formars.

3.5.2. Instruction Format

Instruction formats of FLATS2 have basically the same length, Figure 3-6 shows
4 basic instruction formats of FLATS2; that are, [ format, J format, K format, and M
format, All these basic formats are two word long. And adding two data words
(immediate words) to these two words, each format can be extended to the comespond-
ing long format; IL format, JL format, KL formar, and ML format. Long formats are
only used in case extended immediate words are necessary.

The first word of each instruction format is identical. GVop field is the opcode
for GVU, md field selects the operands, and rl/r2/r3 fields designate GV registers
which are used in the instruction. The address tag of this first word is ignored, though
it should be zero.

3.53. Iformat

1 format is mainly used for GVU operations without address calculation. In this

format, three GV registers are used for the operands (r] and 2 for source, r3 for desti-
nation). GVop field of I format designates the operation in GVU. The second word

t This i i bus is scwally by three onc-way datn paths of

ECL level signals,
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Fig. 3-6. Basic Instruction Formats of FLATS2

of I format is an immediate word, which can be used one of source operands. For
example, call (subroutine call) instruction and addr (add GV registers) instruction
belong to 1 format instructions. In IL format instruction, the third and fourth words

follow as a double word immediate.

3.54. J format

s Iy . Conditibnal + "

J format is the format for various of
J format are basically 4 way branch instructions, where GVop field designates the kind
of branch operation and md field encodes a branch condition, The second word of J
format is split to four signed 8-bit offsets, each of which represents the offset from the
of FLATS2 are

classified into three kinds, that are branch on condition code, compare and branch,

current PC to each branch target. Conditional branch i

and compare and branch with arithmetic. Register fields (r1/r2fr3) are used for

I ds of parison and arith One of branch offset fields can be altered by
a signed 8-bit i fiate for arith d, if the branch is 3 way. FLATS2 exe-
cutes all these litional branch i ions in one i ion cycle.

If any of branch offset is beyond the limit of 8 bits, or if absolute address is
necessary for branch target, conditional jump instructions of JL format must be used.
of FLATS2 are also classified into three kinds, that are

Conditioasl jinig
Jump on condition code, compare and fump, and compare and fump with arithmetic.
In JL format, each of the second, third, and fourth words contains a full word offset or
address. There is no field for the fourth target, thus the fourth target is defined to be
the next instruction.
All these instructions are implemented by using mostly the same hardware as BL
ddressing. One of distinguishing ct istics of FLATS2 from the similar instruc-
tions of other machines (e.g. ach instruction of VAX [38]) is that FLATS2 can per-

form range checking also in compare and branch. The operand or the arithmetic
result can be compared either to another operand (comparand) or against the range
specified by a pair of operands, In the latter case, compare and branch operation
works just like address calculation of BL addressing besides address tag checking with

4 way branch targets.
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3.55. K format

K format is the format for GVU operations with address calculation. For exam-

ple, lea (load effective add i jon and its various load instructions,

and various store instructions are included in K format instructions. FLATS2 can cal-
culate two effective addresses in one instruction with address range checking (BL
check). K formar thus contains the fields for BL addressing in the second word; that
are jO field for the branch offset of BL addressing, df and d2 fields for 8-bit signed

14 Tiad

displacements to calculate two effective K format i another register

field (¢ field) to designate a target register, in addition to three source registers
(r1fr2/r3). L field is always zero in K format.

If displacements beyond 8 bits are required for address calculation, KL format
can be used. L field or L bit differentiates KL format from K format. If L bit is set,
this instruction is a long format, which means that two more words follow after this
second word. In KL format, the third word (D7) and the founh word (D2) sut
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instructs how 1o operate on the operands specified by GVop and md fields.
If displacements beyond 8 bits are required for address calculation, ML format
can be used instead of M format by setting L bit to one. In ML format, the thind word

(D) and the fourth word (D2) subst for short displ (d1 and d2), respec-

tively.
3.6. BL Addressing Modes

3.6.1. Address Tag

FLATS2 distinguishes an address from a numerical data by the address tag of
each word. This is a very simplified implementation of tag architecture, which is
often used in LISP hines and other symboli pulati hines (for pl
Symbolics 3600 [39], Xerox Dorado [40], Fujitsu ALPHA [41], UCB SPUR[42],
Riken FLATS [43,44,45,46]). The application of address tags to such purpose is

described in later

for short displacements (d1 and d2), respectively.

3.5.6. M format

M format is the format for general arithmetic instructions of FLATS2. Maxi-
mally two operands can be taken from data memory, one is for source and the other is
for destination.¥ The effective add of these ds are calculated by GVop

¥

field. M format instruction can take the following four kinds of operands such as GV

register, immediate, dam memory, and SP register. The selection of operands from

these four kinds is encoded in md field. M format and K format only differ in having

SPop field instead of 1 field. This SPop field designates the operation in SPU, which
4 FLATS2 can not perform arithmetic with two memory data for source operands, even if

the destination is a register. It is possible only in special cases to use both memory operands

for source, Please refer to “'FLATS2 architecture handbook™'[33] for RIR addressing modes
and special numeric instructions.

In FLATS2, the memory must be accessed with an address, that is, with a word
which has its address tag set to one. FLATS2 thus checks the values of address tags
in calculating an effective address, When an addition is performed in address calcula-
tion, the resulting type is defined as Table 3-2.

number + number —  nmumber
address + number —  address
number 4 address —  addresy
address + address —  number

Table 3-2. Type Arithmetic Rule in Addressing Calculation

Here, address stands for the word of address tag set to one, and number stands for the
word of address tag cleared. To perform more complicated address calculation, this

rule is recursively applied. The type of the final result (effective address) must be an

address to access memory data successfully. Otherwise, the memory access is denied
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and an access ermor ocours. register is used as limir register, Both base and limit registers must contain addresses,

- otherwise this access will fail 10 cause an access ermor. Also, in case the effective
3.6.2. Range Check Facility
address is out of the range between given base and limit addresses, the access is

In any address calculation of FLATS2, the effective address is compared against a
denied and an access error occurs.

given pair of base and limir addresses (BL pair). A BL pair stands for a memory area,
FLATS2 makes a conditional branch according to the results of memory accesses

in BL addressing modes.

which is between base and [imir addresses including both ends. Figure 3-7 illustrates a
BL pair and the corresponding memory area.

Limit

No operation

Address’ —»——» and

Go 10 next

Fig. 3-7. BL pair and memory arca
Fig. 3-8. Branch on range check result

If both of base and limir have their address tag asserted, this BL pair stands for a

minimum array which includes only one element. If either base or limit is not an Figure 3-8 illustrates this branch scheme.

address, that is, if either of them has its address g cleared, this BL pair does not (1) If an access error does nor occur, the instruction concerned is successfully exe-
represent & memory area any more. There is no restriction on the values of base and cuted and then the branch to the offset j0 is performed immediately.

limit. Base address can be higher than, equal to, or less than the limit address. This (2) If an access eror does occur, the instruction execution is aborted, consequently
symmetric nature enables the uniform handling of both kinds of array accesses (from proceeding to the next instruction.

the top and from the bottom) in the same way. Note that the branch is taken in case the access succeeded. This specification is fully

A BL pair i ified b: i field (rl 3) i i ions.
pair is specil y a register field (r1/r2/r3) in K/M format instructions. ) o o By fom) | T le, the binary pair of 12 s 13; e binary
The specified register is used as base register, and the binary pairt of the specified pair of 7 is 6.

t Binary pair means the number which has the Jeast significant bit inversed from the origi-
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utilized in loop optimization and other appli of FLATS2, which will be detailed

in the next chapter.
Though the branich on range check is effective in wide variety of programming, it

is common to set f0 to the next instruction in many situati Users fi 1

4! Y

assume that a memory access should succeed, because in many cases the nature of the
memory access can be definitely known in the program. Therefore, branch-on-range-
check facility of memory access can be often left unused in BL addressing mode.
Even in such a case, access errors can occur by some reasons that users did not expect.
For these unexpected access errors, FLATS2 offers address calculation trap facility to
catch abnormal accesses.

Also, BL addressing makes the run time subscript checking of arrays very easy
and very effective. Most architectures have no devices to check the subscript of arrays
at run time. In such an architecture, a program must check the range of subscript by
the sequence of instructions, making the code size bigger and the execution time
longer than the original. Theref many pil provide the option to

enable/disable this subscript range checking and users often disables the range check-
ing in executing program to avoid the loss of performance in exchange for the reliabil-
ity of the program[47]. This is stupid, because the subscript out of range is one of the
The archi I supports for this problem will
reduce the effort of debugging and improve the reliability very much. BL addressing
can be used to check the array subscript at run time with the least overhead and cost.

most popular bugs in p

The following piece of code is a commonplace sequence that Ipads an operand
(8{vr1)) 1 add it to a register (grl).

Example 1:

movd  8(vrl), g0 ; move a long word to gr)
addr  pr0, grl, gl ; add register gr0 to grl

The access to 8(vrl) is assumed to succeed cenainly, though it can fail if vrl is broken
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by some unexpected reasons. In FLATS2 code, this sequence is implemented in the

following manner.

Example 2:

movlj B0wel), g0, LOOL  ; move and jump to LOOI
LDOL:  addr &0, grl, grl +add register gr0 o gri

The first instruction mov.lj is an M formar instruction, j0 of which points to the label
LOOI. Let the BL pair for this access specify all the data area for this user. Here,
L1001 is the next instruction of mov.lj, thus addr instruction seems to be executed any-
way after mov.lj is executed whether the access emor occurs or not. However, if an
access error occurred in such a case that f0 points to the next instruction, FLATS2 ini-
tiates an address calculation trap instead of proceeding to the next instruction. This
feature enables to check pected memory by hard in FLATS2.

In FLATS2 assembler, the description on branch can be omitted from assembler

notation of BL addressing, if the branch target is meant to be the next instruction.

Thus removing *j** and the branch target description, Example 1 and Example 2

generate the same code by FLATS2 assembler. Users can use the former style in case
branch target is y in BL add

3.6.3. Addressing Modes

Table 3-3 shows addressing modes of FLATS2. In assembler notation, b (base
register) can be omitted, in which case the default BL (a whole user's data area) is
assumed as the base. Basically, only one addition can be performed to calculae an
effective address for a memory access. Effective addresses of FLATS2 are classified
into three kinds according to the operands of address calculation; pointer (p), index (x),
and offset (o).




Aﬂdmig Mode  Notation Effective Address  Side Effect
Immediate #xox xxx

GV register gm, vin (GV register)

SP register S, P, T.Q.R,U (5P regisicr)

Pointer bedip) ped

Pointer Push berdip) p+d pa=d
Pointer Pop bi<dip) P

Index bax be4x
Index Push bz be+x be=x
Index Pop @<z b b4=x
Offset b@d b+d
Oiffsct Push b@>d b+d b4=d

Offset Pop ba<d b b4=d

Offset Index bi@dx) bed+x
Pointer Index traphe p+d+x

b is base register, p ks pointer register, xis index register, d is displacement.
Table 3-3. Addressing Modes of FLATS2

Class Address Caleulation

Pointer mler + displacement
Index + index
Offset base + displacement

In the Table 3-3, pointer, base, and index are GV registers which are designated by
rlfr2fr3 fields. The displacement is either dI or d2 field in the instruction. The base
register is also used for the range checking of BL addressing with the ponding

limir register. It varies according to the combination of operands which register field
10 be used for each of base, index, and pointer.t

Offset class is used typically to access the array specified by base with a constant
index. This case appears very frequemtly to access the variables defined in user pro-
gram, because any user-defined variable can be represented by the displacement from

t See *"Archi H; *"[33] and ** Se1 Manual'[34) for more details.
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the base of the user's data segment. In this case, the specification of base can be
omitted, in which case the entire user's dam segment is osed as default base. [ndex
class is used typically to access the array specified by base with a variable subscript in
index register.i These three classes can be easily implemented by using the data path
of GVU, which is required for register arithmetic operations of 1 format.

Each of these classes has two variants on side effects, push (pre-modify) and pop
(post-modify). These two variants are used typically for push and pop operations of a
stack. In push, the calculated effective address is first used to access memory, and
then written back to pointer or base register. In pop, the value of pointer or base is

used as the effective address to access memory, and then the calculated address is
written back to pointer or base register. This pop variant plays an important role in
array processing of numerical applications, which is described in later sections,

In addition to these three (and their vananis), two more classes are available in
address calculation instructions that do not access memory but only calculate effective
addresses. Pointer Index and Pointer Offser perform two additions to calculate an
effective address, as shown in Table 3-3. The second addition is performed using the

time for the memory access, which is vacant in these two classes.
3.7. Numerical Instructions

3.7.1. Arithmetic Unit Architecture

SPU is the arithmetic unit to perform logical operati imeger arithmetic opera-
tions, and floating-point arithmetic operations of M format, Figure 3-9 illustrates the

conceprual framework of SPU. The ALU in the figure is called § unit, which is a 64
bit wide integer/floating-point ALU. The output of § unit can be sent to DM via M
bus, or stored into either § register or T register. The multiplier is called P unit,

4 FLATS2 does not offer the facility 1o scale index according 1o the operand size, while this
feature is supported in CISCs like VAX[38] and MCSS020[48].
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Multiplier
Fig. 3-9. Block Diagram of SPU
which is a 64 bit wide integer/floating-point multiplier. The output of P unit can be

sent 0 DM via M bus, or stored into either P register or Q register. R and U regis-
ters are used to fetch and hold data from M bus. By using R and U registers as input
buffer register, load operations from DM to R/U registers can be overlapped to the
operations in S and P unit between S/T/P/Q registers. Both § unit and P unit can be
used twice in each instruction cycle. Each i ion is therefore able to perfs

Ily 2 multiplications and 2 ALU operations (all 64 bit wide) in one instruction
cycle.

3.7.2. Combined Arithmetic Instructions

A usual M format instruction only uses either S unit or P unit. For example,
add f instruction uses only S unit once, and muld instruction uses only P unit once.
However, it is no use leaving any of arithmetic unit idle, because both S and P unit are

pipelined to accept operations every pipeline cycle, Therefore, it is effective to define
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and use such instructions that perform plural arithmetic operations; both 5 and P unit
simultaneously or § or P unit twice in a single instruction. Such instructions are called
combined arithmetic instructions. FLATS2 offers many kinds of combined arithmetic

instructions, some of which are described hereafier.

Most typical ple of combined arithmetic is poly (polynomial evaluation)
instructions. This instruction performs two multiplications and one addition simul
ously to calculate the value of a polynomial, The Figur=3=18 shows the specification

Table 3-4
of poly instructions.

Notation polyf <mem>

polyd <mem>
Operation T + T+Q
R +« <mem>
Q +~ RxP
P « PxS§

Table 3-4. Poly Instruction Specification

It frequently occurs in numerical computation that we wish 1o evaluate a polynomial

Palx) =agtagx+az®s <« +agx”.

“This pol, ial is usually evaluated by using Homer's rule

ha(x) =@, +x(a, 1 +x(8, .2+ - - +x(@+xag - - ),
since it requires only O (n) operations. However, Homor's rule requires the result of
multiplication as a source of the next addition, and the result of addition as a source of
the next multiplication. This nature prevents FLATS2 from exploiting the parallel exe-
and ly increases the calculation time,

though the number of arithmetic operations are d

cution of S and P unit

i by using Hornor's rule.
Therefore, poly instruction of FLATS2 evaluates the polynomial in the former way
Palx). This p,(x) can be restated as a program of the form
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T=100
do10i=1,n
sum = sum + a; % x°
100 continue

which computes the value of the polynomial in N iterations. FLATS2 poly instruction
implements the loop body of this program in a single instruction, by taking a; from its
memory operand, using T register as sum, and updating x' in P register. This enables
the parallel ion of addition and multiplication, thus improving the performance.

Floating-point division is performed by approximating the reciprocal value of the
divisor by using iterative multiplications (convergence division [49]) with P unit
FLATS2 offers two divide step instructions (divs (divide seart) and divi (divide loop))
which are a kind of combined arithmetic, in which two multiplications are performed
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combined arithmetic instruction.

The rip (real inner product) instructions of single and double precision are typical
examples of such instruction that overlaps load operations and arithmetic operations
between SP registers. The specification of rip instructions is shown in Table 3-5.

Notation ripf <mem)> <mem2>
ripd  <meml>, cmem>

Operation  § F= P+5
P i RxU
u — <mem]>
R = <meml=

Table 3-5. Rip Instruction Specification

in a single instruction cycle. For more details, please refer to “‘FLATS2 Architecture
Handbook™"[33].

Itis also no use leaving M bus unused, because M bus can transfer data every
cycle. If a simple move instruction is executed to transfer data via M bus, 5 and P
unit gets idle during this move operation. On the other hand, if an arithmetic instruc-

tion b 5P regi is perfi

d, this instruction will leave M bus unused during
its execution, which is also a waste of M bus cycle. Thus, it is also effective for full
utilization of processor performance to overlap M bus transfer to S or P unit opera-
tions. This overlap between M bus transfer and SP arithmetic is usually achieved by
specifying memory operands in M format instruction. However, the typical usage of
memory operands in M format is restricted to one for read and one for write by reason
of pipeline control. For such cases that both of two operands are necessarily 10 be
rlap the load
operation b S/T/PIQ
registers. To use such a combined instruction that reads two memory operands, the
corresponding addressing modes (Read-Read addressing modes) must be used with the

read from memory, FLATS2 offers the combined i i that

operation from M bus w0 R/U register and the aritt

A ly, rip instruction overlaps one iti one Itipli and two load

operations in a single instruction (single cycle). These rip instructions play very

imp roles in the of

of various numerical computations as described in

later chapiers.

3.7.3. Complex Number Pr i

FLATS2 offers single- and double-precision complex number as primitive data

types with hard PP A lex number ists of wo floating-point

numbers; real part and ideal part. The arithmetic on 1 L herefi

ing-point arith P ‘That is, plex number

involves two or more fl
arithmetic instructions are natwrally included in combined arithmetic instructions,
Though S unit and P unit of FLATS2 are 64 bit wide each, each of them is designed
to work also as two 32 bit wide arithmetic units to support single precision complex
number data type, Each FLATS2 instruction can use both $ unit and P unit twice in

an instruction cycle, thus lly 4 ALU operations and 4 multiplications (32 bit

wide) can be invoked in one plex number aritt instruction. Table 3-6 lists

primitive instructions of lex number arithmeti d by FLATS2

F PP
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move mov.e  <scls, <dss asrel> — <dst>
add addic  <srcl>, <smls, <dst> <srol> 4 <scds o edsts
ub subde  <sl>o<sls, <dst> srel> - <ineds o cdst>
scale mullc <sl>, <smds, <dsi> arolsr % asred> —» <dsr
asrelad x <red> —» <dstd
multiply move  <srcl> P <srcl> < P
mulcl  <sre2> <sreder - R
<sre2>i - Ri
PrxRr = Pr
PrxRi—Pi
Pix Rr = Qr
Pix Ri = Qi
mule2  <dse> Pr - Qi - <dser

Pi+ Qr = <dsi>i

In the table, .r and .i stands for the real part and the ideal part, respectively,

Table 3-6. Complex Number Arithmetic Instructions

[ T TP

I two complex number is performed by succeeding three instruc-

tions, as shown in Table 3-6. The second mulc] performs 4 multiplications of single

Aeatl

precision g-point in one i

There are some more licated lex type arithmetic i i d

in FLATS2. The most impressive is maybe cip (complex inner product) instructions,
which utilizes all of ALU operations, multiplications, and M bus throughput maxi-
mally. For example, Table 3-7 shows the specification of cip.f instruction (single pre-
cision complex number inner product). This instruction loads two memory operands
and performs 4 multiplications and 4 ALU operations simultancously. That is, cipf
makes maximal use of FLATS2 performance.

3.8, Virtual Processor Management

Notation cipf <meml>, <mem2>

Operation Pr + Rrx Ur
Pi + RixUr
Sr +« Sr+Tx
i « Si+Ti
Rr & <memi>rs
Ri + <meml=i
Qr & Rrx <mem2>i
Qi +~ Rix <meml>]
Tr « Pr=0Qi
Ti « Pi+Qr
Ur + <meml>r
Ui « <mem2=d

Table 3-7. Complex Number Inner Product

3.8.1. Threading

FLATS2 is  cyclic pipeline computer which acts as a memory shared MIMD
computer. Virual processors in CPC shares the hardware in a time-shared manner,

thus the following ch istics are | ip larly in FLATS2.

(1) The cost required for process migration between virtual processors is low,
because registers (GVM) and memory contents (DM) are shared.

(2) The cost required for inter-processor ¢ ication and sy ization is low,

the same pipeline is shared b virtual p
FLATS2 thereby accelerates a single task by wtilizing cooperating processes sharing
memory (threads [35,36]). Of course, it is also possible that each virtual processor

would an ind dent job ly. In case a single task can not utilize all

i P

virtual processors in a cyclic pipeline, the rest of the virtual processors can be allo-
cated to other tasks.

Threads cooperate each other to ac a task, icating via shared

memory (DM in FLATS2). Data arca in DM is naturally shared in cyclic pipeline
without congestion, therefore a task can be effectively executed by threads in virtual
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processors. It is not guaranteed at all that the number of threads are the same as the
number of available viral processors. Threads are mapped onto available viral pro-

cessors and cooperate each other in self-scheduling manner.

Each virual processor of FLATS2 has such internal status as mentioned in this
chapter. In normal context switches like external interrupts and traps, all of its internal
status must be saved. However, for the context switch between threads, execution
environment is basically the same and the switchover is initiated by user's program,
therefore some of internal status can be assumed unnecessary to save and fo restore.
Consequently, only PC, CFP, and liule information® is enough to switch thread in
FLATS2, which takes only a few cycles,

3.8.2. Mutual Exclusive Memory Access

FLATS2 offers only the most primitive methods as hard fi for com-
and hronization b virtual p Each soft can actu-
ally use more elegant methods for the ication and synchronization by imple-

menting them in software with primitive methods offered by hardware. Primitive
methods are enough for FLATS2, because the current FLATS2 implementation has

only two virtal processors, in which there is no absolute necessity to implement com-

plicated methods particularly. Actually impl d in FLATS2 are simple but gen-
erally applicable methods for many virtual processors regardless of the current imple-
mentation of FLATS2.

For the cooperation of virual processors, some method is essential to access
memory in mutual exclusive manner. FLATS2 offers LAS (Load And Store) instruc-

tion, which is a slight exiension of TS (Test and Ser) instruction of IBM System/370

[50]. TS instruction of System/370 tests the lowermost bit of a byte on memory to set

* Such as data stack pointer in GV register, Stack operations are available on any GV re-
gisters in FLATS2 addressing modes.

8

condition code, and then sets all bits of the memory byte 1o one, while protecting the
byte from the accesses of other CPUs during TS operation. That is, TS can handle
only one bit information on memory. LAS instruction of FLATS2 loads a word from
memory to a GV register and swores a word from a GV register 1o the same address as
the source operand of load operation, preventing other virual processors from access-
ing that address during LAS operation. LAS is superior a little to TS in the point that
LAS can handle a whole word, thereby it can handle a quene or list entry directly.
Functionally LAS is a swap operation between DM and GVM, but it is more than

a simple swap in having source register and d

register sep ly. LAS

instruction is a K format instruction in which BL addressing is used to access memory.

The specification of LAS is as follows.

Notation lay  <src_reg>, <memory>, <dsi_reg>
lasj <src_meg>, <memory>, <dst_reg>, <branch>

Operation  <memory> — <dst_reg> e Load and
CEIT_fEg> — <MEmory> - Store

Usually & mutual exclusive memory access completely blocks other processors o
access the memory until the exclusive access ends. However, in FLATS2 implementa-
tion, & mutual exclusive access of a virnual processor does not affect the performance
of other virual processors at all, even if other virtual processor would access the same
memory address. This trick of pipeline implementation is described in later chapter.
By using LAS instruction (or TS instruction), more elaborate methods can be prepared

to handle inter-p ication or synch
quene handling[38].

such as iphore[51] or
3.8.3. Interprocessor Interrupt

To send information among virtual processors asynchronously, FLATS2 offers

inter-processor interrupt facility. There are two kinds of inter-processor interrupt in




I

FLATS2. One is maskable and the other is mon-maskable, each of which has the
corresponding trap entry in resident area on memory. If a vinual processor is interrupt

disabled,t a maskable inter-g interrupt is left p

until i is Hled

& ¥

in that viral processor (or the interrupt request is cleared). A non-maskable interrupt

is always pted i diately reg: of interrupt mask bit. The handling pro-

cedure of an inter-processor interrupt is all the same as that of an external interrupt,

except that an external interrupt is accepted by only one virtual processor, on the other
hand an inter-

interrupt initi all virtual processors into the comesponding

trap handling.
Inter-processor interrupt is initiated when one of viral processors in the cyclic
pibeline divoked. the &

ponding privileged instruction (inter-processor interrupt
request instruction). The specifications of inter-processor interrupt instructions are as
follows,

Notation ipint

ipnmi
Operation  No operand. Privileged instruction.§

‘Requests an inter-processor interrupt
which is maskable (ipini) of non-maskable (ipnmi).

In FLATS2, the request of inter-p i

pts can be infe 1 to every vir-

tual processors within one instruction cycle. This is one of the advantages of cyclic
pipeline architecture, in which all virtual processors share a single hardware, The
implementation in FLATS2 pipeline will be described later.

t There is an fmterrupt mask bit in PS. If this bit is zero, interrupt is enabled. Otherwise,
interrupt is disabled (masked).

tA_pri\rilenal instruction is executable only by the vinual processor in privileged stams. 17
uwWWchmMMuﬁw.mrmmkw by a privilege
violation trap.
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3.9. Discussion

3.9.1. BL addressing and Unified Vector/Scalar

of BL add

One of the major appli ing is amuy processing. For army

processing, vector architecture has been often adopted and practiced. H , vector
architecture suits for the applications that perform a uniform operation on many (or
every) amray clements. Contrary, BL addressing is basically a scalar architecture,

which is applicable to wider

of processing. Thus BL addressing applies to
non-uniform processing which does not consist of loop structure, such as symbol mani-

lati Even if depend

I are present between the array elements which are

accessed in a loop, no special tricks are required in the program, because BL address-
ing is ‘an ion of scalar archi BL addressing directly handles data on

memory without using vector registers. Therefore, the same procedure is applicable
regardless of the length of the armay. Though it is more difficult in scalar architecture
(e.g. BL addressing) to fully exploit the data parallelism which is available in vector

hi such llelism has been already exploited in FLATS2 by implementing

virtual processors of CPA.

Jouppi, et al.[52] 1 1o integrate scalar |

p ing and vector processing in
Unified VectoriScalar Floating-Point Architecture of Multi-Titan, [In this architecture,
the format of FPU ALU instructions includes 4 bit vector length field. Scalar process-
ing is realized by setting the vector length to one. FPU register file is shared between

vector and scalar instructions, thus the register interlocking mechanism is also shared.

Unifying vector processing and scalar processing, vector i ions are impl d
by the same hardware as scalar i i Consequently, more applications are to
get izable and more perfi imp can be d in many applica-
tions.

Unified fscalar and BL addressing have at least one common characteristic,

They both accelerate array processing by using enhanced scalar instruction set.
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However, the implementation is totally different each other. Unified vector/scalar
approach (UVS) is only applicable to uniform processing of array elements, because
FPU ALU instructions of Multi-Titan have adopted vector architecture after all. The
operands are limited 1o be FPU registers in UVS, thus each instruction can handle a

most 16 amay elements. The length of ions are statically d

i by the vec-
tor length field of the i i The 10 not ig idi are unable

10 be processed in a vector processing manner. On the other hand, BL addressing is

pplicable to non izable jobs such as Lisp. The length of array is not limited,
I BL addressing handles data on memory. Briefly saying, Unified Vector/Scalar
is a vector which is improved for scalar op Contrary BL address-

ing is a scalar architecture enhanced for array handling including vector processing.

3.9.2. INDEX and ACB instruction

INDEX {Index Calculation) instruction of VAX-11 [38] checks the result of arith-
metic against the given range. This instruction is intended to check army subscript
against the defined range at run-time. INDEX i

thus issues an ion or
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In cyclic pipeline computer, the pipeline hardware is shared among virtual proces-

sors in a time-sharing manner. Therefore it is pref ing many

stically in each instruction to overlapping instructions dynamically in execution time.

In that sense, BL addressing suits for cyclic pipeline architecture. Dynamic control of

P

the increased internal status of each instruction stream,

while the quantity of internal status of each virtual processor directly affects the total
cost of hardware in CPA. As mentioned in chapter 2, CPA attempts some advanced
control to improve scalar performance. However, the scheduling of each virtual pro-
cessor is always well defined in the pipeline to retain the quantity of the internal starus

of each viral processor.

3.9.3. VLIW and FLATS2 instruction set

VLIW (Very Long Instruction Word architecture [54] seems to have a common
point to FLATS2, in the sense that both specify many operations in each instruction.
VLIW uses a very long instruction format (typically 512 bit) o utilize the large

trap, in case the value is out of the specified range, to pass the control 1o privileged
software. On the other hand, BL addressing can either branch to uwser’s handler or
issue a trap, according 1o user's preference. This branch on out-of-range facility
enables users to control various kinds of processing from loop optimization 1o run-time
type check in LISP [53].

ACB (Add, Compare, and Branch) instruction of VAX-11 performs arithmetic,
compare, and conditional branch in one instruction. However, it performs neither
address calculation nor memory access. FLATS2 adopts the instruction set of I
and arith ics on is in one

memory operands to perform memory

instruction, consequently specifying more operations in each instruction than a sole

ACB instruction.

bers of data paths and functional units. Each field of VLIW's instruction directly
and independently controls each functional unit in every cycle. A technique called
trace scheduling[55,56) is used to exploit the parallelism of a program by scheduling
multiple functional units. VLIWSs can optimize the program beyond the limit of basic
blocks and can combine arithmetic by using the trace scheduling technique, while vec-

tor architecture can only deal with relatively simple and regular innermost loops.

VLIW approach aims to exploit parallelism in the program to achieve higher
peak performance by using multiple functional units and data paths, while trying to
utilize these rich hardware fully in more general cases by trace scheduling. VLIW has
a possibility to exploit the maximum parallelism in a program, achieving high peak

perfi H if the f

does not have enough parallelism in it (or the
compiler cannot optimize encugh to exploit paralielism), many of arithmetic units and

data paths can be left unused. In fact, Sohi and Vajapeyam [57] has reponed that
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perfectly horizontal architectures are sometimes overkill and the restricted architecture
can achieve almost the same performance. This means that the performance per cost 1
of VLIW is not always good. F

VLIW assumes many register files corresponding each of many arithmetic units,

which means the internal status of the processor is very big. By using this large quan-
tity of registers, a VLIW performs many operations in parallel to exploit maximal

tleli Hi . this ct istic is disad for CPA. To share the

hardware among virtual processors, internal status of each virual processor should be Chapter 4
little. Therefore, FLATS2 instruction supports the limited combinations of operations

which often appear in programs, with limited quantity of internal stats (registers) and

less hardware cost than typical VLIWs., The parallelism which can be exploited by Programming on FLATS2
FLATS2 instruction is regarded to be less than VLIWSs, but the benchmark results
show that there is not so much difference between the performance of FLATS2 and
VLIW which has much more hardware and almost the same cycle time [58]. It is

another merit of FLATS2 that the utilization of instruction set is easier than that of

VLIWs, because FLATS2 instruction is a natural

of usual with

a single opcode and addressing modes. In most cases, such limited parallelism of

operations as FLATS2 is enough.
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4. Programming on FLATS2

4.1. Array Pr

ing by BL A ing

In many array processing programs, the array elements are accessed orderly with

the

a fixed stride in a loop structure. After ing the last

escapes from the loop. In FLATS2, branch-on-range-check facility of BL addressing
can be utilized for such array processing. Figure 4-1 illustrates the policy to apply BL

14, .

ing to amay p B

Memory Area
base [f| [ ——=
The first access —
'
¥
The second access —
array

¥

The last access —*
1
|

limit [i] [ ———=

1
v

ACCess error occurs

Fig. 4-1. BL Addressing for Armay Processing

Here, BL pair points to the base and limit addresses of the amay. The elements of the
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array is accessed one after another, modifying the effective address each time, After
accessing the last element, the effective address goes out of the range, consequently a

memory access error occurs at the next access to change the control flow hereafier.
Let's see 4 simple example written in FORTRAN (Program 4-1). This piece of
code takes the sum of army elements.

sum = 0.0
do 100 i=1,10
sum = sum -+ ammay(i)
100 continue

Program 4-1. Summation of Array Elements

Here, let sum be a realt variable, and array be a real array of 10 elements. This
program can be converted into the FLATS2 instruction sequence shown in Code 4-1.

movf #0005

les dsegi®@_amay, vl
lea dseg@ _amay+36, vl
mavw vil)

w2,
LOO0L: add3fj wr2:ed(vi0), S, 5, LOOL
movi 5, dseg@ sum

Code 4-1. Summation of Array Elements

The first movf initializes S register to zero, The second lea instruction loads the
cffective address of the first element (array(0)) 1o vr2, which is used as base register at
L001. In the code, dseg? appears three times as base register, which is the alias of a

t Single precision Naating-point data type (e, real) is 4 byte long in FLATS2,
+ This dseg register is set up by system program before the user program is invoked.
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GR that specifies user's whole data segment. However, this specification can be omit-
ted, dseg is

lowing les, dseg is

d as default wi

base register is not specified. In the

d in principle. The next lea similarly loads the
effective address of the last element (array(9)) o vrd. Vi3 is awtomatically used as
the limit register at LOD!, because vi3 is the binary pair of the base register (vi2). The
movw instruction moves a word from vr2 to vif). Here, the address of the first element
(vr2) is copied to the pointer register (vi0), which is used in the loop. The body of do
statement is integrated into a single instruction (add3ff). This add3 fj instruction is
an M format instruction, which performs the following operations,

(1) Tt first calculates an effective address to fetch memory operand. The effective

address is the value of vr0) in this addressing mode (pointer pop mode).

(2) The access address is checked against the range specified by BL pair (vr2 and

vr3). If an access emor occurs here, this i

is aborted, ly

proceeding to the next instruction.

‘The operand (an array element) is fewched and added 10 S register.

(4) The side-effect of addressing is performed. According to the addressing mode, a
new address is calculated 10 modify the register. In this example, the specified
displacement (L.e. 4) is added to the pointer register (vi0). The calculated address
is checked against the BL pair before written into the register. If the new address
is out of the mnge, the address tag is cleared.

(5) Branch is taken to the target specified by f0 field, that is, to the label LO0I, In

this case the same i ion is 4, LOo1 &

T the current
instruction itself (i is zero).

The array elements are thus summed up into S register, beginning from array(0) to

array(9). When array(9) is added, vr0 is modified 1o the address of array(10), yet

with its address tag cleared because it is out of the range. Then add3.ff is again exe-

cuted, but this time the address tag of vi0 is cleared, consequenty it is aborted at the
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range check, escaping the loop 1o the next instruction. Table 41 shows the register

contents at the end of each iteration.

Ieration  Address tag Content Content of Comment
Count of vi0 of vil) S register

- -]

array({(h+...+array(S)
wrays28  armay(0)+ +amay(6)
_array+32  amay(O)+..sarmay(7)
_aray+36  amay(0)+.+amay(8)
_amay+40  amay(0)+. +array(9)
_array+40  amay(0)+.+amay(9)  exit from ieration

e
L '
!

ZSwxa

Table 4-1. Register Contents in Program 4-1

The last mov instruction moves the calculated sum from S register to memory vari-
able (sum). In this movy instruction, there is no branch target and no base register
specified. In such a case, the defanlt branch target is set 10 j0, that is, j0 points to the
next instruction. Also, the default BL. (dseg) is assumed by assembler.

As shown, the loop to sum up the elements consists of a single instruction, which

is d every i cycle. Consequently, one floating-point addition is per-

formed every cycle in the loop without incurring the overhead of loop termination test.
This is the maxi perfi pecied in the loop. Actually the initialization and

ume of loop, therefore the
overall performance is degraded from the ideal performance. In Code 4-1, four

termination overhead is lated to the

instructions are executed to prepare the loop (LOOI), and one instruction is executed
for termination. Decreasing these loop setup overhead, better performance is observed
overall.
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Here, 1 would like to introduce a called **arith

density'" 10 evaluate

the efficiency of numeric calculation. Arithmetic density is defined as the number of

Brart PR i
§Pointiat T

per instruction cycle. Obviously, arithmetic density

can be o i to arithmetic perf by multiplying it by instruction cycle time.
The expected arithmetic density is 1 within the loop of Code 4-1. However, the
overall arithmetic density is 0,625, because 10 floating-point operations are executed in
initial and | overhead. To obtain more arith-
metic density, the setup time of the loop must be reduced.

16 instruction cycles includi

Code 4-1 can be improved slightly more with some other facilities of FLATS2.
Code 4-1a shows the improved version of code sequence.
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The other way to improve grithmetic density is to perform more arithmetic opera-

tions in each cycle. As mentioned in chapter 3, FLATS2 has arithmetic instructions to

deal with complex number. A complex number consists of iwo single precision

ly 1 point
P

1 A 1

PRI : - haraf;

performs  two

fioating-point additions in one instruction cycle. By using this, the peak arithmetic

density within the loop can be improved up 1o 2.

mov.e 0008000, 5

michl @_array, @ _mrray+36, vi2
1001: adddcj wi2@<, S, S, LOOL

mov.e 5, tempisp)

mov.f emp{sp), 5

wdddf  empsd(sp). 5. @_sum

movf  ROMO, §
mkbl @ _array, @_mray+36, vi2
LO0E: add3.fj wr2@<4, §, 5, LOO1
mav.f 5, @_sum
Code 4-12. S of Armay El (imp 1)

This sequence only contain 4 instructions. First, two lea instructions are integrated

into a single mkbl {make BL) i

* This i it leul wo effective

in one i

(one i cycle), writing the results into a binary
pair of GV registers. Second, the addressing mode for add3 f instruction is changed
to offset pop mode, consequently the initial setup of pointer register is omitted. The
resulted overall arithmetic density is 0.769, 10 FLOPs (floating-point operations) per

13 cycles.

* FLATS2 can calculate two effective addresses simultancously, because FLATS2 instruc-
tion is designed 1o ke imally 2 memory ofx MEBL i is a K format instruc-
tion, in which three source register and two displacements is availible for two address caleula-
tions.

Code 4-1b. Summation of Array Elements (complex)

Code 4-1b is the code sequence with complex instructions. The first mov.c instruction
initialize § register to zero as a complex number, The loop section is implemented by
add3.cj instruction, which performs a complex addition (two single float additions) in
one cycle. Executing LO01 5 times, 10 amray elements are accumulated in S register as
one complex number, in which each of real and ideal part sccumulates 5 elements. At
the sixth time, addd.c aborts into the termination procedure to add the real part and
the ideal part of S register together. First, the complex sum is stored into a temporary
area on stackt (rempfsp)), then the real part is again loaded to S register as a single
precision floating-point number. The last add3f instruction adds the ideal part of
tempisp) and § register 1o store the final result to sum. Code 4-1b is thus executed in
11 cycles. The number of executed operations is 11 in this code, because the initial
value of § register is duplicated into the real part and the ideal part. Excluding the

 Stack pointer (5p) is the alias of a GR defined by software protocol.
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. ioa, the Feigiacat

P

density is 0.909, 10 FLOP per 11 cycles.
Code 4-1b has more termination overhead than Code 4-1a, while having more arith-
metic density in the loop.

Code 4-1, 4-1a and 4-1b reflect the loop structure of Program 4-1 directly, but the
loop structure is not necessary 1o take the sum of array, because the ireration count of
Program 4-1 is a small constant (i.e. /0). In such a case, in-line expansion of loop is
effective, Abolishing the loop structure of the program (Program 4-1), the sum of
array can be calculated into swm in only 7 cycles. The overall arithmetic density of
Code 4-1c is 1.29, 9 FLOPs per 7 cycles.

move @ amay, S

adddc @_armay+8, 5.5

adddc @ _ammay+16,5, 5

adddc (@_amay+24, 5. 5

addic  @_amay+32, 5, lemp{sp)
), 8

temp(sp
add3.f  emp+disp), 5, @_sum

Code 4-1c. §

of Amay El ded)

Though Program 4-1 was a simple loop that has a fixed limit and fixed step, the
policy shown in Code 4-1, 4-1a and 4-1b is also applicable to such loops that has vari-
able limit or variable step.

do 100 i=k mn
sum = sum + array(i)
100 continue

Program 4-2. Summation of Array Elements (2)

- 60 -
Program 4-2 has both limit and step as variables in do statement. Even in this case,
FLATS2 can impl this do

with the loop which consists of a single

of array(k) and array(m) before entering the

by ¢
loop and by using index pop mode in the loop. ‘Though the setup procedure of Pro-
gram 4-2 involves a linle more overhead than that of Program 4-1, this overhead is not

so serious in FLATS2.

ast3l @_k, 02, vrd

asl3l @_m, ¥2, vr§

asld.l @_n, #2, vib

mikbl @_umay-4(ved), @_nrmay-4(vr5), vr2
LOOL: adddfj wvr2@e<vrs, S, §, LOOI

movl 5 @_sum

Code 4-2. Summation of Array Elements (2)

Code 4-2 shows the code sequence which corresponds to the loop body of Program 4-
2.4 Only usual floating-point arithmetic is used in Code 4-2, that is, the Code 4-2 of
Program 4-2 cormresponds to the Code 4-1a of Program 4-1. The last mov [ instructions
is the same as Code 4-1a. Three asi3.l (arithmetic shift left for long word) instructions
are inserted to deal with three variables (k, m, n) to prepare for the indexing of the
array. The fourth instruction (mkbl) calculates the base (array(k)) and the limit
{array(m)) by using offser index addressing mode. The loop at LOOJ sums the army

1. . At

up one

every cycle, thus the peak arithmetic density is still
1. The initial overhead is 7 cycles, because each asi3.[ takes 2 cycles in the current
FLATS2. Note that this code works well regardless of the sign of &, m, a or the direc-
tion of access.

+ Before this port is exccuted, the relation among &, m, and n must be checked 10 determine
mmwrkmmﬂam ding to the specification of do of FOR-
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The complex addition i ion is applicable also here as well as Program 4-1,

By checking the iteration count is even or odd outside of the loop, (and by adjusting
the odd case,) the loop body of Program 4-2 can be improved as well as Program 4-1,
This involves slightly more overhead for loop setup, but it is not sericus and can be
ignored in case of many repetitions.

4.2, Other Techniques for Loop Optimization

By using BL addressing, loops can be optimized in such array processing that the
elements are accessed orderly. Preparing the addresses of the first and the last access
in a BL register pair, loop termination test can be integrated into array element access

regardless of constant or variable stride. The performance of small loop is greatly

imp I by BL addressing, t the tead of loop fndrinn b4t 3

: i
able to the number of arithmetic operations performed in a small loop.

However, it is not always possible 10 form a

program to use BL addressing
instead of indexing by using loop counter. In such cases that the loop counter itself
must be used in the loop body or in loop termination check, various compare and
branch instructions of FLATS2 can be utilized, In parmicular, add, compare, and

branch instruction (ach or acj) is frequently used to impl loop It
increments loop counter, tests inati dition, and then ¢ hes to the
loop body again. Ewven if arithmetic is y or inapplicable at the loop termi-

nal, various compare and branch instructions are available ro test condition to make &
branch. All these instructions are implemented by using mostly the same hardware as
BL addressing, thereby the dedicated cost is cut down. Another distinguishing point is
the 4 way branch facility. This multi-way branch of FLATS2 is beneficial 1o some

purposes such as the impl ion of arith IF and ! I GOTO

of FORTRAN, g dispaich in LISP[53], and case statement implementation in C
language[59).
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A FLATS?2 instruction can perform maximally the following kinds of works
together: operations in GVU, compare, branch, two memory accesses, and operations
in SPU. To accelerate the job in FLATS2, it is important 1o pack as many functions

as into each insir . The most typical example is the M format instruc-

tion in a small loop, which includes all of these functions. K format instructions such
as lea, mkbl, and las include most functions besides SP operation. ] format instruc-
tions (e.g. ach and cb) perform compare, branch, and sometimes GVU operations.
Even if instructions usually do not include so many functions, the succeeding instruc-

tions are i able to be d by peep-hale optimization,

Unconditional branches are particularly easy to be combined with other instruc-
tions. If there is a K or M format instruction without branch target specification,
unconditional branch can be combined to that instruction by using the default BL pair

and the trget of
the preceding K or M format instruction will succeed, and therefore the branch will be

ditional branch togetk In this case, it is regarded certain that

taken. The time of the unconditional branch is practically omitted by over-
lapped to the preceding operation.

mov.| 0, @_var : a M format instruction

jump LO01 : on unconditionsl branch

1
movlj g0, @_var, LOOT  : combined into one mov.lj
trap #uccess_error 3 can not reach here
Code 4-3. An Example of Branch Optimization

Code 4-3 shows an example of this peep-hole optimization, An unconditional branch

to LOO1 is combined to the preceding M format instruction. The access to var is

assumed to succeed by using the whole data as BL pair, t! the branch
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to LOOL is always taken in mov.lf instruction. The original mov.l instruction issues an
address calculation trap in case of access error. To trap such a case even in the
optimized code, a trap instructiont can be inserted just afier the mov.lj to ensure
safety exccution of the code as before.

Many other techniques are developed and implemented in FLATS2 FORTRAN
[60] and the GNU C compiler retargeted for FLATS2 [59]. For details, please refer to
these repons.

4.3. Combined Arithmetic

There are several combined arithmetic instructions supported in FLATS2. Here,
some typical pieces of codes are presented for readers’ interests. For more details,
please refer to FLATS2 Architecture Handbook [33].
4.3.1. Inner Product Calculation

One of the most typical bined arithmetic i ions may be inner product

instructions. In inner product instructions, and addition are perfi 1in

P

parallel, together with two overlapped load operations. Program 4-3 shows the inner-

most loop of a BLAS routine called ddor, which stands for double precision dot pro-
duct. This ddot routine has two innermost loops, one of which is for constant stride,
the other is for variable stride. Though only the code of the latter do loop body is
given here for the simplicity, the former loop can be coded similarly with index class
addressing modes and some additional initial overhead. Code 4-3 shows the FLATS2

bler code

ponding to the latter do loop of Program 4-3. The loop body is
integrated into a single rip instruction (L11) which performs two loads, one add, and
one multiply every cycle.

# Trap instruction issues an exceplion to pass the control 0 trap handling routine. Trap in-
struction is mainly used 1o request the services of privileged software,

¢ code for unequal incremens or equal increments
c notequulto 1

do 10i=1n
diemp = diemp + dx(ix)*dy(iy)
ix = ix + incx
iy = iy + incy
10 continue
ddot = dtemp
refum

¢ code for both Increments equal to 1

do 30i=1n
diemp = diemp + dx(i)*dy(i)
30 continue
ddot = diemp
requm

Program 4-3, Double Dot Product (ddot)

asi3l vt 3 vl s v m de; vl = dy

addr i #-8 v 5 vil= (n-1)*8

fea dseg:{vrB)vil,vrd 3 v = &dx([n-1]

lea dseg:(ve10pvrDarll 5 vrll = &dyln-1]

mov.d  #0d0, S ; inltializing § register

movd (w9 P : initializing P register (1)

muld  (vrlI)P ; initializing P register (2)

movd viB@<8 R 3 initializing R regisier

movd  wvilO@<s, U 3 initializing U register
Ll ripdj  wiB@<B, wri0@<8, L11  ; selfloop of rip

addd P.§ 5 terminating the loop
Ll: movw fpsp + resiore stack pointer

et + retum to caller

Code 4-3. Double Dot Product (ddot)




4.3.2. FFT (Fast Fourier Transform)

The innermost loop of Fast Fourier Transgform (FFT) is typically programmed as
Program 4-4 [61].

do 10 i = k, kmax

j = i +  ngp

poo= wo o+ ()

@M{ = 2A) - p
10 20 = =z2() + p

Program 4-4. Fast Fourier Transform

Here, w, p, and the array z are all complex numbers. Though there are some varia-

tions in indices of z [62], the seq of arithmetic operati

is all the same. This
small loop is coded into 2-cycle loop (Code 4-4) by using dedicated combined instruc-
tions ¢fftl and ¢ffi2. The loop of Program 4-4 is implemented in FLATS2 by the code
shown in Code 4-4,

iloopl: cfftlj vrlD@<vr22, vi@<vr23, iloop2
H (loop exit part - omitted)
iloop2:  cffi2j  VIB@<w22, vr@<vi23, iloapl

Code 4-4. Fast Fourier Transform

This code was taken from the actual hand-coded fft program on FLATS2. The loop
consists of ¢fft! instruction at iloopl and cffi2 insruction at iloop2, where vrl0@<vrll
represents the address of z(f), vr6@<vr23 represents the address of z(j-ngrp).
vrB@<vr22 represents the address of zfi), and vrd@<vr23 represents the address of
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sfi-ngrp). In the loop, gfftl and ¢ffi2 instructions are executed alternately. These two
instructions perform one complex multiplication, one complex addition, and one com-

plex subtraction, That are, 4 multiplications and 6 ALU op

of single p

floating-point are performed in every two instruction cycles.

4.4. Symbolic Manipulation

LISP is one of the most popular language for symbolic manipulation applications
such as natural language processing, artificial intelligence, and formula manipulation.
Address tag and BL addressing of FLATS2 can be utilized not only in amay process-
ing but also in such symbolic manipulation applications. The outline of Common
LISP[63] implementation for FLATS2 is described in the reference (53], This section
describes the architectural supports of FLATS2 for symbolic manipulation in its
instruction set architecture. For the details of language implementation, please refer to
the above paper [53].

4.4.1. Type Check

LISP datm consists of type and entity (or the pointer 1o entity). The acmal
of a LISP ion varies

T fing to the types of operands, thercfore the
types of operands must be checked before every operations, These checks are serious
overhead in execution, thus many LISP machines take tags into their architecture to
assist run-time data type checking. For example, Riken FLATS [64,45,46] has 5 bit
g, and Symbolics 3600 [39] has 2 bit major tag and 4 bit minor tag. These tags
represent the type of dam, which is interpreted by hardware in performing operation.
On the other hand, FLATS2 has only a single bit address mg supported by
hardware. This means that FLATS2 supports only two data types by hardware;
address and number, As mentioned in chapter 3, FLATS2 can check the address tags
in address calculations. Also in GV arithmetic instructions of I format, FLATS2 can
check the address tags of operands.$ If address type operands appear in operands of

$ Md field specifies whether address tage would be checked or not, together with operand
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arithmetic, FLATS2 issues a LISP Service Trap and passes the control 1o the trap
handler routine. Such run-time address tag check facility enables FLATS2 10 emulate
generic operations in LISP.

One bit address tag of FLATS2 is not enough to represent all data types required
for applications. Therefore, the data part of a word must be used to represent the type

of the operand. Usually, a few bits in the word (typically upp or 1
part) are used as tag bits: e.g. Utilisp impl ion by Chik [65]. Such in-
word tag impl ion is equivalent to panitioning of memory space. FLATS2 has

4-way compare and branch instructions of J format, which can efficiently dispatch the
of

code according to two bit in-word tag. This approach the fixed p

memory space 1o data types,

The range check facility of BL addressing can be utilized to support more data
types with run-time type checking in FLATS2, Gathering the objects of the same type

in a contiguous area, the type can be rep 1 by the ding BL pair. By

¥

using this BL pair in an operation, the op 1 is confirmed to belong to a certain type

in parallel with the itself. This ck istic can be utilized for Tun time

type checking. The operation is first tried with the most probable BL pair. If this BL
pair includes the operand, the tag of the operand is checked in parallel with the opera-

tion, quently i ing no head for tag check. If this BL pair does not

include the of d, Le, if the d does not belong to the assumed type, the
access ermor occurs 1o check and to handle the operand adequately. In this case, the
operand type must be investigated here to handle it appropriately, The default type of
operand is often apparent from the source program. For example, car and cdr opers-

tions assume a cell as their operands, therefore the BL of list area should be used as

the default BL in car and cdr operati Using appropriate default BL for the opera-

selection. FLATS2 can cither check or ignore address tags in anithmetics according to the md
field.
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tion, type check is integrted into BL addressing in most cases, which alleviates the
overhead of run-time type check in boli ipulation appli One of other
merits of this approach is that types can be arbitrarily defined by sofiware. On the

other hand, types defined by in-word tag have less flexibility, especially in case tags
are supported by hardware,

4.4.2. Memory Allocation

In LISP and other symboli ipulation 1 d seally co-

sumes free storage o allocate objects, When running short of free storage, garbage

Mt I U VT o

p is to reclaim the storage from the objects out of use.

FLATS2 manages such memory allocation by using BL addressing.
FLATS2 offers alloc (allocate storage) instruction as a primitive to allocate

memory area to an object. The following is the specification of alloc i

Notation alloc  <base>, <srel>, <srel>, #<imm>, <dst>
allocj <base>, <srcl>, <sre2>, #<imm>, <dst>, <branch>

Operation  <srcl> — memory(<base=)
<src2> — memoy(<base> + 4)
<base> — <dse>
<hase> : <base> + #<imm> — <base>

Alloe is a K format instruction, which performs address calculation to store data with

dedicated side effects. This instruction can be used to support many kinds of linked

list structures including cons and make vector. The cons implementation with this

allac instruction is described in the ab

d paper [53].

4.4.3. Bit Instructions

If free storage runs short in memory allocation, disused objects must be reclaimed

to make more free storage (garbage collection). To collect free cells wogether for BL
idressing (for alloe i ion) pactifying garbage collection is required. The
garbage collection of FLATS2 is to base on the algorithm adopted in Riken FLATS,
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which is described in [64]. For this compactifying garbage collection, bir operations
are effective. FLATS2 offers some bit manipulating instructions as well as Riken
FLATS, though FLATS2 has more simple insructions than FLATS. FLATS2 bit
instructions include the following.
Bit set
sets the specified bit of a word 1o one.
Bit clear
clears the specified bit of a word to zero.
Bit change
negates the specified bit of a word from zero to one or from one to zero.
Bit test
tests the specified bit of a word and sets the condition code accordingly.
Bit count
counts the number of the bit which value is one in the specified word (in 32
bit excluding address tag) and stores the result to a register.
Bit reverse
reverses the bit position of the specified word (32 bit excluding address tag),
which means the i-th bit of source operand is moved to the (31 —i)-th bit of

destination,

Bit find
finds the first bit set, hing from the | bit of source operand
word, and then stores the bit position to destination operand. [If no bit is set

10 one, zere flag of condition code is set.
The bit manipulation instructions of FLATS2 is rather simple compared to the bit
instructions of Riken FLATS or DEC VAXen, FLATS or VAX can handle bit string,

in which start bit f

size, and operation direction can be specified. On the other

=70 -

hand, FLATS2 only handles bits in a fixed length, in a fixed direction, and in a fixed
manner, However, FLATS2 performs all these bit operations in a single instruction
cycle by simplifying the function of each instruction. Using together with other
instructions like various shift and logical operations, any other complicated operations
can be emulated. Usually simple function is enough for bit manipulation, and fast

is o licated and slow

s ¥ . ¥

4.44. Multiple Precision Integer

Arbitrary precision integer (big is one of the most distinguishing features of
LISP. The performance of big is imp pecially for such applications as for-
mula ipulation, which frequently has to deal with huge coefficients in expanding
and handling fi lae. FLATS2 supy primitive i for addition, subtrac-
tion, and multiplication of multiple precision integer data. The division of multiple

precision integer is oo complicated 10 be supported by hardware, therefore it is emu-

lated by software. With fast additi L { ltiplication, and shift of
of multiple precision integer, the perfi e of division is expecied to be improved
[66].

The memory rep ion of multiple precision integer on FLATS2 is defined 10

. Al meltibh

be a natural extension of signed integer in 2's cc
precision integer is an army of words, each word of which is processed by iterating

primitive i i using BL addressing just like usual numerical array processing.




Chapter 5

The Implementation of FLATS2




Y

5. The Implementation of FLATS2

5.1. Pipelining of Instruction

WRITE|

CLOCK

As mentioned in chapter 2, each vinual processor of cyclic pipeline is statically

scheduled in the pipeline. An instruction in the pipeline never stops to wait, but just

continues to flow in the pipeline in wccord with the predefined time schedule T

Each virtual | must the pipeline stage every cycle for the use of the

next virtual processor. Provide that a vinual processor could not execute an instruc- -+

tion because a necessary resource is reserved for the use of other instruction. This vir-

wal processor has 1o wait for the hardware resource gets released. Consequently, it -

just wastes this instruction cycle, and rewies the pending instruction at the next instruc-

WRIT

tion cycle assigned to this virwal p or. In a cyclic pipeline, each i ion s fi

din the emplate of pipeline. This template is assigned 1o each virtual proces: 4

P

sor once an instruction cycle, and the assigned template is never shared between vir- ﬁ

twal processors. Even if an instruction uses only a limited portion of the template, the
rest of the template is never used by other virual processor, The template includes

one memory read and one memory write with GVU and SPU operation slots, which @

are enough to execute one M format instruction with two memory operands (one for E

read, one for write) with side effects. Usual instruction is executed in one template,

though some portions of which can be left unused. A certain kind of instructions

wo ¢ ly taking two instruction cycles for exe

q

cution. The read-read-addressing modes ires a dedicated form of template, but it

READ

still resides in one virtual processor.

Figure 5-1 illustrates the template of FLATS2 pipeline. The instruction of s 5 E e T e T o T o)
FLATS2 is executed by 10 staged pipeline. Let the logic of the i-th stage be Liin the i E o % A % % % %

following explanation. Each stage of the template works as follows:

L0 The instruction is feiched from IM to IPU. Fig. 5-1. Template of FLATS2 Pipeline
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L1 The instruction is decoded for the following stages.

The i i jecoder is pipelined into several stages. This first stage of

decoder performs the primitive decode of the instruction, for more decoding in
the following stages.
L2 GV rogisters are read from GVM 10 GYyU.

L3 GVU performs the arithmetic operations or address calculations on GV regi
while IPU calculates the branch target (if necessary) and determine the next PC
value to fetch the next instruction.

L4 DM is accessed to fetch & memory operand (if necessary).

LS The writc operation to GVM is also performed, if necessary, to store the result of
GV operation or 1o store the side effect of addressing mode.

As shown in chapter 3, SPU is pipelined with 4 stages. From this stage (L5), §
and P unit begin performing operands including the memory operand fetched in
the previous stage.

L6 At the end of this stage, S unit finishes operation. The latter 2 stages of S unit
are dummy to align itself to P unit.

L7 The result of S unit is written into SP register. P unit continues processing.

LS8 P unit finishes arithmetic and the result is written into SP register.

L9 The write operation to DM is performed, if necessary, as the result of the instruc-
tion.
FLATS2 is a cyclic pipeline of two virtual processors, thus instructions are issued

into the pipeline altemately from each of the virtual processors. Figure 5-2 illustrates

the time chart of FLATS2 pipeline. Each virtual p issues one i jon intd

the time for 4 machine cycles it

the pipeline every 4 hine cycles. Tt

called 1 instruction cycle. Shared by two virtual p s, the cyelic pipeline of

GV read,
DM write

GVR
DMW

IM read,
DM read,

IMR
DMR

| tMr| PU| GVR| Gvu| DMR | SPU]

Virtual Processor 0
Virtual Processor 1

[ i
[

Fig. 5-2. Time Chart of FLATS2 Pipeline
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FLATS2 accepts instructions every two cycles.

FLATS2 instruction set is targeted for memory oriented applications like Lisp
program and array processing, and allows maximally two memory operands per
instruction. GV registers (GVM) are also designed to be read once and written once
in each instruction. However, IM, GVM, and DM are implemented in the current
FLATS2 by using the same 1-port CMOS SRAM chips, which can either read or write
gt the same time. It thus takes at least 2 memory cycles (2 machine cycles) for
FLATS2 to one i The obtained i

issue rate of FLATS2 is
0.5 instruction per cycle (2 cycles per instruction), which is also apparent from Figure
5-2. Though the instruction issue rate of the current FLATS2 is less than 1 instruction

Y ion probi Doubling the th 1

per cycle, it is purely an i

of GVM

plementation technology (c.g. red

and DM by improving i

the memory cycle by
half, or using dual port memory), FLATS2 can easily achieve the instruction issue rat
as much as 1 instruction per cycle, by increasing the number of virtual processors to 4.

As seen from Figure 5-2, the succeeding DMR phase is executed one machine
cycle before the preceding DMW phase in a single virual processor. This means that
if the write and the read of the same address are contiguously executed in the same
virtual processor, the old data is read from that address. To guarantee Read-after-
Write on DM, the bypass mect

of data is impl 4 in FLATS2. Such con-

trol can be implemented very simply, because the scheduling of each virtual processor

is fixed and the memory access is scheduled deterministic in the instruction pipeline.
Instructions of FLATS2 are basically executed in one instruction cycle, tracing

the pipeline template. However, in case a hazard occurs between instructions of the

same virtual p: the ion of the ling instruction is deferred for one
instruction cycle. Such resource competitions occur, for in the following
cases.

=

(1) Writing the result of SPU operation into GV register.

The result of SPU is available for store operation at LY. Therefore GVW phase
must be deferred to the ninth stage, which collides to the GVW cycle of the next
instruction. Consequently, the next instruction gets deferred for one instruction
cycle.

(2) Branching on condition code, just after a floating-point multiplication.

A floating-point multiplication takes a whole 4 machine cycles, thus the resulted
condition code does not fix until L9, This L9 corresponds 1o the L5 of the next

conditional branch instruction. The ditional branch i the

q

value of condition code in L3 to determine the PC value of the next instruction.

Therefore, this conditional branch has to wait one instruction cycle for the condi-

tion code tw fix.

However, FLATS2 can determine the condition code of P unit until L7 in most

cases, by approximating the result from the exponent parts of operands [67]. In

this case, the conditional branch can be successfully exccuted without incurring

any additional delay.
Even if such resource competition occurs, only the following instructions of the same
virtal processor are affected, leaving the other virual processors unaffected.

Figure 5-3 illustrates the simplified data path of PC (program counter) in the first
4 stages of IPU. The internal status of virtual processors are connected to form a
cyclic data path. CFP and other internal status has almost the same data path struc-
ture. Pipeline flip-flops are inserted in every two stages, because the instruction issue
rate of the current FLATS2 is 0.5 instruction per cycle. Each pipeline flip-flop holds
the PC value of currently executing instruction of each virtual processor, In the nor-
mal execution of instruction, MUX/ selects the input next to increment PC. When a

branch instruction is executed, MUX] select the input jump. In case the instruction

is def b of petition, MUXI selects the input retry to
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retry

next

jump —»

trap: ——
MUX1

Fig. 5-3. Data Path of PC in IPU

hold the current PC and to retry this i in the next i

cycle. If ar
exception occurs, MUX! selects the input trap to select the corresponding trap handle:
eniry.

By making such loops for each internal status of virtwal processor, even wher
some ition makes i

exccution deferred, the deferred virmal

P can the pipeline stage for other virtual processors ready for execu

tion. The waiting virual processor can retry the deferred instruction at the nex

cycle. The petition is lved during waiting in the loop

because the preceding instruction which caused competition progresses in the pipeline

and releases the resource.

52. C ication and Synch

between Virtual Processors

In cyclic pipeline, the ication and synchronization mechanism can b

easily impl 4 b virtual p b all virtual p

s share the

e

ication and hronization is small by the

same hardware. The overhead of

hanism of ¢ ication and syn-

same reason.  This section briefly describes the

chronization L virmal p in FLATS2. The case with more virtual pro-

cessors is also discussed.

for inter-virtmal-

FLATS2 supports only the most pri hods by hard
P synchronization and

tion and synchronization are supported by software. The curnent FLATS2 implementa-

ication. The actual primitives for communica-

tion includes only two virual processors, thus there is little demand for specific fast
methods supported by hardware. Nevertheless, the adopted implementation method is

1 licabh dless of the number of virual processors. As a result, inter-

B bl &

processor interrupt is implemented as a method to make asynchronous communica-
tions between virtual processors. LAS (Load And Store) instruction is also imple-
acbitrary synchizonizat hod

mented as a most primi 1o imp

The inter-processor interrupt of FLATS2 is a kind of broadcast, which interrupts

all virtual processors simultaneously, This specification can be implemented easily by

preparing a hardware flag to request an inter-p i pt.  Virtual p s
circulate in the cyclic pipeline once every instruction cycle. Each virmal processor
thereby cerminly comes across the pipeline siage of imerrupt request flag within one

cycle, ly receiving the inter-processor interrupt request. The

inter-processor interrupt request is thus notified 1o every virual processors in one
instruction cycle. Each virual processor stanis the interrupt handling as soon as inter-

this method enables to send i pt request to all

rupt is enabled. In cyclic pipel
virtual processors within one instruction cycle regardless of the number of vinal pro-

ceszors in cyclic pipeline. Though FLATS2 implements only broadeast, the point-to-

point two virtual p is also possible in the same way.
Let n be the number of virtual processors in the cyclic pipeline, Preparing n? bit

request flags in hardware, interrupt requests can be sent within one instruction cycle
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1))

{a) Pi sets the flag

>
))-))

(b) after 3 clocks

(SR

(e} after 1 instruction cycle

By ¢ i-th Virtual Processor

Dnc‘ti‘ Dn.‘:t yet

Fig. 5-4, Interrupt Request Flag

between any combination of virtual processors.

As a most primitive method to synchronize virual processors, las instruction is
supported in FLATS2. As described in chapter 3, las instruction loads a memory word

1o a desti

ation register and stores the source register value to the same address as load
operation in a mutual exclusive manner. In performing a mutual exclusive memory
access on @ memory shared MIMD computer, the other processors have to wait for the

completion of the mutual exclusive access to guarantee the atomic nature of the access.

To implement such mechanism, the mumal exclusive flag in a pipeline stage is enough

By

1o force other virtual processors to wait for the completion of the mutual access. This
mechanism is all the same as inrerrups request flag. However, in this implementation,
all other virtual processors are forced 1o wasie instruction cycles during the mutual
exclusive flag is set. In this case, the total number of wasted cycles increase in propor-
tion to the number of virual processors. This is & great deal in the cyclic pipeline
with a large number of virual processors. FLATS2 consequently adopted another

method of implementation.

In FLATS2 architecture, the succeeding instruction cycles of the same virtual pro-
cessor are to occupy the succeeding memory cycles. As known from the pipeline
chart of FLATS (Figure 5-2), DMR of the succeeding instruction and DMW of the
preceding instruction use the DM access contiguously. Exploiting this natwre, the

mutual exclusive access i 0N CUn USe two

memory cycle indivisibly,
by only guaranteeing for the mutual exclusive access instruction to use the contiguous
two instruction cycles indivisibly. The most important merit of this technique is that
the other virtual processors do not have to wait at all during this instruction is exe-
cuted on a virtual processor.

Figure 5-5 illustrates the time chart of las instuction. Lag instruction is executed
by using two indivisible instruction cycles, as mentioned. In FLATS2, DMR of the
succeeding instruction is executed one machine cycle earlier than DMW of the preced-
ing instruction. Usual instructions therefore bypasses the write data of DMW to the
read data of DMR, if the addresses are same. However, las instruction disables bypass
mechanism, while using the same address for DMW and DMR. This control forces 1o
read the old data in DMR and to write the new data in DMW, which is a desirable
result for las operation. Consequenily, lay instruction stores the source register 1o
memory operand in the first cycle, then loads the memory operand 1o the destination
register in the second cycle, disabling bypass mechanism. Las instruction never affects

the other virmal processor, because only the cycles of a single virtual processor are
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Contiguous
Cycles

|Dbﬁ1|G';fﬂ

<memorys> <dst_reg>

GVR:GV read, GVW:GV write, DMR:DM read, DMW:DM write

Fig. 5-5. LAS instruction Execution

concerned, though it takes two instruction cycles in the virtual processor that issued las

instruction.

Regardless of the number of virtual p in cyclic pipeline, the ad

pipeline design enables such characteristics that the mutual exclusive memory access
does not interfere with other virual processors. Under such a pipeline design, the
mutual exclusive memory access instruction is always executed in a fixed time. The
wasted cycle is equal to the execution cycles of mumal exclusive memory access
instruction, because no other virtual processors lose their cycles. That is, the wasted
cycle is constant regardless of the number of virtual processors, This means that such

pipeline design is especially effective in the cyclic pipeline shared by many virtual

processors,

5.3. Truncated Multiplier
In P unit, there is a multi-functional multiplier, which performs 32 x 32 bit full
integer multiplication, two single precision floating-point multiplications (a pair of 32

% 32 bit multiplications), and one double precision floating-point multiplication (64 x

64 bit iplication). Floating-point multiplier was one of the most difficult pans in
FLATS2 to implement in the limited hardware resources. Here, we invented and
adopted a new rounding method called **Pseudo-random Rounding''[68] in P unit to
save circuitry by nearly half.

In order to build NxN bit multiplier, the circuits for N? bits and supplementary

adders would be required. In floating-point calculations, however, the circuits for

éN(N-l} out of N? bits are used only to calculaw lower N bits which are thrown

away after rounding. The pseudo-random i i these multiplier cir-

cuits. By this rounding method, only %N(NH} bit circuits are used. Most of the

lower N bits are not calculated: the ge of that neglected pant is d for

by using the statistical properties of medi igni bits. Only problem is the error
caused by truncation and compensation. The validity of error was thus verified by
simulation. Also, the design of pseudo-random rounding of P unit was simulated and
verified.

For more details on pseudo-random rounding, see the reference [68].
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6. The Evaluation of FLATS2

Tuble 6-1 shows the results of some simple benchmark tests evaluated by a singl

- B -

processor is different, and the result is affected by instruction mixes, therefore MIPS
rating can be only a rough measure. Instead, some benchmark tests are used in the

- : 0

virtual processor of FLATS2. The resulis of other processors are also | d for
contrast, The source programs of these benchmarks are available from netlib service

via electric mail (Dongarra [69]).

Benchmark Resulis
Architecture Clock average Dhrystone  Whetstone  Linpack
CPU + FPU MHz MIFS KDys MWis MFLOPS
68020 + 68881 20 3 43 12 0.12
FLATSZ2 (1 proc.) 15 36 6.0 31 25
SPARC + Weitek 16.7 10 19, 39 1.1
R2000 + R2010 16.7 12 25. 9.0 1.8

Table 6-1. Some Benchmark Results

In the table, M/PS stands for ‘‘Mega Instruction Per Second," KD/s stands for **Kil
Dhrystones per Second,” MW/s stands for "‘Mega Whetstones per Second,’ and
MFLOPS stands for **"Mega Floating-point Operations Per Second.”

Though the column of Clock shows the primiti hine clock freq o

each processor in MHz, the clock frequencies is not directly comparable, because the
definition of “‘clock’ is not common among the processors. For example, MCGE(20
and FLATS2 have only one system clock signal, while MIPS R2000 requires twe
kinds of clock inputs, phases of which are shifted 90 degrees each other, and the fre
quency of which is twice as high as the frequency shown in the table. Also FLATS!
has & peculiarity in hardware, which is shared by two virtual processors in time shar
ing manner. Thus the clock of FLATS2 does not directly corresponds 1o that of othe
processors. Even if the primitive clock of FLATS2 is 15 MHz as shown, the share 0

each virtual processor is only a half.

Average MIPS in the figure is similar. The complexity of instructions of et

vanous aspects of FLATS2.

6.1. Dhrystone

Dhrystone benchmark [70] is a benchmark program to measure integer operation
performance, There are many versions of Dirystone benchmark program according to
the implementation language, though the original was written in Ada. Here, Dhrystone
benchmark version 2.1 of C language was used for evaluation.? The measured Dhry-

stone per of each p

r is almost proportional to its average MIPS rate.
Normalizing the measured Dhrystone performances by average MIFPS, the normalized
Dhrystone values distribute between 1.4 and 2.1, Considering the ‘average MIPS" is
a very rough measure, the dispersion as much as 50% in the normalized Dhrystone
values seems to be rational.

to say, the result also reflects the quality of C compiler and
related library functions, together with the bare hardware performance. For FLATS2,
GNU C compiler (gee, version 1.37)[71] was retargeted with some additional features
to be adapted for FLATS2 architecture. This modified compiler, which is called
FLATS2 C compiler (fee [59]), was used for the evaluation, The library functions of
FLATS2 are also written in C languages and compiled by fec. For other processors,

vendor’s standard C compilers and libraries were used for the evaluation,

Dhrystone benchmark often uses ct

string handling routines such as string
capy (strcpy) and string compare (stremp). The execution profile on Sun-3
(MC68020) and DEC microVAX-3500 shows that around 25 percent of execution fime
is consumed in these two functions (strcpy and stremp).  This means that byte han-

dling performance has much effect on dhrystone performance. However, FLATS2 can

1 On Dhrystone version 1.1, the result of FLATS2 is 6.5 KDys.
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handle bytes only with GVU, that is, with load/store architecture. Moreover, the byt

load instruction of FLATS2 takes 2 instruction cycles for execution by impl

L

In case the elementary functions are compiled by C compiler with neither loop

reasons. These characteristics of FLATS2 are mther disadvantageous for dhrystone
C quently the

ion time of Dhrystone benchmark is extended,
which worsens measured dhrystone performance, while increasing the ratio of string
routines in the total execution time. In fact, it is observed in FLATS2 that about 37
percent of total execution time of Dhrysione elapses in stremp and strepy. This b
more than other processors shown in Table 6-2. By implementing byte instructions

more efficiently, Dhrystone performance is to be improved.

Percentage of strepy and siremp
CPUfcompiler | Sunfcc  Sunfgee  VAXjie VAXfwee FLATSZfTec

stremp 16.0 169 123 13.6 18.0
strepy 9.9 97 1.1 1.7 187

Table 6-2. Share of Strepy and Stremp in Dhrystone Execution Time

6.2, Whetstone

Wi is & benchmark program o evaluate the floating-point arithmetic per-
fi in particular the perfi e of some elementary functions such as loge
rithm function, exponential function, and tri ical functi Wh bench-

mark program was originally written in Algol 60, but here we use a C language ver
sion, which can be found in netlib benchmark collection. In measuring Whetstone per-
formance on FLATS2, elementary functions were hand-coded and optimized by using
BL addressing modes and combined arithmetic instructions (especially with poll
instruction). As shown in Table 6-1, the Whetstone performance of FLATS2 is rather
good compared to its MIPS tate, and considering this performance is achieved by only
a half of its hardware potential.

by BL addressing nor combined arithmetic instructi the |

Whetstone performance gets worse about 12%. This portion of performance (lost

12%) is regarded to be the performance imp brained by BL addressing and
combined arithmetic. However, even if this portion is lost, the Whetstone performance

of FLATS2 is still good

pared to other p considering its MIPS rate, This
fact suggests that there are still some other reasons than BL addressing and combined
arithmetic. One of the reasons is guessed to be that FLATS2 instructions can naturally
overlap arithmetic operations and memory accesses by using two memory operands in

each i i This archi can

ially reduce the load/store overhead of
memory variables, thus improving the performance. Another more likely reason is that
FLATS2 can finish a floating-point operation in one instruction cycle. By overlapping
the long latency time of a floating-point operation to the execution time of other virtual
processors, each virtual processor can use the result of the previous floating-point
arithmetic instructions just after one instruction cycle, This characteristic will improve

floating-point arithmetic perfi ¢ more in with its MIPS rate.

6.3. Linpack

Though the name of Linpack originally stands for *LINear equation systems
PACKage,"" recently it is very popular 1o use Linpack as a benchmark test. The
benchmark program collection in nedib thus includes the Linpack benchmark of vari-
ovs kinds, in which the C wversion and FORTRAN version are used to evaluate
FLATS2 performance.

The most primitive routines in Linpack are called BLAS (Basic Linear Algebra
Subprograms), cach of which performs a simple array processing procedure with a
small loop structure. As shown in chapter 3 and 4, such small loops can be imple-
mented effectively by using FLATS2 instruction set. Table 6-3 lists the number of

Instruction cycles which is necessary to perform one iteration of the innermost loop in
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each BLAS routine optimized by hand-coding, together with the arithmetic density in

the innermost loop of cach BLAS routine.

| Linpack routines (BLAS)
name note cyclefloop  FLOPfecycle
dasum ¥ lxl 2 1
daxpy ¥Y=7+ar 2 1
deopy P2 1 1
ddot b2 1 2
drot Romtion 6 1
dscal g 1 1
dswap  Swapx*and ¥ 3 23
idamax  Return { of max |x; | 3wSs 231025

Table 6-3. Double Precision BLAS Routines

As shown in Table 6-3, most of BLAS routines achieve the arithmetic density as high
as equal or more than 1 FLOP/cycle. Only ddot has its arithmetic density as high as
2, because a combined instruction (rip.d) is adopted in the innermost loop of ddor w0
utilize ALU and multiplier in parallel. The other routines only adopt usual arithmetic

instructions, each of which executes a single arithmetic operation. The result shown in

Table 6-3 represents that as many operati as loop ination test,
branch, and operand fetches are perfectly overlapped to the arithmetic operations,
because the arithmetic density of each routine is exactly 1 (or 2 in ddor) without incur-

ring any additional overhead.

The arithmetic density of idamax has a variation of 2/3 to 2/5, because idamat
includes a conditional branch in its innermost loop. It is one of the merits of BL
addressing which is a scalar architecture and applicable to the loop including condi-
tional branches. Another merit of BL addressing is that it can handle both loops with
constant stride and variable stride. Though each BLAS routine is coded to have two

innermost loops for constant stride and variable stride, FLATS2 can implement bath

loops at the same arithmetic density.

Linpack benchmark solves linear 1 quations of di ion 100 (or
200, etc.), mainly vsing a BLAS routine daxpy. The benchmark result of FLATS2 is
2.5 MFLOPS on Linpack by a single virtual processor, as shown in Table 6-1. This is
rather fast, comparing the MIPS rate of FLATS2. In fact, the run-time profile on
FLATS2 shows that the 69 percent of execution time ¢lapses in the innermost loop of
daxpy, where the arithmetic density as high as | FLOP/cycle is achieved.

Linpack performs matrix computations, in which much parallelism can be found,

because the ion of each el

can be done in parallel. Therefore, it is very
easy to parallelize Linpack by using plural virmal processors of a cyclic pipeline com-

puter, because virtual processors share the same main memory. FLATS2 FORTRAN

offers some features to utilize the parallelism of virtual p s. The d per-
formance of parallel version of Linpack is 5.0 MFLOPS by using two virual proces-
sors with FLATS2 FORTRAN. The overhead of parallelization is linde, thus almost

twice performance is achieved by two virtual processors.

6.4. Livermore Kernels

Livermore Loop is a benchmark test developed in Lawrence Livermore National
Laboratory to evaluate the performance of supercomputers. This benchmark consist of
24 small program pieces (Livermore kernels) taken from scientific calculation programs
frequently used in physics. Here, the first 14 loops (original Livermore kernels) are
examined and optimized by hand-coding for FLATS2 architecture to evaluate the
numerical performance of FLATS2. Then, the measured performance of full 24 ker-
nels are reported by using FLATS2 FORTRAN compiler and libraries.

Table 6-4 shows the specifications of the innermost loops of 14 kemels. Figure
6-1 illustrates this fourth column as a bar graph, In the wble, FLOP swunds for
“Floating-point Operations,’’ and H.M. stands for “‘Harmonic Mean.""§ The first

$ Harmonic mean is more rational than arithmetic mean in this case [72), because arithmetic
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Livermore Kernels
cyclefioop FLOP/cycle
vemel | FLORO%® |asic arip _sall | basio _+rip el
1 5 5 s 50100 100 100
2 4 6 6 6 | 06T 067 067
3 32 3 1 1| 067 200 200
4 2 i 1 1| 067 200 200
5 2 3 3 2| 067 067 LOD
6 2 3 1 1 | 067 200 200
7 16 17 17 17 | 094 094 (094
8 36 54 0S4 S| 067 067 067
9 17 31 15 15 | 055 113 113
10 9 21 1 14| 043 043 064
11 1 2 2 1|05 05 100
12 1 2 ) 1| 030 o050 100
13 1 40 40 40 | D18 0I8 048
14 11 33 313 0w |03 033 03
HM. 050 058 068

Table 6-4. Innermost Loops of 14 Kemels

column shows the kernel number, and the second column shows the number of
fioating-point arithmetic operations required in the innermost loop of each kemel. The
third column shows the instruction cycles necessary for FLATS2 to execute each loop
body once. The fourth column shows the arithmetic density in the innermost loop of
cach kemel, that is, it represents the peak arithmeric density expected within the loop.
Note that arithmetic density (FLOP/cycle) is directly conventible to arithmetic perfor-
mance (FLOPS) by multiplied by instruction cycle time. The arithmetic density 1.0
FLOP/cycle comesponds to 3.8 MFLOPS in the current FLATS2 implementation. If
highly integrated circuits are used for the future impl ion, the cc di

performance will get higher.

In the Table 6-4, FLATS2 architecture is evaluated at the following three stages.
(1) basie

The case with basic instructions of FLATS2, That is, each instruction uses

density is the measure which has the dimension of (7] as well as arithmetic ratio (FLOPS).
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Bl basic

@ +rip

9

8
Kernel ID

5 6 T

(aoAo/d014) Aisuaq auaLuyiLy

Fig. 6-1. Peak Arithmetic Density

Harmonic Mean)

(H.M.
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maximally two memory operands, one for read and the other for write operand
No combined arithmetic instruction is used, thus only one floating-point operation
is performed 2t most in one instruction,
(2) +rip
In addition to the *‘basic case, rip (Real Inner Product) instruction is adopted
Also, the addressing modes to read two memory operands (Read-Read addressing
modes) are allowed 10 support rip instruction, This combination enables to over-
lap two load operations to two floating-point arithmetic operations (one addition
and one multiplication).
(3) +all
The case with all possible combined instructions which can be implemented by
additional microcoding without modifying the current FLATS2 hardware. The
+all case is regarded to represent the maximum performance of the cument
FLATS2 data path.
As seen from Table 6-4 and Figure 6-1, the performance of Livermore kernels ar
improved as much as 16% by adding rip instruction and Read-Read addressing modes.
Adding all other ad hoc combined instructions (+all), the performance is improved
further more (17%), compared to the case of +rip.

To show imp by other bined instruction than rip, let’s examine &

loop with recurrence.

Livermore Kernel 11:
do 11 k=2 n
1T x(k) = x(k-1) +y(k)

In this loop, the element of amay x is read from the memory just after being written it

the previous instruction. Typical vector computers can not vectorize this loop and
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shows very poor performance. Recurrence is not a problem for the FLATS2, because
of the scalar nature of BL addressing, but the maximal memory transfer rate limits the
peak performance in this case. Without using combined arithmetic instructions, this
loop is coded by two instructions, achieving the arithmetic density 0.5. However, this
loop can be improved with 4 new combined instruction which omits one memory read
by writing the arithmetic result into both the memory and the register. With this new
combined instruction, the load of x(k-1) from the memory can be omitted, because it is
already available on the register, Consequently, the loop body can be implemented by
this single instruction, which loads y(k) from the memory and stores x(k) to the
memory and the register, achieving the improved arithmetic density as high as 1. With
some new types of combined instructions which can be implemented by additional

ling (without modification), kernel 5, 10, 11, and 12 are improved.

H , 10 g lly applicabl bined arithmetic was found in Livermore kernels

besides rip, therefore no such ad hoc instructions have been implemented in the
current FLATS2. In that sense, the +rip case represents the performance of the

current FLATS2 impl i The following eval was done under this condi-

tion (+rip).

The previous evaluation of Table 6-4 represents the peak performance of the
innermost loop. Actually the overhead of initial and terminal procedure burdens the
loop to degrade the measured performance from the expected peak performance. To

this head of loop initialization and ination, the ic density was
measured on various iteration count (n). Table 6-5 lists the measured arithmetic den-
sity of each kernel on three iteration counts. Figure 6-2 also illustrates the variations
of the measured arithmetic density of 14 Livermore kemels as a bar graph. The
column ‘s = =" stands for the peak arithmetic density shown in Table 6-5. In case

n is big enough, the arithmetic density within the innermost loop gets dominant, there-

fore the case n = = is regarded to represent the upper limit of expected performance to




Livermore Kemels

FLOPicycle MFLOPS

o) n=16 n=6 n== n= 64
1 085 0.96 1.00 37
2 035 0.51 0.67 20
3 1.28 1.75 .00 6.7
4 031 0.89 200 34
- 0.59 0.65 057 25
6 088 1.52 2.00 58
7 091 093 0594 36
8 066 0.67 0.67 6
9 L1 113 113 43
10 042 043 043 1.7
11 042 048 0.50 1B
12 046 0,49 0.50 19
13 017 017 018 0.7
14 032 033 033 1.3
HM. 046 0.54 0.58 2.1

Table 6-5. Measured Arithmetic Density

be achieved. In Table 6-5, the arithmetic performance (ratio) of the case n = 64 it

also presented for the reference,

As seen in Figure 6-2, the performance decreases gradually in proportion as the
iteration count decreases. However, the degree of performance degradation is small
which means that the overhead of loop preparation is small. One of the reason is tha

BL addressing is a scalar archi which has little internal status dedicated for BL

addressing. BL addressing mode uses general registers in operation, and the initializs-
tion consequently gets easy and fast. Another reason is possibly eyclic pipeline archi-
tecture, which alleviates the latency of instruction execution by overlapping it to the
other virtual processors.

Consequently, the harmonic mean of the arithmetic density of 14 original Liver

more kernels is 0.58 (in case n = e=), 0.54 (n = 64), and 8:50 (n = 16), respectivels.
Ak

Converting this arithmetic density to arithmetic perfc the per e of a st

gle virtual processor of FLATS2 is measured to be 2.1 MFLOPS (in case of n = 64

14 HM

(H.M.=Harmonic Mean)

infinity
13

12

11

B n=16
'

10

(aj9ko/d014) Aususq onawiyiuy

Fig. 6-2. Measured Arithmetic Density

Kernel ID
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harmonic mean). Using arithmetic mean and geometric mean, the performance
represented as 3.0 MFLOPS and 2.6 MFLOPS, respectively. Considering the MIPg
rate of FLATS2 is around 3.5 MIPS, this performance of original Livermore kernels s
rather good. Livermore kemnels are more complicated than Linpack and more similar
to real applications. High efficiency shown in 14 Livermore kemnels therefore proves

that this architecture is applicable to wide variety of computations.

The complete set of Livermore Loops (24 kemels) were also evaluated by using
FLATS2 FORTRAN (ff77) with a single FLATS2 virtual processor. The result is as

follows:
arithmeticmean = 174 MFLOPS,
ometric mean = 100 MFLOPS,
armonic mean = 1.13  MFLOPS.
6.5. Combined Arithmetic Instructions
FLATS2 offers some other bined ari ic i ions in addition to rip and

poly. In particular, complex number handling is one of unique characteristics of
FLATS2. Table 6-6 lists the measured performance of the inner product calculatice

On SOme Processors.

Execution Time of r Product Calculation  (dimension = 1
Architecture Double Real  Single Complex  Double Complex
CPU + FPU (msec) (msec) !

68020 + 68881 106 1063 1503
FLATS2 (1 proc) 27 27 53
SPARC + Weitek 16 133 1

R2000 + R2010 21 40 72

Table 6-6. Inner Product Calculation

In double precision real inner product calculation, rip instruction performs or

plication and one addition in each cycle. Therefore, the inner product of dimen
sion 10000 is calculated in 10000 1

cycles (2.7 ms).
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In single complex inner product calculation, cip f instruction is applied to perform

4 inlications and 2 ‘addit

for a complex multiplication and 2 addit for a

complex addition in each cycle. The inner product of dimension 10000 is therefore
calculated in 10000 cycles (2.7 ms). Consequently the execution time is the same as
the real inner product calculation, though the arithmetic density is 4 times higher in

single complex than in double real.

In double complex inner product calculation, a pair of cipl.d and cip2.d instruc-

tions are applied to perform 4 multiplications and 2 additions for a complex multiplica-

tion and 2

fora if ddition (all double p ) in every two instruc-
tion cycles. The inner product of dimension 10000 is therefore calculated in 20000

cycles (5.3 ms). Consequently the execution time is exactly twice as long as the real

inner product cal though the arith density is twice in double complex
compared to double real.
Ci ing from the time, the arith performance in inner product

calculation is 7.4 MFLOPS (double real), 30. MFLOPS (single complex), and 15.
MFLOPS (double complex), respectively, by using a single virual processor of
FLATS2.

Similarly, FLATS2 offers a pair of combined arithmetic instructions dedicated for
single complex FFT calculation. By using these cfft! and ¢ffi2 instructions, FLATS2
performs a 1024-point FFT in 11 ms, and a 8192-point FFT in 95 ms,

All these array processing program can be easily parallelized for plural virtual

P t a cyclic pipeli P is naturally a memory shared MIMD

computer.




Chapter 7

Conclusion
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7. Conclusion

Using the logic devices with latch function (e.g. Josephson devices), a computer
is naturally pipelined to a high-pitch and shallow-logic pipeline. To utilize such pipe-
line fully, Cyclic Pipeline Architecture (CPA) has been proposed and researched. CPA
is a kind of MIMD computer called resource shared MIMD, in which the pipeline is
shared among plural virtual processors in a time-sharing manner. Though CPA wa
originally introduced for the Josephson computers, CPA is also effective in existing
silicon technology w get the higher performance per cost.

In this dissertation, the architecture of a Cyclic Pipeline Computer FLATS2 &
described and evaluated. FLATS2 is implemented with conventional Silicon technol-

ogy. However, its architecture is not specific to the current impl ion technol
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effective to achieve high arithmetic performance, coop with BL add

modes of FLATS2. Some examples of programming on FLATS2 were given, and |
some benchmark programs were investigated and evaluated on FLATS2 architecture.

Obtained evaluation results of FLATS2 hi d in this disser-

were also |
tation.

FLATS2 is an MIMD computer of 2 instruction streams. Though the evaluation
of a single virtual processor is now in progress from various aspects, the utilization of

plural virtual p is still not satisfactory. It is swongly desired that the software

by wirtual p ws. E: ially in the

It

system is prepared to exploit the parallel
cyclic pipeline with further more number of virmal processors, it is regarded 0 be

impossible to utilize virtual processor without elaborated software supports. In

but applicable to the cyclic pipeline with more virtual processors, including future

Josephson computers. In FLATS2, the internal status of each virual processor is

simplified and hardware resources are shared as much as | 10 ease the

of processes between virual processors. This disseration described the cument
FLATS2 implementation, as well as the design consideration of the cyclic pipeline

with much more number of virual g 5. The ¢ ication and 1

tion between virtual processors can be implemented effectively and easily, because of
the shared hardware. The design and impl ion of such ication methodi
are described.

The instruction set architecture of FLATS2 was also presented. FLATS2 pro-
vides addressing modes with range check facility (BL addressing modes) and con
bined arithmetic instructions, which are effective in a wide variety of array processing
In BL addressing modes, any effective address is compared against the base and limi
addresses specified in the instruction, then a conditional branch is executed according
to the result of range check. This dissertation presented the way to apply this schem

to loop optimization and other purposes. Combined arithmetic instructions are ol

developing software system for cyclic pipel

p it is 1 that more suit-

able methods could be found for cyclic pipeline to exploit more parallelism.
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SERVDT, ThbOF—S BRI IWTRATICRMLA N,

HFomtr, chbbiiotilitiolRconwe, MEXEFLTS .

121 SELEE

21, LO220FENY s L cBARE, COEE—RICR, iony s FpEEH
::a. BRI, LU oMl F— BN LB LvDT, 20TEL YRS LcEN2

SPLYzf(0F - sWYRNE LA AER, F rBr—BoEEEAafic .

BT, LYALKRRE T FLThb, FNAREC 0L U2 5 £ERAL SRS, &
R TRTEEN,

111 BME - EMEFDEAR

A - EMELEL S, ER RSP L 22 2 ko, —EoNBREICEmIh
TR§END.

cok®, SPLY22 EoFRMNUANCHEOERMEXS S, TAD S, IR,
BAMNOF AT A A—La v HSPL Y25 AL, LOREMRLHTNE T, 2O EEN
TS RAMTCEE TS, ORI TS,

COMEREE, ENBMY S L ARERIIY S L2y 4 b ALAS, ERER, (B
FIERC)L R FOF—SRCRNI NG, BRBH S Y BoTFH2¢ > Fbit110)Kc, #
BEOLEOAE > HBIS2)CHREEI RS, & PRoK D16y > F(BAI-16)12, = CTHBESE
33 (COBFRNETNRRCEAL L),

ERWE, ESEZATwET LEIRE L. 0SELRLORRORERTHER NSRRI
AoTnE, F— 2R LToRMMNUARTH, ERERMY > FELL6Y s 58 hid-
den bit ¥ 7 +)TESH, RENBICERET SEChidden bitit il Hirc@ibn, Tl b
(40EWLEY » F)ICHOBAF ¢ » X ENE,

HBREN., FRHENo12Y > FORNTRE, F— R L ool BaRcr, Hlko
EHSY 2 FCIBOA T £y bAERDboTWES, ABRBCERTIRECOT 745 iR
i, FREEEATIZE y P ORBE RS,

FYWOAY > bR, LFOX S AEREN-TWE:

bt0
Bt (PRI )
bit2 TFy¥—7o-—
bitd H—r—Fu-—

A5, IR MAMONEEDLOT, ADLE R, T F—7 o— |k, REERST v 5 —7
T—LAMNS, COF—2H¥uoTIIMEILES, +—~—7o—}, MNGRNE——7
o=Liih, COF—SHTHA-2 Y FOBENKILAS,

123 ERENRE

MWEARN ., 10NN IO TS5, chorooRih IR, Th
ThWR S oIm L BECEHYS T3,

CHH2OOMY, SPL Y22 Lo LT, MHOMAMEECAL. RN S,
FT—AMRME y G LT » 2L LTV, oL, ENROENSTEE, B
HROEgS HEEERT S, 2 IR0 FH10E y EICSS LT, Ty s F ¢ REE
¥, Moy s ¥ RE\HEN TS, 2 FRo TR GREo L TR L T
R, Mgonthiw, ~—Fr=ToOHRTHE(~— FY=THROBE LT S 22TwE),

LERR ECHRRSESSEEIA TS L, BEYCHERBEGS T ) el
Baif, ELL o0 RMNRFRASEMcRS. $h, LI2AS LCRERREFA-T 20
I EROMEEBEESWTRERL AL T, AEES B ZoRn, MEBEREED
TIRWL LS LT ERE (v F 2t 24 s PR Y)EHTHE,

1 A2Y EORR

FLATS2E#H &7 — 50 4 = V HBH, EAMEDECOVAXSCBRLA DL AT
i, LALIEERTH L &, FLATS20RBIRLY LU DECOERLFLCRAVDT, £
FIEACER L k7 — 7 BECRIERSLTTH S,

L By}

o b32¥ s bEEHTY—FELTRbAGAD, BHERE » + B0 2 I NMER
SLORFELA V. T-FOARINBE T~ FADY » FEBIESE AN TS 5.

LL, FLATS?ORESNC, BFRE > FARTRT FLachs tRiTAN, B
Uy b SSERATABER, SE)HES b TFLATRVAD, Y—F-TFL2EY
“FRt 72 £ ERTEDENDE, CHEONTE, JTYHAL b+ TFL2TBEL



L LMbLT, V—F - TFLARRATIC ECIEBLTIELY, 136 BMIWEE

= | MMENCKR, tAThANE: @RBe LT 3. MNNTH o0 TS,
= 232 444 b, ¥ 20K B8 ribrooMiE, ERELERT FLac, BERNEET Fra)SEclsn s, &5
chbnF—SREowWTH, F— S ONBRDECOVAXSLEL TS 5. FLATS 2o AR = Y EEL, ETENLAEY TSI,

| FIRAL b T FLATBEDT, <4 HIERERAT FLALTHET 5, SHoWS, F

| 154 PEERERAT FLAE, B4 pEEAAT FLa+l|Bitcliid. &
el FoEmT, BFE-~4 5EET Frae, BEES PEERT FLaaBgclshg,
i | ElTR, BT PAEET Frre, BEEAS FEWERET FLa+T) RT3,

L#L, FLATS2CHVAX 28T, F—2 0T 24 v A ¥ RSP TH 3, ThbLS,

W7 FLiInEl, £E07T FrakioEf. SBo7T FLradaofi- 4 HERcs
Hhk bk, cORRRILTT—2ET 2218 E, = YRT FL2RRNERE
+35. -

133 SRS )

SEEER, 32Xy FROSHERET ., SBORFITE5. L0, B HORE
£32¢ 5 HECHWL, THO7— FAbMic ) kxR L V0, SERENEFE,
BEE7— FOREEY » 2, COSBEBORSENRIAL,

CORBR, <4 ' rbEBcVwASF- S HOBRAEECA > TS, N, LA
217 — FOSERRR, 2 Fee FLEREND. RELT 74 ¥ 2 ¥ FREEG R,
B IEA- 4 SR, VERESRASA PR S,

SHEHLR S @SRIEBNRT Y S 74 TEDESH— L, 24} a—7HCRA
T EtMcBEhTnd, chedlc, @ik, —F7 27T C—EClETsoT,
MEOHEHSETRT L E# .

234, WMCTEY K

HWMAEE N, 404 FRTHI0T, SENceii(7— F) 2B A=Y ML
0. T4 237 bORHLMLTHE,

MR AR — FELTRAE &, BEY > F RS, BLBY y FAEN,
T2 » b REHTHE, chbi2y s b2, Y- FLELENT =) ckEnS,

Lo, coie I NBRVAXOER L P ARA->TWE, VAXORES, NREEE
DEREROWOAL (BT P )SEERT Fra42) e, Mo PEERT FLra4a)
£y 254 P BERET F L), 00354 FRESA BBERRT F LA+ )T
Ed, HoT, FLATSIEVAXTH, F—28l =2y AFFATh, F— I HRHHTRE-
Twd, LLEDOL 212, FLATSIORENUAT — 5 &4+ 3T VAXOF—5 L HRLE
WD, SR RE L.

235 fMICTEVI AR

IEWETR AL, 844 FETHEOT, RANCEELEL A€ HB L. T
Ay rOEHLELTHE,

EMETR I LTRA LS, RV > PAFFS, BOBY sy PR T
f55€ > P REMTHI, THbHMY » b3, ERLFLABT =) CRMELS,

ELAH, COAINERVAXOERERPARE T8, VAXOWRS, NREIE
PRAROROAA HRTHAA FAERT FLx+0)BHIc, W FPEERET FLa+)
Ky 254 PAEERT FLA+4) 86, B354 FREEET FL 24588, B4 paIEE
T FLra42)Rif, 544 FA(IRRT F L2238, P01 FR(ERT L), WS
A MBS F)REERT P2+ ) S EelME h 3. o7, FLATS22VAXTH, 7
ERlita v AETRTh, F—ARBXETFRE-TE. LLIOL LR, FLATSIORE
MAF— 2~ 43I TVAXOF -2 2 HM LAWY, HCMBEREbE W,




JotyHREX 7oty HRE

7. AMTCEIBRELERLL Y. oy 40N, Yot t0RG0RcEEL
S THIREREELGTEL A, Fot s 4ONEBRE (RBOEE) RS, Tk, Foes
JRWEHHERE, Fot 4 hbT o AN (Hsas @ - TS, Ty
+ONBIUE[RERE L YA S o EERT.

A RECERCE ot RETHIN, AMTH AT T s tHOMETS
BLELT, LTORRHMLEN TS, Tk, LVRERT oty +ONBRETE-TT 0
FLMCRTETRE067 0k $RETHEH,. GVL IS RS I THEHL, &
RORE S L RRERRAT &,

FLATSZ2RR, 7o+ >+ HM2O0MMM-{ 774 *HEBTHE 1L, Fov s +ENONE
#ER R ThAEToTET S, (358, For +EBI-ElTET S, ) T4, CALDY
ety H—DO A —FozTEHXNLTWEDT, 7o+ 4+EHORELNC S, ot
>4 MT—BORFERNI L Twd., ChbORNRMET 72+ 3B, Y7 b TH
huy P BBETHS.

EIF, AR TH, FLATSZO 7o+ 4B E P o > 4 EBCow TR LTR (. T
BT ok $RECOWTHRS, K2 —FRETHIFTES 7o+ » SRECDWTES
3, BT, YAFLEETHRS Toe2RBcSWTEENS,




3. Yoo HRE

Fox> +RBER, BTotorSEhE:

1) Fe¥PL-hY ¥ (Program Counter ; PC)

3) AHb¥bes Fe—4L - HA{ 2 F (Current Frame Pointer ; CFP)
3) =T¥F4iavea—F (Conditin Code ; CC)

4 Fotzy#.x2F—53 .« 7—F (Processor Status Word ; PSW)

D5 h, a—FHRECHEMFCE 20k, PC, CFP, CCERTH . PSWRHEHSST
W5t 3, AR, HFrchboFots+iGront, BREER<3,

AL Fa¥SL-hrxF

Fuaf2h-hv 2 (PC)H, To ey +5BEETLTWISAG~DHS » 5053,
Lief->TPCofliit, BRE I EMEDOT FLakkatTwni,.

2%h, PCOT FLrx .« # XRREl, Eine » }(PC<31:30> ) Wic2(28010), Tl
WE 5 HPC<200>)H, AFAEINTOF7+ FERLTWE, | MR Double Word
Address T35, )

3L ALk FL—L-HALS

ALY PP —Lhs HL F(CFP)R, 7oty 4 HBERBFOo -4t LT2 2.
Ze—bnDRf ¥ ETHE, ThDLCFPOfi, VEMEDT FLaKgkoTwna,

LidiaT, CFPOT FLA » 2 YRBICL, _E2¢ 5 +(CFP<31:30>) iR 3 2:8o11)
THL. MY > FCFP2000>)RL Y25 + T INTOLIRS « ZL—LEBEFRL
Tnd, ¥k, T8 o }(CFP<05:00>) ik, PSOTFEY » +(PS<05:00>) EFIC 4 @A
STWT, Tt + B0 —MHCFPERCEREZNE IS ch T8, CTHE, #HRE
BHic, PSO—RELPC/CFP LR AR E LBEB I LTES,

CFP<IROI> DT L VXS + 7 L= LK, 32KO7AT7—F (= 32 bit data + 1 bit
address-tag) « LEZEHBENCWE, LPAE » ZL— LB VEMECARL THEATW 32,
FLUAS FL—LRELTED, +—"—F 2 TRLT AW, &, VENLEECE
BLCT 7 et 3k, oy stz hcntn,

33 3xFadar-a—F
I¥F4rav 3~ FifEa—F ;CC)R, MNERD 2 4 7KL 4 Yo b7
2rTHE. FE 2 bORMERER, UFOXiEh2TWE,
CC<0> Nilag FF5(Negative)
CC<l> ZMag -+ u(Zero)
CC<I> Viag Hidii(d—si—7 o0 —Overfllow)
CC<3> Cfag  Hik#iD(#% + Y —Carry)

Edtbo— FORRETERO~ o v A FAWTEE, $h, LUK 5 | RRESETS 2 (HI0),
wmmm#wmx. GVE&E/SPESEMbT, &f=— FRE—0 L 0 &R

4. Faks¥ - ZRF—F2.0—F

TBkr 4 AF—F 2« T— F[7 0+ +HEHEPSIH, 7ot rOoRGHEERT
WAz 2 X8, MRRY S I THEMN, 2OETHFDATWEbHTRA W, FlO6E
7 HA, FAN oI, CFPOTWOY » b & LTEBMICEBRENE, raSGaRman
BEL. CFPOTRIE » b ALERANE,

&Y FORME YR, SFoLsKkaTnE,

P5<0> PRV HEYy S0 hoRFE— FERT

PS<1> INTMSK WhHArMESEERT

< 10-

P5<2> TRC b e—afNoER

PS<3> HALT 7ok # ISP TBE L EERT
PS<sd>  (FH) (&)

PS<B> FV RN — 0 — 7 o — ]
PS<T> v QU A — -5 — 7 o — PRI

PS<128> TRAP.ID WMGEBERELEAF? » 7OMHES
PS<13> IM_REAL M7 FLrag@mtys b
PS<l4> GV_REAL GVMoT Fragsmiys b
PS<15> DM_REAL DMoT FLag@mivs -
P5<16> NO_PERR A~Y74 - x7—WNEIEY > +
PS<20:17>  (FH) (AR )

P5<21> MCHNO
PS<22> IPIREQ
PS<23> IPNREQ
P5<3l:24> GFID

7ok >+l 2 2 TGN D AZER i
7wk 7 il 2 2 FAEW D ASEER
Yo—rir s 7L—LER

141 HHE P
ForXPLoRTE—FERTEy by 2—¥ - 2= FORKO, Hli=— Folicl,

342 MURAZTRS

Foty AR ALERMELTWELY S hbmt. 00BN VAN, 10BRR
DALKE. 10FKHE, ABRIALL o 4NN AL VEEERE, FbL0ERIR
Wk s bk, fEhtein,

PR REBNCIC > F 2R3 (ORBECFP LR EEE L30T,
WeM O ALETREC LAWEBER, Fer?olcliccory bES VT LAHRE AL

Vi

3438 FL—REw}

Fokydd, FLe—2fHERETEITIERT Yy bo COYy bAID LRI, @
SHEREHTENTTEEC b L—2PNHREL, b L—2FN- 2 F2elilsiss,

P ey I =

LOEy bEITHE L, Fot s +REFOATEFTEDEV, ThDbSL, 07 =
FORFTEFTLDT, BEONBIRELRSLEND 2. colitt—a FHREIER,

h—rA bREQT vty $ i, AEILOWIALEEN S LAGoRTLNML T, WA
RELMET 5. kXL, COBSIWIRAR=22 « ¥y FRIABEOT, WIAITRES
BHBEARETS)CE 423,

MBS, h—aA - ¥ FOEEHNOFPEHCERE A Z 0T, BT
F2LRETESCHRT 3 L. o $REFH—2 b BCES. chedHdih.
RETH{ECFPHO & —4+ « K2 b2 I TLABARAL AV,

I F—rt—7a—BNETEY b

RARGORERS A —ri—F7a— Lt &, ChOOKIE S FHITHE LANER
£58, SUMETOF— -7 o— L EBIRARNTOY— < —To—§, $ATARTC
L DR ¥

BRI A — i 7w — WA SR L eSS, BT EANORT ) RFN R L
=Fo=ToRNKc-TREE, fb, 3= —7 o—3BERTRETHE, HEORES
SERN TR AER S EN TR AT CHA- - ¥ 2 (PU_ARITH ERSSBE, Chid, W
ANC IR L sTETHAHPTEEN, ~— P2 TRE toBETL A -TnE,




Lie GHER
BRI ARNONN RS SRS AT S,

34T, TELAERDLEE >

IM, DM, GVMAlIEEhThiYs b T2, HI¥ > b B35, ChEDY s FHITHS R,
METE AV T 72T ERET FLaBMERSRE TN, WG, T2 2T FL=
FHAT FLATILLMRLT, T2e2e0%5,

CHBODE > FRT FLaR@Brosisfil, 7 FLraRRcRiEfEL . 280,
TFLARELT FLaREBSRR, chbod s roflchihbd X {fHFibh, f=9.7
R I -BOT FLARB/r L i SPNKRLTMBEORET 5.

348 ASYF4 - Z5—FHALE S b

AEIDAYF L+ =P—RELEER, TOY > bA0CHAE, FEIM/DM/GVM)
EBECEMNIRET S, ERCOY Y FROELTH{H, <Y 74 - =2 —OMALMI 8
B, =2-EWBTIABELOY s b et b &,

349. FoEs9ER
ToYexr 40T ox 48,

FLATSZRMIRLAA 724 *HERTH 5456, SEANNCRESHNE 7o+ 4)0,
—oRr—FOaTERHLCWELSCALS, COZ4—AFil, ChbH@EET v ¢
EEfOIDEFL L(BLS),

3400 FawyHRENVAKERE Y b

Zibom s HIPNREQ, IPIREQ)H, ThE£H 7 =+ » #RI% DAX(IPCNML IPINTR)
OERFRMEIATWEC LT T ThDS, ChbOVy bOlIFiIKE>TWEE, Fot
> 4 W D AIENFE T NN, P ERELTANMETS,

IPCNMIR AN I~ 2 2 FAEA DT, IPCNMLE b SR oM R S TFEL &
BLY ., s N R S L TS R h B (MMM ) €2 F EHT),

IPINTREW| DAL= 2 - ¥y T2 2 AMERAD T, W DAXMIERREDN IPIREQY
» PR DRAIER S RAEL, WO RAAERMT S, W OARAHCIPIREQY » b &2 9 TT
32, MORAAMRERAEL, cOT ot 4+ TRCDIPINTRESRLRE,

401 YOo—itil - 7 L—LER

Yo—rit s IL—LFHGFID) LR, 7o 23T I -t LIZEDTL
—LEBOCLLTHE, CORBHE Ky PRTHENL, 1~150@lEH2, chbnfo—
Fhes FL—LRVEMORCERCRL, B FI0oREETEe—ha - 7L—a(32x
1=l E LTS,

FB—sips Fl—b - ¥4 ¥ (Global Frame Pointer ; GFP) &5 B3k, GFIDASE
BYZXe—vin . Fv—Lnoi4 v 2 ¢T3, GFPER. SAMTkR A (GFPLY
ASRFHELEVL, GFPERS @S L Av)#, CFPiHET sBESAOTEAMICERLT
:;. ﬁ: B, CFPEMLCBLEH > VENMLOT FLrac, HTFolskes pRDST

2k -

GFP<32> E T | [* nddress tag »/
GFP<31:30> := 3 /o V space tag »f
GFP<2®l4> = 0 /+ The lowest of V space =/
GFP<13:08> := GFID<7:0> /v Frame ID o/
GFP<05:00> := 0 /» No meaning «f

GFPOMY Ye—ria « 7 L—L4, CFPOTo—ha» 7L—4, BEUVFEN > F
I HEEHTSFNAER e — A . TL— L, TTOF o+ S TRTOM—RRTM(VE
MEETHET 3 ThbB, T FLAZARRITNE Y o—rirECho—srKTh, AV
Tho7oxs b0, @HTICLHTRE,

4. Foes¥RE

HFoETH, Yot +RNEOERS IFEAE, LT, RE~oRENET 220
BEEDWTIRET I,

otz RECH, =—F: Foe2eRT 34 0(=—F - L<A+0RN . ThiB
DLD(FATF L+ LSLORWEDE, 2—F - LrORBCRa—¥ -2 FCT 2 £2
FECEMTEIHE, LAF L LADRNERNEE— FCHGIERvCT 72 LA
phiEEbxv,

PEFL LSAORER, T, EERF o tEENOLD(PSW) E, Wl S0
JHERTILO(ERT o2 HACAN AL LO) ESMENT, HARECHFTIT 2 +
APR(TEDLOFESFORTINT v+ o HETHET SFIERS B I X, OB —FY
2TEESTT—E L=y s ¥Effhbh, PRER G- bldrd bRCEFETE bR A,
EEL, RE~OT 2+ 2MESRETH R4, Fot > #HTBICY 7 2= THENE
LERPED . COLLORS(FITRS)IR, %ty FESEhTnd,

41 a—F - L=SADT ot v 4 RE

S2—F . LSO T ety +RRCR, HTFoboigths:

1) PC L ¥2 ¥ (Program Counter Register ; PCR)

2) CFP %2 # (Current Frame Pointer Register ; CFPR)
3) CC v ¥2# (Condition Code Register ; CCR)

4) Zo—sfn s LY F (Global Registers ; GRO~GR3)
5] m—HA .+ L¥2 8 (Loeal Registers ; LRO~LR31)

6] SPL¥aR (SP registers 5, P, T, Q R, U)

a—qf o B—F o 7o AONBRBRUETECTSE DD, THhHDT vt o $FEMRE RS
WRTIciT, 2—F2—F TokanavF At -Af s FEfThSCERTRD,

POL¥2 51, ENICRNY > toMEN2L P25 TBE, LAL, GGEHLTT
7ATIRG, TFLR+ 27 1 EMO2 F3vE2 2o bicdbhT, ke LTH
SfoNEL LTibi 5. PCOMN, alffoRRcloTcWic b XTS5, T4, jump
SEEES L, PORRAoMEYEALC LRk S, BHALIML, F5% I PHET FLx
ThBhEkbhv,

CFPL 2 # ik, EMICHAUE » OMENSL 23 THE. LL, GFERWTT
72T 588, LEKT FLX . 27 VEMD 2 rEWbOT, 2k s LohEionk:
LTibind, CFPOllR, alSSiAlddp@SEloTHEC EHTES, Tk, siclpl
SroT, CFPEEl#WARAbr M TEE, BAALME, ESAVEMT Frackith
Hhbohn (FESA@EEEEALS 2T, MNIRET2).

CCv 25 it, HENCHIY » tOMENOL Y25 THE. CCLHZEDflliL, Mee
BEEL TR, @S aTEEALE EXTRE,

O=RA s LERF[Fa—rite s LEAFR, movBSTHABITEE, £EL, v—
A LUZE + TL—LR, CFPOEWEESCcO ) BHEOTARNEMTEEC L3Sy,

SPL Y22 AR OmovRETRABE T3, £X L. S/P/T/QL 72 5 itidlyhist
BERRECRML CRSTE A, SRNCRNY » ' olES-TnE, BoT, @R
morilr G RS b, ChbOL YA ORI E 4 = CESALRC, HBRDS
b FB~ORB(AD PRHA)SREL, F-2oMEENEbI D, CAEMCED
Ei, NEREOGERBe4Y » b2 X 7B > HE, ThInHoaeTRECSHT)
BEAR AT LR, 2OLHOGHR, SICHEE LTS (Wug/stagfd), R/U
LIZFRESY 5 FOEESL YR T, NREERNET Y.




42 YAFL LSADTOEYIRE

YAF L LSADT oy 4 RECK, ATOtofEIn3:

1) PS v #2# (Program Status Register ; PSR)
2) IM¥—-.Fx) (IMKey Memory ; imkey)
1) GV &—-+ 2% (GV Key Memory ; gvkey)
4) DM &— . iz ) (DM Key Memory ; dmkey)
5) IMLRU #%9 (IM LRU Memory ; imir)

8) DMELRU #%9 (DM LRU Memory ; dmiru)
7) I0ODEV A=Y (IODEV Memory ; idv)

PSR 7 o4 > # T LICHMTICHETS, ¥—+ A2 ) ELRUS = J B0 o+ 5 $MCHE
&, IODEV i) RERT o+ > $RUSVPHITHAEA TS,

PSREZ, dps/stps @GEEHLTRA/WET S, PSHOY > FOSERCOWTR,
HEEREOCL b, 2= L<LOEERCHNLTPSREAB/HMTAE, Fox2Davsy
Zpr 24 > FEEBTEE,

IM %=« 2% i} imkey/rmimkey/stimkey @ICL 2T, BL¢ GV #— - 220
Idgvkey/rmgvkey /stgvkey @FICL T, LT DM F—» 221 i Idkey/rmkey/stkey &G
EoT, T2H28FhS. EF— 2|k, TFLAWNYy b, F—216¢ 5 FOMEEN
2, F—AWOLy FHAVET, T FLADw 2 ¥ 2800w TH, 42 ) BHoREEHT
L&,

IM LRU A% § it Mdimle /stimlen @45, BIC < DM LRU # =Y 12 ldiro/stlru @ % W
LTT 742435, FLRUA= I, TFLR0E > b, F—F10¢ 5 F ORRERHD. 6%
DHPPLAUL = ) ORREDwTH, 42 ) BEOREEMOC L,

IODEV 4% Y i1, getide/putidvi@ % TT 7 €248, IODEVAZIi, TFL2I0E,
by F—AMI0Y 7 FORWAEI T, FLATS2Z o4 ESVPMORM - WO AL CEH2
3, IODEVO@WHKDWTR, SVP/MCUNNE t8mMtsc e,

AEEER

AWCTH, FLATS2v - D= VMG L WRYECOWTE< 5, MEOMENIESH)
oREEoWTH, 2840 F4= X L eBMTEC L,



5, AEYewuT

FLATSIOBRT FLr2Smil, A5{3I0EaNEATna, 2OSRE, BET Fua
oY, telCTirhbh, ESMBLTOL S 2EMEN-.

00 A i01  DER (F— 2 E=00)
10 1 20 (fraTEm)
11 VR (v 228 )

FLATSZCRT FLR « SV EnTT FLAERMEERILTWE D, YoSlloT ¢
LATLEARBLCH LSS S, 20D, ChLOTMBRS{ MITHICLMbLT,
(Rt =20 R L ARET FLABMECY » 7ER T 5. 2OBKTH, T FLZD
Hi2e s b, TFL2oMERRTE—MOT-FRS 7 THELHATIV,

W RETME., T2 2 HiERLF—soRRITSTERE-TW3, Wil T2
2T SEMEGLT, T +2c@fiT safuTiAtnlEbh v, BRLAGSOES
LEELAFS? Y FOT FLagdfa—ERLA-BScR, ANsRETS,

51, |20

1 S, GEHERNTSR4EMTHE. T L2 T R0E» . Sdolilios
Eo bEMiTr: Lid7es M) EHLTWE,

I =M Fic, #f > F2ox >y b I iBATWE, Thbb, FENHE0.6
MEBLT, TAThHEET AN F20A0T7 FLadfiBihtrd. A~ F22
b <TFLZR, HTOXS5CERENE:

entty<31:30> = 2
entry<28:05> = 0
entry<04:00> 1= TRAP_ID<4:0>

£ CTTRAP.IDH, PSWAD 7 4 —A FOb & (PSWONEM),

i s Froxs b, Toxy $MTHAEATWE. ThiE, A=) EHRONE
ﬂB*A-f_- 7oty dbLTH, BRAHERCHILBLLAE, Yoty tRLoTRASR
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¥ SVP_INT

B SVP2, CPUICH LT =2 ARSI DAL S BN L A,
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NS FAANEsy FITEEABEENEL, LAY LS,

10328, w22 HES oL HMBYAK

£¥ SLF_INT
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o 227,

B AL HlV 7 1 aTT, VI Y2 THCF— 2 SR CE4WELTWE,

B wFhaoF o o4, IPINTRGSERFL A,

B2 WOALTMERBESE oty 4hb, Fox s +MlE > FPO=— FERTLED
G @il ¥ F2THERRCEELAXHBEERONTERRL, Ba<sifemn
5o WMOALMIERED T o €244, WHALTREREC X - T, HcEERTORNH
HEPELACASE, MbAAatEr LTI ERET 2.

ot HEHEORNGEERY » HE, Tot s+ HEREETATWE, ¥oT. WA

AMHHET o+ HERERE &, Ty +MBROBAEEONREEETYS, T4,

WHRAASEHECIOYy b2 I TR, Colol AR EDRLE,
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ARCTH, FLATS2= > Y OR%+t> FEDWT, $oMELE LN,

17, FLATS2&9+ 7 + ONORKNHES L @OBL LT T 5. 26K, FLATSIH
&+ FORE-SAETEE, BLT FLivXEDwTiE<3. FLATSIOH 5—0
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1. &t

FLATS2O&% 1, AR { 220X F I —KAMTEs, IGVaY) & TSPES) T2
3. GVRASHSEELITEANIIERIOA4 T, GVL U2 IMRALIESS. T FLz
HEGS, AT Se—FAS/A TS EE8L. GVaTR, CGVLZasrly
ER—F R bT+ T—HF7F+EMoRG > b TRE VAL, —FHDSPRSH. 45
LELTHMBRESS, #22 Yy FEARY[GVL Y2 A SPLYRE (4 iF 124 MlltS
BIETEHTRE, wHOHAMSEOGSG > FTH3, HTFOETR. CALFLATSIONS
BEEOWT, T0dLELERFT .

1.1 FLATSISESORE

FLATSIORG R, 4 20REaaBA(l/J/KM)ELD, 2oktnThelEtasy
LERAGRSEDH D, ERLAGRGSI 00 bt) ALk ), BELGSTRGSEORSE
4 L7424 Vb &7 — 2 (06 bit) sl . BEXASLERT S L 212, BAGETERD
FMEL (long) £ 2 TFEE. AN, MBlCH LTMLBRL ML,

HEMOTHT— F(33 bit) ORRH, Yottt —RTdI,

£i CERNN
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opcode  31-24 Bh=—F(T FLrivy-x—F)
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sl 1511 LE¥RERR0)
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EIFoREM MM+ 3 en, si/s/acHBtiv 2 etn i /r2fe3brae
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i 2316 SetErT ez H1)
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b ERRDEOIEHT FLa) LTl s, FLATSITR, 1 GGHTIHRECOS
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TwiL ki, BLY FLirv P EfiA-TT FLadEl 8 L ThE. CORed,
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GVL 72 S BHEHRETECLHTRE,
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&8 Yo b omek
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£ilf vxF E®%

stagh 32 T FLx .8 r(ccTREERE)
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FLATSITR, A2 IHIUGVL Y22 LOSBRET FLZ « £ 73onTniksh
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coNRESwT, 220042y FOoRMOREENRL Folit 53,
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M) B L AT Frz.2rpec]
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123, BEHET FLAHNE

IEBXORSTT FLANETASBHE. v—F, AT, 2IUT FLralifg
SERTHE, a—F[2 b TEETH, —BSTIOKH AT -2 FEEEC Ehi0h
2. Tk, BHEAN R o—F/2 TRA(T 2 La /Ky 7)OR, T FLANNOREREL 2
Zp et EFETRE, TRLARNASTH, 1&ST2oECoT FLatitidace
HTED. CROORGEDWT, JE) T2 E2EELAST FLaiiicnnns 18,
AE] T2 e2EMbAWT FLANNCRNNE 2@ETAATEC LHTES, T FL2
HRDF<2y FERGVLZ28dd i T4 x4 FlEEAIT 5.
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GVLUREDA F4 54 VAERHTEC L 08, SHRBHERELTHS2 ¥ F - Lo
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¥#e2— FOREEDEHMTEC L Kt 3. LT, BacReg IR IC I} & <
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1222 A 2Fu22%—F
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—FeR T T—%F72F kD, FLATIT—25 7%+ 047+ r LORSTHELE
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tap P29 7(77 b0 =TRDAR)

1362 (FAND)EHFESS
Sls— FORKE, FHA-2 v FORIT Pz« s Yol Kb L i+ 264,
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Frivrofiarzod @Hthtnd,
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Thbb, rple 2ESF TS,

ARESs— 7BARTH-EALDOSGTE ), EROBRCONMT Y 547
(Multiply and Add) & 2% &, Multiply and Add| 12220+ <2 ¥ FORERSCTL
3, BRSSCEWTH 20022 FOMSESMF2F 13— a » (P, Qs
., S TMENORSNY — 2 (P, Q) GGMESIOBAN Y — (5, T) L A & hTls
MFAF 13— a5 TIEBERTHE, A—FHTHMSSEMIELRFTEC LEL
b, BENEARENLC EHTE &,

16.5. FFT&%

FET&G (M1, eM2)id, WHENEUAR ECFFTREETE 5 kD ONBRGSTHE.
LD 2 ODGGTIFTORAMA— 7R TE, @Rk koT, BoMIHUL VR I
e ¥ n—FLTHE, ERGTRFIERL 1 2DBATHe EIRL, E0—HClEOHKNE
BERERFIcB e Y.

CMIDS—Z e FLD 2 Fit, 22), U, T P,QL¥28, FAF 42— avil,
=), RT,P,QL¥as, cminy—2p, 4%Y,P,QTL¥28, FRF 43— avH,
AE), T, PLYA2, Bi—Mgokbc, BHciihe@sobitvnis.

10.0. SEARRSH

FLATSITH, 32¢ » FEEMNORNIC L - TSEBRNL AL, £hb e 3/
H/RHATY 274 7ATEIMRLTWE, BREC oW TREFHAGSEELZ v oT, NKE
HEHAashetT=IaL— 113,

DM R RN, BNAHA S EHCTMRSERTES, BANKRA—TEHnT, §
BENOET— FEOWT 200MNY Y i 7 4 7AGERAT 5. BANA—F T/, +17
¥ FRHEOHIET & =7 27— F) & FIOMMNER S L OR B2 0 (180 ) 200/ mNt 2,
HFke, £a4omireBlTs.

1 = F » 7(addbigl, subbigl) T, —ooBENOHETS 20D =FAdmiT, &
AHEERT S, WHOhARINGIE > FIHTLY V25 et h, FYcEao Tty s
PRFRAF 4 R — a2 (HETIWMOMO=FA)CZ }TERS, COLE, MM EGHHLT.
KO$ A 2ATEATEBI A <2 ¥ FESL A S Cu—FLTEL,

2 27 > 7(addbig?, mubbigl) THt, XO% 4 FATRAT A2 412 FESL YRS
Ko—Fi35, TACHESTLT, BLAF 27 Co—FLASI AT ¥ Fic, 1277
FORBRNLOHEX D EMATE . Mb, TL U2 S0 N » P ESL YA MAT T
e F d 4 {98

BN L 200K L7 THGEND, BARA—FTChboRetRYELRAT
& MAMA—FTh, SENERA-2> FETL Y2 2080ETA -, BEERLROE
ARCHET s, Tvdzsen, BRTHEMIRNT AL SEEHO 1 =T 2] AhTH
Lo HMOA—FT, CORAMA—7ESBRNOE = rEDonTRFTEC LEELD, &
ERREFMEORNGEENGLAD. HTFe, SH40oBFLERT 3.

M1AF oy Fmulbigl) TH, 4] - F—5 2TL V28 £ M TPL 22 5 BT 50
WITLT SLYRFLPLYRIEMATIHRESL V2 S LB ERAL, MBS CEOMASRD
Flsir s b/ (BHFCEEET, B2 27 5 F(mulblgd)Tit, St 22 r o LY

- 00

b PLYZSEMATRRESLZ2 2 cE AL, FESE, A1 LBSNEBATPL
yrice—Fts,

18.7. SRAHNSES

wh@ EHonorA— 7 XAT M5, A2 ECFRFRNSHORHSESE L,
SLYRFEAII—SxEANTIOGAEMIBLAGEC LEL D, xOnXOSHAOME
HET 5. FRERORECE LT, EMEonorS 4 (honord) & BIMEhonors 6 {honarfj =
HYSMEIhTWE,

R,
(1) SL¥=EEPLIUEOMENTTPL Y2 8 CBML.
(2) TLY2FONBEQLIASONEEMA,
(3) A=IBLOF—FEPLYZSEMETQL V25 BT S,
s 3oDMEERTTLCIA Y. PLoy2 0 ERIRREHIG LA x40, Quiase
REHEHET 2 <5 BROM. TL V2 ERSENNOWFSHI,




g

1. BRSTOERR

111, FRBERORN
ER AN OREE,

(1) #=ZF22vFoksb+ T\

(2) Rl < ORI,

(3) TRF 42— av~DA}T,

DIZT > T THEITCR S, CHEFLATSZONS EfvCRIENCEL &, LTFoX 5k,

CZTRE—-FEEOWTREHRL, TAX ) XLOREAESEMACE LN,
EMEIN EAROSE

movd  ERf, P BB
movd HERE, Q : EBRfOo-—F

dive + ERROGRE O 1 TR
divl iBNRF T

div] RNz

divl H S E% S

divl o e

divl s

divl H o 8

movd Q% i RERROR T
EREIR I EARORE

movl BB P iRl o—F
movl  EEN.Q ; EMMoo-—F

divs & WERRE R DR 1 T
divl H - S

divl AT

divl (BNEF T

disl (BMAT 2T

divl (BNAF S

movf  Q, 8 IBRNEROR LT

b &% LR GO HEME R NS R T B 8, IAEET LERoTiET
BNCR 5, BREA-2 ¥ Fito— FRICERERICHEE h, BEA7 7 7040 L EHE
B LTEEE D, BRANAECACES, BNA7 2 7RSI SECHISMIEL D 1 B
DA (Tt BERRE FTHEM G, MRAANE LTRAKAGRCADSFA LS.

172, BEORN

FLATS2E 1t BEOBHSGRA V. BT, £464507 2 7 =T THEHAEHE
LABhHEZOLAV, BRENESE SBIMEOERE, Fox 4/ BlcEoTRESTH
D, WHERSAERSBLONEN, CCTHEMM LS AL ERLRAT S,
=8

idiv] == Siga(i) X Sign(j)x Floor(|i/j])}
imodj == i-j X (idivi)

i mod § OFFER, iOFSE—Bt 3. COBRE, Pual, Ads, VAX-11Odiviadr, 650200
divsiady. IBM S/3700Di%. unix kaT7, unix kO Flanilispt—B LT 3.

§ = float-d(j); EReTR MR,
T = float.d(i); HEErEDMARET S,
Q = divd(T, §); FRVIMRAROBRNETTLS,
T = ifix.q(Q); TE@EARS,

P = imuls(T, j);

§ = isub{i, P}; SRt Aing,

coEEXE, RS IRESRETEESDE 0T, ALLIOFTHET . LT~
L ioom
while (S <= j<0.0r. 5 >=j > 0) |
(T<o){
T=T-1;
S=8+j
} else {
TeT+1;
S=5-J;
}
1

AHCHCHRL, el TR MALART T & b BLLbH I,

CoLs KERoRTRESANNCEIOT, v~ 7 oBRI V4 FAa—F v LEwL +?
yTA—FbFliE L BLbNE,

17.3. WRBONERN

BHERERC DT, T4 72V oll+ s, 2ccllFoomon, nmes
EROWARFOECHEE<D, HTF. <7 Fr] R4<2» FORSBFR7—F), |
F42 v FA) BAD v FE( L — F)2RbF ot b+,

WREOEN

nddff (¥ —21),(?—R2), (FAFLH—a¥)
subll (¥—=21),(V—22),(FRF42—Yuv)
mulflf (=R 1), (=22}, (FXF4A—Du)

WEBROBN

movfl (¥ —Z 1), P iPr=xr
iPi=xi

mulel (¥—=2),P jPa=yroPr
iPi=yisPr
iR = yr
iR =y
iQr=RrePi
iQi=RiaPi

mule2 (FAF 4 *—2a¥) ;Sr=Pr-Qdi
1Si=Pi+Qr

174, EREFIOSAHN

ripl, riplf, dpd@& il | @S THEEARINOBANA—FEMET L, Y -2 1 V-2
LERMMRBOT FL v 2« £— FEREMAL, FXF 43— 0 7 REROAKS, P, U, R
(ripd, rip) & A2 S, T, P, Q, R, U (ripM) T 35,




“83=

HFe, th¥hoRiveaitt s, cct, X, YRT Frev ¥ =— FriiEthe
i) F—ELT 0.

o

loop:  rpd X, Y; goto loop;

e

Haww
Pl

ripl
L ]
loop:  ripl X, Y; goto loop;

Wit
Sm P45
P=RsLlj
U=X;
R=7;
ripll
0]

loop: ripll X, Y; goto loop;

S=S5+P
T=T+Q;
P = Rirels;
Rr=X.r;
Ri=Xk
Ur=7Yn
Ul=Yi
Q= RisUj

175, WRBEFOMRIN
_ ciplit, 1 SR TR oMM RRRNNA— 7 MR 3. B, cpdl 2
cipd2it, 2 &G TEMTIRE LOMNRENHABAN A — 7 e XT3,

HFre, $S40MEEHA+TE. X, ¥V ], 420 EolMENEN, (12ons, i
ZOERERLT. XR X1, YR Y12, 429 LolSmeseiagc, TaAThEN
BUCER, yORE, HEWERLT T2,

-84 -

loop:  cipl X, Y; goto loop;

Po=Hrs Ur
Pi=Ris
Sr=Sr+Tn
Si=8i4Ti
Rr=Xr

Ri=X

LEZTh, PE2QEASTWEBFARRE - X, YOLOTHI L LRI NAV. B
2Ty TEASTwIORBLT 2 SOWRRORTH LW, £ATH, HEHROSBER
(RRELSELTLE S ool A .,
cipdl, cipd2
L8]
loop: cipdl X_R, Y_R;
cipd2 Y_I, X_T; goto loop;
e
cipdl:

goto cipd2;

cpd: P=X1sU;
U-X5
Q=UsYL
U=Y5;
S=S+P;
T=T+Q;
goto cipdl;
Lo, —METRABALET— 2, ZMBDdpdl ETTEARACEY), —REO

cpd2¥ TEBSHCRLAAS, LOLS EMIERFRVWEE, A—TOx2 b - T
FTEETHAEDS L ORS/AT4 A 7AXRPTIELERBIETLE N,

= WFu




178, WRBEH L TOFFT

efft], cM2id, WHTAEN EOFFTHEA—F v cdnT, BREA—7ElET 5.

FTRYIC, CCCRETIREEE LN TH, LA EORMENRIIEN: |,
WiRT FLafimchfvad »F» 22, o RBARA—7 DA ¥ F o 7 203 T35,
A—FETH, AL EER(o ) @F LT, CoTh, r BHAENERSEONE. i1
WEmtEbTCE LTS,

BT, S64olMELST s, dnip, A=IAb0RBNTE 1 OR2ALT, Ry vz
SLOMELS, 2O—HT, PETEA>TwWINRROMETE, BEFAF 42— av(4
=) E)c@dAir, o2i, PEQEA-TWEESRSLUREOWMEERL., ERETE
FTTE. 2, A ALMENT 1 ORATPEC—FL., TOHRRFFAFIZ—L4n
v(i=) E)c@iAl, co, BRA—-TOlRTE, HTFRRT,

efltl, cfft2
18]

loop: ey Z[j}, ZFn] ;i = § +n;
cfft2 Zfi], Zfin] ; i = i + n; goto loop;

it

eftl;  Zfnlr = P - T
Zlfn}li=Pi-Ti
Tx = P+ Ty
Ti=Pi+Th
P = 2[jlr « R
Pi=2
Ur = Zljl.r;
Ud = 204
Q= U Ri;
Qi = iw Raig
i=j+n
goto cifi;

cm2:  Zfi-nlr = Tar;
Zjinld = T,
Txr=Pr-Qik
Ti=Pi+Qr
P = Zfil.;
Pi = Zfils
l=is+n;
Eoto offtl;

cTeh, —METRAAALET— 555, —HETIEEREE L, —RECHON/MEE A,
FEIEWERELE,

1.7, SERRBROMERN

SEANRONNL—T
SEERROMN T, addbigl, addbigth & 2 R4 T, BARA— BT 5, LT,
XY &Y —2MoS RGN <2 v F(BNEN), PSEF2F(F—2a v QOER LT 2.
addbiglD ¥ — 2« F22 ¥ Fit, KVOPER, F27 44— 5 v, EPSOER.
MO FAF 42— a ¥ ELT, SLYAR LTLYASKENENEG, addbigto vy —2RE
Flyo ¥R, BBOF2AF 4+ — Y Y ELT, SLYRFETV VRS NWHiE NS,

-4 .

b {0

loop: addbigl X[, PS[)
addbig2 Y{if; i = i + 1; goto loop;

i

addbigh: T=S+T;
PS[i-1] = T<31:0>;
5 = X[l
goto addbig?;

addbiglt T =S + T<B3:32>;
5 = Y[il;
imit 1
goto addbigl;

MK, —20d22 Y FOMET SHEREL, EXio27 > Yhooffbsih f i t,
EROTERETFAF 42— a YER LT TEERTHES.

SERRBOEN—T
SERGWOMNCH, subbigl, subbig2k 3 2 44T, BANA—TEMET 5, LT,
XY &7 —ZROSERARYF 2 F(EUEN), PSEF2F 43— a MO T 5.
subbigl® ¥ —2 » F2F PRk, KFRORE, 727 43— = ik, RFIPSOEE.
HMOF2F 42— e v LT, SLYRSETL Y28 ERENE.  mbbigto Y — 22K
FyoBR, BROFAF 13— a v LT, SLYRFLTL YRS BEAZ NG,

woE

loop:  subbigl XI[i], PS{i-1)
subbig? Y[i[; i =i+ 1; goto loop;

e

subbigl: T=T-S§;
PS[i-1] = T<31:0>;
5 = X[i;
goto subbig2;
subbig2: T = 5 + (sign extended)T<63:32>;
S = Ylil;
i=i+l;
goto wubbigl;

B, —oor22» FOMETSNEMEL. B0z 7 » Thbolfbs b £ e
Ty BROTHEFEF AT 42— a YER P TTEERTHS,

SERRBROENAL—T

SENENOBN T, mulbigl, mulbig?k 3 2 SR CRMMA—FEMTT 5. BN
=7TR, —2ov7—FLt—oSEARRoNE, WHMT 22> Felmid, BF. X, Y £
I =2 MO SEBEYA~? » F(BUER), PP £7 A7 42— a »NORTI(RGRA <2
¥Flet s, BARAa— TR RATE L B 1, A—THTTL Y25 E Y[k > FLTH,

mulbigld Y — 2 « <2 v Fii, EFhoBERETL V22, BBOF2F 42— a2,
SLYZ A PLYZS, @SR LOFEF 42— YR, BARS <7 v FORER,
mulbigin ¥ — 2 RESRT <2 ¥ FOERE, SEIUPLYRS, FAFL 2= 3 ]2, Sb




VREEPLIRE,

T 18V,

loop:  mulbigl X[il, PPli+j-1]
mulbig2 PPli4jf; i =i+ 1; goto loop;

B

mulbigl: P = X[i|«T;
S=5+P
PPi+j1] = S<i>;

malbig2: P = PPli+j};
5 = 5<63:32> + F;

17.5. SHAOHN

NS OWMEHET S ik, honorf/honord & » & @S TRANA— 7 (Honora — 7%
AL, FMATHICH L CRER L T4 5 . (ST (honord ) T & MR (honoe) T4, 7=

= FEARS (ML X 5 e 30C, SITORFCR, 852 L Thonorfirdy EMFEL E KT

3. AR, AT FEMETINEESD, ¥ —2ANORBET <2 » P (R AR)
Thas

BAMA—TEERT S LR, A—FNCLTOREE LTH,
(1) Sv¥xFEAII—-F(x)k%x>FL,
(2) Pryzscitwnh,
(3) Tvozspore,
(4) Qu¥=zszhorE
+y b1
honor@ ¥ —2 « 412 ¥ Fit, EAAQERESL Y28, HMOF2F 12— 0 v12,
PQRTLZ 2%,
s

loop: homor Afil; goto loop;

e

honor: T=T+4+Q;
R = Afil;
Q=Afij« P;
P=Pss
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1 Addressing modes

1.1 Basic addressing modes

In this section we describe the basic addressing modes which consist of immediate data, register and
memory addressing modes,

1.L1 Immediate data
Immedinte data is either weated as a 8-bh signedfunsigned integer, a 32-bit signed/unsigned mteger, ora
64-hit signed/unsigned integer.

112 Registers

GV-repisiers

GV-registers are generl purpose registers, which contain of 32 data bits and 1 address g bit. 1F the
address tag is clear, the GV-register containg & 32 bit integer. If the sddress tag is set, the GV-register
contains an address (pointer).

There are 32 global GV-registers, named gi0) to gr3l. There are also 32 local GV-rogisters, named vrl)
w vi3l. A new set of local registers are "allocated’ on each call. The retum instruction ref “restones’
the old local register set.

Each even (2N) and odd (2N+1) register form & pair, called BL-pair. The BL-pair is used during
address calculation.  After the address calculated, it is checked ngainst the address range as specified by
the BL-pair. If the address falls outside the address range as specified by the BL-pair, and exception
occurs. How this exception is handled depends on the instruction. (Sce the individual description of
each instruction). This mnge checking is called BL-checking. If an odd register is specified, this
register is used as base register, and the corresponding even register is used as limit rogister

SP.reginters

The 5- and P-registers are the registers of arithmetic unit. They can be used for arithmedc operations
mvolving integers (32- or 64-bit) and foats (32- or 64-bit).

If either §- or P-register is used a8 destination operand, then only one of these registers can be used as
destination operand, depending on the instrction. (See the description of the individual instructions)

LL3 Memory addressing

Each memory address inclodes a BL-pair. The effective address is checked against the BL-pair; if the
check fails, an exception occurs. How this excoption is handled, depends on the instruction. The
registers specified in the memory address are GV-registers.

Index mode
The effective address is calculated by adding the contents of the index rogister to the base register, The
index register contains a signed intoger.

Offser mode
The effective address is calculated by adding an immediate displacement 1o the base register.
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Pointer mode
The effective address is calculated by adding an immediate displacement 1 the pointer regisier, The
pointer register contains an address, that is, its sddress tag is sor

1.2 Skde-effect

“The memory addressing modes can use either of the two following side-clfects.

Push side-effect
In case of the push side-effect, the effective address is written 1o the base register (index mode, offss
mode) or the pointer register (pointer mode),

Pop side-effect

In case of the pop side-cffect, the cffective address is the contents of the base register (index mode,
offset mode) or the poimer register (pointer mode) and the calculated address is written 10 the hnse
register (index mode, offset mode) or the pointer register (pointer mode).

13 Special addressing modes

Two special addressing mode are available for address calculation (lea instruction).

index offvet mode
The effective address is the consents of the base register plus the contents of the index register mnd
immediate displacement.

pointer index mode
The effective address is the contents: of the pointer register plus an immediate displacement and the
contents of the index register.

14 Summary

In this section is a summary of the addressing modes for FLATS2,

Base is a GV-register which is used as the base register in the BL-pair. As such, the address tag should
be set. [ndex is a GV-register which contains a signed integer (c.g. the nddress tag is clear), Pointer &
a GV-register which contains an address (e.g. the address tag is set). Displ is a signed integer, which &
cither 8 bits or 32 bits.

FLATS2 DRAFT - November 13, 1990

Mode Notation Effective address Side-effect

Immedinte #xex
GV-register gran, vran, sp, fp

SP-register S.P

Index base@index BL:base+index

Index push base@>index BL:base+index base 4= basesindex
Index pop base@<index BL:base base +— basesindex
Offset base@displ BL:base+displ

Ofiset push base@>displ BL:basesdizpl base + base+displ
Offszt pop base@<displ BL:base base + basesdispl
Pointer base:displ{pointer) BL:

base:&addrecs{index) BL:address+

Pointer push  base:>displ(pointer) BL:pointer+displ
Pointer pop base<displ{pointer) BL:pointer

pointer ¢ pointer+dizpl
pointer 4— pointer+displ
Index offset base@displ{index) BL:base+index+displ

Pointer index  base:displ{pointer)index  BL:pointer+displeindex

Table 1. Addressing modes
15 Addressing mode and instruction format

I-formatilL-formar

The I-format is used for the GV-unit instructions. The operands can be either a GVe-register or an
immediate or a memory operand. Only one memory operand is allowed. This memory operand can
not have a side-effect. The IL-format is used when the immediate is 32-bits.

RxR 4R
RxIMM R
MMxR R
MEM R
R -+ MEM

Jformat!IL.-formar

K-formau/KL-formar

ldb, idh, ldw, g M{X.0F) — R
b sth, siw,stg R — M(X,00)
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Each instruction mkes | cycle MOV mive scalar quantity

M-format!ML-format

FORMAT mov.<s1c dats fype> 5re s
{RIMM] x [R} =+ R
[R] = [RIMM] = R OFERATION dst 4 src
dst<atng>» ¢ sro<atag>
[RAMM] x MEM — R '3 dst<atag”™> ¢ sroeatag™> 1
MEM x [RAMM] — R '#3 CONDITION CODES unchanged
[RAMM] % (R] — MEM 8 MNEMOXICS movl  move longwond
[R] % [RAMM] —» MEM ** mov.q  move quadword
mov.f move single floating
[RAMM) x MEM — MEM 4 movd  move double floating
1
MEM x [RAIMM] —s MEM *3 OPERANDS If the source or destination opermnd is & GV regisier and the instruction is .
mov.q, the operand specifies an evenfodd register pair,
MEM x MEM —+ R
OPCODES Mmovw  mov] f
M.movyg mov.q “F
Mmovl  movf I
Mmovd mov.d
NOTE All MOV operations are done using M format. (Sce also MOVW.)
I

]
11 the tatges operand is 8 GV-register, the memory operand can bave offes mode only (with opsional pop tide-clfect) i
U » bong displacemen i wind for cither offsct mede of poiier mode, m immediate canmot be used
I & different DL is wed, only dndes and affvet mode can be wsed. The pop skoe-cffect i allowed for boh opersnde

I the sare BL. s wsed, both memery eperands can be sither index, affret o poimier mode. Only one of the memory operas!
can have a side-effect (pap oo puk)

alda ey

The tource memory operand can only have pop as & side-effest —

& pde-effect

The destination memory cpersnd can enly have

Meve 63 data bits and two sddress taga {mov.g ead miv.d)
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MOV]

i FORMAT

OPERATI

COXNDITION CODES

MNEMONICTS

OPERANDS

OPCODES

NOTE

INSTRUCTIONS

maove scalar quantity and jump

mov,<ire data typesj <sre>, <dsi,<label>

il exception — pc 4= next instruction
il — exceplion —
dst &= src
dsteatag> + src<atog>
dsteatag "> ¢ sro<atag’> T
pc += label

unchanged

movlj  move longword and jump o label
movag]  move quadword and jump o label
movfj move single floating and jump 1o label
movalj move double Noating and jump to label

If the source or destination operand i€ o GV register and the mstruction i
maov.q, the operand specifies an even/odd register pair.

Mmovw  movl]
Mmovq movagyj
Mmovl  mov.fj
Mmovd  movd)

All MOV operations are done using M format.  (See also MOVW.)
If | pc - <label> | 2 128, then an extm cycle is added 1o the execution tme.

t Mave 64 dats bits end two sddeeas tags (movig.j and movd f)

FLATSZ INSTRUCTION SET  DRAFT V0.4 — November 13, 1990

INSTRUCTIONS

mave word

MOVW
FORMAT movw  <srce <dsts
OPERATION dst ¢ src

CONDITION CODES

OPCODES

NOTE

dsteatag>  srcaatag>
unchanged
movw  move word

If the operands are a register or an immediate,

Lepr mavw R+ RAMM
else if the operands are a register and
o memory reference without side-effect,

Kldw movw R+M

Kosw movw M = RAMM
otherwise, when both operands are memory references,
or ene of the memory operands has a side-cffect,

M.movw mavw

Move between register and register or between register and memory is faster
than in case of mov.l. (See also MOV.)

L'h:\-F

-
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MOVW]

INSTRUCTIONS

move word and jump

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OFERANDS

DPCODES

KOTE

movw,) <src><dst <labeb>

if exception — nexi address
il —exception —
dst & e
dsteatag> + sc<atags
pe 4= label

unchanged
movwj  move word

No side-effect can be specified for the memory operand. [t is not possible o
specify o SP regisier.
If the operands are a register or an immediate,
Lepr movw.j R« R/IMM
else if the operands are a regisier and
a memory reference without side-effect,
Kldw movw,j ReM
Kostw movw.j M RAMM
otherwiso, when both operands are memory references,
or one of the memory operands has a side-effect,
Momovw movw.j

Move between register and register or between register and memory is faster
than in case of mov.lj. (See also MOVI)
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INSTRUCTIONS

move double word

MOVDW
FORMAT movdw <sre> <dars
OTERATION dsre3 10 = sre<dlds

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

dst<aiag> + se<tag>
dstc63: 3>  srochills
dst<atng’> 4 src<atag’>

wnchanged

movdw  move double word

If the source or destination operand is a GV regisier, the ope
evenfodd register pair.

and specifics an

If the operands are a register or an immediate,

Leprp movdw R RIMM
elsz if the operands arc a regisier and
a memary reference without side-effect,
K.ldg movidw ReM
Ksig movdw Me«R

otherwise, when both operands are memory references,
or ang of the memory operands has a side-effect,
M.movg mavidw

Maove between register und regisier or between register and memory is faster
than in case of mov.g. (See also MOV,)
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INSTRUCTIONS

move double word and jump

MOVDW]
FORMAT movdw,| <sre <dst> <label>
OPERATION il exception — next address

CONTION CODES

MNEMONITS

OFERANDS

OPCODES

NOTE

if —exception —»
dst<31:0> « srecdlls
dsteatag> + sre<atags>
dstei3: 32> +— seehdIz
dstentag > +— srccntag >
pe + label

unchanged
movdw,)  move double word

If the source or destination operand s a GV register, the operand specifies an
evenfodd register pair.

If the operands are a register o an immediate,
Leprp movdw,j R 4= R/AMM
else if the operands are a register and
n memory reference without side-effect,
Kldg movdw.j Re=M
K.sig movidw.j M+ R
otherwise, when both operands are memory references,
or one of the memory operands has a side-effect,
Mmovyg movdw.j

Move between rogisier and register or between register and memory is fasier
than in case of mov.g.j. (See alsa MOVI)
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CvT convert signed value o different signed data type
FORMAT cvi<sre data type><dst data type>  <sro><dst>
OPERATION dst + conversion of (src)

dstcatag> o« 0
dstentap™> « 0 f

CONDITION CODES N+ (dst <0)
Z + (dst =0)
V « overflow
Ce1

MNEMONICS cvigqd  comvert quadword to dooble Moating
evidy convert double floating to quadword
evily  extend signed long integer 1o quad integer

OFERANDS The P register can not be specified as the destination operand.
OPCODES M.loatq covtgd

Mifixd  ovtdg

Mext evilg
NOTE

1 When the size of the destination b 64 bits, two sddress tags are dlearsd. (ovibd, ovigd, ovifg. ovidg)
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INSTRUCTIONS

CVT] convert signed value to different signed data type and jump LD load small integer into GV register
FORMAT cvicsre data type><dst data type> ) <sre> <dsos <label> FORMAT ld.<sre data type> <sres cdst>
ld.<sre data types.j <sres <dsts <label>
OPERATION if exception — pe « next instruction
il = exceptian —» OFERATION dst[31:0] & sign-extend (srcesize-1:0)
dst +— conversion of (src) dst<atag> + 0
dsteptag> + 0 pc & <label> ; Mj
dstcatag™> « 01
pe + <label> CONIITION CODES unchanged
CONDITION CODES N ¢+ (ds1 <0) MNEMONICS 1d.b load and sign-extend byte into GV register
Z 4 (dst =0} lds load and sign-exiend short into GV megister
V - overllow ldbj  lood and sign-exiend byte into GV register and jump
Ce1 ldsj  load and sign-extend shon into GV register and jump
MNEMONICS evigqdj convent quadwond 1o double floting and jump OPERANDS Mo side-effect can be specified for the memory operand.  The register operand ¥
cvtdgj conven dooble floming 1o quadword and jump must be a GV register,
evilqj  sign extend long integer to quoad integer and jump
OPCODES Kexth  ldb !
OFERANDS The P register can not be specified as the destinolion operand Kexth lds fi
OPCODBES Miloatg  evigdj NOTE l'l .
M.ifixd evidgj ||'
M.ext cvilgj g

NOTE

! When the size of the destination i 64 bits, two addrent tgs are desred. (oviad j, cveda )
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1]

FORMAT

OPERATION

CONDITION CODES

MNEMONIC

OFERANDS

OPCODES

NOTE

INSTRUCTIONS

load small integer into GV register and jump

Id.<sre data type>.gj <sre> <dst- <label>

if exception - pc & next address

il = exception —
dst<3 10 + sign-extend (sre<size-1:05)
dst<atag> + 0
pe + label

unchanged

ldbj  load and sign-extend byte into GV register and jump
ldsj  load and sign-extend short into GV register and jump

No side-elfect can be specified for the memaory ope
must be a GV register.

l. The regisser operand

Kextb by
Kexth Msj
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LDZ

INSTRUCTIONS

bl unsigned small integer into GV reglster

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

Mz.<src data type> <sre> <dse

dst<3 )il ¢ zero-extend (sro<size-1:05)
dst<ptag> « 0

unchanged

Mzb  Joad and zero-exicnd byte into GV register
ldes  Jood and zero-extend short into GV register

No side-effect can be specificd for the memory operand.  The register operand
must be o GV register.

Kldb  dzb
Kidh  ldes

——
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INSTRUCTIONS

load small unsigned integer into GV register and Jump

FORMAT

OFERATION

CONDITION CODES

MNEMONICS

OFERANDS

OPCODES

NOTE

Idr.<src data type=>j wcgrez st <lnbels
if exception = pc += next wddress
il — exception —
dste3l:0> 4= vero-extend (sro<size-1:00)
dsteatag> +— 0
pc & label
unchmnged

load and zero-extend byte into GV register and jump
load and zero-extend short into GV register and jump

No side-cffect can be specified for memory operand.  The regisier operand
must be a GV register.

Kidb  Ildebj
Kidh  Ildesj

- 18-
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5T

1950 INSTRUCTIONS

FORMAT

OPERATION

COXDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

store small integer in GV register to memory

sL<src data type> <sre> <dse>

st.<src data hype>j wsre odst> <lsbel>

dstesize-1:0> +— sre<size-1:0>
dst<ntng> 0
pc & <habel> ;aj

unchanged

sth store byte in GV register 10 memory

sts store short in GV register 10 memory

sthj store byte in GV register to memory and jump

stsj  store short in GV register 1o memory and jump

No side-effect can be specified for memory operand. The source operand must
be a GV ropister,

Kstb  stb
Ksth  sts

=40

=

. ¥
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ST1)

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

Orcon

NOTE

store small integer in GV register to memory and jump

st<sre data type>.j <gre <dst> <label>

if exception — pc + next address
if — exception

dstesize-1:0> + sre<size-1:0=
dsteatag> 0
e+ label

unchanged

sthj  store byte o memory, jump if ermor
sis}  store short o memory, jump if ermor

No side-effect can be specificd for the memory operand.  The source operand
must be a GV register,

Ksib  sbj
Ksth  sisj
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EXT sign-extend GV register

FORMAT exl<src  lype> <byie position>, <>, <di> ext<ac lype>j <byie
position>, <src>, <dst>, <label>

OPERATION if srceniag> -5 map

COXDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

if — secanp> —
dst<3 10 4 sign-extend (src<size-1:0>[byte position])
dsteatags « 0
pe +— <label>  ;exrj

unchanged

extb sign-extend byte in register
exLs sign-extend short in register
exthj sign-exiend byte in regiser and jump
extsj  sign-extend short in register and jump

The source and desti f ds are GV registers, while the byte position
can cither be specificd as GV register or immediate,

Lexirb  exth
lextrh  exts

An trap is generated, i the source operand has an address wg.
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INSTRUCTIDNS

absolute valge

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OFCODES

abe<ire dota type>  <sro> <dirs

st +— abs{src)
dsteatag> + 0
dst<atag’> « 0 1

N o (dst <0)
Z(da =0)
V o+ overflow

C 4 camy

mbsl  absolute of longword
obs.q  absolute of quadword
whsf  absolute of single floating
absd  absolute of double floating

wo operand

The P register can not be specified as destination operand.

M.absw
M.absg
M.nbsf
Mabsd

absl

abig
abs.f
absd

A B4bit destination aperand fnclides two address tags

29 _
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ABS]

FORMAT

OFERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

INSTRUCTIONS

absolute value and jump

abg<src dsts type>j  <sre> <dst> <label>

il exception — pe + next instruction
if — exception —

st & abs{src)

dst<atag> ¢ 0

dstentag™> 0 1

pc = lobel

N+ (dst <0)
Z 4 (dst =10
V & overflow
C 4~ carry,

abslj absolue of longword and jump
absqj absolute of quadword and jump

abs.lj absolute of single Noating and jump

ahsdj absolute of double flonting and jump

The P register can not be specified as destinution operand,

Moabsw
M.absq
Moabsl
Mabsd  absd.j

T A 64-hit deviination operand includes two sddren tgs.

R e 3 =
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INSTRUCTIONS

NEG negative value
FORMAT neg.<src dita type> - <sc><dst>  two operand
OPERATION dst + neg(src)

dst<atag> ¢ 0

dstentng’> « 0 1
CONDITION CODES N & (dat <0)

Z ¢ (dst =0)

V i overflow

C 4 camy
MNEMONICS negd  negative of longword

negq  negative of quadword

negd  negative of single flopting

negd  negative of double floating
OPERANDS The P register can not be specified as destination operand.
OPCODES Maonegw  negld

Mnegq  negq

Mupegl  negd

Mnegd  negd
NOTE

t A &4-bis dostination operand includes two sddrens Lags.
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NEG]

INSTRUCTIONS

negative value and jump

FORMAT

OFERATION

CONDITION CODES

ANEMONICS

OPERANDS

OPCODES

NOTE

neg.<src data type>j  <sres cdst> <label>

if exception — pc « next instruction
dst +— neglsre)
dateatag> « 0
dsteatng’> 0t
pc += label

N+ (dat <0)
2 (ds1 =0)
V + overllow
C  carmy

meglj negative of longword and jump
nega  negative of quadword and jump

negdj  negative of single floating and jump
negalj  negative of double floating and jump

The P register can not be specified as destination operand

Mnegw nogly
Mnegq negql)
Mnegl negf)
Mnegd negdj

! A B4t destinmtion opersnd includes o sddres i

gE
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NOT complement v NOTJ complement value and jump
FORMAT not<sre data type>  <sree.<dst>  wo operand FORMAT not.<sre datn type>j  <sre><dsts <label>

OPERATION dst 4= not(src) OFERATION if exception — pc « next address
ditcatag> ¢ 0 if = exception —
dsicatog’™> « 0 dst + not(sre)

dst<atag> « 0

CONDITION CODES N 4+ (dst <0) dsteatag’> 0 1
Z  (dst =0) e label
V 4= overllow
C + camy COXDITION CODES N & [dsi <)
Z « (dst =0)
MNEMONICS notl  complement of longword V - overflow
notq  complement of quadword C ¢ camy |
|
OPERANDS The P register can not be specified as destination operand. MNEMONICS notlj  complement of longword and jump
not.q complement of quadword and jump
OICODES Mnotw  notl
Mrotq  notq OPERANDS The P register can not be specified as destination operand.
NOTE OICORES Manotw  notlj

Mnoly notg)

NOTE

e —

t A 64-bit destination operand inclhades two addres T A B4bit destination operand includes fwo sddren tags




FLATS2 INSTRUCTION SET  DRAFT V0.4 ~ November 13, 1990

INSTRUCTIONS

arithmetic add

ADD

FORMAT ndd.<src data type> <sre><dst> two operand
add3 csrc dom type>  <srol> csrels odst> theee operand

OPERATION dst 4= sre + dst two operand

dst 4~ srcl + sc2  three operand
dsteatag> + 0
dstentag™> 4= 0 §

CONDITION CODES N (dst <0)
Z o+ (dst =0)
V + overllow
C + camy
MNEMONICS add.| udd longword, two operand

add3)  add longword, three operand
odd.q o quadwond, two operand
addlq  add quadword, three operand

add.f add single floating, two operand
adddf  add single floating, three operand
add.d add double floating, two operand
add3d  add double floating, three operand

OPERANDS The P register can not be specified as destination operand.
OPCODES Maddw  add), add3.l

Maddg  addg, add3q

Maddl  addf, add3.f

Maddd  addd, add3.d
NOTE

t A 64bit devinusion operand includes two sddres Lgs.
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INSTRUCTIONS

arithmetic add and jump

two operand

ADDJ
FORMAT add.<src data type>,j <sre et <label>

addd.csrc data typesj  <srels<cscds <dsts <label>  three operand
OPERATION if exception — pc e next nstruction

COXINTION CORES

MNEMONICS

OPERANDS
OPCODES

NOTE

—_

il — exception —

st src o+ dst
dst &= srcl + sre2

wo operand
three operand

dst<atag> « 0
dst<atag >« 0 1
pe +— label

N & (dst <0)

Z o (dst =0y
V o+ overllow

C 4+ carry

add 1
add3.Lj
add.q j
add3.q.j

add.fj
add3fj
add.dj
add3dj

add longword and jump, wo operand
add longword and jump, three operand
add quadward and jump, iwo operand
add quadword and jump, three operand

add single floating and jump, two operand
add single floating and jump, three operand
add double foating and jump, two operand
add double floating and jump, three operand

The P register can not be specified as destination operand.

M.addw
M.addgq
M.addf

M.addd

add.Lj, adddlj
add.qj, addi.qj
add.fj, sdd3 L]
adddj, addddj

I | pc - <label> | =128, then an extra cycle i added 10 the exccution time.

A 6d-bic deuimation operasd includes 1wo sddress tags:

p——
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ADDR

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OICODES

NOTE

addr <srel> <srels <dst>

if srcleatag> | srel<aiag> — trap
if — srel<atag> & = srcl<atag> —»
dst = srcl + sre
dst<atag> « 0

N &= (dst <0)
Z o+ (dat =0)
V «— overflow
C & carry

addr  add register

Lodd  addr

add using GV registery

FLATS2 INSTRUCTION SET  DRAFT V(L4 — November 13, 1990

sSUB arithmetic subtract
FORMAT sub.<src daty type> <sre <dsts w0 operand

sub3.csrc data type>  <srolscorcd>adst>  theee operand
OPERATION dst «— src - dst two operand

dst ¢ srel <sre2  three operand

dst<ntags +— 0

CONDITION CODES

MNEMONICS

OPERANDS

CI'CODES

ROTE

dst<atag™> - 0 §

N (dst <0)
Z 4= (dst = 0)
V + overflow
C 4= bormow

subl subtract longword, 1wo operand
sub3l  subtract longword, three operand
sub.ag subtract quadword, two operand
subdyy  subtract quadword, three operand

sub.f subtract single floating, two operand
subif  subuact single floating, three operand
sub.d subtract double foating, two operand
sub3.d  subtact double floating, three operand

The P register can not be specificd as destination operand,

Msubw  subll, sub3.
Msubg  subg, sublg
Msubl  subf, sub3.f
Msubd  subd, sub3d

T A S4bie destination opersnd inclades two sddress 1ags

e |

1

R
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SuBJ arithmetic subtract and jump SUBR sublract using GV registers
I FORMAT sub.<src data types.j <sre <ilses <label> two operand FORMAT subr <srcls sl cdse
. subd.core datn type>.j  <sl> <srcd> cdst «label>  three operand
OPERATION if srcl<ning> | sred<mags> — trap
OPERATION if exception — pc & next instroction il — sreleatags & — src2<atag> —+
il — exception —» dst « sl - 52
dit +— src - da two operand diteatag> « 0
dst + srel - se2 three operand
dst<atag> « 0 CONDITION CODES N & (dst <0)
dsteatig™> « 0 1 Z o (dst =0)
pe += label V & overflow
C + bomow
CONDITION CODES N + (dst <0)
Z o (dst =0) MNEMONICS subr  subtmct register
V 4= overflow |
C +« borow OPCODES Leub  sube =
MNEMONICS sub.lj subtract longword and jump, two operand NOTE ¥
sub3lj  subtract longword and jump, three operand
sub.q.j sobtract quadword and jump, two operand
subd.q) - subtract quadword and jump, three operand i
sub.fj subtract single floating and jump, 1wo operand ‘
sub3.fj  subtract single floating and jump, three operand u
subdj  subtmct double floating and jump, two operand
subldj  subtract double floating and jump, three operand
OPERANDS The P register can not be specified as destination operand.
OPCODES Msubw  sublj, sub3.l)
Msubg  subaqj, subdagj
Msubl  sub.lj, sub3.fj
Msubd  subdj, sub3dj
NOTE I 1 pe - <label> | 2 128, then an extra cycle is added 1o the exccution time. I

A Baohis destinstion opersnd includes two address tags
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INSTRUCTIONS

MUL signed multiply
FORMAT mul.<snc data types <gre> cdsr> wo operand
muld.<src data type>  <sil><scls<dst>  three operand
OPERATION dst 4 src * dst w0 operand
dst ¢ srcl * src2  three operand
dst<atag> « 0
dst<atag’> « 0 #
CONDITION CODES N (dst<0) §
Z + (dst =0)
V + overflow
Ce0
MNEMONICS muLl multiply longword, two operand

muldl  muliply longword, three operand
mulg multiply quadword, two operand
mull.q  multiply quadword, three operand

mul.f multiply single floating, two operand
muld.f  muliply single floating, three operand
mul.d multiply double floating, two operand
mulid  muoliply double foating, three operand

OPERANDS The S register can not be specified as destination operand.
OPCODES Mmulw  mull, mul3]

Mmulg  mulg, muld.q

Ml mulf, muld.f

Mmuld  muald, mul3.d

NOTE Floating word in SP-register is always 64-bit fAoating.

+ A Sdhit destination operand inclisdes two addresy tegy
I The condition coden are mot set for integer mulsiply.

FLATS2 INSTRUCTION SET  DRAFT V0.4 — November 13, 1990

MULJ

INSTRUCTIONS

signed multiply and jump

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

mul.<src data type>.j <sre> st <lnbel> wo operand
muld.<src data type>j  <srol> csrel>cdst> <label> three operand

if exception = pc 4 next instroction
if — exception —+

dst 4= src * dst 1w operand
dst +— srel * ol three operund
dsi<atag> + 0

dsteatag™> « 0

pe ¢ label

N (dst <0) §
Z o+ (dst =0)
V & overilow
Ce 10

multiply longword and jump, two operand
multiply longword and jump, three operand
muliply quadword and jump, two operand

multiply quadword and jump, three operand

multiply single floating and jump, two operand
multiply single floating and jump, three operand
multiply double floating and jump, two operand
multiply double Noating and jump, three operand

The S register can not be specified as destination operand,

Mmulw  mullj, muldlj
Mumulq  mulg.j. muld.qj
Mmulf  mullj, muld.rj
Mmuld  moldj, muld.dj

If | pe - <label> | = 128, then an extra cycle is muled 10 the execution time.

T A 64-hit denination eperani includes two sddress iga
¥ The condition codes are nol set for imeger mulsiply.

= =
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INSTRUCTIONS

MULU unsigned multiply
FORMAT mulecsre data type> egres st two operand

mulud <sro dota type>  <srcl> <sels cdst>  three operand
OPERATION dst +— src * dnt two operand

CONIMTION CODES

MNEMONICS

OPEHANDS

OICOnES

NOTE

dst +— srcl * sc2  three operand
dst<mag> + 0
dstenag’> 0 1

N o (dst <0) §

Z + (dst =0)

V &= overflow

Ce0

muhul multiply longword, two operand
muludl  multiply longword, three operand

muhg multiply quadword, two operand
mulul.g  multiply quadword, three operand

The § register can not be specified as destination operand.

Momulow  malul, muled.l
Mmulog  muolug, moluig

Floating word in SP-regisier is always 64-bit floating.

t A 64-bit destination operand inclisdes two address tags
¥ The condition codes arm not et for inseger maliply
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MULLY unsigned multiply and jump
FORMAT muli<sre daty type.j <sre> <ds> <label> two operand

molud.<sre data type>j  <srcl> <srels adst> clabel>  three operand
OPERATION il exception — pe 4= next instruction

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

if — exception —»
dst+— s * dut two operand
dst 4= srcl * sre three operand
dstepiag> ¢ 0
dsteatag’> « 0 1
pe & label

N (dst <0) §
Z & (dst =0)
V & overllow

Ce0

muluLj multiply longword and jump, two operand
mulud.lj  muliiply longword and jump, three opernd
mulig.j multiply quadword snd jump, two operand
mulud.qj muliply quadword and jump, three operand
The § register can not be specified as destination operand

Mmuoluw  mululj, muludlj
Mmilug  mulogf, mulud.g

If | pe - <label=> | = 128, then an extra cycle is muled to the execution time,

1A Sbit denination epersnd includes two addrens .
| The eondition codes are ot set for ineger mishiiply.

o L

(4 el o I
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AND logical and

FORMAT and.<src data type> <arc> <dst> two operand
andd.<czre dota type>  <srel>csel> s> three operand

OPFERATION dat +— src & dst two operand

dst +— gl &sre?  three operand

dst<atag> + 0

dsteatag™> + 0 1

CONDITION CODES N 4 (dst <0}

Z & (dst =)
V0
C+0
MNEMONICS and.| and longword, two operand

and3d  and longword, three operand
undg  and quadword, two operand
anddg  and quadword, three operand

OPERANDS The P register can not be specified as destination operand.

MCODES Mandw  andl, and3.l
Mandg  and.q, and3.q

A 64-bit destination opersnd includes two addre tags.

-38.

FLATS2 INSTRUCTION SET  DRAFT V(.4 — November 13, 1990

INSTRUCTIONS

logical and and jump

two operand
and3.<src dota type>j  <srel> <sred>cdse <label>  three operand

ANDJ
FORMAT and.<src data type>.j <gre cdsts <labels>
OPFERATION if exception —# pc +— next instruction

CONDITION CODES

MNEMONICS

OFERANDS

OPCODES

—_
'

if — exception —
dst 4 mc & dsi
dst +— srcl & sre2
dst<atag> + 0
dst<atag™> « 0 t
pc o+ label

two operand
three operand

N 4= (dst <0}
Z & (dst =0)
V=0
Ce0

and.Lj exclusive or longward and jump, 1wo operand
and3lj  exclusive or longword and jump, three operand
and.q.j exclusive or quadword and jump, two operand
andiqj exclusive or quadword and jump, three operund

—y

The P register can not be specified as destination operand

Mandw  and.lj, and31j
Mandg  andgj, anddqj
If | pe - <label> | 2 128, then an extra cycle is added to the execution time.

A B4:bit dosimation aperand includes Two sddran tags

q

[
3
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FLATS2 INSTRUCTION SET  DRAFT V0.4 - November INSTRUCTIONS FLATSZ INSTRUCTION SET  DRAFT V0.4 — November 13, 1990 INSTRICHIDNS
ANDR lagical and on GV register OR logical inclusive or
FORMAT andr <srcl> <o <dsc> FORMAT or.<src datn fype>  <sres<dst> o operand
ori.csre datn type>  <srels <sreds cdse-  three operand
OPERATION if srcleatog> | srel<atag> — trap
| if = srclestag> & — scl<atag> - OPERATION det ¢ sre | dat two operand
{ M dst + srcl & sre2 dst e srcl lsrc2  theee operand
!; | diteatag> « 0 dsteatag> « 0
]I il dst<atag”> « 0
| - CONDITION CODES N+ (dst <0}
I| - Z + (dst =0) CONDITION CODES N & (dst <0)
E Ve Z o= (dst = (1)
I C+0 V0
Ce0
MNEMOXICS andr  and register
MNEMOXICS orl or longword, two operand
OPCODES Land  ondr or3.l  or longword, three operand
or.g or qusdword, two operand
NOTE ord.g  or quadword, three operand
OFERANDE The P register can not be specified as destination operand,
OPCODES Morw  orl, ordl

Mo org ordg

NOTE

t dreas s

A S4Bl destination operand incloder twa

- 40 - - 4] -




FLATS? INSTRUCTION SET  DRAFT V0.4 — November 13, 1990

ORJ

INSTRUCTIONS

logical inclusive or and jump

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

or.<sre data type>) <gre <dst <label> two operand
ord.<src datn type>j  <srel><sreds cdse<label>  three operand

il excoption — pc ¢ next instroction
if — exception —

dst e src | dst

dst ¢ srcl | s

dsteatag> + 0

dsteatag >« 0 1

pe + label

two opernnd
three operand

N« (dst <0)

Z « (dst =0)

V+0

Ce=0

or.lj inclusive or longword and jump, two operand
ordlj  inclusive or longword and jump, three operand
or.g.j inclusive or quadword and jump, two operand

ord.q)  inclusive or quadword and jump, three operand

The P register can not be specificd as destination operand.

Morw  oclj, ordl)
Morg  orgj ordg)

111 pe - <label> | 2 128, then an extra cycle is added 1o the execution time.

A 64:bis destination operand inclades two aibdress tags

FLATS2 INSTRUCTION SET  TIRAFT V0.4 — November 13, 1990

ORR

INSTRUCTIONS

logical inclusive or on GY registers

FORMAT

OPERATION

CONDITION Cf

MXEMONICS

DPFCODES

NOTE

o <srcl> <scds <dsi>

if srcl<atag> | sre2<ptag> — trap
il — srel<atag> & — srcl<atng> —
dst +— srcl | snc2
dst<atag> 0

N = (ds1 <0}
Z = (ds1 =0)
Ve

C+0

o or register

Lor orF




i
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FLATS2 INSTRUCTION SET  DRAFT V0.4 - November 13, 1990 INSTRUCTIONS ELATS2 INSTRUCTION SET  DRAFT V(.4 - November 13, 1990 INSTRUCTIONS
| XOR logical exclusive or XOR] logical exclusive or and jump
FORMAT aor<sic data types <5 <ds> two operand FORMAT xor.<sre daw fype>.j =gree <dst <label= two operand
zordcsre data type>  <srel>csnc>adst>  three operand xor3.<sre data type> ] <srel>csreds cdstr <label>  three operand
OPERATION dst & src 'ﬂd:l two operand OPERATION il exception — pe +— next instruction
dst 4= srcl " snc2  three operand if = exception —»
dsteatag> + 0 dst ¢ src” dt two operand
dsicatng’> « 0 dst  srel® a2 three operand
dstcaing> « 0
CONDITION CODES N o (dst <0) dsicatg’> +— 0 1
Z & (dst =) pc 4 label
Vel
Ce0 CONDITION CODES N & (dst <0)
Ze—(da =0)
MXEMONICS xard exclusive or longword, two operand V=0
xord]  exclusive or longword, three operand Ce0
L exclusive or quadword, two operand
xordq  exclosive or quadword, three operand MNEMONICS xorLj exclusive or longword and jump, two operand
xordlj  exclusive or longword and jump, three operand |
OPERANDS The P register can not be specified as destination operand. Xor.q.j exclusive or quadword and jump, two operand =
xord.q)  exclusive or quadword and jump, three operand
OPCODES Maorw  xorl, xordl o
Maxorg  xorg, xordg OPFERANDS The P register can not be specified as destination operand i
|
NOTE OPCODES Mxorw  xorlj, xordlj
Mxorg  xor.qj. xord.gj
NOTE If | pe - <label> | = 128, then an extra cycle is added 1o the execution time.
il
I
= = JI'
1 A 64-bit dentimation aperand includes twn sddress tags. ' A 84-bis destination operand includes Iwo addreis 1ags QI
y
]
ll
[
*
¥
- 44 .- . 45.




FLATS2 INSTRUCTION SET  DRAFT V0.4 - November

XORR
FORMAT a0 <sre 1> csrcle cdse.
OPERATION ag> | srel<atng> ~» trop

CONDITION CODES

MNEMOXNICS

OPCODES

NOTE

dst e srel” a2
dst<aiag> « 0

N « (dst <0)
Z  (dst =0)
V0
C+0

xorr exclusive or on register

Ixor  xorr

- 46 -

INSTRUCTIONS

logical exclusive or on GV register

FLATS2 INSTRUCTION SET

LSL/ASL

FORMAT

OPERATION

CONINTION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

lsl.<src data type> <N cdsr
ksl3.<sre data type> <S> <ont> <idst>
asl<sc date type> <cntr odso
asl3 <ore data type>  <sre> <on <dst>

dst<31:0> + dst<31-cnil> # Deont-1:0
dst<3 Lt e srecdl-cntl> # Decnt-1:0>
dst<atag> « 0

dste<ntag™> = 0

unchanged

Isl1 shift left longword, two operand
Is13.1 shift left longword, three operand
ksl.g shift left quadword, two opemand
kl3.q  shift left quadword, three operand

asll shift lefi longword, two operand
asl3]  shift left longword, three operand
aslg shift left quadword, two operand

mild.q  shift left quadword, three operand

DRAFT V0.4 - November 13, 1990

INSTRUCTIONS

logicallarithmetic shift left

two opormnd
three operand
two operand
three operand

o operand
three ope

The P register can not be specified as destination operand.

Mlstw  IsLl, 1s13, asll, asid.|
Mlslg  Islq, k3., aslg, ssl3.q

Asl is equivalent to lsl.

T A 64-bi destinarion operand inclader 1wo sddress Lgs

- 47 -

o T

o




FLATS2 INSTRUCTION SET

LSLYASLY

DRAFT V0.4 — November 13, 1990 INSTRUCTIONS

logical/arithmetic shift left and jump

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

Isl.<sre data type>.j <gnts <dste <label> two operand

Isl3.csre data types.j  <s<ont> cdste<label>  three operand
nsl.<sre datn types.j <ent <dses <label= two operand
aslicoc dota type>.j s> <ont> <dst><label>  three operand

if exception — pe +— nexl instruclion

il = exception —»

e+ dst<31-cnt0> # Deent-1:0>  wo operand
> 4= sreedlent0> # Oeont-1:0>  three operand
dseentag> « 0

dsteatag™> + 0 f

pe + label

unchanged

IsLLj shift left longword, two operand and jump
1130 shift left longword, three operand and jump
lslgqj shift left quadword, two operand and jump
ls13.gj  shift left quadword, three operand ond jump

asllj shift left longword, two operand and jump
asl3lj  shify lefi longword, three operand and jump
aslgj shift left quadword, two operand and jump
asidgj  shift lefi quadword, three operand and jump

The P register can not be specified as destination operand

Mlshw  ILLj, IsI3.Lj, nsl1j, as13.0]
Misly  blgj, 1s13.q.j. aslqj, ast3.qf

Asl is equivalent to sl 1| pe - <label> | = 128, then an extra cycle is added
10 the execution time.

t A 6ubic destination operand includes 1w sddrea g,

FLATS2 INSTRUCTION SET

LSR

DRAFT V.4 — November 13, 1990

INSTRUCTIONS

logical shift right

FORMAT

OPERATION

CONMITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

Isr.<src data type>
lsrd <src data type>

<cni><dst> w0 operantd
<sre><ont> odst>  three operand

dst<3 0o ¢+ O<ont-1:0=# dsi<3lion>
dst<31:0> = Deent-1:0> # srcedl
dstentag> « 0

dst<atag™> ¢ 0 f

two operand
cnt>  three operand

unchanged

Isr.l logical shift right longword, two operand
lsr3.0  logical shift right longword, three operand
lsr.q logical shift right quadword, two operand

Isrdq  logical shift right quadword, three operand

The P register can not be specified as destination operand,

Mlsrw  lsrl, lsr3d
Mlsrg  lsrg. lerdg

T A 64-bit destination operand includes 1wo addrens tgt

=49 .
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FLATS2 INSTRUCTION SET  DRAFT VL4 — November 13, 1950 INSTRUCTIONS

LSRJ logical shift right and jump

FORMAT lsr.<src data type>.j <cnl> <dse <label> Iwo operand
lerd.<sre dota type>j  <sto> <ot edsts <label>  three operand

OFERATION if exception — pc e« next instroction
if = eaception —»
dst<31:0> « Ocent-1:(b> # dst<3l:cni>  two operand
dste3l:0e = Oeont-1:0> # sre<3lient> three operand

dstentag> « 0
dstentag’> « 0 1
pc + label
CONDITION CONES unchanged
MNEMONICS larLj logical shift right longword, two operand and jump

ler3lj  logical shift right longword, three operand and jump
lsr.q.j logical shift right quadword, two operand and jump
lerd.gqj  logical shift right quadword, three operand and jump

OFERANDS The P register can not be specified as destination operand.

OPCODES Mlsrw  lard
Mlsrg  lsrg,

NOTE I | pe - <label> | 2 128, then an extrm cycle is added 10 the execution time.

1 A 64.bit dentination operand inchedes two sddeess tagy

FLATS2 INSTRUCTION SET  DRAFT V0.4 - November 13, 1990

ASR

INSTRUCTIONS

arithmetic shift right

FORMAT

OPERATION

CONDITION CODES

MNEMOXNICS

OPERANDS

OPCODES

1 A B4t demination operand inc

asr.<sre daia type> <cnp><dse> two operand
asri<wc data types  <so>contcdst>  three operand

<dst>[31:0] & (-<dst>[31]}cnt-1:0] # <dse>[31:0n1)

<dst>{31:0 (~esre>{31 1) ent-1:0] # <sre>[31:omnt]  three operand
<dst>[atag] & 0

<dst>{atag’] « 0 1

o operand

unchanged

asr.l arithmetic shift right longword, two operand
asr3)  writhmetic shift right longwoed, three operand
ner.g arithmetic shift right quadword, two opernd
asrd.q  arithmetc shift right quadword, three operand

———

The P register can not be specified as destination operand.

Masrw  asrl, asrd.|
Masrq  asrg, asrlg

—_—

T T

des wo sddrens tags i

- 51- i




FLATS2 INSTRUCTION SET  DRAFT V0.4 - November 13, 1990 INSTRUCTIONS FLATS? INSTRUCTION SET  DRAFT V04 ~ Noveniber 13, 1990 INSTRUCTIONS
il
| ASRJ arithmetic shift right and jump BITSET i
FORMAT asr.<sre data type> <gnt <dst> <lnbel> iwo operand FORMAT bitset  <bilposs, <dst>
asrd<src data type>j  <srow<ont> <dsts <label>  three operand bitserj <bitpos>, <dst>, <label=
bitsetr  <bitpos>, <sre>, <dse>
OPERATION if excep =4 pC &= next instruc
if = exception —+ OPERATION dst 4= src o hitsetr

dst<31:0> & (~dst<3i>)cent-1:0> # dst<3licnt> 1w operand
dst<3l:0> & (-sc<3l>)eent-1:0> # gre<dliont> three operand
dst<atag> « 0

dst<hitpos> « 1
pc « <hbel>  ; bitsetj

dsteatag™> 0 f CONDITION CODES oo o= dat
pc & label
MNEMONICS bitset  destination s memary
CONDITION CODES unchanged bitset.j set bit and jump
bitserr  destination is GV register
MNEMONICS asr.lj arithmetic shift right longword, two operand and jump
asrdlj  arithmetic shift right longword, three operand and jump OPERANDS <bit <sre>»  <da
asrg)  anithmetic shift ight quadword, two operand and jump bitset imm/s1 s3(s2)
asr3qj  arithmetic shift right quadword, three operand and jump bitsetj | imm/sl s3(52)
bitsetr imm/s] 52 s3
OPERANDS The P regisier can not be specified as destination operand.
The bit position maybe specified by GV register or immedinte. The destination
OPCODES Masrw  asrlj, asedlj memory operand cannot take any side-effect.
Masrq  asrg ) asr3gj
- OPCODES K bitsel
NOTE If | pc - <label> | = 128, then an extra cycle is added 10 the execution time Lbitserr
KOTE

B e a S s SR

e
P

# A 64bii destination operand includes two sddress Lags.
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FLATS2 INSTRUCTION SET  DRAFT V0.4 — November 13, 1990

BITCLR

INSTRUCTIONS

clear bit

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

bitclr  <bitpos>, <da>
bitclrj  <bitposs, <dst>, <label>
bitclrr  <hitpas>, <src>, <dst>

dst & src 3 bitclm
dst<hitpes> 0
pe 4 <libel> | bitclej

e +— det
bitcle  destination is memary

bitclr.j  clear bit and jump
bitcler  destination is GV register

|<hilpusg <sre>  <dsp

bitcle imm/sl sHs2)
bitclr.j imm/s1 s}{s2}
bitclrr immys1 52 53

The bit position maybe specificd by GV register or immediate. The destination

memary operand cannot take any side-effect

K.bitcle
L bitclm

FLATS2 INSTRUCTION SET ~ DRAFT V0.4 — November 13, 1990

BITCHG

FORMAT

OPERATION

CONDITION CODES

MYEMONICS

OPERANDS

OMCODES

NOTE

INSTRUCTIONS

change bit

bitchg  <bitpos>, <dst>

hitchg.j <hitposs, <dsts, <label>
bitchgr <bitpos>, <sre>, <dst>

dst « src + bitchgr
dst<hitpos> & = dst<hitpos>

e &= <label> 7 bitchg.j
cc +— dst

bitchg destination is memory
bitchg.j change bit and jump
bitchgr destination is GV register

|ch1tpm> <gre> s

bitchg imm/s1 s3(s2)
bitchgj | imm/sl £3(s2)
bitchgr imm/s] 2 53

The bit position maybe specified by GV regisier or immediate. The destination
memory operand cannot ke any side-cffect.

K.biichg
Lbitchgr

V-




FLATS2 INSTRUCTION SET  DRAFT V0.4 ~ November 13, 1990 INSTRUCTIONS
BITTST tiest bit
FORMAT biust  <bitpos>, <dst>

OFERATION

CONDITION CODES

MNEMONICS

OPMCODES

NOTE

bittstj <himpos>, <dst>, <label>
bittstr  <hbitpos>, <src>, <dst>

dst 4= s + bittstr
Z « dstchitpos>
pc +— <label>  ; bitstj

Z 4 dstebitpos> (others unchanged)
bitst  destination is memaory

bittst] test bit and jump
binstr  destination is GV register

| <bin > <l
bitest immys1 s3(s2)
binsej imm/s1 53(s2)
bittstr immys1 52 83

The bit position maybe specified by GV regisier or immediate, The destination

memory operand cannot take any side-effect.

K bittst
1 bittstr

FLATSZ INSTRUCTION SET  DRAFT V0.4 - November 13, 1990

BITCNT

FORMAT

OPERATION

CONTHTION

MNEMONICS

OFERANDS

OMCODES

NOTE

bitent  <sre>, <dsi>
bitcnLj <srcs, <dses, <label>
bitcntr  <sres, <dse>

dst e 0
fori=0w3ldoi=i+]

I sroci> — dst o dst + |
pc = <label> ; bitcntj

€C 4= dst
bitcnt  source is memory

bitcnj count bits and jump
bitcnir source is GV register

<sre> <l

bitent | s3(s1) 1
bitentj | s3(s1) t
hitcnir 2 53

The destination memory operand cannot take any side-eflect

K bitcmt
Lbitcntr

INSTRUCTIONS

couni bits

L
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LATS? INSTRUCTION SET  DRAFT V0.4 = November 13, 1990 INSTRUCTIONS FLATS2 INSTRUCTIO} DRAFT V0.4 — November 13, 1990 INSTRUCTIONS
BITFND find hit BITREY reverse bils
FORMAT bitfnd  <sre>, <dst> FORMAT birey < , <dst>
bitfnd j <sres, <dsts, <label>
bitfndr  <sre>, <dsp> OPERATION dst<is> +— sreedl - i po — <lnbel>  ; bitrev.j
| OPFERATION dst ¢ bit position first non-zero bit CONDITION CODES oo dst
I
CONDITION CODES Z + not found (others unchanged) MNEMONICS bitrev  reverse bits
|
MNEMONICS bitfnd  source i memory OPERANDS o
bitfnd.j find bit and jump Ditrev

i bitfndr source is GV register

OPCODES M bitrev
I OFERANDS <srex  <dst>
bitfnd 53(s1) i
bitfnd.j | s3(s1) t
bitindr 52 53

OTE

The destination memory operand cannot take any side-effect

OPCODES K bitfnd
Lbitfndr

NOTE

S8 - -59-
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FLATS2 INSTRUCTION SET  DRAFT V0.4 — November 13, 1990

LEA

INSTRUCTIONS

load effective address

FORMAT

OPERATION

CONDITION CODES

MNEMONIC

OPERA

OPCODES

NOTE

lea <sres<dst>

dst 4~ effective address (src)
dst<atag> + valid address 7 1 : 0

unknown
lea load effective address

The source operand is 8 memory address. The special addressing modes inder
offset and pointer index can be used, The destination operand is a GV register

Lien  load cffcctive address
K.mkea lead effective address (index offset, pointer index)

- 60 -

FLATS2 INSTRUCTION SET  DRAFT V0.4 - November 13,

MEBL
FORMAT

OFERATION

CONDITION CODES
MNEMONICS

OPERANDS

OPCODES

NOTE

INSTRUCTIONS

make new BL-pair

mkbl  <srel> <scls odses
mkblj <mrcl>cwmed clit><label>

GV[dst] +— effective address (srcl)
GV[dst]<ntug> « 1

GV[dst"1] & effective address (src2)
GV[dst* 1]<atng> 1

pc +— <label>  ; mkblj

unknown

mkbl  make new BL-pair

Sourcel and source2 both specify an address. No side-effect is allowed. The
extended addressing mode index offtei(X0) can be uwsed. The destinntion
operand is a GV register pair (even/odd reginter). I <dst> is even, the

st cdst+1> pair 18 used; if <ds> is odd, the <dst> cdst-1> pair is wsed.

Kbl
K.mkbl create new BL-pair

- 61 -
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FLATS2 INSTRUCTION SET

ALLOC
FORMAT

OFERATION

CONDITION CODES
MNEMONICS
OPCODES

| NOTE

INSTRUCTIONS

DRAFT V0.4 - November 13,

allocate space

alloc  <bases <srcl> <sre > f<oflser <dsi>

+ GV[srel]

A {basc}+d] 4= GV([snc2]
GVIds] &~ GV[basc]

GV[base] « GV[basc] + offset
unchanged

alloc  allocote space

KlLalloc allocate space

FLATS2 INSTRUCTION SET  DRAFT V0.4 — Navember 13, 1990

cMP

FORMAT

GPERATION

CONDITION CODES

MNEMOXNICS

OPERANDS

OPCODES

NOTE

INSTRUCTIONS

arithmetic compare

cmp.<sre data type>  <srelscmcl>
o ¢ <srel> - <arcds
o 4~ <srel> - <alds

empl  compare longwords
cmp.gq  compare quadwords
cmp.f  compare single floating operands
cmp.d  compare double floating operands

Mempw  empl
Mempq  empgq
Mempf  cmpf
Mempd  cmpad




FLATSZ INSTRUCTION

cMP)

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

DRAFT V0.4 - November 13, 1950

INSTRUCTIONS

arithmetic compare and jump

cmp.csre data type>j  <srel> sl <label>

if exception =+ pc ¢« next instruction
if = exception —

cc & srcl - a2

pe 4= lubel

o ¢=srcl - srcd

emplj  compare longwords and jump

omp.qj compare quadwords and jump

¢mpfj  compare single floating oporands and jump
cmpdj  compare double floating operands and jump

Mempw  cmplj
M.ompyg emp.g.j
Mempl  cmp.fj
Mempd  cmpd.j

If | pe - <label> | = 128, then an cxtm cycle is added 10 the execution time

FLATS2 INSTRUCTION SET  DRAFT VDA ~ November 13, 1990 INSTRUCTIONS
BRS branch on signed integer operation
FORMAT brs <greaters coqual> <leses

beoes  <labels
OPFERATION U= VE-ZENI(VE=Z&E-N) = pce less

COXDITION CODES

MNEMONICS

OPCODES

NOTE

if Z —» pc « cqual
f(-VE-ZE N I(V&=Z&N) -+ pc e greater

unchanged,
bes - three way branch on condition

bit  branch on less

bie branch on less equal
beg  branch on equal

btne  branch on not equal
bt branch on greater

bge  branch on greater equal

Jbee  branch address
Jjec  jump address

The overflow condition 15 ignored. I the overflow is important, use bry




I

FLATS2

BRU

FORMAT

OFERATION

MTICN CODES

MNEMONICS

OPCODES

NOTE

STRUCTION SET DRAFT V0.4 — Novembar 13, 1990

INSTRUCTIONS

hranch on unsigned integer operation

bru <greser> <cqual> <less>
bucce>  <label>

H(~CE=ZEN)I(C &E~Z & N) = pco les
if Z = pc + equal
(- Ca=Z&=-N)I({C&~2Z&N) - pc ¢« greater

unchanged.
bru three way branch on condition

bult  branch on less

bule hranch on less equal
bueq  branch on equal

bune  branch on not equal
bugt  branch on greater

buge  branch on greater equal

Jbee  beanch address
Jjee  jump address

The carry is ignomed; if the carry is important, use bre.

FLATS2 INSTRUCTION SET  DRAFT V0.4 - November 13, 1990

BRY

INSTRUCTIONS

branch on signed integer operation and overflow

FORMAT

OFERATION

CONIHTION CODES

MNEMONICS

OPCODES

NOTE

bev <grealer> cequal> <lesss coverflows
becc> <label>

f(=V&-Z& N)—» pc + less

il Z = pe + equal

il (= V&=Z& = N) = pc + greater
i V = pc + overflow

unchanged

brv  three way branch on condition

bvs  branch on overflow st
bve  branch on overflow clear

JIbee  branch address
Jjec  jump address




RO ORI R iim

FLATS2 INSTRUCTION

BRC

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPCODES

NOTE

DRAFT V.4 - November 13

. 1990 INSTRUCTIONS

branch on unsigned integer operation and carry

<lubell>, <label?>, <labelis, <labeld>
<label>

if (C & N} =+ pe 4 <labell>
il (C& = N) = pe « <label2>
if (= C & N) = pe + <label3>
H (= C & = N) = pc + <labeld>

unchanged.
bre four way branch on condition

bcc  bmnch on carry clear
bes  branch on carry sot

Jbee  branch sddress
Jjec  branch address

FLATS2 INSTRUCTION S

mpP

FORMAT
OPERATION
CONTHTION CODES
MNEMONICS
OICODES

NOTE

DRAFT V0.4

Jmp <label=
pe & label
unchanged.
jmp

Jjump

November 13, 1990 INSTRUCTIONS

Jump 1o label
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i CMPRR

FLATS2 INSTRUCTION SET

DRAFT V0.4 — November 13, 1990

compare and branch on

INSTRUCTIONS

igned/unsigned integer

{L FORMAT

OPFERATION

CONDITION CODES

MNEMONICS

OPMCODES

cmp.brs

src2 - srel

<sre > <se 2> cpreaters <equal> <less>
<sre 1> <srcd> cgreaters <cqual> <less>

<src | > esre 2> <label>

if srel < src = po o= less
if srel = gred = pe + equal
il srcl > se2 —» po 4 greater

unchanged.

cmp.brs
cmp.bru

cmp.bl

emp.ble
emp.beq
emp.bne
cmp.bgt
cmp.bge

emp.balt

cmp.bule
cmp.bueq
cmp, bune
cmp.bugt
cmp. buge

compare and three way
compare and three way

compare and branch on
compare and branch on
compare and branch on
compare and branch on
compare and branch on
compare and branch on

compare and branch on
compare and branch on
compare and branch on
compare and branch on
compare and branch on
compare and branch on

Jecb  branch address
Jej Jump address

branch on signed condition
branch on unsigned condition

signed less

signed less equal
signed equal

signed not equal
signed greater
signed greater equal

unsigned less
unsigned less equal
unsigned equal
unsigned not equal
unsigned greater
unsigned greater equal

FLATS2 INSTRUCTION S

T DRAFT V0.4 — November 13, 1990

INSTRUCTIONS

ACBR add, compare and branch on signed/unsigned integer
FORMAT ac.brs <chics <sre > <arcd> <greators <oqual>, <leses

ac.bru <chk><sre 1> core >, <preaters coquals <less>

scb<ce>  <chks <srcl> <aeds <lobel>

ac.bra <thk> s 1>, <sre s <lobel>
OFERATION sre & srel + srel; next

COXIMTION CODES

MNEMONICS

OPCODBES

XOTE

if chk < src2 < pe + less
if chk = sre2 — pe +— equal
if chi > src2 — pe +— groater

€ 4= srcl + s

e brs add, compare and three way branch on signed condition

ac.bru wdd, compare and three way branch on unsigned condition |

ac.blt add, compare and branch on_ signed less
acble add, compare and branch on signed less equal

ac.beq add, compare and branch on signed equal

acboe  add, compare and branch on signed not equal
acbgt add, compare and branch o signed greater
acbge add, compare and branch on signed greater equal
schult  add, compare and branch on unsigned less
acbule  add, compare and branch on unsigned less equal
scbueq  add, compare and branch on unsigned equal
achune add, compare and branch on unsigned not equal
achugt add, compare and branch on unsigned greater
acbuge add, compare and branch on unsigned greater equal
ac.ba odd, (compare) and branch always

Jach  branch address
Jacj  jump nddress
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INSTRUCTIONS

SCBRR subtract, compare and branch on signed/unsigned integer operation
FORMAT scbrs <chks < 1> <sre > cpreater> <equals <less>

sc.bry <chie<srel>,<sred> <greater> <equals <less>

scheces  echke csrol> <srels <label>

scbra <chlo<sre 1 s> <label>
OFERATION sred ¢— sl - srcl; pext

CONIHTION CODES

MNEMONICS

OPFCODES

if chk < src2 =+ pc + less
if chi = src2 —» pe 4= equal
if chk > =c2 4 pc ¢ greater

€ 4= sl - sl

sc.brs subiract, compare and three way branch on signed condition
sc.bru subtract, compare and three way branch on unsigned condition

sc.blt subtract, compare and branch on signed less

sc.ble subtract, compare and branch on signed Lss equal
sc.beg subtract, compare and branch on signed equal
sc.bne subtract, compare and branch on signed not equal
sc.bgt subtract, compare and branch on signed greater
sc.bge subtract, compare and branch on signed greater equal

schult  subtract, compare and branch on unsigned less

schule  subimct, compare and beanch on unsigned less equal
sc.boeq  subtract, compare and branch on unsigned equal
sc.bune  subtract, compare and branch on unsigned not equal
schugt  subtract, compare and branch on unsigned greater
schuge  subtract, compare and branch on unsigned greater equal

sc.bm subtract, (compare) and branch always

Jsch  branch address
Jsej  jump address

FLATS2 INSTRUCTION SET  DRAFT V4 - November 13, 199
90

CMPABR

INSTRUCTIONS

compare two addresses and branch

FORMAT

OPERATION

CONDITION CODES

MNEMOXICS

CFERANDS

OPCODES

NOTE

cmpa.boe <srcls <earcls <label>
cmpabr <srel>csreds coqual label>,<not equal label>

if srcl = src2 =4 po ¢ <equal label>
if srel < sre2 4 pe +— <not equal label>

unchanged

empa.br compare two addresses and branch

cmpabeq  compare two addresses and branch if equal
cmpabne  compare two addresses and branch if not equal

The operunds are either a GV register or an immediate.

lega  compare two addresses

B s TR




AR

BRA

DRAFT V0.4 — November 13, 1990 INSTRUCTIONS

branch on address tag

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OFERANDS

OPCODES

NOTE

bra <sre> <has-no-tag-label>, <has-tng-label>

if src<ntag> — po « has-tag-label
if ~src<atag> —» pe ¢ has-no-tag-label

unchanged

b branch on address tag

Tadrb
Jaddrj

s T

CMPBL

NSTRUCTION SET DRAFT - November 13, 1990

FORMAT

OPERATION

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

empbl  <hl><orc> chase-label> <in-label>, <limit-label <out-labels
cmp.blecs <hl>csres <label>

if <src> >= <hl>.base and <sre> <= <bls.limit —» pe + in-label
if <sre> < <bl>_base or <sre> > <hi>.limit — pe + out-label

if <sre> bl base — po +— hase-label

if <sre> == <bl> limit = pe ¢ limit-labe}

unknowrn

emp.blr compare src against BL-pair and beanch four way
emp.bli compare src agninst BL-pair and branch on in
cmp.blo compare src aguinst BL-poir and branch on our
cmp.bil compare src against BL-pair and branch equal limi
emp.blb compare src against BL-pair and branch equal bease

cmpblur  compare unsigned against BL-pair and branch four way
empblui  compare unsigned against BL-pair and branch on in
cmp.bluo compare unsigned against BL-pair and branch on out
empblul  compare unsigned against BL-pair and branch equal limip
cmpblub  compare unsigned against BL-pair and branch equal base

Both BL-register pair and source register are GV-registers.

Jcb
lzcj

75
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compare BL and branch on R/in/Liout
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COMPARE INSTRUCTIONS

ACBL add, compare BL and branch on Blin/Liout
FORMAT mchl  <blscsrce <dst> <hase-label> <in-label> <limit-label> <out-label>

8¢ hler> chils esres <dst> <label>
OPERATION elsi> 4= <dst> + <510 next

COXDITION CODES

OPFERANDS

OPCODES

NOTE

if <dst> »= <bl>base & & <dst> <= <bl>.limit = pc « in-label
if <dst> < <bl=base | or <dst> > <bl>limit — pc + out-label
if <dst> == <hbl>base —» pc + base-label

if <dst> m= <bl>.limit — pe « limit-label

unknown

ac.bir add, compare against BL-pair and branch four way
acbli add, compare against BL-pair and branch on in
ac.blo udd, compare against BL-pair and branch on out
ac.bil odd, compare against BL-pair and branch equal limit
e bib udd, compare against BL-pair and branch equal base

schblur  ndd, compare unsigned against BL-pair and branch four way
schlui  add, compare unsigned against BL-pair and branch on in
schluo  add, compare unsigned against BL-pair and branch on our
schblul  add, compare unsigned against BL-pair and branch equal it
schblub  add, compare unsigned against BL-pair and branch equal base

The BL-register pair, source and destination register are all GV-registers.

Jach
Jacj

FLATS2 INSTRUCTION SET DRAFT - November 13, 1990 COMPARE INSTRUCTIONS
SCBL subtract, compare BL and branch on Binl/out
FORMAT achl  <hbl>csres <dst> chase-label> <in-label> <limit-label>, cout-label>

ac blecs chi>,cares <ds <label>
OPERATION <llst> ¢— <dst> - <me>; next

CONDITION CODES

MNEMONICS

DPERANDS

OPCODES

NOTE

il <dst> >= <hl>base and <dst> <= <hl=limit — pc 4 in-label
il <dst> < <bl>base or <dst> > <bl>.limit — pe + out-label
if <dst> == <bl=base — pc + base-label

if <dstr == <hl>limit — pc « limit-label

unknown

sc.bir subtract, compare against BL-pair and branch four way
sc.bli subtract, comipare against BL-pair and branch on in
sc.blo subtract, compane against BL-pair and branch on out
sc.bll subtract, compare against BL-pair and branch equal limir
sc.blb subtract, compare against BL-pair and branch equal base

sc.hlur  subtract, compare unsigned against BL-pair and branch four way
schlui  sublract, compare unsigned agninst BL-pair and branch on in
scbluc  subtract, compare unsigned against BL-pair and beanch on out
sc.bilul subtract, compare unsigned against BL-pair and branch equal [
sc.blub  subtract, compare ensigned against BL-pair and branch equal base

The BL-register pair, source and destination register are all GV-registers.

lsch
Jscj
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CALL call subroutine RET return from subroutine
FORMAT call <HrC> FORMAT et
OPERATION (efps1)>vpsl) & pe OPERATION pe & clp-vps
(cip+ 1 ->vpsl<29:6> + cip pisw<Sil> + cip->vpsi<S:ib
(cfp+1}->vpsl<5ilt> & pisw<5:0> efp + cfp->vpsl<29:fo
| cfp + cip+l
e ¢ s MODE user
MODE user CONDITION CODES unchanged
COXDITION CODES unchanged MNEMONICS et return from subroutine
MNEMONICS call call subroutine OPERANDS
|
] OPERANDS Immediate or register OPCODES Lret
OMCODES Leall NOTE

NGO

-TR- <79~
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FLATS2 INSTRUCTION SET DRAFT ~ November 13, 1990 MEMORY MANAGEME> FLATS? INSTRUCTION SET DRAFT = Noveitiber 13, 1990 O A B
1.6 Memory management Physical address
1.6.1 Memory management resources mm
1716 ] 15 65 [
Virtual memory address |
set (10) |
i |
(1) IM {quad) | il
3L W ¥ B 16 15 6 3 0 i _J [
- I - : o
I address within bloc!
| I 1| o Key (13) st (10) B xck (6)
i i DM
L‘I_ = l = c. S L [ = 9|8 3] 2 0
address within block (6) | et (10) 3 ’

’I 'I (2) DM (byte) —] e et A7 e
y 31 1918 9 & 3 3 0 L

{ - = way no, ——
l address within block (6) ignored

o key (13) set (10
y (13) (10} ‘ v
23 o Jicia 1 T |
address within block (5) -
byie offset (3) — index (9)
(3) GVM (frame) J
I MU B n_w 2 1 o key =0 - oflset (2) —[ .'|
4
1 key (13) l index (93 “ |

A
offset in block (2) —] i
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FLATS2 INSTRUCTION SET DRAFT - November 13, 1990 MEMORY MANAGEMENT FLATSZ INSTRUCTION SET DRAFT - November 13, 1990 MEMORY MANAGEMENT
Ker PLD load from data memory wsing physical address
% 15 14 3 i —
- | FORMAT pid <physical addrese>,<dsi>
key (13) st <src <physical address>
|
- * OPFERATION dst<3 10> +— DM[physical addressj<31:0>
| I 5wt dst<atag> + DM[physical address]<amg>
| —— walid bit ¥
| = ki e ‘“‘:‘ al address)<31:0> « se<3l:0>
[ modify bi address<atags + srcentags>
I
‘l Lra MODE privileged
7 0
i 3 1817 16 15 CONDITION CODES unchanged
OPERANDS sy <l
I | — pld | sl+imm 53
pst sl £24imm
way least recently used
1.62 Memory management instructions MNEMOXICS pld  load contents of DM into register using physical address

pst  store source ino DM memory using physical address

OPCODES Lpld (Tpld)
Lpst (Lpst)

NOTE




FLATS2 INS

PLDIM

FORMAT

MODE

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

load from instruction memory wsing physical address

<p addreses cdse>
<gre> <physical addresss

e3> = IM{physical address<17:0
f[physical address<]7:0>] ¢ sreafli0s

IN
privileged

unchanged

pidim  load contents of IM into reg

£ using physical address

pstim  store source into IM memory address
. <8IC <dst>

pldim sl 53

patim sl 52

Lpldim (1pldim)
Lpstim (Lpldim)

FORMAT

OFERATION

MODE

CONDBITION CODES

MNEMONIC

OPERANDS

OFCODES

NOTE

LATS2 INSTRUCTION SET DRAFT — November 13

MEMORY MANAGE

load from instruction memory using virte

Idim ress <dst>
stim c ddres e
if =i
if virtual
IM[viruml address<29:35] + srcahiiile
privileged
unchanged

ldim  load contents of IM into register using virtual addeess
stim  store source into IM me mddress

lory using vir:

<sre>  <dsi>

im | sl 83
stim | 52 sl
Lidim (LIdim)
Lstim (1.stim)




FLATS2 INSTRUCTION S5ET DRAFT - Nover 13, 1950 RUCTIONS ] 52 INSTRUCTION SET DRAFT - November 13, 1990 MEMORY MANAGE
PSTCFP store physical address in efp LDKEY load eontents of DM key memory into register
FORMAT psclp  <src> FORMAT Mkey  <physical address> <dst>

Idimkey <p address> <dst>
MODE ldgvkey <dst>
OPFERATION cfp + sre<2%6> OFERATION dst « DMKEY [physical address set

st +— IMKEY [physical address.set]
CONDITION CODES unchanged st +— GVKEY[cfp.index]
MNEMONICS psicip  store physical address in ofp | MODE privileged

|
OPERANDS ! CONDITION CODES unchanged
pstelp
OPERANDS ]| s> <dit>

OPCODES Lpstefp { ldkey sl+imm 53

Idimkey sl 53
NOTE ldgvkey 53t

MNEMONICS Idkey load DM key inlo register
Idimkey  load IM key into reg T
Mgvkey  load GV key into register

OPCODES Lidkey (LIdkey)
Lidimkey (Lpldim)
Lidgvkey (Lirm)

NOTE

d ! The destination epersnd of Tdgvkey” must be & global GV register

- 86- .
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FLATS2 INSTRUCTION SET

STKEY

Novem! MEMORY MANAGEMENT

store key into DM key memory

FORMAT

OPERATION

MODE

CONDITION CODES

OPERANDS

MNEMONICS

OPCODES

NOTE

stkey  <sre> <physical address>
stimkey <src><physical address>
stgvkey

1] key ¢ srckey
[physical address.set].valid « sre.valid
[physical address set].modify += src.modify

physical addressset] modily « src.modify
fp.index]key « clpkey

[efp.index].modily « false

fpindex].valid +— trie

privileged
unchanged
- | <S> L
stkey 53 sl4imm
stimkey sl 52
stgvkey
sikey store key into DM key memory

stimkey  store key into IM key memory
sigvkey  store key into GV key memory

Istkey (1skey)
Lstimkey (Lstimkey)
Lstgvkey (Linm)

- B8 -

FLATS2 INS

RMEKEY

FORMAT

OPERATION

MODE

CONDITION CODES

OPERANDS

MNEMONICS

OPCODES

NOTE

DRAFT - November

3, 1990

rmkey <gres <physical address
mimkey  <gre> <physical address>
rmgvkoy

DMKEY [physic

)l address<17:6>] key + srekey
| address<17:6>].valid + src.valid
address<] T:6 | key + srokey
address<17:6>).valid ¢ sre_valid

GVKEY([clp.set].valid + false

privileged
unchanged

et~ s,
rmkey 3 sl+imm
rmimkey sl 2
mmgvkey

rmkey invalidae key in DM key memory
rmimkey  invalidate key in IM key
rmgvkey  invalidaie key in GV key memory

memary

Lemkey (Lstkey)
Lrmimkey (Lstimkey)
Lrmgvkey (Lfr)

-8 -
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remove key from DM key memoary
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LDLRL

TTION SET

November 13, 1

load LRU of dats memory using virtual address

FORMAT

OFERATION

MODE

CONDITION CODES

o

ANDS

MNEMONICS

OFCODES

NOTE

Mira  <virual addrese> <dst>

stlra <src

dst<3 #— LRU[wvir
LRUf{virunal address<31

privilaged
anchanged

virual address>

| address<3
0] = sre<3lil>

Miru | sl4+imm 83

stiru | 53

Miru
stru  store DM LRU

Lldlra (Lidkey)

The address tag of the virual add

RU into register w

s 1+imm

g virtunl address

ng virtual address

55 is nol checked,

-90-

FLATS2 INSTRUC

LDIMLRU
FORMAT
OPERATION
MODE
CONITION CODES
OFERANDS
MNEMONICS
OPCODES

NOTE

10N SET

MORY

MANAGEMENT

load LRU of instruction memory using virtual address

Mimlry <virual sddresss <dst>
stimiru  <sre> <virnual address>

IMLRU[virmal o

| nddress<31i0=]
unchanged
<S[C> <dst>
Idimlra | sl+imm 53
stimiru 83 sl+imm
Idimlru  load IM LRU into re
stimlru  store IM LRU using virtual address

Lidimbru (11dkey)
Lidimira (Lstcey)

The address g of the virtual address is not checked

-9]-




EXCEPTION HANDLING

FLATS2 DRAFT - November 13, 1990

1.7 Exception handling

Trap identifier _
Currently, 26 of 32 possible trap identifiers have been assigned.

RESET /* occurs on cold boat */
HARDWARE /* can be enhanced */
PU_ARITH /* arithmetic error in Multplier */
SM_ARITH f* arithmetic error in Rounding */

ILLOPR /* illegal operand (can be enhanced) *f
LISP_SVC J* lisp service request *f

GV_ARITH 10 /* arithmetic error in GV unit */
ADRCAL 11 outside BL range *f

ADREND 12/ alignment ermor */

DM_ERROR 13/ DM: memory emor */
DM_MLTHIT 14 /™ DM: multiway hit */

o
1
4
5
GV_ERROR 7 /* memory error (GV unif) */
3
9

PF_DM IS /* DM: page faull */

SU_ARITH 17 /* arithmetic error in ALU *f

TRACE 18 /* generated when trace bit on */

SVP_NMI 19/ generated when SVP writes #1 into iodev address 128 */
SLFE_NMI 20 f* generated by “ipnmi® instruction (both receive NMI) */

IM_ERROR 22/ IM: memory ermor */
IM_MLTHIT 23 /* IM: multi-way hit */

PF_IM 24 ™ IM: page fault %/

ILLINST 25  * can be enhanced */

PRVVIO %6

PF_GV 27 [* gv memory page fault */

SYSCALL 29/ generated by “trap’ instruction *f

SLF_INT 30 /* generated by ‘ipint’ instruction (both receive INT) */
SVP_INT 31 /* generated when SVIP writes #1 into iodev address 129 %/

The wuap identificr can be obtained from the processor internal status word (pisw).

Trap vectors
The trap vector wble is a jump table starting from IM address 0 (0x80000000) for machine 0 and IM
address 64 (0x80000040) for machine 1 and is indexed by the trap identifier.

Cold boot
On cold boot, a RESET trap occurs,

Program status word
The program status word slored when a exceplion occurs is identical 1o the program status word saved
on a subroutine call. The location is fixed, however.

FLATS2 DRAFT ~ November 13, 1960

pwl

EXCEPTION HANDLING

poinier o [-space (PC)

5 o
1 [} painter to V-space (CFF) statns bits
Program status word status bits
5 a 3 3 i ]
J—— PRVMOD  : privileged/user mode
INTMOD ¢ interrupt disable/enable
———————— GRCMDD : trace mode/normal mode

HALTMOD  : CPU is halted/running
RETMOD : unused

Trap stack frame

When a trap occurs, the program counter, current frame pointer and status bits (program status word)
are saved in @ local frame, indexed by the trap idemtifier. Machine 0 uses the frames 0 1o 31 and

maching 1 uses the frames 32 1o 63.

Two effective addresses are saved in two consecotive words in DM memory again indexed by the rap
identifier. Machine 0 users the locations 0 1o 63 in DM and machine 1 uses the Jocations 64 to 127,
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DRAFT — November 13, 1990 PROCESSOR STATUS

TRAP trup 18 Proceswor status

Processor internal status word
The processor intemal staius word (pisw) can be loaded into a register using the ‘ldps” instruction. It
OFERATION Genemte SYSCALL trap, writing the value of <src> in the high word of the can be stored using the ‘stps” instruction.

datn memory comesponding with the SYSCALL trap.

FORMAT trap <src>

DMISYSCALL®2) & sre L] e et bl iy 12 BlT 6| ]

new_gfp + frame for SYSCALL wap

new_cfp->vpsl e pe £fp (8) trapid (5) status bits

new_gfp->vpsi<29:bo<-clp

new_cfp->vpsl<Si< pisw<s0> I_

elp +— new_cfp trap mask

pisw<PRVMOD=> &= true * piswet> = fp overflow */

pisw<INTMOD> & true  pisw<T> = int overflow */

piswe<l2B> o= SYSCALL machine

P 4 trap vector[SYSCALL] interrupt request

® pisw<22> = IRQ %/

MODE user ® piswe23> = NMI *f

Processor internal stat rd status bi
CONDITION CODES unchanged us word status bits

MNEMONICS trap  generate SYSCALL trap 2 3 2 = d 9

OPERANDS Currently, only an i liate operand is i

OFCODES Lirap l
PRYMOD : privileged/user mode
INTMOD

Tt < interrupt disablefenable
Use the "ret’ instruction 10 return from an trap, ————— TRCMOD : trace mode/normal mode

—— HALTMOD : CPUis halted/running
RETMOD < umused

Condition code register
The "Idec” and *siee” instructions operate upon the condition code register. The condition code register
15 not saved on subroutine entry and exception,

3 2 1 0
c v Z N
l— negative
zem
overflow

cany




LDPS

FORMAT

OPERATION

MODE

CONDITION CODES

OPERANDS

OPERANDS

OPCODES

NOTE

UCTIONS

Inad processor internal status word

ldps 1)

s1ps

Idps load processor internal status word
sips siore processor internal statos word

Source and destination operand are GV-registers.

Lidps
Lsips

96 -
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LDCC

FORMAT

OPERATION

MODE

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

~ November 13

lee  wdst>

stce <SIT>

cer — <dsi>
<STC>— Cof

user

changed by 4

Mcc load condition code register
¢ condition code regist

<sre>  <ise

dce 53

load condition code register




FLATS2 INSTRUCTION SET DRAFT L INSTRUCTIONS FLATS2 o TIONS
load efp into register IPINT inter-processor interrupt request
FORMAT ldefp  <dse> FORMAT ipint
<$rc> iprmi
MODE OPERATION ipin:
il —other pisw<INTMO|
OPFERATION dst # other.exception SLF_INT
0> 2 11) — trap ipnmi
1530 = 11) Ip + sre<29if other.ex
pisw.nmi ¢ true
CONDITION CODES
MODE
OPERANDS
CONDITION CODES unchanged

siefp sl

MONICS ipint  interrupt request on other processor
MNEMONICS ldefp  load gfp into register ipnmi  non-maskable intermupt request on other processor

sicfp ore address in gfp
OPCol Lipint
OPCODES Lldeip Lipnmi
Lstefp

NOTE

NOTE




FORMAT

OPERATION

MODE

CONDITION CODES

OFERANDS

MNEMONICS

OPCODES

NOTE

load and store for mutual exclusion

user

unchanged

| =

las sl

Lis load and store for mutunl exclusion
Klns

- 100 -
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SETA

November 13, 1

sel address tag

FORMAT

OPERATION

USER

CONMTION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

<sros cdss

if sreb >

=
dst & eafsrc)
dst > 4= 0

user

unchanged

sein  set address g

The source operand must be & ‘memory address’
destination operand must be a GV-regisier.

nter mode notation),  The

Lsetn  set address g

The address tag of the source is not checked. I the effective nddress is not a
legal address, the address is moved o the destination register with its 2
tag cleared.

ress

=101 -




KSETA

FORMAT

OPERATION

USER

CONDITION CODES

MNEMONICS

OFERANDS

OPCODES

NOTE

wember 13,

sel address tag

anged
kseia  sot address tag

The source operand can be a register or an immediate. The destination operand
must be a GV.register

Lkseta  set achiress 1ag
‘The sddress tag of the source is not checked. I the effective address is not a

legal address, the address is moved o destination register with jis address
g cleared

- 102
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=TIDV

FORMAT

OFERATION

MODE

CONDITION CODES

MNEMONICS

OPERANDS

OPCODES

NOTE

AFT V0.4 — November 13, 1990

get device memory

getidy <sre>, <dst>
putidy <src>

priviledged

unchanged

getidv  get device memory
putidy  put device memaory

The source operand is 64-bit immedinte, memory, or SP register.
M_getidv
M.putidv

When the SVP writes into location DEVICE_MEMORY([128], a SVP_NMI
interrupt  is  penerated. W the SVP
DEVICE_MEMORY[129], a SYP_INT interrupt is gener,

into location

103 -
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INDEX

A

ABS, absolate value n.
ABSJ, absolute value and jump 3
ACBL, add, compare BL and branch on B/in/L/out 76
ACBR, add, compare and branch on si i integer i T
ADD, ic add 23
ADD], arithmetic add and jump 29
ADDR, add using GV regisiers 30
ADREND

-
-

tnp
ADRCAL

)
-

| trap

| ALLOC, allocate space
AND, logical and
ANDI, logical and and jump

o
(i

s
&

w
a

ANDR, logical and on GV register 40
ASR, arithmetic shift right 51
ASRJ, arithmetic shift right and jump 52
abs.d 2
abs.dj 3
abs n
abs.(j 3
abs.l 2
abs1j 3
absgq n
abs.qj 21
ahsolute value - ABS b3
absolute value and jump - ABS] n
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scholl .

acbune
add using GV registers - ADDR

add, compare BL and branch on BFM- ¥ Vs | S —— -

d integer operation - ACBR

add, compare and beanch on sigs
add.d

add
addd

2

ndd]

pointer pop mode

pointer push mode
ing modes

crmor

alloc

allocate space - ALLOC

and.1

and.Lj

and.q

and.q.j

and3.l

and3.Lj

andiq

and3.q.j

andr

arithmetic add - ADD

arithmetic add and jump - ADDI

arithmetic compare - CMP

INDEX

2
S

=8

Lh LA LA LA LA LA LA LA LA

EdnBuvEEERasYeY

a8
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arithmetic compare and jump - CMPJ
arithmetic shift right - ASR

arithmetic shift right and jump - ASRJ

arithmetic subtract - SUB

arithmetic subtract and jump - SUBJ

usll

astLj

aslg

aslqj

ns3]

as31j

asl3.q

asli.qj

asrl

asrlj

asr.q

asrq

asrd]

asrl.q

asiq

B
BITCHG, change bit

BITCLR, clear bit

BITCNT, count bits

BITFND, find bit

BITREV, reverse bits

BITSET, set bit

BITTST, test bit
BL

Tange error

trap
BL Z

BL-pair

BRA, branch on address tag

BRC, branch on unsigned integer jon and carry

BRS, branch on signed integer of
BRU, branch on unsigned inleger

BRYV, branch on signed integer operation and overflow

INDEX

55
54
57
58
59
53
56

a2
92

3
3,4,75, 76,77
75

RELBRDEESERESRERRR
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branch on signed integer operation and overflow - BRV ...
branch on unsigned integer ion - BRU

compare
CMPABR, compare two addresses and branch
CMPBL, compare BL and beanch on B/in/Liout

CMPBR, compare and branch on signed/unsigned integer

CMPJ, arithmetic compare and jump

CVT, convert signed value to different signed data type ..
CVTJ, convert signed value 1o differont signed data type and jump ...
call

call subroutine - CALL
cer

cip

change bit - BITCHG
chear bit - BITCLR
cmp.beq
cmp.bge

ZLRARSRBIARCIRRARI IR AR AL B LERSA

78

, 98

LESIrzopaddas

gd2

DRAFT V4 ~ November 13, 1990

cmp.q

empaj

empabeq

cmpabne

cmpa.be
cold boat

compare BL and branch on Bfin/ljout - CMPBL

compare and branch on sign signed integer - CMPBR

compare two addresses and branch - CMPABR

complement value - NOT

complement value and jump - NOTJ

convert signed value 1o different signed data type - CVT
convert signed value to different signed data type and jump - CVTI
count bits - BITCNT

current frame pointer

it
cvidg,j
cvily

cvtlgj

cvigd

evigd.j
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DM page fault

DM_ERROR

trap
DM_MLTHIT
rap

data memory

5
EXT, sign-cxtend GV register
exth

exth.j

cxLs

F
find bit - BITFND

G
GETIDV, get device memory

GV memory
GV-regisier

GV-unit

GV_ARITH

trap
GV_ERROR

trap
get device memory - GETIDY
getidy

global regisier

gran

| H
HARDWARE
trap

I-format

Land

Lbitchgr

Lbirchr

Lbitcntr

Lbitfndr

Lbitsetr

L.biuse

Lepr

Lepmp

Leqga

lLexih

87, 88
83, %0
2

92
92
83, 87,88, %0

21
21
21
21

58

103

&7, 88
350,75
5

9

92
103
103
3
3.5

B

slRurnsEv

9, 10
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IPINT, inter-processor intermupl request

IPNMI

inter-processor non-maskable INMEITUPL FEQUEST  wov.comrmmmsiisismssmsssinssnins

index mode

index offset mode

index pop mode

index push mode

instruction format
1-format.

INDEX

B7. 88,89

EE

s
8

e T

w

EEBEETEEORREYRTES

UEEHRRRREES

g

£
e

3

23
=
s

EET
=
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Jijee

JL-format

!MP. jump to kabel

imp
jump 1o label - IMP

K
K-format

Khiichg

Kbitelr

K.bitent

K.bitfnd

K bitset

=10 -

&5, 87, 88,

RRQGB R EHOBIN NI

2
2
2

222+ a e
33
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Katb

Ksth

Kasig

Kstw

KL-format

KL.alloc

KSETA, set address tag

key memary

kseta

L
LLAS, load and store for mutual exclusion

LD, load small integer into GV register

LDCC, load condition code register

LDCFP, load cfp into register
LDGVYKEY

load contents of GV key memory into register
LDIM, load from instruction memory using virual address ...
LDIMKEY

load contents of IM key memory into regisier

LDIMLRU, load LRU of instruction memory using virtual address ...
LDJ, load small ineger into GV register and jump

LDKEY, load contents of DM key memory into regisier ..
LDLRU. load LRU of data memory using virtual address
LDPS, load processor intermal status word

LDZ, load unsigned small integer into GV register
LDZJ, load small unsigned imteger into GV register and jump
LEA, load effective address.

LISP_SVC

rap
LSL/ASL, logicalfarith shift left

LSLI/ASLY, logicalfarithmetic shift left and jump

LSR, logical shift right

LSRJ, logical shift right and jump

las

ldb

1dbj

Ids

Id.sj
Idee

ldefp

ldgvkey

Idim

Idimkey

Tdimiru

=11 -

INDEX

19, 20
19,20
11,12
9,10

102
87, 88
102
100
15

98
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ldzs 18 M
lea 4,60 M-format 6
Joad LRU of dota memory using vinual address - LDLRU ... 4 %W M.absd 71
load LRU of instruction memory using virtual address - LDIMI.RU . 92 M.absf pogs
Joad and store for mutual exch - LAS 100 Mabsq 2.2
load cfp into register - LDCFP 8 Mabew n23
Joad condition code register - LDCC 97 M.addd 28,20
load contents of DM key memory inio register - LDKEY  oiinminimmmmmsiansisss 87 M.addf 28,29
lood effective address - LEA 60 Maddq 2,20
Ioad from data memory using physical sddress - PLD - ........... 83 M.addw 28, 29
load from instruction memory using physical address - PLDIM | B4 Mandq 3,39
Joad from instruction memory using vinual address - LDIM .. 85 M 38, 39
load processor internal stuus word - LDPS 96 Masrq 5152
load small integer inio GV register - LD 15 M.asrw 51, 52
Ioad small integer into GV register and jump - LDJ 16 M.bitrey 50
load semall unsigned integer ino GV register and jump - LDZJ 18 Mempd 664
load unsigned small integer into GV register - LDZ ... 17 Mempl &6
local register 3 pryse) o
logical and - AND 38 M, & 64
logical and and jump - ANDJ 39 Mext 13,14
logical and on GV register - ANDR 40 M.floatq 1314
logical ive or - XOR 44 M_getidv e
logical exclusive or and jump - XORJ 45 Mifixd 514
logical exclusive or on GV register - XORR 46 Mislg L
logical inclusive of - OR 41 | Mlsiw a7, 48
logical inclusive or and jump - ORY 42 Misrg il
logical inclusive or on GV regisiers - ORR 43 Mlsrw 49, 30
logical shift right - LSR. 49 e i
logical shift right and jump - LSRJ 50 M.movT 78
1 logicalfarithmetic shift lef - LSL/ASL 47 M.movq 78,11, 12
logicalfarithmetic shift left and jump - LSLI/ASLY 48 M.movw 78,910
l Iy 82,90,91 Fepi e
gt 47 M.mulf 3435
\ tsl1} a8 Ml g
islq 47 Mulug 3
Islgj 48 | M.muluw 36, 37
15131 47 M.mulw 3,35
Isi3.Lj 48 Mnegd )
e, il Mnegl 2,25
0 48 M.negq 24,25
Isr.l 49 M.negw 24,25
e - M.notg 26,27
s, bhid Monotw 26. 77
lsrg.j 50 M.org 41, 42
157l 49 M.orw 41,42
lsr3Lj 50 Mputid s
lsr3g 49 M.subd 31,32
lsrg) 50 M.subf 31,32
M.subq 31,32
M.subw 31,32
M.xorq 44,45

=112 - =13-
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MEKBL, make new BL-pair

ML-format
MOV, move scalar quantity

MOVDW, move double word

MOVDWI, move double word and jump
MOV, move scalar quantity and jump

MOVW, move word
MOVWI, move word and jump

MULU, unsigned multiply

MULLY, unsigned multiply and jump

make new BL-pair - MKBL

memory
key

memory enmor

mihl

kbl
mov.d

mov.d.j

mowv.{

mov.fj

mov.l

maov.lj

mov.g

mova j

movidw

movdw.j
move double word - MOVDW

move double word and jump - MOVDWI
move scalar quantity - MOV

move scalar quantity and jump - MOVJ

move word - MOVW

maove word and jump - MOVWI
movw

mOVW.j

mul.d
mul.d

mul.f

mul.Lj

mull

mul.lj

mul.g

mul.gj

mulid

3.

mul3.f

mul3.fj

mul3.l

muldLj

muld.q

FLATS2 DRAFT V0.4 - November 13, 1990

muld.qj
iy hit

mulu ]

mullj

mulieg

mulig.j

mulud.|

mulu3.Lj

mulud.g

mulu3.qf

N
NEG, negative value

NEGI, negative valoe and jump
NOT, value

N‘O‘I’i’. wﬂ;pumm value and jump
neg.d

neg-d.j

neg.f

neg.fj

neg.l

neg.Lj

neg.q

neg.qj
negative valoe - NEG

negative value and jump - NEG)]

trap

not1

notLj

noLg

not.q.j

a
OR, logical inclusive or

ORYJ, logical inclusive or and jump

ORR, logical inclusive or on GV registers
offset mode

offset pop mode

offset push mode

orl

orlj

org

orq

ordl

ordlj

ordg

ordqj

o

S R ]

HESESREDROREREREEERE

INDEX
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P | R

reglster 3.5 03 4,2 RESET
H 23, 24, 25, 26, trp 92
27, 28, 29, 31, RET, return from sub T -
32, 38, 39. 41, RMGVEEY
43, 44, 45 47, remove key from GV key memory 89
48, 49, 50, 51, | RMIMEKEY
52 remove key from IM key memory B9
PF_DM RMKEY, remove key from DM key memory 9
rap 2 remove key from DM key memory - RMKEY B
PF_IM et 79
zp 2 retum from ine - RET 79
PLD, load from data memory using physical address 5 reverse bits - BITREY 50
PLDIM, load from instraction memory using physical address B4 rmgvkey 89
PRVVIO rmimkey 89
trap 92 | mkey 89
PST
store into data memory using physical address 8 4
PSTCFP, store physical address in cfp 86 Seregister 3,5
PSTIM SCBL, subimct, compare BL and branch on Bfin/L/out n
store into instruction memory using physical AAAMESS e - B4 SCBR, subtract, compare and branch on sig i i "7
PUTIDV SETA, set address tag m
put device memory 103 SLF_INT
PU_ARITH trap 92,99
trap 92 SLF_NMI
physical trap 92,99
address Bl SM_ARITH
memary 81 trap 92
physical address 83, 84 SP-register 3,510
pisw 9 5T, store small integer in GV regisier o memaory 19
pid 83 STCC
pldim 84 store ition code register 97
pointer index mode 4,560 STCFP
pointer mode 4,5 101 store address in cfp 98
1 poinier pop mode 5 STGVKEY
painter push mode 5 store key into GV key memory 88
do-allect 4
| privileged mode 93 store into instruction memory using vinual address . e 85
| privilige violation ” STIMKEY
program status word 2 store key into IM key memory B8
st 83 u
pstcfp Bs store LRU of instruction memory using vinual address ... 91
pstim B4 5T, store small imeger in GV register 10 memory and jump ... 20
psw 92,93 STKEY, store key into DM key memory 88
HALTMOD 93 | STLRU
INTMOD 93 store LRU of data memory using virual sddress .oooccoommeimmms s 90
PRVMOD 93 STPS
RETMOD L2 store processor internal status word 9
TRCMOD 93 SUB, ani ic subtract 3
[psw status bits . 93 SUBJ, arithmetic subtract and jump 32
push side-¢ll 4 SUBR, subtract using GV registers 3
putidy SU_ARITH
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trap 92 ‘ store small integer in GV register 10 memory - ST 19
SVE 103 store small integer in GY register to memary and jump - STJ

T2

T2

T2

T

72

T
sc.bll L sub3.fj 32
=.blo m sub3.l 3
sc.bir m sub3.lj 2
schblt 72 subd.q 3l
sc blub 7 sub3.q. 32
sc.blu 77 sube 33
sc.blul 7 sublract using GV regisiers - SUBR 3
s blur n subtract, compare BL. and branch on Bfin/l/out - SCBL t
schie T2 subtract, compare and branch on sig igned integer op - SCBR 72
sc.brs. mn system call 92,94
se.bru T2
sc bueq n T
schuge 72 TRACE
se.bugt 72 trap 92
= bule 72 TRAP, trap 94
se.bult 72 test bit - BITTST 56
sc.bune i trace mode 93
sct address tag - KSETA 02 trace trap 93
set address tag - SETA 101 wp G54
set bit - BITSET Lx] ADREND 52
sela 101 ADRCAL 92
sign-exiond GV rogister - EXT 2 DM_ERROR 92
signed multiply - MUL 3 DM_MLTHIT 92
signed multiply and jump - MULJ 3s GV_ARITH 92
sth 19 GV_ERROR 92
sthy 19, 20 | HARDWARE 92
sts 19 ILLINST 92
s 19,20 ILLOPR n
see 97 | IM_ERROR 92
stelp 98 IM_MLTHIT 92
sigvkey 88 LISP_SVC ”
stim 85 PE_DM 2
stimkey &8 PF_IM 92
stimir 91 PRVVIO 92
stkey 88 PU_ARITH 92
stlru L] RESET 92
store key into DM key memary - STREY 88 SLF_INT 92,99
store physical address in cfp - PSTCFP &6
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unsigned multiply - MULU

unsigned multiply and jump - MULUJ

user m

v
wirtual
address

memory

virtual sddress

Iru

vinn

w
way

X
XOR, logical exclusive or

XORJ, logical exclusive or and jump

XORR, logical exclusive or on GV register
xord

xorlj

xorqg

xorq)
xord ]

xor3Lj

xoed.g

rordgj
Eliig

8is8s

2888

3

37
91

remes

B

2

=¥
I8
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1.1 Basic addressing moda mora e e sgesw ) aiesie
1.2 Side-effect . . . Wl W Ty @ = Ak
1.3 Special addressing mm.'.a 2% I R B 1
14 Summary . . e TR
1.5 Addressing mode nnd instruction Fumm FLPT PR
MOV - move scalar quantity s R
MOV] - move scalar quantity and Jump ~ETAR RN (1
MOVW - move word . . A A
MOVWI - move word lndjump AR e e e e dsiatte e
MOVDW - move double word . . b et s

MOVDWI — move double word and Jump e .
CVT - convert signed value 1o different signed d.n:u lypr. -

CVT] - convert signed value to different signed data type and Jump

LD —load small integer into GV register . . P

LDJ - Joad small integer into GV register and jump R

LDZ - load unsigned small integer into GV register . . . ., .
LDZI - load small unsigned integer into GV register and jump .
ST = store small integer in GV register o memory . .

ST - store small integer in GV regisier to memory mﬁ;nmp s
EXT - sign-extend GV register

ABS - absolute value . . F PRI e
ABSJ — absolute value and j jl.ll'ﬂ|'l an 0. . . )
NEG - negative value . . PRI R e i
NEGI - negative value md;ump ST T BT P
NOT - complement value . . o owmie s
NOTJ - complement value and yurnp e

ADD - arithmetic add .
ADD] - arithmetic add md jump .
ADDR - add using GV registers s
SUB - arithmetic subtract . . S
SUBJ ~ arithmetic subiract and jump -
SUBR - subtract using GV ::gw.us S

MUL — signed muliply . . . e T G i A
MULJ - signed multiply undjump 2 4loma et 8 SRR A
MULU - unsigned multiply . . i R S R
MULLJ - wigned multiply and jur.np v et Sp N R e

AN'Dl—k:glr.nladmdjump. u

ANDR - logical and on GV register . .
OR - logical inclusiveor . . . . . .
ORJ - logical inclusive orand jump . . .
ORR - logical inclusive or on GV registers .
XOR - logical exclusive or . . w e ST i
XORJ - logical exclusive or and Jump T E T e,
XORR - logical exclusive or on GV register ’ G
LSL/ASL — logicalfarithmeic shiftleft . . . e W
LSLI/ASLI - logicalfarithmetic shift left and ;u:np .

(5]




LSR - logical shift right . . ok B TR mL
LSRI ~ logical shift night and Jump .. =15

ASR - anthmetic shift right . b
ASRJ - arithmetic shift right and ;ump S
BITSET - setbit . . . . + ity
BITCLR =clearbit . + . + + + =
BITCHG — change bit . a4 [ ST B
BITTST-melt Bl . . - = = s.% % s o s°a & = &
BITCNT = count bits . s Wil e
BITFND-findbit . . . ¢« < + o 4+ & o
BITREV - reverse bits . . . . . « o« .« &

LEA - load effective address . . . . . .
MKBL - make new BL-pair . . . . . . R ik
ALLOC —allocate SpACE  + + o + o+ o s o a &« &5 o &
CMP - arithmetic compare . . SRIENG i e L
CMPJ — arithmelic compare and ]ump Tl e R s
BRS — branch on signed integer operation . . . . .
BRU - tranch on unsigned integer operation T A =
BRV - branch on signed integer operation and wrﬂuw o s A e e
BRC - branch on unsigned integer operation and carry .
JMP - jump tolabel . . . . o
CMPBR - compare and branch on s:gned.hmgmd |||1:g=l opcnillun oy
ACBR — add, compare and branch on signed/unsigned integer operation . .
SCBR — subtract, compare and branch on signed/unsigned integer upaa:u:u
CMPABR - compare two addresses and branch . . . . . 3 -
BRA - branch on address g . . . ey TR L L T
CMPBL - mmBLwﬂb&mhunEﬁM&m T FReIEh I e
ACBL - add, compare BL and branch on Bfinfljout . . . . . . . .
SCBL — subtract, compare BL and branch on BfinfLfout . . . . . . .
CALL —callsubronting . . v « « & v v = s s.5 a

RET - return from subroutine . .+ . + o & o & o & o .
1.6 Memory management . . . A A,
PLD - lpad from data memory using physmnt nddmss - o T

PLDIM — load from instruction memory using physical ndd:css

LDIM - load from instruction memory using vinual address .
PSTCFP - store physical addressincfp . . . . PN
LDKEY — load contents of DM key memary into re;mer £ e e
STKEY - store key into DM key memory . . . . o « - + « 4 o
RMKEY - remove key from DM key memory . . . . W i =
LDLRU - load LRU of data memory using virtual adlllm ® BN
LDIMLRU - load LRU of instruction memory using virual address . . .
17 Excoptionhandling . . . . + .+ 4 0 4 aa . T
T e e e e e
1.8 Processor stuus . . T e e
LDPS - load processor mu:mnl ltnLus wmd bt atize R
LDCC - Joad condition code register .« « o o« o+ 0 4 4 4 . .
LDCFP~ load clp IO register . . . . & & v s & « 4 & 4 -«
IPINT - inter-processor inerupt request. .« » . - . % . . . . .
LAS —Joad and store for mutual exclusion . . . . .
SETA-sstaddresstag . . i W« v 'a w b o+
KSETA-sotoddress g . . . . . . . .
GETIDV - get device memory 3

101

103
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DID ¢its DDL 7—2 » L<ADIEH (BFH4) L EHL T, MMy &Y 5
2o FAz FVERETRAICT LD TE DS, CORDREDPLS 2 H#LT. X0l
REFD AT LEES> TS, 2—FREFBDLAEY « f A —-FEWHLT, A
ERE-ISHoRBENIRAEL L6 2 00 2 £, HEMNF < XiERE
Tk CeziTdd. ANORELHBRBOZW, &3 av—i 3 YOWRITH
ERTHEHb, 2—FRHGTLHUREM ) ELE S o RARIS~, - ¢
DAYERELBETSC LTRSS

e, DDLOY—2 + LRATRPLS Y2 FLLERESH N, RESH
THEES ZFLEERLES» FUAETTES T LTRSS, ChickoT, §#
KD 7 by =TRESHWICTERT T Lacr 3. DID it PLS oFdi & wisd
BUAFLTHST, PLS LRHEFUERTSEL A7 4055,

I 3

2 FLATS2 mHEtERROEMEHS
CrT, SERMRL R EXENSOaME L EnTE,

e UL EFMEE{TE L.

SRR - BRI RIS R A H B 0, e L e RMICTTA O
b5,

« HERROS L—FHTEREER S L.
o Nn=F=TORBERIHESUREY 2 b—Ya A ETHB L.
» RERHEZOKERRIO CAD THES,

» 74203 —FORR - BEERY, =420+ 7T—#FF72F +OMBEBL
BELT. 2OBRICfTASZE.

o Y)Y v THESCRRESOZ L,

ZOBRIL, V7 Y =TRIRCRT S F 4 #ORBEEMLATH LA TS
%o

ChbOERELEAT, UToREEfTE- k.




o PLS Sk ERTsoTREL (. DDLBEOV—X -« LoNATEREEH
to
z@oichic, DDL 3 »A4 % (ddlc) OBHITTE S, CHIEX> Tz v
2 £ WRMART 3 FRSEET 5. BROBEN G E  REWD, FEWESE
EbZ2ALIOEERINIWCH 2o, FAEDERTRE S k.
ik, ddlc2BETECECLY, Y—23—F - LATPLS toEME
H#EREEND, chEeXld, XMEREENTERCIEC TRSEE~HTEC
EHEfEICE S,

UNIX 254 L TERT S,

LTOREFEEN. UNIX v+ 2Tk, BHTCRENEoMEAENR
ELZde®, UNIX 7—2 27— n »o b HEN oM@z % v (FLATS
BEBSICH W HST00 € VAX-11/780 X h i@z okERicE > Tw 3]
UNIX _kictt C/FORTRANTT/ #2425 ¥ [ lifi= 5 14 £ SORBRM 2K IC
fiioTHndh, FcRQEE LS DRE, WHEL O Tw
LW, WlehBENAFT S L0 ER VRS AD, BSFERLEST
filk s C BBk a.

%7, UNIX HHBRE MR e b 2 4 7ERCHLRSTHS (L n
SIERESE). chitEdic, 4HoAMCEEL TS,

Y—AMEAZTHRL,. BRTRTTS.

PLS A7 ADERE 1 FLATS2 702 2 b @ 2 vrimThnkd, wi
hict IfSFREDCHTE b A bhv. 2bEAEOCHNIC L BE@SLE
YA LS THESTLEAN, RORSHERLERICES.

-

LUEREEN—FEI T L s 32—, SURELT—572
Foro b ST b—FERRTITREMOEBL TS (.

ChbOREL S £1c, FLATS2 0N EBUGH ML . JRLTFT,

FoMBlIcowT RkIcE< 3.

VKSR, WRATRTEWRNTH (R REEAE),

TR OMNE

Elic, BEoRixBRNM0b62 LRt

1 FLATS? it




3.1 A—Fo=7RAONETR

. = Fo=TiR: 20 BEFHE MBI 5.

s— P =Toltfit, M DDL B Hvwci4d5. L&L, DID =
AFLTRT) 7oty #OEHENMBELTWIDT, Y—R+ 774 20K
RECOTITu kot FALI T4 THETLTE Y. MBEOEIC, RLD
TEXADDL 7u2242kd. WABTERENE DDL 7o ? LOBWANRE
HorAF ALt eTRT, PLS kb v AL CRFTSCLHTECE5.

MLERBEABRCAY TiThbhTwd, iRk cpp (CBERY Y 7ot 2
#) T, XFRoBRBRGD <2 c B R T 5. KR (ddist) TR 2 Ra—F .
Z4—2FOER<202RABL, v{2ps—F - Txv72HoMEtatL
Tw4 23— FRRZ 7/ 2%k 5, COBERTZ 7421, w4 Jua—F.
Ty 7anl, HENT Ay 7oy SACLERNELE. 20B02 R
(ddlct, ddift)it. DDL ¥ =2+ 77 4 ADRBETTE S CORE? =—X12
7 57 (pretty printing) TH 5O THBELTHHLEL kA, DDL ¥ —= -
AR HOBRHLEOf ¥2 72— RICHWE D, ANICE < TOTRHEY
Wb ICEBEITE2Tn 3,

R, DDL 22034 2 (ddlc) £ v T DDL ¥ — 2@ a v A% fikd, =¥
A4 rREREs =y VE LT, A7 ¥ =2 | (FORTRAN 777 4) L&
W7 7 4 ABER - USiEn 5. BEoRBECHBESERER TR TL
TPz b OB r A Ak b, DDL 2 v 534 24 DDL ¥ > hORFHIC
BRIND, BHORERR. T EFA Ay YROY v EARE LT U RVWLR
5o

DDL Y ¥ # (ddlnk) i, BESBERELHWT, DDLOSER LA T Z2 2 |+
2= F (FORTRAN ¥—2 « Ye ¥ 3 L4L) tHBESBHELWERLS. DDLY
“HEFEHLEWESICH, £T0a=3 b2 ddlcT242 . oA alLiHh
BEhbknied, dilc TOa v <4 Al KEICEBlAS, ¥, BB52=y }
ONA—Fo=TER*ZEWL ALY, M+ 3LTO2= b2 T 2HTHa A
A2LEdRELLEve HIBIFICRC 5 LAREABRT 2D, ~—FY =T
BERODF—» T2 F - FAL2EBTIc W BIcks, DDLY v 4%
Hwacicly, Slia=s tEHOWa v A Aa5FEck 50T, FLATS?
Fial—ZOLERr AR (EREAT, BHEEO2 -2 TS0 F. 2
ALBRKELTEWEND: COTER, L RAFARKONEE - EAKICL AR
FftT 3.

CHLTSE2=» bDavSd sV » 25T LG, T2 hi FORTRAN
7o 72 L% FORTRAN 2224 2 (BSD UNIX @ £77) T 54 a3,

DDL R toSRE==» FR3 v ~Af A2 N5 L SUBROUTINE L B k5, W
fi4 A= kdeRETa X2 4 (pain) £V 2T 35FHB 5, PLS+=
74 TH, SCL (Simulation Control Language) ClEM LS fatb—2av . 7
BYPARa AL ARRTES B I Lo Tnish, DID CRES 0724 S
Bk &St w - FRORENEE et k. |

EREBa=» tOV -2 T TP v R, BFEFFA TP LItCT
DEFTT =2 teY ¥ IThE, /L -V ERINE, COETurra
#5% did (DDL Interactive Debugger) EFu # 3 4 LR, ERLARFA 21—

#, FLATS20did ¥ S av—2Thd.

3.2 w4Zno7o¥5L0NEER

Wi, =4 2oy AONATHEE~5.

w4 rua—F-Ter721, Ao toBAF bt koTHECIER
Like =4 23— FIL2WTH, cppliCtk SMMEALTAoBICT € T A4E
BETE G, w4 2ua—FOTEr ZABCl, ~— F ¥ = TIGEOALIESC
EifEhkked{ 7ea—F « 74— VREET T A2 BLBTHS, COT 74 A8,
w4 zuFe¥FAEl i ERORERNEE AL TV,

FLATS2 @=A4 2 oa—Ficl7 FL2OMERMANET LD, T
¥ 2 AR THESHHENBE, SR 1 CEREAE, v roa— FHEERES
Bwt, A2 TCHBBREMRT 50 w42 ua—F - Y v 2REELTWEW
H, Ty FAOBERSRNEEWY, BED: CAFHCHBKEsTwnkn,

3.3 ¥Iat—<arORTFEM

B, didiisb—20ifTConT~<8, did ¥ I atb—FHEFT7 T
Arkor, UNIXOawyF« L<aTvEBTLIEIw. EBENDE, UF0
ECERHEETTE 5.

o DDL @ v FAR (ESREET 7 4 2) £BD.

e v{roa—F+vvdrnf(v{roa—F- 24— FEf7 740 %
Bir.

» w4 7 pa— FERAALT, WNIREE#IPHET 8.




o REY o 4 A-TERAT,

Sl F—F Rl v IR A CllE MR AL,
8 A—Fo=T (ERE=» FEHIBT 54 T A—F ) URHET 5.

o vial—2OFWL? 7 A2~ ERAT, HfTT 5.

TIMESHT T e HBEE—FEAY, Fer7rliLTa—¥0AN (=
- F) 0. 4534, Ahk 774 rcHLTRHAS T E bAIETS
5o 3wy FECOWTR, RTHE<3,

2—FRAdDawy Fr btaTElio s~y FERALT, #EMERE:
falb—2avEffRICLHTES. COHER. RYONELEFT I LT
HeldTes s, HE, didof vEF 72— dbx (UNIX kv =2« 5—F »
Foig i) el TiEbh T3, WRERESY, dbxICX3 Y7 b2 =TDF A2
ETIND (dbx 0T - & WGB A EAEL BFoH).

gcbi-T, UNIXoy—aAe{ERLAELOCRIBOTR A8 T3
ciHTEL,

4 FLATS2 REtiEmHio®R

WAECE~ B BB, » TV A v F—aviednT, BRICHSPL
RICNnT 3. ddlc OBRIBEB=A E IR, FOMETO2—F4 974
Rz WRE T o

4.1 ddle (DDL 3 +484 5)

I AR, BEREOMKRSEC L > cRB X k. T2 iz, =
@ VAX-VMS jii#% BSD UNIX © FORTRANTT LicBBiiL 4. BRIEZOISEA Y
1. ific X o cfikbhi.

AERE ko e, BHERRTE) ORGoiiibiik. VMS ko ddlc
t FORTRAN clashToh, ¥ —2=— FoR5600 7 (147KB) THotk. ©
¥ UNIX IC8HIL i £ T3, 6600 77 (FORTRAN) + 700 7 [C) BEIC & - 7.
HECWIORBEES A FLLTRLTWELWE B I, FeCBERLE
e Sw (C o 700 T4 ¥).

TTSERT REEERTNAS 0 U2 b RIS -7
B WAADHTP

FORTRAN Yo ¥ 74 THohb, —GOBMIERRT CHT LA, LA LB
Kk sAropEch, tORSCOHNERE L, BELAMEL D
SRS DELTCHRT 3.

» FORTRAN @{:@oilig

T, RERNT (0D, $)DED53F T F+ 24 TERE STV,
Tk, ACEWMOMEERFES VMS & UNIX ol - A, Mkl B350
CHEAOEFIE>TLE ok,

AN oo R

Chi, FELhEnAN 0SS oo Ce %, 4, UNIX kow—
ALBEETEE D, PEHATRVFES .

FORTRAN Sf7#E 2 4 7 2 U OflR

ddle BEOREREMA S K CRHEGCR Ao k0T, AMAKFENTE
biica.

¥, ddlc O¥fEEA—F > b UNIX RICH 2 e E hico S#0H FORTRANTT

THAEERT WA, 8 CEBTHIM L oL k. BEC 150 fr
BEED, pEwlBofsths.

4.2 ddink (DDL U %)

DDL T, HSRE0RRE, ==+ +ALES 24 FCBELTEE 5% COM-
MON F= 2 2 2L cfihbhd. 2= FOfEH (DDL ¥ —2) #@E+3
. HiLwESoffth - BSREoEESc -7, @S0ET 5 COMMON 7o 5
2EeTe s PN Ty FEBEL-TLESCLESS. 2088, N34
ToOax=z FCEENER,

ddle #ETF L A7 P27 FHEMI AT LFERIC, EERERNETREH
5. TORERCKR, FABOE T T o2 7RF 7€ FOWHESFETATH
3. k. 2o FRESHBELCWINEEER L ZoABEA Y ENE
SEEALLTAMLTYw30T, ThbtfnT&== FONBEMEELY
BFEFsCEFiTE 3,

ddlnk i1, ESEENESRLENL, 2=y bOF 7P =2 FENBREBEE
SYELLEBEGT. Fuy 740 CBlCEahcRY, T0FEEDLDTEHS,




MEREE,. AEsRE, DDLAFY=2 bEEONBHEREIRER e, ddic
oY —ZPTRERETC. RECERL .

ddleDavAf s TravElaTh, 2R3 avS{faLckilyrs
fikGCbNTREH, HAERRL AR 2 AL 203 BHECCE D, ddink o
WITERI, = AL AL H~NERRTEERBE (1 SR - a v frols
O—)ThE.

4.3 muasm (¥4 Z203—F - 7E>F75)

T oty (ddlnt) BVERT B o a—F e 74 —A FERT 7 A%
T w47 0a—FR&7 41—~ FRIEZENAMEEDAR, v12va—Fo
FSCz s b 2 AAEERT B w4 s ua— FORRERERE b DK, &
vHA b EIECHEETICLETMETR D, cppHolcl-oTERORRY
ek sov, BAEESEERYE - ThEr#bh G,

flic b, ABR (default) DFE, 7€ FATHIRE, = 4 v HIAS, XL
HEiEbhi@iERrEsAEhTwS, CENCMITEED Eka—T 4 V74
THd,

4.4 did (did £Fo¥ 5 L)

o@D, At rdhfcfRfla=y PERSL. 2—FLo il s
THEEHT 7 ZEHIL RO 5. BRI L=<y FiClk, UTFoXshbons
Ba

o EBHOREIR (print, dump)
DDL &> #A- £ AL T, NEOHMEIRT . 7 avick b, #
OEELEECSHS. ERERNEERHLcESEEREET I LA TECR S,

o (ESRORERE (set)
BYcEEeT 5. (CAME
o AzYDu—7F(lad) X¥7 (/)

2xY . print set v FORO A —FO2TLELTT 2x2+3C L
PTRLA, XDMEMKE, T—%F72F+ kDAY LLTLT 22 TR
S A 20— FP@f. T—F2O0Bo—FELHvd,

-

B8O | v—2 (trace, delete)

&2 0 P FTRETRIIC, MBS hid% (2N £ 25T 5.

B EH0ER%S (what, whatis)

EELEERELT. ToMRMNE R 5. ERANLERTE L,

2w 2 2 (clock)

A—FP2T 2=y bC2 0y 7 BEFS LT, RIEBFELET L TRER
B s,

BB = FO#ER (attach), UMEL (detach)

HELA2=2 F~D2 o 7(HRAEHEE- - BTH5, UIBEhk2=s}
ORI REZNE. »— F7 = TORMIF - » Y CERT L,
UNIX o4 ¥ % 7 = —2 (edit, sh, ...}

did A#g b, UNIX oBNEEMUHF, =F 4 2 ¢DDL ¥ — X% ¥IE. W
avA{aLied, 42— FOEW - (B, &% - T—F08REiTE
SCEHRTES,

MiBix~ 2 o 15 (alias)
o= v FOSIERR. BESE k.

=¥ ¥+ 774 ADEIAS L EFT (source)

FRMEHE7 Aol iab—a yOlRTFLES T
Hick s,

PITHED PR & 5T (save, restore)

EMBE=2=» tORBREL 7 7 { AICBELED, 774 A5hLHTLAY
T

AN T 74 [ Totaod—F v 2 o—Z (open, close)

save, restore THWS 7 7 4 A . FLATS2OAHMNE ST at—FrT3
NS o 2A0RARE-ET.

SECELTdido=wy FEMSI C L RERTH S, Bl C T 2500 fTEED
TarILckaTnd,




4.5 7Y 7ot>4F (ddict, ddlmt, ddift)

3oE8be T NTICER clitkvd, coXsikhihk=—F4074%
TRclstoc iy, AT e b A FIRECHRT 5. COfh, UNIXD»—
2lcppy T4 5%), F47 70 (Tl A F—, AHN) 2R
ABUCTERT & C ECRBH AL ERL, RNCHEETsc it R.

5 FLATS2M¥fal—¥aZr

FLATS2 @i 3 2 v—¥ a »{EROERICS T, fllcahTE . Tk
+ [EFFEM 2. SUN-3/60 £ ESMAMO FCEFALTwIBE0L0TH S,

51 n—FoxT7ieR

BfEY —RE~a ¥ESDLTHINNfTRITHE, PEEEL T, L0 ER
LA R R A TERES Sa—2a vEfFES b TR S, BlkT
By 2Tz bka v A4 A LTRITA A -2 ERT 3 CB 12 % 542,
laz=y tOXEEWTIEER. DDL Y vy A0lHClaTE = e T30
F 4 A5EL EREN S, RERERETHIIC X > THADRE,

52 =w4zoa—Fik

HE/ AL~ ¥ ERLATHNTFRITES. RETWALCW <42
vea—Fit, ddCHAILTWE bR BERMKIEERL T, ~—Fo=TKK¥Y
va—FLEbVDTHE, v Lk, @00 ¥y bRD (B IK ¥y F) K
hdo =4 7 ua— FRETHIINIGE - PR .o

ST 2 OUBIRE (7 7 1 24) KAPRTWEN, CRELSTE2ARTT Y
FALlTh4 PEECHTT 3. ddlat b 2 oo—FERZrArKLaT—
Fo=ThRE: MENCHIMLTWE D, BFOFMRAE(ERIA TV,

53 ¥fal—iafER

Birdid & 2 a L—F OEFT7 74 A1 320KB, Kipho 4 21— 10MB BT
33, YL b (awy FRARLG 7 ev 7 HHDET) c O BDEEEETEIH, =
=¥ FORTEFCRNEER L v, 2=y FEBELEYIaL—bavies

e K55, d1nk K1 5, CTTEG D

WTH, 1 202 20%Fi 0 BENTEE (Fr— ek bk i), &
EfF <o Y BME LTI, EHEHCHLSKENN TS L BbhE.

6 FhHUIZ

FLATS2 oSN sRe 2w, Bk PLS #EAEECd -0, PLS
FREELTIENEMET BE Lok, Tk, MELHMWF I X0 bRSFEE
BOHHEERL, F—v-T29 v F+ 4 LLFEHMOEN2 v 22 b
AF Lk, oMot EFSc ekl Bvik. TOENOXBIRELL
kEBEbhd, COYAFAR, FLATS? OREt: 7L CBIRE b i, B
thin i 6 2 ARICREICKAMICHERE N Tnk. &bic, FLATS2 DRR0ME (3
)P AL CERIA, PNCRRBE=S2ua— FORR. 742C, 20
BRI L <A AL —F OB S,

LiL. DID 25 Bt SERMEMT LAy 27 AL LTET S LI,
KERIENTHERBEL AT LALEBAS, 220, BTl Loy
ELWHERIRLTHS,

6.1 did 3= FOMdk

7oy AEnE, SHCOINNE o 2 AR (if/for /while ) £40 &2 L2
FiELv, FLa=v FERVELERATSC L4 EvoT, v FOMBE (s
tory) FLUEOMRIPRRMEL S L L.

UNIX kit iex—¥ o 4 ¥ 5 72— AT E2—T 4 V74 [ 2472
FUBLHFETIOT, TALEFHALL, fic, X-Window 2 X¥Dvas « oy
¥ FORMST RIS aiBL bR D,

6.2 whEEOELE

R CH—CHABLERENT-IE, L) —MoFfa—r T 75N
G BlE. ARV AXOHEBLTWESD—21c, DDL ¥ 3 4adavsiq
AGOREEFED S dlcRBHLTHILEKBTEDT, 2ALRBLORSR
fiko Tk, MENICH FORTRAN = <4 2 ICBS{EE 2 5 £ & 4 Bl
LA vg, HERICR sy AL A RA 0 TEFCERRACA L LV, RIS
L@y, FORTRAN e ¥ 24Kkt A EbhTLESOT.
ddle L<ATHEBEF 6T 2GR Lv,



¥ 7., Bk Cit ddlc D2 v A{EESEL T, RESTHOF—v T IV >
Fr84 LERMOE> 7 KE-TEd, Chtddlc ORBCL>THRTES S

b kN, ddlc 2T, yacc/lex,® CHEAFCWEMI Z L4 B2 bRE, (1 7l - el : “FLATS27—%7 2 F+ L RERA ", B v 8704 [
4B P72 bo=2 2 ) FRIL, ppl-9. BN, 1987

BHEIE

63 HmAE [2] Ichikawa: “A Study on a Cyclic Pipeline Computer: FLATS2", #-+38%, ¥
cze, FIATS2oRBEXERIIL w5 WACE bR TEL TR S, COLR AL ETRMRIESE, 1087,
FLRPLSBSIC, YORELAFLEERETESL D PECLES, BO28410
3 ifilll-f: “FLATS2 T —%F 2 F+ ", L 35 5T Aty
MR E R A bR s [3] the - )11 - f 7 + "o WIRLE TS 35 Bk

(1987), 6C-4.

o A—FOzTOdy T4 v Foiz ¥ EETOR 1
= 4 [4] Goto, Soma, et al:"FLATS: A Machine for Symbolic and Algebraic Manipu-

o Ay FIMEC X HRE | RRTIORIE lation™, The Second Int'l Symp. on Symbolic and Algebraic Computation by

. d “d., World Scientifi
FLATS2 oSemeitit. =il (M) IcE oC. PLS ok &4y #1058 & HEOR Computers, Inada and Soma Ed., World Scientific.

B CAD (Daisy) #HlwTfihbiis »— FY=2TOF AV « RSFKOWTR, FLATS? [6] ok : © SEUMARTSOTIAR " ML, BOTAETL B, 1986,
iz Athntescan [JO AT Yoo Y ONBRMBERLZEL, PLSKKXS
Yiab—davBRIBETEEVITHCI-TiTADRA. EbK, RO
HiEeRAEhf Y oRBEERET & H i, HENCABRES A ) NEE
BAMLED, 2002220035707 L0MRANE. COTOXDL
(SCAN) k2w T =30 () TR LB L CIE kv

[6] Shimizu:*A Portable Logic Simulation System”, RIMS Symposia on Software
Science and Engineering, Lecture Notes in Computer Science, Springer-Verlag
(to be published). (Also in Shimizu:“High-Performance Computer Architec-
ture”, Dr.Dis., Univ, of Tokyo, 1984.)
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pDLC(1) DDLC())

NAME
ddic — DDL compiler
SYNOPSYS
ddle SystemName flename linkopt listopt checkopt logopt
DESCRIPTION
ddicit, DDLES@ Y —2 « o2 LEFORTRANG Y u X 2 AT 5,
MAERS EE(MNUCR) I X 3VAX/VMSIRE, li=A (W HENmEsnm)
Sun3f160(UNIX) £ it h/IIM—(#tk) 2. 7> ¥ 8 LUVAX/ULTRIX iS4,
OPTIONS

THMT, O~TOMEMET &, HRCESEMER. 772074 « F—Fr0—0H
FF) Z72IF 4+ F—FrDv—L (M), 775074 « F—Fr0ANE), 1>
HOERMLID4THE, AXLEETH, LEEREH LY,

P
FM—-—
FM-L
—_—F -
F-E-
FME -
FMEL

Estopt 01 £IHET 5. 1 &6, FESEANLEY -2« Y2 b2 BMELHNT

PO - R Y

checkopt
01 EWET . 1 56H, »—FP=TEHTERWT 220 F =2 2 &fTh S,
logopt SCEEMA> 7 a v, 051 £46ET 2. 146K, LOGOUT? A A543
ZEERARE)
FILES
Hi®,. DDLY =2 « 77 4 207 74 AEHW Tk, Tixt] $fv3,
DDLF v ¥ 2 AOKFICK, W24 72 I LW THE, BEQZ {72 Y it [ddlibo) ©
33,
SEE ALSO
“DDLs 27 4 + 3= F VAX/VMS", MAINSE
“FLATS2OMREERH", MW - 428 - i, W > A S04 BEEYe 7Yy xLT b e
=r=x}




DDLCT(1) DDLCT()

NAME
ddict — cota the extra headers of DDL source out

SYNOPSYS
ddiet StartPattern fGlename..

DESCRIPTION
ddictiz 7 7 4 A FEL T, StartPattren THEE h 3 A5 — v e—HF 2FFE oLl 2,
chckd, AEcEE T RENL~y YERETICEHTR S,
FILES
PRezrzez
T—2 e 7740y ALY+ FAL2 LIKELRE, =z=aiitBeHicEbLE
FuxA{ZHTHE, ERSTTRE, renamed L Thlenameick 3.

SEE ALSD
ddlft(l],
“FLATS20MINEH ", )l - (o - 4, DR > HSOL MBEES 7Yy 2P b
=r2)
BUGS
—FroXERSss LA 3 &, HIFLTRBET T3,
DIAGNOSTICS

pattern not found
StartPattern i —HT 8 FTHERATE Ao ke 774 A REWS LTV,

DDLFT(1) DDLFT(1)
NAME
341t — change the case of DDL source text
SYNOPSYS
ddift [ ~lju | fename...
DESCRIFTION

ddiftit, DDLEIED ¥ —2 « 7 7 { A ERARLTHILF A/ AAFORBETV, HE7 742
BHEEARLE, A ONBERELAG,
chrkst
(1) AREERLEL,
(2} ACFLBEAEAGDDLY 2% L~0BMETMECT 2,
OPTIONS
-1 P—AETATRCFERRT 5,
-u P—RETATRLFEERT L. (F7r41)
FILES
ddlft. tmp. pid
F=2 e Z7dA ALY Far? b1 CEREN, ERS THIC Hilenamel
rename E L5
SEE ALSO
ddiet(1),

“FLATS2DMBR". 1)1l + i » f, FEFo v KU o L MEEYa+7 v 22 o
=&z]




DDLNE(1) DDLNK 1

NAME

ddink — DDL lnker
SYNOPSYS

ddink | -C | | —e FacFile | UnitName...
DESCRIPTION

DDLAF¥ =2 b Frdomlvh,

YA F ADEBMER FacFil) EBPLASS, DDLz ¥4 7 ddefl) #5521 CHEL A+

FP2r FENBASERECEIMALL, ChEXoT, A2 1 TTHIN - ENENE~OS

L s

OPTIONS

-C  Fay2 e XTvave §RCABAROMLORSHERRT . BEXENIS
LT, ST 3,

—& FacFile
YAFLOMBREED 7 7 A A8 HET 5. BEF 7+ 2 LA vOT, HTEET
sck

(Prsid7oa ki)
UnitName

Yo 2t EmEa=s v ZT4AETREVDT, HBTECE

FILES
UnitNamel
DDLFZ ¥z 2 b« 774 A, ddle(l) DEREL %, FORTRANT 0 #3 4« 7744,
UnitName.ert
B = 5 FUnitNameD S S0 5B %E, ertizExternal Reference Table®B¥, ddie(l)
A2 RS 2.
SRCddInkpid
V=22 274 Ay ERETTHH, Y —X+ 7 74 ACrenameTh S,
ERTddlnkpid
V=2 7748 ERRTTRII. NBAYSMA7 74 A tCrenume T 1.5,
SEE ALSO
ddle(l),
“FLATS2OMREERI". Wl - 288 - 8, B v H#S04 MBSEYa 7Yy 2L7 b o
=22z

DDLMT(1) DDLMT(1)
NAME
ddimt — extract the microcade field definition
SYNOPSYS
ddimt | o outfile | [ -5i5 | | —4|T | Glename...
DESCRIPTION

ddimtit, »~—FO2THREZ 74 A ERARAALT, w4 20a—F. 74— FORRLATT
379 - Yotz 4 T3,

dellmt it
(1) =R 274 ANDT o FEREDDLEBOMIcShETRML, V-2
inAts,

(8/S 7 a ¥ @)
(2} ~Are=—FRROWEE. 077 {+cB YT,
(4T 7« n »BW)
OPTIONS
-1 PR TTARRHE—F, V27 {AEWEARLE G, (FTrr))
-5 =R TTAABEE—F, V=2 774058812,
-t A tua— FER7TAARER LAV,
T =A203—FVRRZ7AALERTE. (F7xrl)

FILES
Jilemamemtb
T4 Iua—-FRET 74Ny V=R« 77 A ALCHRTHD2BER, TORETH
mbcE RS,
ddlmt. tmp.pid
=871 n ARSI RE T =2 + 74 A, ALY P FaLS Y KBRS
#u, ERETFhH lenamelCrennme * L5,
SEE ALSO
muasm(l),
“FLATS2 RIS, i) - $N6 - f, BIBFS > H oL IMSE Yty 2Ld b
=7z}
BUGS
Teoo Long Line

BE, —F0ry 77 RBSAFEDT, VR Fr A ANChERBLZ LS ABWE
EEBUE, FIFLTRENT 3.




DIR(1) D1}

DID(1) DI
NAME 744 b 160, EHNBONS LRI re_comp(3), reezee(3) £EMFs0T, B
did = DDL Interactive Debugger EEOnTRE R bnesaTALEROR.
SYNOPSYS . FEsEE , TR/ (elvidi)] X .
did [ —« FACHle | [ ~m MTBfile] | WCSHile... | { MEMG... | FEEnk/ €] 0, MGFLSCHTREI T, WEINAERCRATE. BH0,
DESCRIFTION LlTERT S, ZROF 7 + 2 b6, dEDM, IBIM, gOvRCGVM LT,
didEF o2 L, PREST M/ (elvidli}] , ER |, Al = A =
IvAfALEENE=2= L EESL,. DDLOABELv {roa—F- 24— FEEET EEMC. AL, BTESORDL) cER (M7 54 PRI ERRET . Bl .
Wnfey, YoM o ¥ Foliy YRMERET S, HllcEET 5.
OPTIONS set (05 - #5304
& FACH: RFCHMERAT 2 -
Yiab—tFELATAD, MERENTTAAERET &, FACHIert, FACHL clock [# = 5 7]
fable e oMb, YRFLOI Uy IR, WRENL? w2 PREBENE, 7 0o s BHERTLARE, |
—m MTHfile 15 LAENE, 70y 7 RC0 RHETS L, BP0 =- b OABRENT \
Yiatb—bFELAFAD, vfP0a—F . 74— FRE7 T ALERTE, mExh3. |
MTBfilett, Microcode field definition TaBle file?88, trnen |- 2681] [(E#] i
WCSHile BEDFL—2E TR E, £7 o2 28 THE, FRZhAHES L. ?Bi?éﬂ!::t-ﬁ;‘!“ | |
kb ETBKe— Y13, ~{ fua—FO+7 Y2l b - 71425, 77405l Bt 3. RUOF 7+ 2 R0, EEHERE AL IS BER, BEL L2
mugsm(l) THEREIHI E2D, Unit. WeenmicTA(TRAG AW, HEEthTwiES N Lclnt 3.
MEMfile delete {5 | F%) e .
b ETEICE— P48, 25 « 4 A-PD7 74 A8, 7 T4 8RR, A0 FL— 2 WERT . tracen—RERZHE 5] 5, MRLECRTERE
{dmfim|gvm}.mem THBHE R bEW. T2,
COMMANDS whatis {§% .
., HFrHws R EMmECERLTEC, ESOEREETH I, MBSO~ — FY =TT, HECIIHREE - BE(W
i MW e [ o8 2 S0 i AH~A 2 a7 4=~ F), TORELETT S
{895 = SymbotName “[" iz | " ig] #]" | [ H< ba | 40 by 54 | Is e
SymbolNamett, Thit~vd rea—F. 7 1—AF EAThE L oH what FEI% -
I R T T whatis £ [LEIIEC 5 25, whatTit, EXUK 543 o ¥ HAORBEETT B

e, e s L B EROFEEER .

hl==2}
i, M4 v 7 » 2 2AkTt BRI, attach [0 B

2 HEEERE2=y PP lab—Ya EBHTE, BRERBE, 20y 2KLoTH
ity BT A 7 5 7 2kl BRESEDE LA kS, 220 PR AN LB, REORRRRSITE
beit, BAGHY o M OBHE A0 na,
byity BT Y 5 W LRI e T

Bl Kx & LT, DOLBEORIT SCOMMONT—5 « 7u 3 2 R @F 2 C L 4TS WRLE== be. Y Eaboyayhbl I Ed, OVRLERR, 227 bORE

COMMC;‘?’uw y;)a'/y;!;ﬁu. LTFoRLeLs: RERFEND.

AT vy ><qlv| -3
: i 2 13 g aling [alias$, [alins 28] | b

ﬂw»a” 7”—%é]fbm'fi1{&;;a’h;ﬁp S ERbT. FRE, vR-<5 (W), B FORMELENT S, a0 E, i GONEANEINE. v

T = (5 | R i &, B O CHMEALISE, REEAITE HEF- WL LTHRE RS
2 load 7 74 AE

R = R MERDICER TiaN A A= PE T T AAIbu—F+Es 774 AEORETFE [mic) THo kB

Afi-=d|Djo|O|x|X|b|B|C|F &, A roa—FotIVar - 7}14»& Ltﬂ—?i’ﬁ;t_ia- ﬂ;ﬂ?‘ﬁ;-:eg
bR A RBR2EL, d £RDII0MY, of £ OHEEN, X . ek 1 Thokille, e (imddmbgum)0d I—FELTE—FT5. 7742
PREDMUANEHTTS L A5, R HKonTit, OFTIONSH & FILESH £ SHO®,

v di Y Fex—F CREavsF —mode 7.7 4 +%) HBE
ﬁ:ﬁ :;1”;;” TUTRCEE S AR RS S mﬁ;gmﬁlt.?'u-wat-ww.ucxvffa.ﬁﬁ;eg. 714&&:‘;1
i > - Fv, (ROEREEEAR (W), ak b Ha)y —medeTZ
I‘I?;%:I:HL‘ HRIWARRTRRT 3. EMMEREhAWES, Fraa bl ;jf,ggﬁm,.,k.g. .,,.mul:}r:;—..wrw, s »ORELEZTAA
. HERER .
display |38 EHHE

EHENc-—RT2@ABELML, FELT, MEREEAASNTRTT 5, BROT




FILES

restore [—c 20 2 HH| -1 77 { 28]
saves =¥ FCEFEIML, HBRED 4+ - ¥ 7ERIALT, AEHSLER
BEd. e Fravtruy PESLHELASS, HELL2 oo rBONERG
HIZpTERE, 70z BHoRESRCBE, BUCRAELEVS—FDr o,
PEBEHELADLALEAR, (X7 a2 748 ELAN - LlE,
open3 T ¥ Fd—restored 7o a * TRELAZ 7 AHERE NS,

open [—save 7 7 4 A-E| |-restore 7 7 4 AE] [-op 774 24
—savell, svez =¥ FORETE, 771277422 BT 3, —restored,
restore s v FORMATE, 77244 b 77422 BET 3. -wplt, SVPExi s
L= T E o2 e WET S, LkMaT, LETOT T A A B4 TR,
openEk 7 r A AR, cdoseswy FCIo—XEHEFET, opnd b ¥ EME,

elose [ save] [~restore] [—svp]
open2w ¥ FOH—F»LAZrd 2k, Y0—X18, <47 (Futz)0W8EH,
SIGKILLThillZ .5,

edit [7 7 4 25)
WRERAT TAAEXT 19 b5, BBEASEF 4 5 i, BEEMEDITORTH
RTED, F7 440 i usrfuch/viTHE. Zr B ERELARNM, BIfALT
IFALFHUE ERE,

source 7 7 4 A8
dida~= F£7 7 4 A bRAALTETT 8.

readine 7 7 4 A
ROMER > r 4 A2 B0AL,

readmth 7 7 4 A5
wAPua—F 74— P77 A2 2RBA L.

help [91H]
(A7)

sh [318-]
YaaAbEWT b, EMENS L oAl RASESHELL TETE S, F 72 bl
fbinfshTH 5, WRLETME, tOTE ARG EMEHE,

0o le-|
WELCET, kR, | ESIMARICRY ) TFHES T Ev.

#loim-
SF7 b flhLtw, o0, ORI,

did ¥ T+,
swr FAINOEEE 20,

L] M1 & T BawrFeird ooz bnhlbicEkor, Silo—@e: LTabE
EHTEEL,

CheeBUTTFRNEINCHE L AvB8.

(1) N 22y a)ificodT, TONFEZ RS —FF 55,

(] v rars— ) EXENOMkCoH T, TRtz —7+E

BWHEDD. ') eW-cBE, FIC T ) SETWEFEEC=Ry—T 203,

L EOFXF(—BIc 'Di=> b u—a+D)) £iT28, lqit) LAOLELC tEAE,

DID (1)

D1

Adidinit did@ffE=2=¥ ¥+ 774 2,
didit, b EHZEEFTR—L«F4 L2 b ¥(SHOME) 2 L. didinit#BEtEo
ZrArcBbhkavy PEETTE, SHOMESBRZhThnkbhokl, SHOME
Edidinitd ko kB, ALY b FyLr I T,

[filengme mem
AEY A F=T e TTAR
filnameiit, BIEdm, im, grm@OnThd, KE T F, EoRcES0TEH,
Ly BAOLFF.

w{rua—F- 7744,
filenameBit, BPK=2=2 + &, KETR(T »¥—237T) , TOREWCSE, Lt
3 BADIEN.
SEE ALSO
ddle(l), ddimt(1), ddink(1), muasm(l),
YFLATS2OMBEN", Wi - {56 - #h, BH NS v 4 TREE a7/ v ey b
=rz)
BUGS
AL P FARLESTVAWDT, CP\BTH P els tdidiiTLTLE S,




MUASM(1)

MUASM(1)

NAME
muasm ~ microcode assembler
SYNOPSYS
munsm | —f TebFile | | —e ExtFile | | s | filename...
DESCRIPTION
ddimi(l) DERLASL 2 03— F+ 7i—AFERZTALERELT. v{2e=—FOT

+rFatfThs.
muesm(l) 1, BHOHNTE~f 2 oa—F« ¥» FERIDAL T, ABL rHaB@E Ly
FTELEHTES, BT HETA 2 0a3—F+ I B bOREV, musm(l)
2T AR TV FATECLETHRL Y HADSRENRT 5.
OPTIONS
~f TabFile
Z4—n FER7 74~ 22T &
(BEF7 4+ 4 FRE DT, 2THETILERSE)
—¢ ExtFile
AAIEEWT, £PEL, B FARRREMET &, EaxfileCit, #2104
HEhk~d2oa—F . ¥v7 . 774 Ae@RHRH v,
-5 #frvbee—F, BEEALT S,
®e, A2 1THRY Y HARRRT 8w & £ ICET 2,

TILES
Unit_ Wes.mic
Tl ruaa—F«FvF+7r4a,
NER, COTTA2RFT =2 L2 BRE,
UnitiCity ¥ —2 + 7 74 AC8unitiIfUA L &g,
Weslt 2, =2 « 2 7 4 A ThwesiCEA L A Eiil122,
wHERE,
SEE ALSO
ddlmt(1),

“FLATS20BABIN ", Wil « 60+ b, o> HI0L IMEEIYVae7 Vv oxL2 b
=r2z)
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