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PREFACE

This book provides the reader with an in-depth and concise reference on the VLS| Technology, Inc. VLBEC010 RISC system
product. The RISC microprocessor and threa RISC peripherals described in this text are both world-class and International. They
were designed in the United Kingdom by Acorn Computer Ltd., using VLSI Technology, Inc. design tools, and are presently
manufactured In the United States by VLS!. In addition, under recently signed altemate sourcing agreemant, Sanyo, Ltd., will both
manufacture the VLBECO10 RISC family In Japan and develop derivative product.

In addition to a detailed hardware description of each device, this text extensively examines the software aspect of RISC Archi-
tecture. The Instruction set is thoroughly explainsd, with numerous examples shown of programming techniques. Most readers
who have some programming experiance, whather tamiliar with existing *standard” microprocessors or not, should quickly under-
stand programming in VLS] RISC system environment.

Except for the cover and VLS| logo, this book was entirely produced using deskiop publishing. To maximize the desktop publish-
ing program’s usefulnoss, this text was produced using a preceding minus () sign rather than an overbar or asterisk to indicate a
complamanted signal.
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INTRODUCTION « ACORN RISC MACHINE

E
INTRODUCTION
Perhaps the most important topic in the
computer industry the past few years
has basn the emergence of tho
Reduced Instruction Set Computer
(RISC) touted as the noxt generation of
parformance orisnted architectures.
Several different suppliors — both
component and system — have an-
nounced new computers based on the
RISC dosign mathodology. All claim
that RISC offers much higher perform-
ance than more traditional Complex
Instruction Set Computers (CISC). The
common denominator among these
suppliers has been a systems approach
to the CPU design problem, in other
words, the CPU is considered as a
single unit. When multi-chip solutions
are involved (as most ara), interfaces
are defined around parformance and
bandwidth requirements more than
junctional blocks, the partitioning found
in most commercial microprocessors
today. Component suppliers often
partition their systems around functions,
like scalar processor, memory manage-
ment unit, and floating point processor,
This allows each circuit to be used
without the others, meaning that nat all
components have to be avallable before
sales start. By partitioning around
{unctions, the component suppliers
usually sacrifice performance or require
other systam elomonts, such as
memory, be faster than necessary ata
given porformance lovel.

As RISC technology moves from the
laboratory Into the commercial environ-
ment #t Is Important tor system dosign-
ers to undorstand these new considera-
tions. When now applications arise that
cannot be addressed cost-effectively by
CiSC architectures, this new technal-
©Ogy may provide the only solution. By
axamining the following system, the

. dasigner will bacome familiar with this

new, emerging computer technology
%bamh:syaemsmbopani-

around parameters other than
functional blocks,

Brlof Evolution of CISC and RISC
Architoctures
Most commercially available computers

today should be classified as CISC.
Many of these machines have existed

32-BIT RISC MICROPROCESSOR FAMILY

for more than a decade, and have their
foundation In tachnotogy that was
radically different from today. When
most exigting machines began, logic
and mamory were expansive. In
addition, software development was
limited by the programming ability of
assambler language and lack of
efficient high-evel language compilers.
Early system designers ware forced to
heavily encode thelr limited Instruction
sets to minimize mamory requirements
of the system. Many processors bsgan,
with what was then considered as large,
address spaces of 84K words/bytes of
memory. Of course 64K words of
assambler language code did represent
a very large programming effort at the
timo.

Higher integration in semiconductor
technology brought down the high cost
of logic and memory. Scon, computer
architects found they could build an
equivalent system cheaper, with lower
power roquirements, and having more
reliability. Also, integration allowed
them to add enhancements to the
instruction set to Improve performance
of koy customer applications for less
cost than before, Assemblor language
programmers wanted more enriched
addressing modes that moved some of
the computing functions from soitware
to hardware. In addition, it improved
programmer productivity by reducing
the numbar of lines of assembler
tanguago necessary to codo programs.
Less [ines per function meant more
functions could be coded in the same
time - Leo. highar productivity. High-
love! languages ware available but
generally were tog inefficient to use
except in tho most complex applications
lavel.

Hardware designers began adding new
Instructions and addressing modes to
most the programmer requests while
remaining compatible with previous
generations of software. Soon, system
architects realized that they could
provide more parformance if they could
sacrifico backwards compatibility and
redefine thelr instruction sels to exploit
new technologias. Instruction complox-
ity had Increased to the point where
decoding mutti-word, multi-format
instructions was the limiting factor in

processor spepd. Unfortunately,
customers had huge investments in
software and were reluctant to change
to hardware that could not execute their
installed base. New architectures were
limited 1o new customers and applica-
tions.

High-lavel language efficiency and
hardware performance improved
dramatically and becams useful for
most applications. This helped two
areas of concermn in computer systems,
programmoer preductivity and pregram
transportability. High-level languages
helped programmers writa code that
was hardware independent, at loast in
theory, as compilars stood batwoen the
programmer and the execution environ-
ment (physical hardware and operating
system). Compiler differences and
ambiguous language specifications
caused some portability problems, but
in ganeral it was practical to port
programs betweon machines,

With mozo high-level language pro-
grams being written, hardware suppliers
folt pressured to add aven more
complication to thelir instruction sets to
support compiled code. Many architec-
tures added hardware implemontations
of high-leve! constructs (ke FOR,
WHILE, and PROC (procedure calls)
directly into the instruction set. The
problom arose as to which language to
suppon because each Is different, a.g.
whather tho conditional execution
expression is evaluated at tho begin-
ning of the loop or the end. As aresult,
maost architectures may support only
one language well or are so general
that the compiler cannot exploit them
efficiently (Wulf, 1981).

In the mid-seventies computer scien-
tists began to investigate new methods
to support all high-lovel languages more
efficiantly. It was becoming apparent
that most problems were too complax to
ba written in assembler language and
no one high-level language was
sufficient to support all applications.
From these development efforts came
the RISC methodology for CPU dasign.
What constitutes a RISC computer is
yat anothar area of debate, but most
emerging machines do have some
characteristics in common.

13
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First, most RISC machines are based
on singlo-cycle Instruction execution.
Unlike their Complex Instruction Set
Computers (CISC) counterparts that
may take up to 100 minor (clock) cycles
to comglete complex instructions, the
RISC machines instruction set is limited
to primitive functions that can execute
in a single or extremely fow machine
cycles. Compiler writers have sug-
gosted that it is more effident to provide
primitives to build solutions rathar than
solutions in the instruction set. When
instructions have teo much samantic
content, a clash occurs betwean tho
language and the Instruction set (Wull,
1981) introducing inefficiency and
increasing compiler complexity. In
addition, single clock execution helps
lower intarrupt latency, thus making the
gystem more responsive to the asyn-
chronous environment of today’s time-
shared and/or networked systoms.

Another common trait of RISC ma-
chines is a load/store architecture
praviding larger CPU register files. Ina
load/stora architecture, the data
processing instructions (logical and
numaric functions) can only opaerate on
the CPU rogisters. A soparate set of
instructions are used for memory
roforance that usually support a imhted
sot of addressing modes. Streamlining
the addressing modes holps simplty
instruction decode, oliminate special-
purpose address ALUs, and speed
pipeline processing thal can be slowed
by muhi-word address operand fetches.
Receont improvements in the gicbal
register allocation problam faced by
compilers have made efficient use of
large numbers of registers possible. In
response 1o compiier improvements,
most RISC systems have added larger
tegister files to improve performance.
Two factors bring about significant
parformance increases from added
ragisters: (1) register oparations
axecute much faster, and (2) memory
relerences are reduced because
registers can hold temporary results.

In genera!, RISC machines ase tightly
coupled to their memory. Tho simple
instruction sat translates into @ higher
affactive instruction execution rate,
meaning the processors demand a high
bandwidth from their memory systems
to provide peak perfarmance. In order
to provide this bandwidth most, but not

all, systoms have implomanted very
sophisticated caching techniques which
increase system cost and complexity
dramatically.
The VLS! Technology RISC
Computer Systom
VLS| Technology has a full system
solution to the design of a cost-
efiective, small computer. This system
was designed by Acorn Computors Ltd.
of Gambridge, United Kingdom, using
the VLS! Techrology, Inc. CAD system.
What makes this systom different s lts
unique mothod of partitioning the four
cireuits. Instead of designing the
circuits around self-contained tunctions,
this system is partttioned around basic
computer tundamentals such as
memary bandwidth, die size of all four
components, and low-cost packaging
available today. Caroful attention to
these fundamentals has yielded a small
computer system that can bring
excellant parformance to the user at
significantly lower cost than ever
before. An examination of the system
and its attornate form of partitioning will
hightight the advantages of a top down
dasign approach to the entire problam,
not just CPU optimization.

Tho computer shown in Figure 1is
paritionsd Into tour circuits: the

VL86C010 Acorn RISC Machino (ARM)
procassor, VLBEC110 Momory Control-
lar {MEMC), VLB6C310 Video Control-
for (VIDC), and VLBEC410 1O Contro!-
tsr (I0C). These four circults together
form a full 32-bkt microcomputer system
with performance in the 5 to 8 million-
instructions-per-second (MIPS) range.
Somewhat surprising is the {act that the
four parts are available in one 84-pin
{processor) and three 68-pin packages
(JEDEC Type-Bor Plastic-Leaded-
Chip-Caniers, PLCC) while Implomaent-
ing full 32-bit functions. A more
surprising fact Is that no partin the
system has a dio size larger than 230
mils square in VLSI Technology's 2 pm
doubla-layer motal CMOS process
which means highly manulacturable
circuits are available.

Partitioning Tho System
Tradiionally, component dosigners
viewed a computer system as “cen-
tered® around the CPU. The processor
was designed in a vacuum, without

for other elements in the
system. The CPU was optimized to be
high-performance and then the system
designers found that in order to exploit
the performancs, they had to resort to
expensive momory systems or cache
sub-systems, Increasing tho cost

FIGURE 1. RISC SYSTEM BLOCK DIAGRAM
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addition to cost, complexity, and
decreased reliabllity. Even today’s
nmt.popu!ar porsonal computers uso
plug in cards with on-board memory
sub-systems for video and data com-
munications.

dramatically. The CPU made such high
demands on the memory that VO
transactions were not sulficiently
served. This forced the systems
designer to implement ever more
complex VO sub-systems, yet anather

The requirements for a small computer
today, are very much different than
ovon a fow years ago. Now users
expect a small computer 10 have
capabilities that were anly available in
minicomputars. Full color displays at
resolutions up 1o 640 by 480, real
momory of 1 Mbyte, and networking
support are common features de-

FIGURE 2. VL85C110 MEMORY CONTROLLER (MEMC) BLOCK DIAGRAM
ABRT

~MREQ RES
l T A25-A0 1 sfo cx manded by end-users.
AW The VLSI Techaology, Inc. i
L s system is
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o o meo
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s Juma |, g, :!emorx componants. The video
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| > —VIDW area, eliminating the need for expansive
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GENERATOR -aw ing how this part functions provides
insight into the other elements and how
! ! l ! ! they are cosrdinated together.
RAS - RAD RAS ~CAS3--CASO As the name would indicate, the MEMC

generates the timing and control signals
required by DRAM. In addition, MEMC
acts as the main interface batween the

FIGURE 3. VL88C110 MEMORY CONTROLLER (MEMC) PIN DIAGRAM
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FIGURE 4. CLOCK SKEW TIMING EXAMPLE
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approach would be required to select
(bring RAS activa) all memory devices
on avery cycle. Multi-bank memory
systems designad in this manner would
have much higher power consumption
and lose much of the advantage of
DRAM technology.

Tho simple CAM containad in MEMC
can support demand paging with some
software assistance and it provides a
full virtual memory implementation with
thres lovels of access protection
efficiontly. The goa! of virtua! memory

system timing is gensrated on the
MEMC with minimal butfering on the
othar devices. This schamae minimizes
clock skew in the system allowing
slowar access time memory devices 1o
be used. Figure 4 shows an example of
how clock skew ogcurs in timing paths.
Having all buffers on a single chip
allows delays to track more closaly than
the total procoss variation, As shown
by the example, fewer butfers in the
path lowar the amount of time that data
must be valid on the bus, minimizing
setup and hold times. Romoving the
clock butfer will eliminate the difference
between tho clock butfer delay mini-
mum and maximum times.

The clock is divided by thres and used
to generate the processor and main
system bus reference clocks. The
MEMC drives up to 32 memory parts
directly in ssveral different configura-
tions. Various configurations provide
for up to 4 Mbytes of real memory in the
system. The bandwidth of the low-cost
DRAM memory is Increased through
extensive usa of page-mode transfers
because many memory references in
computer systems are sequential in
nature. MEMC also provides memory
map dacoding for 170 and ROM in the
system. In order to optimize bandwidth,
MEMC will take the ROM chip selsct
active at the beginning of every non-
sequential access and remove it # the
cyclo is not a ROM access making
slower ROM accosses more efficient
and once again aflowing lower-cost
ROMs to used.

MEMC supports saveral key functions
in the system that usually have a
tendency to impact performance or
require faster componants, 30 that this
is not the case in this system. U a small
computer is 10 suppont networking it
must provide for multi-tasking and

process isolation. MEMC provides ful}
virtual memory suppon with a Logical-
to-Physical Address Translator imple-
mented as a 128 entry content addross-
abls memory (CAM). Logical pages
can be 4K, BK, 16K, or 32K bytes each.
RAM memory is always treated as 128
physical pages, meaning that MEMC
cantains a CAM entry (descriptor) for
each physical page in memory. Having
a CAM location for every physical page
of memory eliminates descriptor
thrashing, thus improving system
perfarmance. Thrashing occurs when
the MMU system has fewer descriptors
than physical pages of memory which
introduces another source of address
transiation misses - the data is residont
in memory but a descriptor to translate
1o that page is not available. A descrip-
tor must be taken from another page to
point to the requested page.
Many currert memory managoement
units contain only a smal! sub-sot of the
page tablas and must retranslate the
logical address whenever a new logical
page is refarenced (descriptor miss),
Translation can take up to several
micrasecands dspending on how many
memory cycles must be performed. In
this systom tho address translation is
not in tha critical path and does not
require faster memory than a system
that uses physical addresses. No
translation takes place on tho row
address values which are required early
In the memory cycle. The mapped
address bits are placed into the column
address fisld and are thereforo not
neaded until much later in the cycie.
This approach can be taken because
the memory is usually configured as a
single bank meaning all memories are
active whon the RAS bocomes active
regardless. Systoms that have more
than one bank of DRAM and use this

support in this system was to let
programs ba written independent of real
memory size rather than for multi-user
support. Taday's most popular PC has
suffered recontly due to the artificial real
memory limitation placed on it by the
machine designers.

MEMC contains all the address
gensrators to support DMA activity
rolated to video, cursor, and sound
generation. These were placed on this
cireuit for two reasons. First, it elimi-
nates the need to have the full address
bus placed on the video Interface
circut. This aliows the VIDC 10 have
tho full 32-bit data bus and still be

packaged in a 68-pin package. Sec-
ond, this arrangement uses the memory
bandwidth more efficiently by reducing
synchronizatian and buffer delays on
the memory bus while improving DMA
latency. In mast systems a DMA opara-
tion proceeds as follows: (1) the DMA
device requaests a transfer, (2) the
momory controllar synchronizes to the
system clock and recognizes the
request, (3) processor is signaled to
relinguish the bus, {4) processor
synchronizes and recognizes tho
requost, (5) processor issues grant to
memory controller, (6) memory control-
for synchronizes and recognizes grant,
(7) memory controller issues DMA
grant, (8) DMA synchronizes and
recognizes grant, (9) OMA device
onablos address bus drivers, (10)
memory controller feceives address
and multiploxes address to memory  §
devices, (11) memory controller issues M8
data acknowlsdge, (12) DMA device B
synchronizes and recognizes acknowt
edge, and (13) DMA dovice removes
requost to end cydle. i
MEMC provides tho memory asbitration i
and all address sources in a single  “J
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dovico within the system. This elimi.
nates several lavels of pulse synchro.
nizers and buffering delays. When the
VIDC signals a DMA request, MEMC
only has to recognize the requaest,
disable the processor when appropri-
ate, and enable the address from the
Internal source. The DMA device has g
simple interface to latch the data when
the acknowladge signal goes inactive,
This interface provides a very afficjant
DMA capability for read-only devices
like vidso and sound generators, In
ordar 10 optimize bandwidth usage,
MEMC performs four memary cycles

par DMA requost, one full access taking
250 ng and three sequentia! page-mode
accesses of 125 ns each, Four cycle
bursts were chosen for all devices to
Increase bandwidth but keep bus
latency 1o a reasonable value, Long
latency Introduces other costly prob-
lems that are usually solved with
oxpensive FIFO bulfers or othor
interface hardware that is duplicated in
every device that connects to the bys.
RISC Procossor Functions
The VLBSC010 RISC processor
provides the computational element in
the systom. The processor has a

radically reduced instruction set
containing a total of only 48 different
operations. Unlike most others, all
insuuabnls ?(ccupy one 32-bit word of
mamory. In keeping with the tradi
AISC mevwdobgl:,g the pwcessartbisn o
implemented as with a single-cycle
execution unk and a load/store architec-
ture. The basic addressing mode
supported is indexed from a base
roqisser. with several ditferent mothods
of index specification. Tho index can
bg a 12-bit immediate value contained
mh the Instruction, or another
register (optionally shifted in some

TABLE 1. VL86C010 INSTRUCTIONS

EUNCTION

Data Procossing

Add with Carry ADC
Add ADD
And AND
Bt Clear BIC
Compare Negative CMN
Compare CMP
Exclusive - OR EOR
Muhiply with Accumulate MLA
Move Mov
Muliply MUL
Move Negative MVN
Inclusive - OR ORR
Roverse Subtract RSB
Reaverse Subtract with Cany RSC
Subtract with Carry SBC
Subtract sus
Test tor Equality TEQ
Tost Masked TST
Data Transfer

Load Register LDR
Store Register STR
L':“;;ll;‘:o‘:m Transfor

ultiple

Storo Muttiple ;?-::
Jump
Branch B
Branch and Link BL
Software Im@ﬂ'ﬂpt swi

fequiring any additional

Shift() d .
AR 005 e 308 e . Ono

MNENOMIC  OPERATION

Rd:=An + Shift(Am) + C
Rd:«Rn + Shift(Am)
Rd:aRn » Shm(Rm)
Rd:=Rn « Not Shitt{Rm)
Shiit(Am) + An
Rn - Shift(Am)
Rd:=Rn XOR ShifttAm)
Rn:=Rm ° Rs + Rd
Rn:wShift{Rm)
Rn:=Am *Rs
Rd:=NOT Shift(Rm)
Rd:«Rn OR Shit{Rm)
Rd:=Shift(Rm) - Rn
Rd:aShifttRm) -Rn - 1+ ¢
Rd:=Fin - ShiAM) - 1+ C
Rd:=Rn - Shift(Rm)
Rn XOR Shi(Am)
Rn + Shift(Rm)

Rd:«Effoctive address
Effoctive address:= Rd

Rliist:aEftactive Address
Eftective Address:=Rlist

PC:=PC+Ofiset
R14:aPC, PC:m PC+Offsat
R14:4PC, PC:w Vector #

e
nisthg number of registers in the transfer list.

N donotes
e$"""““’°¢Iuanﬁal mamory cycls and S a sequential cycls.

25+ 1IN
2N

(0**+1)S+ 1IN
(n**+1)S+ 2N

25+ 1N
25+1N
25 +1N

perand can be shited in sevaral manners on every data procossing
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manner). The index can bo used ina
pre or post-indexed tashion for any

maethod of specification.

Table 1 shows the instructions sup-
ported by the processor. These
instructions operate only an the CPU
internal registers. Only the muttiply
instruction requires more than one cyclo
to execute (32 x 32 multiply in 16 clocks
worst case) and it is not the limiting
factor in interrupt response time. Al
instructions have conditional execution
implementing a type of skip architec-
ture. Unexecuted instructions require a
singla processor cyclo and koop the
ihroe-stage pipsline intact. This
approach was taken as opposad to the
delayed branch approach to simplily the
vinual memory page fault recovery
pracass, When the branch and delayed
instruction are contained on separate
physical pages and a fault oocurs on
the fetch after the taken branch, the
recovery process can ba extremoly
expensive in both software and
hardwaro complaxity. Studies have
shown that compiled code gonerated on
the VAX averaged three instruction
oxecutions betwaen every taken branch
(Clark and Levy, 1082). While instruc-
tion sot differences may cause the
number of instructions betwean
branches to vary, the conditional
execution helps the processor koop its
pipelina intact for forward reference
branches of short length.
The VLB6CO10 supports two types of
branch instructions, branch and branch-
with-link for subroutine calls. Again,
both branch types offer conditional
execution. For subroutine calls, tho
current value of the machine stato
contained in register 15, program
counter and status register, is copled
into register 14. Linking subroutine
calls through the registers instead of tho
more traditional memory stack, roduces
the callireturn overhoad. Fora singlo-
leval linkage, the state is saved within
the machine in a single clock and can
be restored also in a single clock. For
multi-lave! call sequences, full machine
state is contained ina single word,
requiring only a single momory refer-
encoe for stacking.
Two types of data transfor instructions
are supported for memory references.
A singlo register can bo read or written
to memory in two clock cycles. Inorder

to exploit sequential memoary access
modes, the processor also perdorms
load and store multiple cperations. For
these Instructions mare than one
rogister is transterred, taking two clocks
for the first registor and ono clock for
oach additional one. This instruction
greatly enhances the processor's abillty
1o move large blocks of memory and
context switches that save tho entire
machine state. Ablock trangler
Instruction of all 16 registers is the
longest instruction and therefore s the
limfting factor in interrupt response time.

Figure 5 shows & block diagram of the
processor. Sovera! hardwaro leatures
are worthy of noto. First, by streamlin-
Ing the instruction set, more silicon area
can be dedicated to hardware functions
that enhance performance. The
VLAEC010 contains a full 32-bit barrel
shifter that can bo used to pre-shift one
operand on evety processor cycle
without additional delay. The barrel
ghiftor increases the performance of
shift Intensive applications lke graphics
manipulations significantly. Second,
the addition of a memory interface
signal (SEQ) to alent the VLBEC110 that
the noxt memory address is soquontial
to the current addross. This extra

status allows the processor and
memory controller to axploit the page-
modo capability of DRAMs and obtain
higher bandwidth without requiring
taster memory devices.
Tho third major hardware feature is the
partially overlapped register file
containing 27 locations, although only
16 are visiblo to the program at any one
time. Untike some other RISC proces-
sors, tho registers in the VLBECO10
overiap across processor modes
instead of procedure calls. The
processor suppons four modaes of
operation; User, System, Fast Interrupt
Request (FIRQ), and Normal Interrupt
Request (IRQ). Inthe User mode the
program has 16 (R0 to R15) registers.
A15 contains the program counter and
status register and R14 is usad for
subroutine linkage. The other 14
rogisters are general purpose as isR14
when it is not naeded for linkage.

Whanever a mode change is par-
tormed, new registars are mapped into
the visible spaco. Two naw registers
(R13 and Ri4) are available to the
System and IRQ modes respectivaly.
Seven additional registers are available
in the FIRQ moda which lowers the
procassor's interrupt latency. The FIRQ

FIGURE 5. VL85C010 RISC PROCESSOR BLOCK DIAGRAM
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mods has a worst case interrup! latency
of 22.5 clocks and can be as [ile as 2.5
clocks. The extra registers can hold
DMA pointers and word counts allowing
the processor to implement high speed
DMA transfers without extemal control-
lars, further reducing system cost
without significant overhead.

Most othar RISC processors overiap
the registars atross procedure calls,
implementing a register stack that is
used for local variables and paramater
passing. This scheme works well with
the C language because C does not
allow nested scopes like other lan-
guages such as Modula2 and PASCAL.
These languages require the program
to access variables of all levels that are
active at tho same time. In addition, the
processor must handla the case where
the register stack overflows (Hennossy,
1684). Both these probloms complicate
the processor design and can slow
context switching across processor
modes. It was determined that the
o;gi!ap across modes was a moro
efficient use of chip area for supporti
all high-leve! languages and m:kpl:g ?hge
processor more responsive to the
asynchronous environment posed by
network support. Besidos, the large
register bank is exponsive and can
extend processor cycles with exira
lovels of deccde Intemally.

Video Support in tho Systom
The video support is integrated into tho
design of the processor system to
eliminate add-on vidoo sub-systoms
and dedicated display memory buffers.
The VL86C310 Video Controller (VIDC)
provides a highty flaxible choico of
display formats in both color and high
r?ao!ution monochromo. Horizental
t!mhg is controfled in units of two pixel
times and vertical in units of raster
timos. Besides performing video
:peraﬁtms. the VIDC also can generate
T ek
nels of separat:
\ parate storeo

Figuro 6 shows a block d

;ldao contraller. The panhg::‘pg;z’oo

mnaza in a packed pixel format from the

m mn:g;:orializes the data into pixel

gl n, and presents the data to

Whoro 1 comonad o o o)
0 anal

sultabla for driving an RGB :g:;;x':.e °

FIGURE 6. VLBSC310 VIDEO CONTROLLER (VIDC) BLOCK DIAGRAM
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VIDC contains three channals of DMA
for interfacing to the video and sound
systems but does not gensrate the
addresses directly. For video refrash,
tho part supports separate DMA
channoels for video and cursor informa-
tion. The third DMA channe! generates
the sound data feiches. Each DMA
channel has a dedicated FIFO of four
32-bit words for cursor and sound and
16 words for video. The FIFO depth
can ba small because of the highly
efficiont and responsive bus implemen-
tation of the system. Each channel
usos the {our word burst transfers
discussed before to exploit the page-
mode access mode o! DRAMs.

The output of the video FIFO is
connected to the video seriafizer. The
pixe! rate is programmabls at valuss of
8, 12, 16 or 24 MHz. In addition, the
video data format can be selected to bo
1, 2,4, or 8 bits per pixel. Oncethe
video data Is serialized, It is presented
to the color palette. The palette
provides 16 words of 13 bits each,

allowing the part to support 256
simultaneous colors from 4096 possible
choices of an external vidso source.
TI}e output of the palette is multiplexed
with the cursor information and pro-
s.emed to the video DACs for conver-
sion to analog RGB formats. The VIDC
can support displays of up to 640 by
480 with 16 colors (high-resolution PC
type display) diractly without any
addition logic. The only external
components tequired are a simple
circuit to convert the current sink DAC
outpuls to an appropriate vo! 3
suitablo circult is shown in F:?rz 7.A
The cursor is handled as a separate
sprit_e making its manipulation simple
and it is aliowed pixel leve! positioning
anywhere on the screan. The cursoris
defined as 32-bils wide and any numbar
of rasters high. Cursor information is
fetchad during horizonta! retrace on
rasters where the cursor will appear.
The cursor sprite can contaln up to
three ditferent colors from the 4096
palette, with afourth altemative color of

1-9
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FIGURE 7. EXAMPLE VIDEO
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D3 should have similar characioristics
to the emittor-baso junctisn of Q1

transparent. Each pixel that is transpar-
ant allows the video information to be
displayed instead of the cursor. The
background video color “shows
through® the cursor. The transparent
attributo allows cursors of various
shapes to be dafinad, aliowing each
application the option of customizing
the display to enhance the man-
machine Interface. Figure 8 shows an
example of how a non-rectangular

shapsd cursor would bs defined. Each
bit of the cursor sprite can be spacifiod
with no limitations as to the number of
color changes or length of color fialds
found in systems that use run-ength
encoding for data reduction.

Most small computers support some
typo of sound output as doas this
system. The ditference here is the
support for full-stereo sound. Up to
aight channols of stereo position are
supported ylelding very high quality
sound, Dus to the small die size and
targe pin count, the addition of steteo
sound adds nothing to the cost of the
pan (perhaps a small test cost in-
croase) if it is not needsd. However,
the systom designors can use this
interface to greatly differentiate their
machings. Applications programs could
be wrilten to exploit the power of the
processo? to run signal processing
algorithms and utilize compressed
spaech or other sound information to
enhance man-machine interfaces or
provide other useful functions. This
sound capability In conjunction with the
VIDC’s ability to synchronize to external

FIGURE 8, VLB6C310 CURSOR SPAITE EXAMPLE
012345678 91011121314151617181920212229 2425202720200
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displays, could provide a highly
effective systom for the computer-
basaed training market,
Supporting 'O Transactlons
Inputfoutput control is very important in
computer systems. Most component
vendors concentrate all their design
effort and analysis on the CPU, striving
to achieve the highest performance.
1O is left as an after-thought at best, or
the VO sub-system is dosigned as a
special-purpose CPU trying to maxi-
mize its parformanco without regard to
the other alements in the system.
Interfaces grow complex and establish
bottlenecks to system performance or
even worss, sub-systems become
isolated and difficult to control. For
example, many graphics processors
proposed in the past few years did not
aflow the host processor access to the
display memory. Software engineers
proclaimed this as an unmanageablo
solution and as a result many compo-
nent designers reworked thelr inter-
faces to provide more control. Address-
ing /O and CPU designs at the same
time is important bocause many of
today’s high parformance systems are
totally 1O bound, forcing the CPU into
idle states, and causing the users to
pay for performance they cannot obtain
in the execution environmont.

The last element in the VLS| Technol-
ogy, Inc. small computer system is the
VLB6C410 Input/'Output Controller
{10C). The circult provides a unified
environment for VO related activities
such as interrupts and peripharat )
controllars. This environment simpiifies
system software and allows the 3
p to interface easily with

)1

28333V R2Y

Ll

existing low-cost periphera! controflars

such as VL16C450 Asynchronous 1
Communications Element and VL1772 |
Floppy Disk Controller, Usingthese .3
low-cost, mature dovices isakey to ¥
providing a cost-effective small com- 1§
puter In today's market.

Ablock diagram of IOC is shown in
Figure 9. The part provides the system &
with sevaral general VO support E
tunctions. The VL8SC410 contains fo:
16-bit countertimer circuits, two
configured as general-purpose timors |
and two as baud rate gensrators, Onol

baud rate gensrator is dodicatod to tho il

Keyboard Asynchronous Recoiver/
Transmitter (KART) and the other

1-10
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FIGURE 9. VLBSC410 INPUT/QUTPUT CONTROLLER (I0C) BLOCK DIAGRAM
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ideal for interfating 1o the low spesd
character rate (up to 31K characters/
second) from a keyboard but # can be
used for othar purposes if the format is
sultable,

The major task of 10C is the implemen-
tation of an efficient interface between
the high spaod systom and the towor
spead O pariphera! controller buses.
The system exploits the low-cost
peripheral controliers but should not be
severely impacted with performance/
latency penaltios for using them. Tho
part contains six programmable bi-
directional VO pins for implementing
spacial processor control. Interrupts
are supported with control for both
normal (IRQ) and fast (FIRQ) interrupts
through mask, requast, and status
registars. Sixtean interrupt sources are
supparted, fourtean lave! and two edge-
triggered, meaning the I0C should have
the total interrupt status for most
system configurations,

Centralizing the interrupts in this
mannoer reduces polling, improves
efficiancy, and reduces latency within
thoe system. Fast response time allows
tha processor to replace expansive
dedicated logic with software, lowering
the system cost accordingly, Many
companant vendors demand highor
prices for their DMA device than for
their CPU. Unfortunately, the CPU Is
usually idled during DMA transfors
because they share the addrass and
data buses to the memory. H the CPU
was more responsive, it could provide
the transfers without any degradation in
system performance and eliminate the
expensive DMA hardware.

Tho peripheral controllor cycles are
supported with four ditfarent lengths for
times. This allows periphoral

davice, Timing of external ovents

becomes more |
that must sy;

tasking. Mo

* controls the BAUD output pin of the

mportant in systems
pport networking and muhi-
st network protocols require

nodes to rospond within a certain time

(thres seconds is common) and the
nodo must detect a timeout and
81101 recovery procedures.

fequire some
task

Operati|
type

ng systoms usually
o timing interrupt for

The KART section is a simplo fixed-
format asynchronous bidirectional serial
communications link designed basically
for keyboard input. The format is fixed
with an eight bit character, ons start bit,
and two stop bits. The clock rate s a
standard 16 times tho data rate and the
transmit and recelve clocks are at the
same rate and controlled by Timer 3
within 10C. Yo improvo noise immunity,
false start bits of less than ons-halt bit
duration are ignored. The KARTis

controliers from various vendors with
different bus clocking schemes to be
interfaced easily and cheaply without
extra logic. Each VL86C410 supports
sevan peripharal select lines which are
indepandently selectable from the four
access cyclo times. i more than seven
paripheral controllers are needod,
mutltiple IOCs can be used in the sys-
tem or the select lines can be decoded
further extemally because the system
provides sufficiant address sot-up time,

In order to maintain low latency on the
high spaed system bus, the I0C is

1-11
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dosigned to allow an 1O cyclo tobe
interrupted by 8 DMA access onthe
systom bus. Figure 10 shows a timing
diagram of this cperation. The IORQ s
generated by MEMC whenever an 1O
address is detected. The 10C

will respond with an I0GT signal when
the access ls complete. Hf the MEMC
dstects a ponding DMA requast, it
removes IORQ and perfoms the
tranglor. 10C tums alf the bufiers that
isolate the two buses and continues
with the O cycle until the MEMG
returns the IORQ. Then, the cyclois
completod when bath the master and
slave devico paramoters have been
mat. This interruptible IO cycle efimi-

_ nates the slowaer peripheral devices
from the systom bus latency calcula-
tlons, improves efficlency, and lowers
system cost.

Conclusions
Whenever a system is partitioned, the
designers should consider the entire
problem as a singlo coherent entity,
optimizing all parts togethar rathar than
oach separately. The VLS| Tachnology.
Inc. system demonstrates the advan-
tages of partitioning around system bus
ramoters instead of the more
wadtional funciional, stand-alane
blocks. This system explolts low-cost
memory and paripheral components
while achleving excellent throughput
with superior cos/parformanco ratios.
With carefu! attention, the system
designer can efiminate large die sizes
and expensive high-pin count packapes
without sacrificing throughput and
achlove suparior cost-performance
ratios.
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PRELIMINARY

VL86C020

32-BIT RISC MICROPROCESSOR WITH CACHE MEMORY

FEATURES
» On-chip 4 Kbyte {1K x 32 bits) cache
memory
- Instructions and data in a single
memory
- 64-way set assoclative with
random replacement
- Line sizo of 16 bytes (4 words)
» Compatible with existing support
dovices
« Upwardly software compatible with
VL86C0o10

« Semaphore instruction added for
multiprocessor support

« Full-speed oparation up to 20 MHz
using typical DRAM devices

+ Low interrupt latancy for real-time
application requirements

« CMOS implemerntation - low power
consumption

+» 160-pin plastic quad flatpack package
(PQFP)

DESCRIPTION

The VL86C020 Acorn RISC Machine
{ARM) is a second genoration 32-bit
general purpose microprocessor
system. Tho device contains bath a
genoral purpose CPU and a full cache
memory subsystem in the same pack-
age. Sevoral benelits are attained by
havirg the CPU and cache within the
samo device. First, the processor clock
is offectively docouplod from the
memory system. This lowars the
procaessor bandwidth demands on the
memory and allows most memory
cycles to remain on-chip where buffer
delays are minimized. Second, & high
lovel of integration is malntained as
extarnal components are not requited to
implamant the cache subsystem.

Third, package sizes are reduced as
bus widths can remain at reasonable
widths., Fourth, memory system design
is greatly simplified because most
critical timings are handlod intemally to
the davice.

The processor is targeted for use in
microcomputer and embedded contral-
ler applications that require high per-
formanco and high integration solutions.
Applications whore the processor is
best applied are: laser printers,
graphics engines, network protecol
adapters, and any other system that
requires quick response to external
events and high processing throughput,

Since the VLB6C020 typically utilizes
only about 14% of the available bus
bandwidth, it is particularly well suited
to applications where the memory is
shared with another high bandwidth
device, e.g. a graphics system where
the screen refrosh occurs from the
same momory devices. In addition,
systems with more than ono processer
attached to a single memory system
become feasible and are supported with
the new semaphore Instruction. The
instruction performs an indivisible read-
modify-write cycle to the mamory to
allow for managemont of globally
allocated resources reliably.
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_SIGNAL DESCRIPTIONS FOR PLASTIC QUAD FLATPACK

Slgnal
Name

Pin
Numbor

Stgnal
Typo

Signat
Daserlption

AD-A25

ABE

ABORT

ALE

-ew

CBE

CPA

cPB

CPCLK

42-47, 49-52,
56-66, €8, 36,
38-40

28

3

29

26

76

70

ocz

np

ocz

Processor Address Bus - If ALE (address latch enable) is high, the
addressas change while MCLK is high, and remain valid while
MCLK is low; thelr stable period can be modified by using ALE.

Address Bus Enabla - When this input is low, the address bus drivers (A0.
A2S) are put into a high Impedance state (Note 1). ABE may be lait
unconnecied whan thara is no system requiramant to turn off the address
drivars (ABE Is pullad high intemally - sae Note 2).

Mamory Abort - This input allows the memory system to signal the procss.
sor that a requested access is not allowed. This input is only monitored
when the VLBEC020 i3 accessing axtemal memory.

Address Latch Enable - This input is used to control transparent latches on
the addrass culputs. Normally the addresses change while MCLK is high,
Howaver, when Interfacing directly to ROMs, the address must remain
stabls throughout the whole cycle; taking ALE tow until MCLK goes low wil
ansure that this happens. H the system does not require address lines to
be held In this way, ALE may be laft unconnected (it is pulled high internally
- 8eo Note 2). The ALE latch is dynamic, and ALE should not be held fow

indefinitaly.

NOT Byte/Word - This is an output signal used by the processor to indicats
to the extarnal memory system when a data transter of a byte length is

raquirad. —B/W is high for word transfers and low for byto transfers, and is

valid for both read and write cperations. The signal changes while MCLK s
high, and is valid by the start of the active cycla to which it refers.

Control Bus Enable - When this input is low, the following control bus
drivers are put into a high impedanca state (Note 1):

~BMW, LINE, LOCK, ~M1, -M0, -A/W, ~-TRANS

CBE may b loft unconnaected when there is no system requirement to fum -
off the control bus drivars (CBE is pulled high internally - sea Note 2).

Coprocassor Absant - A coprocesscr which is capable of perfarming the
cperation which the VLBECO20 is requasting (by asserting ~CPl) should
take CPA low immediately. The VL.86C020 samplos CPA when CPCLK
and -CP1 aro bath low, the VLB6C020 will busy-wait until CPB is low and
than complato the coprecassar instruction. it no coprocassors are fitted,
CPA may ba leit unconnected (it Is pulled high intornally - see Noto 2).

Coprocossar Bugy - A coprocessor which Is capable of parforming the
oparation which the VLB6C020 is requesting (by asserting ~CP1), but
cannot commit to starting it Immediately, should indicate this by taking CFB
high. Whan tho coprocessor is ready to start it should 1ake CPB low. The
VLB6C020 samples CPB whan CPCLK and —-CP1 are both low. If no
coprocessors are fitted, CPB may be left unconnected (it is pullad high
Internally - see Note 2).

Coprocsssor Clock - This pin provides the clock by which all VL86C020
coprocessor interactions are timed. CPCLK is derivod from MCLK or F:
depending on whether the p 5 is ing external y crthd
cache; the coprocassors must, therefore, ba able to operate at FCLK
spoeds,

3-8
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SIGNAL DESCRIPTIONS FOR PLASTIC QUAD FLATPACK {Cont.)

Signal Pin

Name Number e

Slgnal
Typo Doscription

CPDO-CPD3a1 121-117, 115,
114, 112-108,
106-104, 101-
95, 93-91, 89,
85-81, 79

moTz Coprocessor Data Bus -

as follows:

Coprocessor instructio

* For procassor Instruction
to the coprecessors byd

These are bidirectio i
usad for data transfers betwaen the pmcesscr:aln:;g ::::::'a'}wwm

fetches (when ~OPG = 0), the opcodo '
riving CPDO-CPD31 while CPCLK is h?gllsl sert
ns are broadcast unaltered, byt non copmc;ssor

instructions are replaced by &FFFFFEFF,

. Dt_.rring data transfors from
driven onto CPDG-CPD31

VL8BC020 to a coprocessor, th, i
whila CPCLK is high, "~ @8

* During register and data transfers from
the coprocessor to
CPDO-CPDAa1 are inputs, and the data must ba setup 10 lheVLfaell?ncgo fgg';a

f
CPE 75 P o

sor bus drivers are put into

Coprocessor Bus Enable When this §
- Whe input is low, the followin COproces-
a high impedance state (see Note g): ®

CPCLK, CPDO-CPD31, ~CPI, CPSPV, -OPC

CPE is provided 10 allow the cn,
! PrOCOSSOr outputs to be di
testing the VL86C020 in-circuit, and CPE shoulg be left umk;or

NOT Coprocessor Instruction -

When VL86C020 oxecutes a caprocassar

Instrection, # will take this oul,
s put low and watt for a ro: nse |
appropriate coprocessar. The action taken will depen?:n 1hisr$o':;:2:so.

which the
while CPCLK is fow,

Coprocoessor Supervisor Mode -

T signals on the CPA and CPB inputs. ~CP| ¢hanges

As instructions are broadcast to the
. this output reflects the mode in which

each instruction was fetched by the TVisol
pracassor (CPSPV w '
IRQFIQ mode fetches, CPSPV « 0 for user mtgdo ietches;. '?l'rhseu:proo;ls

80rs may use this informatio

123-127,130- mMoOTZ
133, 135-138, tr
142-146, 148,
150-152, 154.
158, 1.5

A n to prevent user-mode
protected coprocessor instructions, CPSPV change: :hgm;g&ai‘:?igh

Data Bus - These are bidirectional s
signal paths which
ansfars betwean the processor and extemal memry;ma:l:ﬁ:v:r aa

* For read cporations (wh - i
before the falling odg(e a::A_CRLf(’.I Oh thoingat data must e vatd

» Fer write oparations {when —-A/W « 1), the oulput data will becoms valid

while MCLK is low,

indapandent of MCLK; the maxi

speed of the p

LK. Thisisa free-running clock which ; '
imum FCLK frequency is determined by!ie
ation,

o

P

Or CXL
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SIGNAL DESCRIPTIONS FOR PLASTIC QUAD FLATPACK (cont) SIGNAL DESCRIPTIONS FOR PLASTIC QUAD FLATPACK (cant)
- Slgnal Pin Signal Signal Signal Pln
Name Number Type Deseription Namo Number %lg:;a : :Es:::ptlon
-FlQ 17 1) NOT Fast Interrupt Reguest - f FIQs are enabled, the processor will
respond to a low tevel an this input by 12king the FIQ intertupt exception. AW 7 ocz ad/Wi
This is an asynchrorous, lsvel-sansitive input, and must be hald low until a :‘3;2; m;?‘o‘;ww';e;:?mﬁt?:”ﬁ':m:; a processor write
suitable raspensoe is recalved from the procassor. high, and is valid by'the otart o1 1ho aivn cy;‘g al ﬁ:{?ﬁ :'v:ri;a MCLK is
-IRQ 18 m Not Interrupt Raquest - As —FIQ, but with lower priority. May ba taken low SEQ 20 ocz Saquentlal Address - Thi alls g
asynchronously to Interrupt the processor whan tho —IRQ enable & active, for compatilty with ox s sign: ;‘h:ﬂilnverse of -MREQ, and is provided
LINE 10 ocz Uine Fetch Operation - This signal is driven high to signal that the CPU s subset of VLBEC010 bus o e DY ctams VLBECG20 has a
! perations; see Memory Interface sectian)
fetching a line of information for the cache. Line fetch cperations aways -TEST 35 ITP NOT Test - Whe X
read four words of data (aligned on a quad-word boundary), so the LINE mode which 1 onh 1 Pt is low, the VLBSC020 enters a specia tost
signal may b usad to start a fast quad-word read from memory. The low whila the mgcozo s {nﬂm:'db::wm-b-ms'r must not be drivon
signal changes while MCLK is high, and remains high throughout the fina pulisd high intornally (se0 Note 2 , but may be left unconnected as it Is
fotch oparation. -TRANS 9 ocz )
LOCK 1" ocz Locked Oparation - When LOCK is high, the processor is performing a :ﬂeﬁm%ﬁ:::'::d;ﬁhmg ::signal Isi'm” 3 Indicatas that the
Aredeed® . OF
memory and tho memory managar should wait untl LOCK fnstruction with the 1016 trasiar b; ;;r“’;‘" Is using a single transter
goes low befora allowing ancther davice to access the memory., LOCK i management trans o. [t may be used to tell memory
changes while MCLK is high, and ramains high for tha duration of the i on, of o an | 'd,“""““"’ whan translation of the addresses should be turned
locked memory accesses (data swap oparation). —WAIT 2 P Nc;r n indicator or non-user mode activity.
MO, ~M1{ 12,18 ocz NOT Processor Mode - Thase autput signals are the Inverses of the ' to war:ﬁl: ;.nwfhmz;;or nun:bhegr zlbh‘:éLKiyc'lms'bt;: xmcm £an bo made
internal status bits indicating the procassor oparation mode (-M0, ~M1): _ 63 riving ~-WAIT low. Inter-
R el et oy o
0, -M1 change while MCLK is high. . (it is pulled high internaly - sse Note 2). » t may unconnected
MCLK 23 Ic Mamory Clock Input - This clock times all VLB6C020 memory accesses, - VoD 13, 25, 41, 85, Power supply: +5 V
Tho low paricd of MCLK may be stretched when accessing slow periphar- 78, 87, 102, 122, PPly: +5
als; alternatively, the ~WAIT input may be used with a tree-running MCLK -, 139, 141, 159
to achiave the same effect. o GND 15, 24, 39, 53
-MREQ 21 ocz NOT Mamory Request - This is a pipalined signal that changos whilo 69, 80, €6, 50, Ground
MCLK is low to indicate whether the following cycle will be active (proces- 103, 116, 129,
sar accessing extamal memory) or latent (processor not accessing : 140, 149, 160
axternal memory). An active cycle is flagged when ~-MREQ = 0. B B 8. 14,2723
MSE 19 mp Memory Roquast/Sequantial Enablo - Whan this input is low, the -MREQ ' 48,54, 67, 73, No connect
and SEQ cycla control outputs are put into a high impedance state (Note 88, 94, 107, 113,
1). MSE is providad to aflow the memory request/sequential outputstobe . 128, 134, 147, 153
disabled while testing the VLBEC020 in-circut, and it should be taft uncon- + Key to Signal Types:
nectod for normal oparation (MSE is pulled high intemally - ses Note 2). ’
-oPC 74 ocz Opcode Fetch - ~OPC ls driven low 1o Indicate 1o the coprocessars that an :? CMOS-laval input
Instruction will be broadcast on CPDO-CPD31 when CPCLK goes high. P TTL-level input
~OPC is held valld when CPCLK is low, and changes when CPCLK is ocz 33?3'.}{3’"' ‘”‘“‘I pull-up resistor (Note 2)
high. wowz S-ovel output
Bidirectional: 3-: - .
-RESET 32 m NOT Roset - This Is a lovol sensitive input signal which is used to start Notes: nalt 3-stato TTL-lovel autput; TTLoval input

procoessor from a known address. A low lovel will cause the instruction
being executed to terminate abnormally, and the cache to be flushed and
disabled. When —-RESET becomes high, the procossor will re-start trom
address 0. ~-RESET must remain low for at least two FCLK clock cycles,
and elght MCLK clock cycles. During tho low pariod tha processor will
parform dummy instruction tetches from exiernal memory with the address
incrementing from the point whore -RESET was activated. The address
valuo will wrap arcund to zero it -RESET is held beyond the maximum
address fimit. .

1 When output pads are
placed in the high Impedance state 1 i
float to an undefined logic level, as this can Z?ls‘:ipmo a Io?o: mr?“wsespeda' ?;?nT::‘ p:::k o0 to ensuire that they do not

© 2 The*ITp* class of pad
s Incorporate a pull-up resistor wh
The valuo of the pull-up resistor will fall wm:‘r; the v:r'ngo ?:k??mm wih normaly high inputs to bo et unconnacted.

3-10
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PROGRAMMERS' MODEL'
The VL8BCO20 procassor has a 32-bit
data bus and a 26-bit address bus. The
pracessor supports two data types,
eight-bit byte and 32-bit words, where
words must be aligned on four byte
boundaries. Instructions are exactly
one word, and data cperations (e.g.
ADD) are only parformad on word
quantities, Load and store operations
can fransfer either bytes or words. The
VL86C020 supports four modes of
operation, including protacted suporvi-
sor and interrupt handling modes.

BYTE SIGNIRICANCE

Some programming techniques may
write a 32-bit (word) quantity to mem-
ory, but will later retrieve the data as a
sequence of byte és-bm ftems. sIt::rres
these pumposas, the processor

word :m;p; feast-significant-first (LSB

first) ordar, This n'\oa;zs :)htm th': least
ignificant bytes of a 32-bi
z‘gcum'p!es u?rlowest byte address. (The
VLSI Tachnoiogy, Inc. assemblers,
none the less, display compiled data in
MSBs-firat order, but for the sake of
clarity only, The internal machine
representation is preserved as LSBs-
first.)
S
‘ll:‘lff ;smTcEHoeor has 27 registers (32-bits
oach), 16 of which arae visible to the pro-
grammer at any time. The visible
subset dapends on the current proces-
sor mede; special registers ate
switched In to suppont intarrupt and
suparvisor procassing. The register
bank crganization is shown in Table 1.

User mede is the nermal pregram
execution state; registors R15-R0 are
directly accessible.

All rogisters are general purpose and
may bo usod to hold data or addreas
valuos, except that register R15
containg the Program Counter (PC) and
the Procassor Status Register (PSR),
Special bits In some instructions allow
tho PC and PSR to be treated togather
or separately as required. Figure 1
shows the allocation of bits within R15,

R14 is used as the subroutine link
register, and receives a copy of R15
when a Branch and Link instruction is
executed. it may be troated as a
general purpose register at all other
times. R14_svc, R14_irq and R14_fig
are used similarly to hold the return
values of R15 when interrupts and
exceptions arise, or whan Branch and
Link instructions are executed within
superviser or interrupt routines.

TABLE 1. REGISTER ORGANIZATION

Jyplcai Use
RO Goneral T_
R1 General
R2 General
R3 General
Ra General
Rs General General Usage
R6 Genoral
R?7 Genaral
RS General FlQ
A9 General FlQ
R10 General Fia 1
A1 General FlQ '
FiQ Data Frame (by convention)
o Gem'ral IRQ FIQ Stack Pointer (by convention)
. Gem:ll :uu::::: IRQ FiQ R15 Save Area for BL or Interrupts
:: : ((:(: == (Shared by all Modes) System Pregram Counter
TABLE 2. BYTE ADDRESSING A:’;‘g.
0 Valuo
= . 0001 Byt Addr, 0000 0000
T S Y Y ey R
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FIQ Precossing - The FIQ mode
{described In the Exceptions section)
has séven private registers mapped 1o
R14-R8 (R14_fig-R8_fiq). Many FIQ
pregrams will not nead to save any
registers.

IRQ Precossing - The IRQ state has
two private registars mapped to R14
and R13 (R14_irq and R13_jrq).

Supervisor Mode - The SVC mode
{enterad on SWI Instructions and other
traps) has two private registers mapped
to R14 and R13 (R14_svc and
R13_sve).

The two private registers ailow the IRQ
and Supervisor modes each to have a
private stack pointer and fine registar.
Supervisor and IRQ mode programs
are expacted 10 save the user state on
their respective stacks and then use the
user registers, remembering to restare
the user state before retuming.

In user moda only the N, 2, € and v

bs of the PSR may be changed. The|,
F and Mode flags will change only when
an exception arises. In supervisor and
interrupt medes, all flags may be ma-
nipulated directly,

EXCEPTIONS

Exceptions arise whenever thers is a
nsed for the normal fiow of program
exacution 1o be broken, so that {for
bstance) the procassor can be diverted
o handle an interrupt from a peripheral,

The precessor state just prior to
handling the oxception must be
Presarved so that the original program
can be resumed when the exception
routine has complsted, Many excep-
tions may arise at the same time,

The precessor handles axceptions by
using the banked registers to save
state. The cld PC and PSR are copied
into the appropriate R14, and the PC
and processor moda bits are forced to a
value which depends on the exception,
Interrupt disable flags are set whare
fequired to prevent unmanageable
nestings of exceptions. In the case of a
re-antrant nterrupt handler, R14 should
be saved onto a stack in main memory
before re-enabling the Inemupt. When
mutiple exceptions arise simultane-
ously, a fixed priority determines the
order in which they are handled,

FIQ - The FIQ {Fast Intorrupt Request)
exception is externally generated by
taking the —FIQ pin low. This input can
accept asynchronous transitions, and ig
delayed by one clock cycle for synchro-
nization befora it can affoct the precos-
sor execution flow. it is dasigned to
Support a data transfer or channel
process, and has sufficiant private
registers to remove the need for
tagistor saving in such applications, so
that the overhead of context switching
is minimized. The FIQ exception may
be disabled by setting tho F flag in the

RGURE 1. PROGRAM COUNTER AND PROCESSOR STATUS REGISTER

10
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Illllllllll,l

T

PSR (but note that this i not possible
from user moda). If the Filagis clear,
the processer checks for a low level on
the output of the FIQ synchronizer at
the end of each instruction,

The impact upon execution of an FIQ
interrupt is defined in Table 3. The
ratum-{rom-interrupt sequance is also
dsfined thera. This will resumo
execution of the interrupted code
Sequencs, and rastora the original
processor state,

IRQ - The IRQ (Interrupt Raquest)
excaption is a narmal interrupt caused
by a low lavel on the -IRQpin. it has a
lower priority than FIQ, and is masked
out when a FIQ sequenca is entered.
Uts effect may ba masked out at any
time by satting the | bit in the PC (but
note that this is not possible from user
mode). K the | flag is clear, the proces-
sor chacks for a low lavel on the cutput
of the IRQ synchronizer at the end of
each instrustion,

The impact upon exacution of an IRQ
interrupt is dafined in Table 3. The
return-from-interrupt sequence is also
defined there. This will cause execution
to rasume at tha instruction following
the interrupted one, restore the original
processor state, and re-enable the IRQ
interrupt,

Address Excaption Trap - An address
axception arises whenaver a data
transfor is attampted with a calculated
address above 3FFFFFFH, The
VLB6C020 address bus is 26-bits widg,
and an address calcutation will have a
32-bit result. It this result has alogic
one in any of the fop six bits, it is as-
sumed that the address is an srror and
the address excaption trap is taken,

Note that a branch cannot cause an

L | addrass exception, and a block data
transter instruction which stars inthe
legal area but increments into the illsgal

FIQ Disetlo Pmmnc"““‘" Processar Mode area will not trap. The check is
0 _DE'MW gnad) 00 = User Modo performed only on the address of the
1 = Disable % :l'gg m first word to be transfarred,
IRQ Disable 11 = Supervisor Mode ~ When an addrass exception is seen,
0 = Enable the processor will respond as defined in
1 o Disablo Table 3. The retum-from-interrupt
sequence is also defined there. This
~——— Overflow
will resume execution of the interrupted
o g:r?’”ﬂ Bomow/Rotata Extang code sequence, and restore the original
§: - Noga Loss Than processor state.
: ———
3-13
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Normally, an address exception is
caused by arroneous code, and it is

i riato to i Ka
return is required from this trap, use
SUBS PC, R14_svc, 4, as defined in
Table 3. This will retum to the instruc-
tion after the one causing the trap.

Abort - The ABORT signal comes from
an external memory management
system, and indlcates that the current
mamory access cannot be complated.
For instance, in a virtual memory
system the data comesponding 1o the
current address may have bean moved
out of memery onto a dise, and consid-
arable precassor activity may be
required to recover the data before the
accaess can ba performed auccassfully.
The precessor checks for an abort at
the end of the first phase of each bus
cycle. When successfully aborted, the

VL86C020 will respond in one of three

ways:

1. If the abort cccurred during an
instruction prefetch (a prefetch
abort), the prefetched instruction is
marked as invalid; whon it comes
to execution, R is reintempreted as
below. (i the instruction is not
executod, for example as a resuft
of a branch baing taken while itis
in the pipeline, the abort will have
no effect.)

2. If the abort occumred during a data
access (a data abont), the action
depands on the instruction type.
Data transfer instructions (LDR,
STR, SWP) are aborted as though
the instruction had not executed.
The LDM and STM instructions
completo, and if write back Is set,

the base is updated. if the
instruction would rormally have
overwritten the base with data (i.e.
LDM with the base in the transter
list), this overwriting Is prevented.
All register overwriting Is prevented
after the abort is indicated, which

means in particular that R1S (which

is always last to ba transferred) is
preserved in an aborted LDM
instruction.

3. I the abort cccumred during an
internal cycle it is ignored.

Then, in cases (1) and (2), the proces-

sor will respond as definod In Table 3.

The retum from Prefetch Abort defined
in Table 3 will attempt to executo the
abarting Instruction (which will only be
affective if action has been taken to
remove the cause of the original abort).
A Data Abort requires any auto-
indexing to be reversed bafore returing
to re-axecute the offending instruction.
Tho retum ig performed as defined in
Table 3.

The abort mechanism allows a demand

paged virtual memory system to be
implemented when a suftable memory

Is allowed to ganerata arbitrary ad-
dresses, and when the data at an
address is unavailable the memory
manager signals an abort. The
processor traps into system software
which must work out the cause of the
abort, make tha requasted data
availabla, and retry the aborted
instruction, The application program
needs no knowledge of the amount of
memory available to it, nor is its stata in
any way affected by the abort.

Software Interrupt - The software
interrupt is used for getting into suparv.

managament unit (such as the
VL86C110) Is available. The processor

sor mede, usually 1o request a pariicy-
lar suparviser function, The precassor

TABLE 3. EXCEPTION TRAP CONSIDERATIONS

Trap Typo

g

CPU Trap Activity Program Return Sequence

Resat

1. Save R15 In R14 (SVC).

2. Force M1, MO to SVC medo, {(va) 5
and set F & | status bits in PC. ,

3. Force PC to 0x000000. Ry

Undefined
Instructicn

1. Savo R15 in R14 (SVC).

2. Ferco M1, MO to SVC mode, i SVCsR14,”

MOVS PC,R14

and set | status bitin the PC.
3. Force PC to 0x000004.

Interrupt

1. Save R15 In R14 (SVC).

2. Force M1, MO to SVC mode,
and sat | status bitin the PC.

3. Forca PC to 0x000008.

MOVS PC,R14 ;SVCsRI4

Prefotch
and Data

1. Sava R15 In R14 (SVC).

2. Forco M1, MO to SVC mods,
and sat | status bit in the PC.

3. Force PC to 0x000010-data.
Force PC to 0x0000C-Pre-.

Prefetch Abort: 3
PC,R144 ;SVCsRI4

Data Abort:
PC,A148  ;SVCSRI4"

SuBsS

SUBS

Address
Exception

1. Cenvert Stores to Loads.

2. Camplete tha instruction (see
toxt for detadls).

3. Save R15 in R14 (SVC).

4. Force M1, MO to SVC mode,
and set | status bitin the PC.

5. Ferce PC to 0x000014.

SUBS PC,R144 ;SVCsRI

{Relurns CPU to addross folowing
the one causing the trap.)

IRQ

1. Save R15 in R14 (IRQ).

2, Forca M1, M0 o IRQ mode,
and set | status bitin the PC.

3. Force PC to 0x000018.

SUBS PC,R144 ;IRQsAIl

Fio

1. Save R15 in R14 (FIQ).

2. Force M1, MO to FIQ mado,
and set the F and | status bits
inthe PC,

3. Foree PC to 0x00001C.

SUBS PC,Ri44 ;FmFg'

314
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response to the (SWi) instruction jg
defined in Table 3, as is the methed of
raturning. The indicated retyrn mothod
M!x ‘relum to the instruction I‘ollowlng the
SwWi.

Undofined Instruction Trap - When
VLB6C020 executes a coprecassor
instruction or the undefined instruction,
#t offers it to any coprocessors which '
may be present. If a coprocagser can
perform this instruction but is busy at
that moment, the processor will wajt
until the coprocesser is ready. i no
coprocassor can handla the instryetion
the VLBECO20 will take the undefined
instruction trap.

The trap may be used for software
emulation of a coprocessor in a system
which does not have the coprocessor
hardware, or for ganaral purpose
instruction set extension by software
emulation.

When the undefined instruction trap is
taken the VLBEC020 will respond as
defined In Table 3. The return from this
trap ’(;!;or performing a suitable
emulation of the required functign A
fsafmod lD‘l’n "I'able 3 will retum 1o thz
instruction following the undafi
instruction, red

Rasot - When -RESET goes high, the

processor will stop the cumrantly

exocuting instruction and start exacut-

19 no-cps. When -RESET geos low

aga{_nh: w:" respond as dafined in Tablp
e is no meani

s conditon ngful retum from

Vector Table - The conventional
maans of Implementing an interrupt
function is 1o provide a table of

kmps to the 2 i
b o 'dbawps?mpria 9 processing

Amﬂ m.
0000000 Ragst
0000004 Undsfined Instruction

0000008 Software Interrupt
000000C Abort (Prefatch)
o000l e 0aa)

Addrass Excopt
0000018 IRQ coption
000001C Fig

These are byte addresses, and each
contains a branch instruction pointing to
tho relavant routine, The FIQ routine
might reside at 000001C onwards, and

abon at a higher priority than FIQ is
necassary 1o ensure that the transfer
orror does not escape detection, but the
tlr?'o for this exception ontry should be
tellected in worst case FIQ Iat -
culations, oney cal

Intorrupt Latenclas - The wors:
latency for FIQ, assuming that ht':ase
enabled, consists of the longest time
the request can take to pass through
the synchronizer (T: syncmax), plus the
tima for the longast instruction to
camplete (Tidm, the longest instruction

is load muttiple Tegisters), plus the time
for addrass exception or data abort
entry (Texc), plus the time for FIQ ent
(Tig). At 1h? ond of this time the i
Processor will be executing the instrug-
tion at 1C.

Tsynemax is 2.5 processer cycles, Tidm
i3 18 cycles, Toxe is three cycles, and
Thiq is two cycles. Tha tota) time is,

thereby avoid the need for {and
exacution time of) a branch instruction.

Excoption Prioritles - When multiple
excoptlons arise at the sama time, a
fixed priority system datermines the
ordar in which they will be handled:

1. Reset (highest priority)
2. Adlodress Exception, Data Abort

3. F

+ Ro therefore, 25.5 processor cycles, which

5 Profotch Abor Is just over 2.5 microsaconds in a

6. ‘l;:;t:afinad l;;.-:maifm_, Software :ry::r:;flmng A col:t:t ?;25,111:‘;;:
mupt (lowest prigrity) system running at 4 and 8 MHz, for

examplo using the VLEEC110, this time
becomes 4.5 microseconds, and if bys
bandwidth is being used to suppornt
yidoo or other DMA ectivity, the time will
tncrease accordingly.

:l'he maximum IRQ latency catculation
is gimilar, but must allow for the fact
that FIQ has higher priority and could
delay entry into the IRQ handting
routine for an arbitrary length of time,

The minimum lag for interry, 1 -
tion for FIQ or IRQ consists ‘:ﬂ ':iogni
shortost time the fequoest can take
through the synchronizer (Tsynemin)
plus Tliq. Thisis 3.5 processor cyclas.
The FIQ should be held until the moda
bits Indicate FIQ moda, It may be
.aaioly hold until cloared by an 1O
tnstruction in the FIQ sarvice routine,

Nota that not ajl exceptions can occur
atonce. Address exception and data
abort are mutually exclusive, sinco i an
address s illegal, the processor ignores
tpa ABORT input. Undefined instruc-
tion and software Interrupt are also
mutually exclusive since thay each
correspond to particular (non-overlap-
goin:) decodings of the current instruc.

if an addrass exception or data abort
occurs at the same time as a FIQ, and
FIQs are enabled l.e. the Fflag in the
PSR Is clear, the processor will enter
the address exception or data abon
handler and then immediately proceed
1o the FIQ vector. A normal return from
FIQ will cause the address excaption or
data abort handler to fesume execution,
Placing address exception and data
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INSTRUCTION SET

- All VLB8C020 instructions are condi-
tionally executaed, which means that
thoir axecution may or may nrot take
place depending on the values of the N,
Z, C and Vflags in the PSR at the end
of the preceding Instruction.

i tho ALways condition is specified, the
instruction will be executed irrespective
of the flags, and Ikewise tho Never
condition will cause it not to be exe-
cuted (it will be a no-op, l.e. taking one
cycle and having no effect on the proc-
essor stata).

- The other condition codes have
meanings as detailed above, for
instance, code 0000 (EQual) causes
the instruction to be executed only if the
Zflag is set. This would correspond to
the case where a compare (CMP)
instruction had found the two oparands
wera different, the compare Instruction
would have cleared the Z flag, and the
instruction would not be exectted.

FIGURE 2. CONDITION FIELD
31 24 23 16 15

8 7 0
jlll(wla;n)llllﬂfljlllj
Ecom!ltk:nFla!cl

0000 = EQ - Z sat (equal)

0001 « NE - Z claar {not equal

0010 = CS - C sot (unsigned r or same)
0011 = CC - C dloar (unsignod lower)

0100 = Ml - N sat (negative)

0101 = PL - N claar (positive or zero)

0110 = VS - V got (overflow)

0111 = VC - V cloar (no averflow)

1000 = HI - € sot and Z clear {(unsigned higher)

1001 « LS - C cloar ot Z 50t {(unsigned lower or same)

® VLSI TeCHNOLOGY, INC.
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Examples:
Hete  BAL

CMP
BEQ

BL

ADDS
BLCC

BLNV

Here
Thero

R1,0
Fred

ROM + Sub

A1, 1
Sub

Sub

: Assembles to EAFFFFFE. {Note effect of PG offset)
i Always condition used as defaut

H COI'npare registor one with zero, and branch to Fred it
: fegister one was zero. Else continue noxt instruction.

H Uncondltiona[ly call subroutine at computed address.

; Add one 1o register one, setting PSR flags on the result
Call Sub?l the Cflag is dlear, which will be the case unless
: R1 contained FFFFFFFFH. Elso continve noxt instruction,

i Never call subroutine (this is a NO-OP).

T,
of
1010 = GE - N sot and V sat, or N clear and V clear {greater or equal)
1011 = LT - Nsetand V clear, or N clear and V set (loss than)
1100 = GT - Z dlaar, and either N set and V set, or N clear and V clear (greater than)
1101 « LE - Z sat, or N set and V clear, or N clear and V sot (less than or equal)
11100 AL - Always
1111 « NV - Naver

Branch and Branch with Link (B, BL)
The B, BL instructions are only exe-
cuted if the condition fisld s truse.

All branches tzke a 24-bit offset. The
offsat is shifted !sft two bits and added
ta the PC, with overflows being ignored.
The branch can thereiore reach any
word aligned address within the
address space. The branch offset must
take account of the prefetch cperation,
which causes the PC to bo two words
ahead of the cumrent insiruction.

Link Bit - Branch with Link writas the

FIGURE 3. BRANCH AND BRANCH WITH LINK (B, BL)

3 2827 2423 : — 0~
BNLY LN LI VT LI { it
I Condx l1 ] 1ﬁ. Pc-l»!elallveoﬂsetI l I 7_I
T conguen e

Flald 1 = Branch With Link (Subrautino call)

Roturn from Subroutine - When .
returning to the callar, there is an cptien.
to rastore or to not restore the PSR.

register (R14) is adjusted to allow for
tha prefetch, and contains the address
of the instruction following the branch

old PG and PSR into R14 of the curtent  and fink instruction. The following table illusirates the
bank. The PC value written into the link available combinations.
Rostoring PSR: MOVS PCR14 LOM Rnl, (PC)*
Not Rostering PSR: MOV PCR14 LDM Rnl, (PC)
Assembler Syntax:
B(L){cond} <expression>
where L Is used to request the Branch-with-Link form of the instruction.

i absent, R14 will not be aliected by the instruction.
cond is a two-character mnemonic as shown in Condition Code section (EQ. NE,
VS, efc.). li absentthen AL (Always) wifl be used.

exprossion is tha dastination, The assembler calculates the relative (word) offset.

lems in { } are optional. hems in <> must be prasent.

3-16

3.17



® VLSI TECHNOLOGY, INC.

PRELIMINARY

VL86C020

FIGURE 4. ALU INSTRUCTION TYPES

Imm =1 - Operand 2 is an Immediata value.
0

0
16 15 12 1
3‘llzsl‘lzsllIllzollllllnldllll"“‘é“‘
0 0l1] Opcode |S An
[ Canax | Oporand |
I Destination Rogistsr
Condtion 181 Oporand Flogistor
 Condition Codos
immediato Vallh S0 Do not aiter condition codan
°'°°p,,m"°“‘""§';:n"’9‘“’" 1 Satcondtioncodas (S suf) | 1"
1=
Immediate valuo
Oporation Coda

" 0000 = AND - Rid = Op1 AND Op2
0001 = EOR - Rd = Op1 EOR Op2
0010 = SUB - Rd = Op1 -Op2
0011 = RSB - Rd = Cp2
0100 a ADD - Rd= Op
0101 = ADG - Rd= Op1 + Op2 + ©
201)&"-$ST -sot ion sonOmAND%
1001 = TEQ - sat concition

8 z T 1 1 1
T 1
— R::hlte Immeodiate

o R ——
Unsigned 8-bit immediate value
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-rotato amount to be applied
- 2%. Imm (2-bit shift units).

Imm o 0 —> Operand 2 s in a rgister.
4 3 0
T ) i

VL86C020

DATA PROCESSING OPERATIONS

Asssmblor

Mnemenic Qpcods Aciion

AND 0000 Bit-wise logical AND of operands

EOR 0001 Bit-wisa logical Exclusive Or of operands
sus 0010 Subtract opaerand 2 from operand 1

RSB o011 Subtract oparand 1 from oparand 2

ADD 0100 Add cparands

ADC 0101 Add operands plus canry (PSR C flag)

SBC o110 Subtract operand 2 from cperand 1 plus cary
RSC 0111 Subtract operand 1 from operand 2 plus carry
TST 1000 as AND, but result is not written

TEQ 1001 as EOR, but ragult s not written

CMP 1010 as SUB, but result Is not written

CMN 1011 as ADD, but result is not written

ORR 1100 Bit-wize legical OR of cperands

MOV 1101 Move operand 2 (eperand 1 is ignored)

BIC 1110 Bit clear (bit-wise AND of cperand 1 and NOT operand 2)
MVN 11 Move NOT oparand 2 (operand 1 is ignared)

PSR Flags - Tho oporations may be

cperation of the barre! shifter is to 31. A logical shift left {(LSL) takes the

1011 -cuN-selecndlﬂoncodesonOpl +Op2
1100 =« ORR - Rd =« Opt OR Op2 1

1101 = MOV -Rd = Op2
1110 = BIC -Rd=Op1 Al;Dno!Opz

1111 = MVN - Rd = nct Op

; |

1" 5 4 11 5 4
[ "8 lol ' L]
I

Shift Amount LL——’J:L Shift Type

00 = Logical Left
01 = Logical
10 = Arlthmoetic Right {
11 = Rotate Aight

Shift amount s a 5-bit
unsigned lntagar.

Shilt ameunt is specified
in bottom byte of Rs.

LH
L L
Shift

T
Fiald Am

Shift apptied to Rm (as shown .
in bolow expansion figures). A

cassified as logical or arithmetic. The
logical cperations (AND, EOR, TST,
TEQ, ORR, MOV, BIC, MVN) parform
the logical action on all corresponding
bis of the operand or oporands to
produce tho result. if the S bit is set
{and Rd is not R15), tha V flag in the
PSR will be unaffected, the C flag will
ba set to the carry cut from the barrel
shifter (or prosarved whon tho shift
oparation is LSL 0), the Z flag will be
setif and enly if the result is all zeros,
and the N flag will bo set to the logical
valug of bit 31 of the rasult.

The arithmetic operations (SUB, RSB,
ADD, ADC, SBC, RSC, CMP, CMN)
froat each operand as a 32-bit Integer
u  (okther unsigned or 2's complement
- - tignad, the two are equivalent). Hthe S
b2is sat (and Rd is not A15) the V flag
! Inthe PSR will be set if an overflow
oecurs into bit 31 of the result; this may

E 2nd Operand Register

{Lsu
(LSFI))

oo ASA
{ROR)

ALU Instructions - The ALU-type
instruction is only executed i the
condition is true. The various condi-
tions are dafined [n Condition Field
Section.

The instruction produces a rosult by
performing a specitied arthmetic or
logica! cperation on ona or two oper-

d is aways a tions (TST, TEQ, CMP, CMN) do not
ands. The first cperan

or (RR). Tho socond operand may
b?lstshﬂ(tod)roglster (Rm) or a rotated
a-bitimmediate value (Imm) ancordu_tg
1o the value of the | bitin the instruction.
The condition codes in the PSR may t_:e
preserved or updated as a result of this
instruction, according to the value of the
S bitin the Instruction. Cattain opera-

| beignored # the operands were

- considered unsigned, but warns of a
“pessiblo error if the operands ware 2's
“cemploment signed. The C flag will be
‘;ultolho carry out of bit 31 of the ALU,
"o Z flag will be set if and only if the

Ut was zero, and the N flag will be

write the result to Rd. They are us
only to perform tasts and to set the
condition codas on the result, and

therefore, should always have the S}
set. (Tho assemblor treats TST, i
CMP and CMN as TSTS, TEQS, CAITs

controllad by the shift field in the in-
struction. This fls!d indlcates the type
of shift to be performed (logical left or
right, arithmetic right or rotate right).
The amount by which the register
should be shifted may be containad in
an immediate field in the instruction, or
in the bottom byte of ancther register as
shown in Figure 4.

Whan tha shift amount is specified in
the instruction, it is contained in a 5-bit
field which may take any value from 0

contents of Rm and moves each bit by
the specified amount to a more signifi-
cant position, The least significant bits
of the result are fillsd with zeros, and
the high bits of Rm which do rot map
into the result are discarded, except
that the least significant discarded bit
becomas the shifter carry output which
may be latched into the C bit of the
PSR when the ALU operation is in the
legical class. (See Data Processing
Oparations above.) For example, the
effect of LSL 5 is:

FIGURE S. LOGICAL SHIFT LEFT (LSL)
31 24 23

16 15

87 0

@‘_W‘_o

Contents of Rm, which wil appear (shifted) In Operand 2

CamyFlag 2

16 15

4 23 87 0
I Bit z7| <—| l Lower 27 bits of Rm I -

Exampta of shifted result in Operand 2 {shifted content of Rm)

and CMNS by default.) : :"mto the value of bit 31 of the result

y{dicati P

v . . (] Ois a s case, ift Right (LSRY) is similar,

?;::g:;’;: 'r;;'t'" :o"';s Note that LSL 01s a special A Logical Shitt Right (LSR) is similar,
@ngloment signeg) o where the shifter carry out is the old but the contents of Rm are moved 1o
Shthe . value of the PSR C flag. The contents lass significant positions in the result.
« When the sacond operand of Rm are usad diractly as the second LSR S has the effect shown in Figure 6.
$pxfied 1o bo a shifted register, the cperand.
\x
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FIGURE 6. LOGICAL SHIFT RIGHT (LSR) 5 7 0

it —[e]
0—» Fﬂwmm

Contents of Rm, which will appear (shitted) in Operand 2

Carry Flag
31 2423 1615 8 7

0
rl"l‘l‘l‘rl"r"rr UL N L R L -
00000 H rl.!‘ggen!mbitsomm I J'—’lBMI

Example of shifted result in Operand 2 (shifted content of Rm)

convenis LSR 0, and ASR 0, and ROR
0 into LSL 0, and allows LSR 32 10 be
specifiad,

The Arithmetic Shift Right (ASR) is
similar to loglcat shift right, excapt that
the high bits are filled with replicates of

form of the shift field which might
szeexpecled to correspondto LSA O is
used to encode LSR 32, which has a
Zoro resuit with bit 31 of Rm as the
carry output, Legical shift right zero is
redundant as it is the same as logical
shift left zero. Thorefare, the assembler

the sign bit (bit 31) of the Rm register,
Insieagd of zeros. This signed shtf}
preserves tha correct representaticn of
a (signed} negative integer to be
divided by powers of two via a right
shift. For example, ASR 5 has the
following effact:

FIGURE 7. ARITHMETIC SHIFT RIGHT (ASR) .
8 7

Contents of Rm, which will appear (shifted} in Operand 2
extend

2423 16 15 87

16 15
l sign

Carry Flag

0
K] T TITTT T TTT )
[353513" " T ision extendod) upser 27 bits of Am o| = Lgia

111110
Example of shifted result in Operand 2 (shifted content of Rm)

oparand 2 is also equal to the sign bit
(bit 31) of Rm. The result is, tharefore,
all ores or all zeros according to the
value of bit 31 of Rm.

The form of the shift field which might
ba expected to give ASR 015 used to
ancode ASR 32, Bit31ofRmis agajn
used as the carry output, and each bit of

Rotate Right (ROR) cperations reuse

the bits which “overshoot” in a bgbd:
shift right operation by wrapping them

around at the high and of the result,
For example, the offect of a ROR S

[

FIGURE 8. ROTATE RIGHT (ROR)

0
4 16 15 8 7
;1l_rl_lT112|2l3(rl1Hlllrlr11|llrll11‘| ¢
—— I Eﬂ(l
Contents of Rm, which will appear (shifted) In Operand 2
Carry Flag
5 8 7 0
<3 24 23 16 1 T .
BRI o
lglglglngEﬂ ' l i FrEpje?ﬂbim of Rm value 5' l B|t4|

Example of shifted result in Operand 2 (shifted content of Rm)

3-20

@ VLSI TechNoLoGy, INc

PRELIMINARY
VL86C020

The torm of the shift field which Mmight
ba expected to give ROR 0 is uged 1
encode a special function of the barrel

shiftar, rotate right extended (RRX),

This Is a rotate right by one-bit position

of the 33-bit quantity formed by appond-

ing the PSR Cflag to the most signiti-
cant end of the contents of Rm:

FIGURE 9. ROTATE RIGHT EXTENDED (RRx)

31

24123” 18 15 8 7 0
,“E””” Hlullnluﬂlluuﬂ—'

Contents of Rm, which will appear (shifted) in Operand 2

=

Raglister-Basad Shift Counts - Only
the least signiticant byle of the contents
of Rs is used to determine the shift
amount. [f this byte is zero, the un-
changed contents of Rm will be ysed as

the second operand, and the old value
of the PSR C flag will be passed on ag
the shifter canry output,

¥ the byto has a value betweon 1 and
31, the shifted result wifl oxactly match

that of an instruction specified shift with
the same valus and shift oporation,

Shifts of 32 or More - The result will
be a logical extansion of the shitting
processes described above:

Shift Action
LSL by 32 Rasult zero, carry out equal to bit zero of Rm,
LSL by more than 32 Result zero, carry out zero,
LSRby 32 Result zoro, carry out equal to bit 31 of Rm.
LSR by mora than 32 Result zaro, carry out zero.
ASR by 32 or more Result fillsd with, and carry out equal to, bit 31 of Rm,
ROR by 32 Rasult equal to Rm, and carty eut equal to, bit 31 of Rm,
ROR by more than 32

Note:  The 2ero in bit 7 of an instruction with a ragister controlled
to be a multiply cr an undefined instruction,

Same rasult and catry out as ROR by n-32, Therefore, repeatedly
subtract 32 from count until within the range one to 32,

shiftis compulsory;

a ona in this bit will cause the instruction

inmedlate Oparand Rotatlon - The
inmediate cparand rotate field is a 4-bit
insigned integer which spacifias a shift
tperation on the B-bit immadiat valys,
e immediate valye s Zero extended
032 bits, and then subject 1o a rotate
ight by twice the value in the rotate
fold, This enablag many common
constants to ba generated, for axample
dpowors of 2. Another example is
fatthe 8-bit canstant may be aligned
vihihe PSR flags (bits 0,1, and 26 10
31). Allthe flags can thareby bo

od inone TEGP instruction.

¥ifting to R15 . When Rd is a register
Ithan R15, the condition code flags
hithe PSR may be updated from the
a3 describaed abovs, When
RISRIS and the 5 flag in the instruc-
B30t the PSR s Overwritien by the

——

corespanding bits in the ALU fesuft, so
bit 31 of the result 8005 to the N flag, bit
30 to the Z flag, and 29 to the C flag
and bt 2810 the V flag. In user mode
tho cther flags (), F, M1, MO) ara
protected from direct change, but in
non-user modas these will also be
affected, accepling coples of bits 27,

26, 1 and 0 of the resylt respactivaly,

When one of these instructions is used
to change the processor mode {which is
only possibla tn a non-user mede), tho
following Instruction shouid not access
a banked registor (A8-R14) during its
firstcycla, A Ro-op should be inserted i
the rext instruction must access a

ked register, Accasses to the

unbarked registars (R0.R7 and Ri1s)
are safe. This restriction is reguired for
the VLBEC010 procassor and doas not

apply to VLEEC020, but should be
adhared to for compatibility,

It tho S flag is clear when Rdis Ris,
only the 24 PC bits of R15 will bs
writtan. Convarsely, i the instruction is
of a type which does not normally
preducoe a rosult (CMP, CMN, TST,
TEQ) but Rd is R15 and the § bit is set,

the result will be uged to update thase

PSR flags which are not protected by

virtuoe of the processer mode.

Setting PSABIis - 1t is suggested that
TEQP be usad 10 set PSR bits in SVC
made. Because thase bitg are not
Presented to the ALY input {even when
R15is the operand}, the TEQP's
operands replace all current PSR bits.
For exampla, 10 ramain in SVC mode
but set the interrupt-disable bits, use a
“TEQP PG, 0x C000003" Instruction.
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ad as .
R15 a8 an Operend - ¥ 202 iy will give the value of the PC together I e it ho shf
an operan e with the PSR flags to the barrel shifter. l:;t::::oi: s;ecd ching. X euciion,

instruction it can present different
values depending on which operand
position it occuples. it will atways
contain the value of the PC. hmayor
may not contain the values of the PSR
flags as they were al the completion of
the previous tnstruction.

Assembler Syntax:

MOV, MVN single operand instructions:
apcndeﬂcond}{S) Rd,<Op2>

CMP, CMN, TEQ, TST - instructions not producing a result:

<epoode>{cond}{P} Rn,<Op2>

SUB, RSB, ADD, AD!
AND: f;'mﬂcond}(s) Rd, Rn, <0p2>

e Two-character condition mnemonic, sea Condition Code -sreecgo% N
e Sot condition codes 8 S present (implied 1.or CMP, CMN. he'rwisa hd il
5 Make Rd = R1S in instructions where Rd is aot iad, :1 e )
g default to RO, (Used for ehangigg the';sggx:,cély ér;n; : LeK .
as RO-R15, ¥, oF, .
e 'Rn and Am ge;h"mo? g:?;i;::: :} iushiﬁnwmb exprassion, of RRX (rotate right
hi> ona bit with axtend). LS, ASH, o ROR
st 0 S hilted immediate eight-bit flald to match the expression

Noto: H <exprossion>is used, the assem
If this is impossible, it will give an error.

Examples:
F ADDEQ R2, R4, RS

TEQS R4,3

suB R4, RS, R7 LSRR2

TEQP A15, 0;
MOVNV Ro, RO
MOV PC, LK
MOVS PC,R14

When R15 gppears in the Rm position it

L Rn
When R15 appears in either of the
or Rs positions it will give the value of
the PC alone, with the PSR bits
replaced by zeros.

C, SBC, RSC, ORR, BIC:

\s Am{<shift>} or, <oxpression>

blar will attempt to generate a8

The PC value will ba the address cf the
inatruction, plus 8 or 12 bytes dusto

the PG will be B bytes a_haad. [} a
register is uged 1o spacify the shift
amount, the PC willbe 8 bytes ahead
whon used as Rs, and 12 bytes ahead
when used a Rn or Rm.

; Equivalent to: i (ZFLAG)R2 = R4+R5. "
. Tost R4 for equality with 3 (TheSis radundant, as the assemoiar .
;assumes it). Equivalent to: ZFLAG = R4==3. m‘
. Logical Right Shift R7 by the number in the bottom byte of R2, subt

- the result from RS, and put tho answer into R4.
* Equivalant to: R4 = RS - (R7>>R2).

; (Assumo non-user mode hate), Changeto

F

. yser mode and cloar the NZCVI and

: ;Jl:;s. Note that R15 is in the Rn position, 80
: it comos without the PSR {lags.

+ Equivalentto: R15 = FLAGS » 0.
. Is a no-op, avoiding mode-change hazard.
'; Equivalent to: RO « RO.
N = R14.
. Equivalentto: PC =LK, of PC ‘
; R:lum from subroutine (R14 is an active one).

. Equivalentto: PC,PSR = Rl_d.
; R?aturn from subroutine, restoring the status.
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FIGURE 10. MULTIPLY AND MULTIPLY-ACCUMULATE (MUL, MLA]
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Conditional Execution
Control Field

Operand reglsters
MUL: Rdu Rm°*Rs
MLA: Rd=Rm*Rs + An

Set Condition Cedes
0 = Do not alter Conditlon Codes
1 = Set Condition Cedes

L——— Accumulate bit (MLA specifier)

0 = Multiply (MUL)
1 = Multiply and Accumulate (MLA)

{Rn is Ignored)

The multiply and multiply-accumulate
instructions use a 2-bit Beoth’s algo-
rithm to perform integar muitiplication,
They give tho laast significant 32 bits of
the product of two 32-bit operands, and
may be used to synthesize higher
precision multiplications.

The muttiply form of the instrection
gives Rd = Am°Rs. Rn is ignored, and
should bo set to zero for compatibility
with possible future upgrades to the
instruction get.

The multiply-accumulate form gives
Rd = Rm*Rs+An, which can save an
axplicit ADD instruction in some
cireumstances.

Both forms of the instruction work on
epsrands which may be considered as
signed (2's complament) or unsigned
hnlegers.

Operand Rostrictlons - Dua to the way
the Booth's algorithm has been
Implemented, certain combinations of
Cperand registers should be avoided.
(The assembler will issue a warning if
thasa restrictions are viclated.)

Tho dastination register (Rd) should not
be the same as the Rm operand
tegister, as Rd is used to hold intermo-
diate values and Rm is used repeatedly
during the multiply. A MUL will give a
2aro result it Rm«Rd, and a MLA will
give a meaninglass result.

The destination register Rd should also
not be R15, as it is protected from
modification by these instructions. The
Instruction will have no effect, except
that meaningless values will be placed
in the PSR flags if the S bitig set. All
othar register combinations will give
correct results, and Rd, Rn and Rs may
use the same register when required.

PSR Flags - Setting the PSR flags is
optional, and is controlled by the S bit in
the Instruction, The N and Z flags are
sot corractly on the result (N is equal to
bit 31 of the result, Z is set if and only i
the resuft is ze), the V flag is unal-
fectod by the instruction {as for logical
data processing instructions), and the C
flag is set to a meaningloss value.

Writing to R15 - As menticned previ-
ously, R15 must not be used as the
destination register (Rd). If it is so
used, tha instruction will have no effect
excapt possibly to scramble the PSR
flags.

R15 As an Operand - R15 may be
used as one or more of tho cperands,
though the result will rarely be useful.
When used as Rs the PC bits will be
used without the PSR flags, and the PC
value will be 8 bytos advanced from the
address of tho multiply instruction.
Whan used as Rn, the PC bits will be
used along with the PSR flags, and the
PC will again be 8 bytes advanced from
the address of the instruction. When
used as Rm, the PC bits will be used
tegather with the PSR flags, but the PC
will be the addrass of the instruction
plus 12 bytes in this case.
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Asngmbler Syntax:
MUL{cond)(S) Rd, Am. B
MLA {condHS}) Rd. Am. 7 , nemonic
ts a two-character condition code m
where cond Sot condition codes # present.

An A RO-R1 P, . Ol C.
Rd, Am Rs and ro valld lEgistB' mnemonics, such as 0-R15, SP, LK r P
3 d

Nolgl‘:is:nusf not be R15 (PC), and must not bathe s;r::t.as Am.
noms in (} are optional. Those in <> must be pr

) . R2,R3 = RA,AMRS
Examples: A1, R2,R3 ;R1=R2°R3. (1, SR 1“_ R2'R3)+ R4.
MUL R e R : Equivalent to: # ZFLAG) he rosul
MLAEQS A1, R2, A3, : Condition codes are sel. based on the result.

ction may be used to synthesize higher precision n'\un'rpﬁcahons.

. The multiply instfu 64-bit rosult:

it i rs and gonerate a
+ For sV mutRY M;(:l’-% Ttsalgew i ;RO {temporary) = 10p half of R1.
MoV R4, A2 LSR 16 \Ra-tophat o2
MI?:V A1, R1, ROLSL 16 1« botom ol o 1
® R2, R2, R4LSL 16 ;A2e ;
oo ' RO, R2 : Low section of rasult.
oL R Ro. R2 " Middle section of result
et 2? Rg. R1 ; Middle sec‘lio:‘ of resnun.
L RO, - High soction of result. el
::tllL :‘: gg ?l: : mmwle sections. (MLA not usad, as wa need R3 corr ).
press " R4, 0 : Cary from above add. .
v g 2; %xl“ll.g‘l’. 16 ; R3 is now bottom ;: product bits.
ﬁggs R4, R4, R1 LSR 16 " R4 is now top 32 bits.
N rs. R3, R4 are reglsters for the 64-bit result.

1.R1,R2are rogisters containing the 32.-bit integel

is a tamporary fegister.
§' 2(1’ :n?i R2 :e ovarwritten during the multiply.
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Load/Stora Value from Mamory
(LOR,STR) - The ragister load/store
instructions are used fo load or store
single bytas or words of data. The LDR
and STR instructions differ from MOV
instructions in that they move data
potwean registers and a specified
memory address. In contrast, the MOV
instructions move data between
registors, or move a constant (con-
1ainad in the instruction) into a register.

‘The memory address used in LDR/'STR
wansiors is caleulated by adding an
offset to or subtracting an offsot frem a
base register. Typically, alcadofa
labeled memory lecation involves the
loading via a (signed) ofisat from the
current PC. Regardless of the base
tegister used, the result of the offsot
calculation may be written back Into the
base register if “auto-indexing® is
required.

Offsots and Auto-Indoxing - The
offset from the base may be either a 12-
bit binary Immediate value in the
instruction, or a secend registar
{possibly shifted In some manner). The
offset may be added to (Uat) or
subtracted from (U=0) the base ragister
Rn. The offset modification may be
poarformed either before (pre-indexed,
P=1) or aftar {(post-indexed, P=0) the
base lg used as the transfar address.

The W bit gives optional auto increment
and decrement addressing modes. The
modified base value may be written
back into the base (Wa1), or the old
basa valus may be kapt (W=0). [n the
case of post-indaxed addressing, the
write back bit is redundant, since the
old base value can be retained by
setting the offset to zero. Therefore,
post-indexad data transfers always
write back the modified base.

Hardwaro Address Translaticn - The
only use of the W bit in a post-indexed
data transfer is in non-user mode code,
whare setting the W bit forces the
~TRANS pin to go low for the transfer,
allowing the operating system 1o
generato a user address in a systam
where the memory management
hardware makes suitable use of this
pin, as whan the MEMC chip is used.

Shifted Register Offsat - The eight
shift control bits are doscribed in the
data processing instructions, but the
register specitied shift amounts are not
available in this instruction class.

Bytes and Words - This instruction
class may be used {o transfsr a byte
(B=1) or a word (B=0) between a
VL86C020 register and memory. In the
discussion, remember that the
VL86C020 stores words into memory
with the Least Significant Byte at the
lowast address (i.e., LSB first).

RGURE 11. SINGLE DATA TRANSFER (LDR, STR)

AN 28 25 20 16 15 122 11 ]

Caondx Io 1IIIPIUlB|W|L| Rn Rd Oporand 2

l_‘__, L__J l ] ! Scurce/Destination Register
Congition Base Reglster

Cedo

Load/Store: 0« STR, 1 =LDR

Imm = 0 ~> Operand 2 is an Immediate value.

11 0
Wirite Back Blit T1 J T T T T T 111
0 = No write back L Unsigned 12-bit value
1 = Writa address back Into base {f).
| Byte/Word Blt Imm = 1 —> Operand 2 Is In a register.
°'g"°"’"’"f'°'a) 11 76542 0
1 = Byte transfar (|
Up/Down Bit _E'T I , ! IOI IFllml—l
— 0= Offset is negative
1 = Offset is posliive |__’__J l-____,
Pre/Post Indexi
0« Post: R%]'mm 2nd Oporand Register
1 =Pre: 0,Indox] sms‘nhﬁmoum o Shift Type
immediate Value amount Is a 5-bit 00 = Loglcal Loft  (LSL)
- shift count, to bg apptlied -
(1) - 8:::3 g :: :n register. 1o the R register, 01 = Legical Right  {(LSR)

immediate value.

10 « Arithmetic Right (ASR)
11 = Rotate Right ROR)
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Non-Aligned Addressas - A byte load
(LDRB} expacis the data on bits D7 to
Do if the su lod addross ks on aword
boundary, on bits D15 to paifisisa
word address plus oRo byle, and so on.
Tho selected byto Is placed inthe
bottom aight bits of the dostination
register, and the remaining bits of the
register are filled with zeros.

A byte storo (STRB) repeats the bottom
eight bits of the source register four
times across the data bus. Tho external
memory system should activate the
appropriate byte subsystem to store the
data.

Non-Allgned Accosses - A word toad
(LDR) should generate aword aligned
address. An address cffset from a word
boundary will cause the data to be
rotated into the register S0 that the
addressed byte cocuples bits D7 to Do.
Sae tho below axample.

Extarnal hardware could perform a
double acceas to memery to allow non-
afigned word loads, but the VL8EC110
Memory Controller doas not support this
function.

Uso of R15 - These Instructions will
naver causa the PSR to be modified,
ovan when Rd or Rn is R15.

H R15 is spacitied as the base register
(Rn), the PC is used without the PSR
flags. Whon using the PC as tho base
register ono must remember that it

contains an address 8 bytes advanced
from the address of tho cument instruc-
tion.

U R15 is spacilied as the register offset
(Rm), the valve prosented will be the
PC together with the PSA.

When R15 lg the sourco register (Rd) of
a register store (STR) instruction. the
value stored will be the PC together
with the PSR. The stored value of the
PC will be 12 bytes advanced from the
addross of the tnstruction, A toad
register (LDR) with R15 as Rd will
change only the PC. and the PSR will
be unchanged.

Addrass Exceptiens - i the address

used for the transfar (i.o. the unmoditied

contants of the base register for post-
indoxed addressing. of tho base
modified by the ofiset for pro-tndexed
addressing) has a logic one in any of
the bits D31 to D26, the transfer will not
take place and the addrass excaption
trap will be taken.

Note that only the addrass actually
used for the transfer is chockad. A
base contalning an address outside the
legal range may be used in a pre-
indoxed transfer H the offset brings the
address within the legal rango. Like-
wise, a basa within the legal range may
be modified by post-indexing to outside
tho legal range without causing an
address exception.

Example: Readtwo 16-bit values from an 1/O pont, merging into a 32-bit word.

MASK: pw  OxFFFF

10_16 DW  0x3100000

WORD opw o
LDR R3,10_16
LEA R4,BUF
LDR RO, MASK
DR A1 [R3L2
AND Ri.R1FRO
DR R2[R3L.2
pIc  R2.R2.RO
ORR Rt.R1,R2
STR R1,[R4L4

< 1O port address
; 32-bit result

; Get word-aligned source address.

; Got word-aligned dastination address.

3 Fatch even hali-word from 16-bit pont

; Keep towor 16 bits.

; Fotch ‘add’ half-word, rotated.
;s Koep upper 16 bits.

: Merge even/odd halves.

; Store 32-bit composit.

Data Aborts - A transfer to of froma
lsgal address may still prasent special
casas for a memory management
system. Forinstance, in @ system

PRELIMINARY
VL86C020

which uses virtual momory, the roquired
data may be absent from main memory,

The mamory manager can signala
problem by taking the processor
ABORT pin high, whersupon the data
yansfer instruction will be prevented
from changing the processor state and

the data abort trap will ba 1aken. tisup

to the system scftware 10 resolve the
cause of the problem. Tha instruction
can ba restarted and the original
program continued.

Cacho Intoractlon - When the cacha is
turned on, a data foad operation (LDR,

LDRB) will read data trom the cacha i
ig present. H the cache Is turned off, ot
does nol contain the required data, the

extamal memory s accessed.

A data store operation (STR, STRE)wd

always cause an immodiate extornal
write to allow the oxternal memory
manager to abort the access # it is
ilegal. tthe write operation is not
aborted, and the cache contains acopy
of data from tho address being written
1o, the cache will be automatically
updated with the rew byte arword of -
dala. This updaling occurs even when '
tho cacha is tumed off {to maintain .
cache consistancy), but can b

by programming the updateablo cantrl
register appropriately. (See Cache
Opeoration.)
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— VL86C020
. LLZR/STFI{eond)(B}{‘I'} Rd,<Address>
0re 4 nl; means Load from memory into a ragister.
padas ir:;oans store from a register into memory‘
“ " ; ::o-d;arat.:ter condition mnemonic (see Condition Cod i
8 ant implies byta transfer, else a word transfer. ® socton).

¥ 7
" prese;t. p::etowgombt s:et in a post-indexed instruction, causing the
ln‘dmexod  Fin or the transfer cycle. T is not allowed wh
A in r'ssslng mode is specified or implied when a pre-
Rd  canbe avalid register: RO-R15, SP, LK, or PC.

any of the variations in tho following tabla, )

Addross Varlants:
Address ox| :
<apx::§;?;;\> ?hn:::sr:s"s;:n evaluating to a relocatable address:
Tho fasor ledr will attempt to generate an instrucﬁ.on using the PC
oxpressio;'lm'm? corrected offset to the lecation given by the
o rnbiy :snn sa PC-relative pre-indexed address. N out of
oo adiress assa' or link tims), an emor message will be given. anee
: Oftsot is added to base register baf .
o 0 ore using as effective
o s are placed within tho [ ] pair. Rn may be vlewodea:d: poimiar: .
o corprossiom{l] No offset is added to base address pointer.
Signed cffset of exprassion !
ey bytes is added to base pointer.

Add Rm to Rn ba!
. R i \ ore using Rn as an add i
count }{l} Signed offset of Am (modiied by shiff) is n':::dp?;mo pointe
r.

Post-indexed address:

Offset Is added to base r

, afte .
Offsets are placed after t?; 0 p;l::sm base reg for the effective address.
[Rn),<expression>

s Expresslon Is addad to Rn, after Rn's usage as a pointer.

3
A
e
i

!

Rm is added to R ,
[Rnl, Am <shifts count St the ofset n i '3’3’.',,’.,1?3“;“3 23010 i ator
' n, after

Rn's usage as an address peinter.

" .
oro m:fon Cslgned_m-bﬂ expression (including the sign)
wslns roglsls; o:ames: RO-R15, SP, LK, or Pc.' I AN = PC, th
shit Ay oubtrau'. oL I-rst:m the expression to allow for processar ac.idre S rantan,
o ' o ASH, oA, o ARK 0ss read-ahead.

:;n::;"::dm shift Rm by. ltIs a 5-bit constant, and may not be

, o prosentalsh:"; ?esl sre!gl:t‘:’r g:s‘ ft.)t;l some other instruction classes).
8 -bit in the instruction, forci )

affective offset to be added to the Rn register, after e':agm‘phl:ﬂcn.

ml:fag::-mdox and Opticnal Incremant):
0 examplos, the effective off: ;
offset is added to the An (base pointer) register prior to using the Rn registe hi
r as the

¢Hectiv A
. s address. Rn is then updated only H the | suffix ks supplied.

STR

A1, [R2, R1]l i
Egg 2::' {:ﬁ] : .g;ﬂg; R1. Then R2 += R1.
" (R0, 6] "R = (RO 4
LDR ;A1 = *(R0 + 16). Dont
tn 23: {g glo LsL2] RO - (RS + (Rb<<2). .‘3‘3‘.’3’3,5‘3;.3 RS
 # (ZNag) R2 = *(RS + 5), a zero-fitlad byle load.
\M
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VL86C020

t):
lag (Post-Index and Increman .
f::;ncz of I(hsso examples, the effective offset is ad

offective address. Rn is then updated unconditional

R1, [R2). A1
ZTT?% R3, [R2], RS
LDR R1, RO}, 16 ’
LDR R9, [RS), RO ASR
LDRECB R2, [R5). 5
tos (Exprasslon):
lEniinhT:e ox(amp!es. the PLACE labsl is a: ::t:dmal
ences are pmcompensaied for the B-byt

ia a DTYPE direciive, and assum
‘tlo the SP (R13) register, and GEN

dad to tho Rn (Dase pointer) _regis!er afte!
iy, regardless of any 1" suffix.

R14! ister.
eEwLb;{:t'l?;vt?;: olrl\-:n(y ca:;.atghey may be located up to +4096 bytes

r using the An register as the

.*R2 « A1. ThanR2 += R1.

12 e e, Thon R2 += RS.

* A1 « *RO. Then RO 4= 23018)

: * RS 4= . s
3?9(mag- R)snthm:as 3 Zorodiled byte load, and then 5 +=5

C-rolative rofor-

icaily created as shown. P

or extarnal PC-relative Iabrol.;YP lyis a registar-rolative \abal, m:‘ic:i‘}y :eatad
done by the processd 5 ATARM!A! s similar, but s prosumably defin alive

Same as: LDR RO, [SP+DATA1].

from the associated .

base register. -

P RO DUACE * PC-rolative. Sama as: STR A2, lfxmt;:]r'ml.
A edrey Firetative. Samo as: LDR A1, ILG:OATRIL |
p R, NER : RO-relative. Same as: STR. R1.[
i :«1:. GENERAL : Skip over the data temporarily.
B ross

i ; Temporary storago area.

bLACE o ° : Resume exacution.

Across ***

LIST FRCM MEMORY (LOM,STM)

FIGURE 12 LOAD/STORE REGISTER

0

2019

615 T 11
LY 28 27_25 ‘.'l”\\lh!is‘m"m‘,‘l
ondx |1 0 OIPJUISIWIL Rn

LTJ

Condition
Code

=

PSR

- 0
1

| g

1

- t :
‘1) - lega':!oPSR or aptionally force user

Up/Down Bit

ProfPost Indexing Form
0 = Post; aftor @

Base Register
Load/Store: 0= STM, 1 =LDM

Write back bit
b :%Waﬁdbﬁ?s back into base (-

Or Forco-User bit (# suffix) istars.
: toad PSR or force user moc::ofgg regsiters(*).

= Offset is negative
= Offsot is positive

ach register

transforred. .
- P?e: before each register

is transterred.
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Multi-Reglater Transfer (LDM, STM)
The instruction is only executed ¥ the
condition is true. The various condi-
tions are defined in Control Field
Section.

Multi-register transfer instructions are
used to load (LDM) or store (STM) any
subsat of the currently visble registers.
They support all passible stacking
modes (push up/pop down, or push
down/pop up). They are very efficient
instructions for saving or restoring
conext, or for moving large blocks of
data around main memery.

Tho Reglstor List - The instruction can
cause the transfer of any registers in
the current bank {and nen-user mede
programs can also transfer to and from
the user bark). The register list is
contained in a 16-bit field in the
instruction, with each bit corresponding
to aregister. A logic one in bit zero of
tha tegister fiald will cause RO to be
wransferred, a logic zero will cause it not
to be transferrad; similarly bit 1 controls
the transfer of R1, and so on.

Addressing Modes - The transfar
addrossos are determined by the
cortents of the base register (Rn), the
pra/post bit (P) and the up/down bit (U).
Tho registers are transferred in the
erder lowest to highest, so R15 (if in the
Est) will always be transferred last. The
owas! registar also gets transferred fo/
from the lowest memory address. This
ks fMustrated in Figures 13 and 14,

Transfor of R15 - Whenaever R15 is
sioted to memory, the value transferred
the PC togather with the PSR flags.
Tho stored valus of the PC will be 12
bytes advanced from the addrass of the
STM instruction.

ER1S is in the transfer list of a load
mulplo (LDM) instructionthe PC s
Sverwtitten, and the effect onthe PSR
B contrafled by the S bit. i the S bitis
e the PSR is preserved unchanged,
but the S bit is set the PSR will be
Sverwritten by the comresponding bits of
the loaded value. In user mods,

T, the I, F, M1 and MO bits are
Protacted from change, whatever the
valupof the S bit. The mode at the
trtof the instruction determines
thesae bits are protected, and
o supervisar may retum to the user

pregram, re-enabling interrupts and
rastering user mode with one LOM
instruction.

Transfers to Ussr Bank - For STM
Instructions the S bit Is redundant as
the PSR is always stored with the PC
whenever R15 is in the transfer list. In
usor mode the S bit is ignered, but in
other medes it has a second interpreta-
tion. Se=1 Is used to force transfers to
take values from the user register bank
instead of from the current register
bank. This is useful for saving the user
state on precess switches. Note that
when it is so usad, write back of the
base wil also be to the user bank,
though the base will be fetched from the
cutrent bank. Tharefore, do not use
writa back when fercing user bank.

In LDM Instructions the S bit is redun-
dant if R15 is not in the transfer list, and
again in user mode it is ignored. In
non-user mode where R15 is not in the
transler list, S=1 is used 1o force loaded
values in to the user reglsters instead of
the currant register bank. When used
in this manner, care must bo taken not
to read from a banked register during
the following cycels; i In doubt, insert a
no-op. Again, do not use write back
when forcing a user bark transfer,

R15 As the Base - When the base is
the PC, the PSR bits will be used to
form the address as well, so unless afl
interrupts are enabled and all flags are
Zero an addrass exception will occur.
Also, write back is never allowed when
the base is the PC (setting the W bit will
have no effact).

Base within the Register List - When
write back is specifiod, the base is
writtan back at the end of the second
cyclo of the instruction. During a STM,
the first register is written out at the
stant of the second cycle. A STM which
includes storing the base, with the base
as the first register 1o be stored, will
therefcre store the unchanged value,
wheroas with tho base second or later
in the transfer order, will store the
modified value. An LDM will always
overwrite the updated base i the base
is Inthe list.

Addross Excaptions - Whon the
address of the first transfer falls outside
the legal address space {i.e. has a logic
one somewhare in bits 31 to 26), an

address exception trap will be taken,
The Instruction will first complete in the
usual numbar of cyclas, though an STM
will ba prevanted from writing to
memory. The processor state will be
the same as if a data abort had
cccurred on the first transfer cycle,

Only the address of the first transter is
checked in this way; if subsequont
addresses over or undar-flow into illegal
address space they will be truncated to
28 bits but will not cause an address
exception trap.

Data Aborts - Soma legal addresses
may be unacceptable to a memory
managament system, and the memory
manager can indicate a problem with an
address by taking the ABORT pin high.
This can happsn on any transfer during
a multiple register toad or stere, and
must be rocovaerable if VLB6C020 is to
ba used in a vintual memory system.

Abort during STM - if the abort occurs
duting a store multiple instruction,
VLB8E6C020 takes littla action until the
instruction completes, whereupon it
enters the data abort trap. The memory
manager is responsibie for preventing
erronoaus writes to the memory. The
only change to the internal state of the
procossor will be the medification of the
base register if write back was speci-
fied, and this must be reversed by
software (and tha cause of the abort
resolved) before tha instruction may be
ratried.

To lllustrate the various load/store
modes, consider the transfer of R1, RS
and R7 in the case where Rn = 1000H
and write back of the modified base is
required (W=1). These figures show
the sequence of register transfers, the
addresses used, and the value of Rn
after the Instruction has completed.

In all cases, had write back of the
modified base not been required (W=0),
Rn would have retained its Initial value
of 1000H unless it was also in the
transfer list of the load multiple register
instruction. Then it would have been
overwritten with the loaded value.

Aborts durlng LDM- When
VL86C020 dstects a data abort during a
load multiple instruction, it modifies the
operation of the instruction to ensure
that recovery is possible.
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following figures iflustrate the
Tr:;ad of v:grious addressing modes.
R1, RS, and R7 are moved toArom
mamery, where Ra=0x1000, and a writo
back of the modified base is done
(W=1). The figures show the sequonco
of incramenting “pushes”, the ad-
drosses used, and the fina! value of Rn.

Without write back, Rn would remain at
0x1000. '
Figure 13 fllustratas the usae of incre-
manting siack “pushes®.

ure 14 illustrates dacrementing
;?Ishas' 1o the stack based upon Rn.

o Bits - During LDM and ST™M
'::o‘::uﬂon. the Mlgg LSBs of the instruc-
tion will contain the {noninverted) mede
status bits. These may be vsed by
extemal hardware to force memory
accesses from an attemative bank.

FIGURE 13. (NCREMENTING INDEX

FIGURE 14. DECHEMENT[NG INDEX
Post-docromont Addrossing

Past-incremant Addrossing e sono
0x100C [ oxwoec E
Rn - 0x1000 0x1000
oo0 R ox1000
Rn - ox1 -
OxQFF4 | OxOFF4 | 0xOFF4
) o (1) Before SRM Instruction (2) After First Transtor

(1) Betore STM Instruction

] oxixe fn
As

R1 0x1000

WIEALE

OxOFF4
(3) Ater Sacond Transfor

{2) Ater First Transter

{4) STM Instruztion Completa

Pro-docremont Addrossing

(3) After Second Transfer

0x100C ox100C 0x100C |
Z s e N
RS 0x1000 R7 Ox1000
Rl 0x1000 — s | .ﬁ_—m
Ox0FF4 P N I

Addrossing
Pro-incromont 100C 0x100C ox100C
1 0x100C ox | B
-
Al oo An-e——] ox1000 | omox
e 0x1000 1o -
I
—— vores E OxOFF4 [ Ri__| 0x0FF4
2
L OxOFF4 @ ) @
(4
0x100C
ox100C
00C
=y —
R Bl 1000 0x1000 =
[ R1__|
0x1000 = R
— cFa 1| oxoFF4  Rn-" R1___] OxOFF4
I OxOFF4 0x0 4)

3

(O]

)
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Overwriting of registers stops when the
abort happens. The aborting load will
not take place, nor will the preceding
one, but registers two or mare positions
ahead of the abort (if any) will be
paded. (This guarantees that the PC
will be preserved, since it is always the
last registoer to be overwritten.)

The base register is rastored to its
modified value if write back was
stad. This rec

bility

req

Assambler Syntax:

in the case where the base registar is
also in the transfer list, and may have
been overwritten before the abort
occurred.

The data abort trap is taken when the
load multiple has completed, and the
system software must undo any base
madification (and rosolve the cause of
the abort) before rastarting the instruc-
tion.

LOM|STM{cond}<mode>  Rnfl), <Rlist>{*}

With the cache turned on, a block load
operation (LDM) will road data from the
cache where it is presant. When the
cacha does not contain the required
data, the external memory is accessed.

A block store oparation (STM) always
generates immaodiate external writes to
allow the extarnal memory manager to
abort the accesses if they are illegal.
The cache is automatically updated as
the data is written to memory (provided
the area being written to is updateabla,
sea Cache Operation Section).

where cond s an optional 2-letter condition code common to all Instructions.
mode s any of: FD, ED, FA, EA, 1A, IB, DA, or DB.
An Is a valid registar name: R0-R1S, SP, LK, or PC.
Riist Can bs a single registar (as described above for Rn), cr may be a list of
registers, enclosed in { } (eg {R0,R2,R7-R10,LK}).
! o prasent, requests write back (Wa=1). Otherwise Wa=0.
A H present, set S bit to load the PSR with tho PC, or force transfer of user
bank, when in non-user mode.
Addressing Modo Namas
Mnemonpic LBR PEBR Ublt Qperation
Pro-increment load LOMIB 1 1 1 Pop upwards
Post-incremant load LDMIA 1 /] 1 Pop upwards
Pro-decremant load LDMDB 1 1 0 Pop downwards
Post-decrement load LDMDA 1 0 1] Pop downwards
Pro-incremeant store STMIB /] 1 1 Push upwards
Post-incrament store STMIA 0 4] 1 Push upwards
Pre-decrement store STMDB 0 1 0 Push downwards
Post-decrement store STMDA 0 0 0 Push downwards

WA, 1B, DA, DB allow control when LDM/STM are not being used for stacks and simply mean Increment After, Increment Before,

Dectement Aftor, Decremant Before.

Examploa
LDMFD 8P|, {RO, R1, R2)
STMIA R2, {Ro, R15)

; unstack 3 registers
. save all registers

Theso instructions may be used to save state on subroutine entry, and restora it efficiently on return to the calling routine;

STMED SP), {R0-R3, LK} ; Save RO to R3 for workspace, and R14 for returning.

BL Subroutine + This call will overwrite R14,

LDMED SPI, {RO-R3, PC} ; Restore workspace and return, restoring PSR flags.
S ———
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FIGURE 15. SINGLE DATA SWAP (SWP) (t:::; ';‘,';’?;Zﬂ“,‘, .;n}e oWap oSiuc.  a samaphoro may be out ofdat g .
s data from external i ; 6 (the 9 write o i
31 28 27 2322212019 16 15 12 11 8 7 43 0 . cache is on| . 16 operation of the s,
l T T 1 l UL l | T L L L AL RN RURLLO B m:wl.ne:\:?t :1 acopy is presantinthe  writes now x::::::: z;::’"::s; CPU Instruction wil still update thv; cacheif a
Condx JO 0 0 1 0yBlO0 O An Rd 0000|1001 Rm sema;;hores ma';moba " szstorns, ory). Ris, therefors, important a,vj:; copy of the address ig presant, and
I_T_, | L_l__j L_|_I 200058 10 8yStor, msou:” :: ::r::‘r:l 1o read the semaphore from the sha’,,od 'c’,‘,’,‘;jg;g niss enablad (see Cachg
Byte/Word Bit semaphores are accagsed b'y more :ax;mal memory, and not the private ection).
Condition 0 = Swap Word Dastination Sourca than one processor, the cache copy of 6.
Codo 1 =« Swap Byte Registar Register Y
Baso
Registor
Assombler Syntax:
. SWP{wnd}(B} Rd.Rm,[Rn]
—_— where cond
Two-character conditic i .
8 " mnomonic, 586 section Condition Fi
: . : Rd.Rm,An B s prasant then byte transfer, otharwise w:rr:i tramds;mm Fiotd
Single Data Swap (SWP) - The instruc-  implament semaphores; contre! of the will cause an address exception. If a) . Are oxprassiong avaluating 1o valid register ba R
tion is anly executed i the condition is memory must not ba removed from a flags are clear, and interrupts are fumbers. Rn is required.
true. The various conditicns are processor while it is parforming a enabled (so the top six bits of the PSR .
defined in Condition Field Section. locked operation. are clear), the data will be swapped Examplos:
The data swap instruction Is used to Bytes and Words - This instruction e owep el e o tom
swap abyte or word quantity bstweena  class may be used to swap a byte (Bu1) address will ot ba wo d allgn od unloss ? Swp RO, R1, [BASE] . Load RO wi
register angl external memory. This ora word (B=0) between a V1.86C020 the procassor is in user mode, (M1 end Y SWPB R2, R3, [B ASE] : 0 wgth the contents of BASE, and store R1 at BAS
instruction is implemented as a memory  registar and memory. . Y . ; SWPEQ RO, Ro + Load R2 with the byte at BASE, and st § E.
s Mo bits determina the byte addrass). | » RO, [BASE] ; Conditional . ofo bits 010 7 of R3 at BASE,

read followed by a memory wrte which o 1, (yor, (SWPB) axpocts the read . ; nally swap the contents of BASE with Ro, "
aro locked togethar (the processor data on bits 0 1o 7, # the supplied When R15 is the source register (Rm), 2

cannot be interrupted until both
operations have campleted, and the
memory manager is warned 1o treat
them as inseparable). This class of
instruction Is particularly useful for
implemanting software samaphores.

The swap address is determined by the
contants of the base register (Rn). The
processor first reads the contents of the
swap address (the extemnal memory is
always accessed, even i the cache
cortains a copy of the data). The
processor then writes the contents of
the saurce register (Rm) to the swap
address, and stores the old memory
contents in the destination register (Rd).
The same register may be specifiad as
both the source and destination.

The LOCK pin goes high for the
duration of the read and write opera-
tions 10 signal to the external memory
manager that they are lockod together,
and should be atlowed to complete
without interruption, This is important in
multi-processar systems whero the
swap instruction is the only indivisible
instruction which may bo used to

address is on a word boundary, on bits
810 15 it is a word address plus one
byte, and so on. The selectad byte is
placed in the botiom eight bits of the
dastination register, and the remaining
bits of the register are filled with zeros.
The byte to be written is repeated four
times across the data bus. The
extamnal memory system should
activate the appropriate byte subsystem
to store the data (see Memory Intertace
Section).

A word swap (SWP) should generate a
word aligned address. An address
offset from a word boundary will cause
tho data read from memoty to be
rotated into the register so that the
addrassed byte occuples bits 0to 7,
The data written to memory aro always
presented exactly as they appear in the
register (i.0. bit 31 of the registar
appaars on D31).

Uso of R15 - Hf R15 is selected as the
basa, the PC is used together with the
PSR. If any of the flags are set, or

irtorrupts are disabled, the data swap

the value stored will be tho PC together
with the PSR. The stored value ofthe
PC will be 12 bytes advanced from the™ -
address of the instruction.

When R15 is the destination register
(Rd), tha PSR will be unatlected, and
only the PC will change. :

Addross Excaptions - if the base - ;
address used for the swap has a logk
ona in any of the bits 26 to 31,the .2
transfer will not take place and the
address excsption trap will be taken.

Data Aberts - If the address used
the swap is unacceptable to a manf
management system, the memory
manager can flag the problem by -
driving ABORT high. This can happé?
on either the read or the write cydo (¢
both). In either case, the data swap
instruction will be preventad from
changing tha processor state, and
Data Abort trap will be taken. tis\p,
the system software 10 resolve the
cause of the problem. Thon tho ins¥
fion can be restarted and the oris
program continued. ;
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FIGURE 16. SOFTWARE INTERRUPT (SW1)

VL86C020

31 28z Mun T T
T T T T 1T

Condx |1 1711 '~ 1 inswueion to Executivo (gnorod by CPU) ! ]

Condition

Field

Note: The machine cammaents field in bits 23-0 are ignoted by tho hardware. They are made available for free interpretation by
the software executive, and may be found in LSB-first byte ordar on the stack.

The Software Interrupt (SWI) Instruction
is used to anter supervisor mode in a
centrolled mannar. The instruction
causes the software interrupt trap to be
taken, which effects the mode change,
with execution resuming at Ox 08, I
this address is suitably pratected (by
extomal momory managemant hard-
ware) from modiication by the user, a
fully protected operating system may be
constructed.

Asgsembler Syntax:
SWi{cend}

where cond
oxprossion

<oxpression>

Is the two-character condition code comman to all instructions.

ts a 24-bit lield of any format. The processor itself ignores it, but the
typical sconario is for tha software executive to spacily patterns in it,

Return from the Suparvigsor - The PC
and PSR are saved in R14_svc upon
antering the software Intarrupt trap, with
tha PC adjusted to point to the word
after the SWH instruction. MOVS R15,
R14_sve will return to the user pregram,
rastere the usar PSR and return the
processor to user mode.

Note that the link mechanism is not re-

antrant, so if the supervisor code
wishos to use softwara internupts within

itself it must first save a copy of the
rotum address.

Machine Commants Field - The
bottom 24 bits of the instruction are
ignored by the precessor, and may be
used to communicate with the
supervisor code. For Instance, the
supervisor may extract this field and
use it to index into an array of entry
points for routines which perfarm
various suparvisor functions.

which will be interpreted in a particular way by the executive, as commands.

Examplos:
acons

swi RoadC
swi Writal+ k"
SWINE 0

Zoro=0, RoadCe1, Wrilo1=2

; Asgsamblar constants.

:+ Get next character from read stream

; Output a *k” to the Writo stream

; Conditionally call suparvisor with 0 in commaent fisld

The above examples assume that suitable supervisor code exists. For Instance:
; Assume that the R13_sve (the supervisor's R13) points to a suitable stack.

FIGURE 17. COPROCESSOR DATA OPERATIONS {CDO)

a 28 27 24 23 20 1

16 15 12 11

7 543

VL86C020

0

)
[contx [1'1T1T0[ bt | T2

ot | "ok | 5 [ Lo

I_,_l

Condition Coprocessar
Codo Operation
Code

LI LT

I
Coprocessor

LJ
t Coprocessar Operand

0,
Destination Registors
Register Coprocesser Auxiliary
Information
Coprocessor Numbar

The instruction is only exacuted i the
condition code fisld is true. The field is
dascribad in tho Condition Codes
Section.
This is ectually a class of instruetions,
rather than a single instruction, and is
equivalent to the ALU class on the
CPU. Al instructions in this clags are
usad 1o diract the coprocessor to
perdcrm some internal operation. No
fesult is sant back to the CPU, and the
cPU Evill not wait for the operation to
mpla 0 cop could
maintain a queue of such instructions

Assambler Syntax:

CDOj{cond}

whore cong

expressiont

Eamplog,

awaiting execution, Their exacution
may then overlap other CPU activity,
allowing the two processars to perform
indepandent tasks in parallal,

Coprocassor Flelds - Only bi

bits 31-24 are significant t‘:y t:: él:?ld
the remaining bits are used by
coprocessors. The above field namas
are used by convention, and particular
CCprecessors may redsfine the use of

any or all fislds as i
for the CP#. Fppropriste oxcept

For the sako of future family preduct

[Pr—

sctions, it is aged that the
above conventions be followad, unless
absolutely necessary.

CP#,<oxpressionis, CRd, CRn, CRm(.cexprossiom]

Is the conditional execution cod

CPs# ts the (unique) co; 5
00550

CAd, CAn, CRm These are valid s ot rog

stan, and is placed in the CP Opcetisld.

comman 1o all instructions,
i ! iglar, assigned by hardware,
Evaluates to a con: Is placed i tng o =
Oxprossion2 (Whare present) o

By convention, the copracossor sho,
perform an operation spacified in tht:J N
CP Opc fiald (and Possibly in the CP
ﬁeld) on the contants of R and CRm
placing the result into GRY, '

VL86C010 CDO Instructien « The im.
plamentation of the C0O instruction on
the VLBECO10 processor causes a
Software Interrupt (SWI) to take the
undetined Instryction trap if the SW)
was !he next instruction after the CDO.
'\l/’t: e'é :; lo:ger the casa on the '
0, but the s,
e equence

Swi

should be avoided fo i
bilty I program compat.

valuates to a constant, and is placed in the CPfislq

acons Zoro=0, RoadCa1, Wiite1n2 ; Assembler constams.
acons CC_Mask « OxFC00003 ; Non-address area mask.
08h B Super + SWI antry paint
Super STMFD SPL{r0,r1, r2,r14) ; Save working registers.,
BIC r1, r14, CC_Mask ; Strip condx codes from SWI instruction address.
LDR RO, [R1, 4) ; Get copy of SWi instruction.
BIC RO, RO, 0xFFC00000 ; Gat lower 24 bits of SWI, only.
MoV R1, SWI_Table ; Got absolute addrass of PC-relative table.
LDR PC,[R1,ROLSL 2) ; Jump indiroct on the table.
SWi_Table dw Zaro_Action ; Address of service routines.
dw ReadC_Action
dw Write1_Action
Write1_Action ; Typical service routine.
LDM R13,{R0-R2, PC)* ; Restore workspace, and return to inst aftar SWI.

3-34

CDO 1,10, CR1, CR7, CR2
CDOEQ 2, 5,CR1, ¢r2, Cr3, 2

: Request coproc #1 to do oparation 10 gn CR

.; Hthe Z'ﬂag is set, requost coprec 72 10 do
+ Operation 5 (type 2) on CR2 and CRS3, placing the resylt into CR1,

7 and CR2, putling result into CR1.
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FIGURE 18. COPROCESSOR DATA TRANSFERS (LDC, STC)

31 28 27 24 23 20 19 16 15 12 14 . lB 71j T l1°
lllllllll"l TT U TITT 70
Contix |1 1 O{PlU N]WIJ An CRd l [ j Offset l
l J 1 J 1 j L o
L &.81 Postive
Conditlon ARMBaso Coprocessor Immediate
Code Pointar Sre/Dst Ottset
Index Contro} Rogistor Register c°£m::ar
0 = Post-move
1 = Pre-mave Load/Store Bit
0 = Store to Memory
Up/Down Write Back 1 = Load to Coprec Reg
0 = Subtract 0 = No Write Back
1 = Add Offset 1 = Write e.a. to An.
L—— Transfer Length

The LOC and STC instructions are used
to load or store single bytes or wards of
data. They ditfer from MCR and MRC
instrugtions in that they move data
between copracessor registers and a
specified memory address. In contrast,
the other instructions move data
batwean reglsters, or mova a constant
(contained in the instruction) into a
registar.

The memory address used in LOC/STC
transiers is calculaied by adding an
offset 1o or subtracting an offset from a
base pointer register, Rn, Typically, a
foad of a labeled memory location
involves the loading via a {signed)
offsat from the current PC. Regardless
of the base register usad, the result of
tha offset calculation may be written
back into the base registar if "auto-
indexing" is required.

Caprecossor Flolds - The CP# fisld
identifias which coprocessor shall
supply or receivo the data. A copreces-
sor will rtespond only if its numbar
matches the cantents of this field.

The CRd field and the N bit contain
infermation which may be interpreted in
differant ways by different coproces-
sars. By convantion, however, CRd is
the register to be transterred {or the first
registar, where more than cne is to be
transferred). The N bit is used to
choose one of two transfor langth
options. For instance, N=0 could select
the transfer of a single register, and

Ne1 could select the transior of all the
registers for context switching.

Ofisots and IndoxIng - The VL86C020
is responsible for providing the addrass
used by the memory system for the
transtar, and the addressing modes
availablo are similar to those used for
the VL86C020's LDR/STR instructions.

Only 8-bit offsats are permitted, and the
VLB6C020 automatically scalas them
by two bits to form a word offset to the
polnter in the Rn register. Of itsel, the
offset is an 8-bit unsigned valus, but a
9-bit signed negative offset may be
suppliad. The assembler will comple-
mont it to an 8-bit (positive) valus and
will claar the instruction’s U bit, foreing a
compensating subtract. The resultis a
1256 word (1024 byte) ofiset from Ra.
Again, the VL8BCD20 intarnally shifts
the ciiset left 2 bits before addition to
the Rn register.

The oftset modification may be par-
formed aither before (pre-indexed, P=1)
or after (post-indaxed, P=0) the basa is
used as the transier address. The
moditied base valuo may be written
back into the basa (W-1), or the old
base valus may bo kept (W-0). Inthe
case of post-indexed addressing, the
write back bit is redundant, since the
old base value can be retained by
setting the offset to zero. Therefore,
post-indexed data transfers always
writa back the modified base,

For an offset of 41, the value of the Rn
base pointor registor {modified, in the

pro-indexad case) is used for the first
word transferrad. Should the instruction
be repeated, the second word will go
fram/o an address one word (4 bytes)
higher than pointed to by the original
Rn, and so on.

Usa of R15 - # R15 is specified as tha
base register (Rn), the PC isused
without tho PSR flags. When using the
PC as the base register note that it
contains an address 8 bytes advanced
trom the addrass of the current instrue-
tion. As withthe LDR/STR case, the
assembler performs this compansation
automatically.

Hardware Addreas Transtation - The'

W bit may be used in non-usar moda
pregrams (when post-indexed address
ing is used) to force the ~TRANS pin -’
tow for tha transior cycle. This afiows ..
the operating system to generate user
addresses when a suitable memory

managemen system is prasent.

Addross Excaptlons - if the addrass
used for the first transfer Is lilegal, the
address excepticn mechanism will bo
invoked. Instructions which transfer :
muttipte words will only trap # the first
address is illagal; subsequent ad-

dresses will wrap around inside the 26-
bit address space,

Note that only the address actually
used for the transfer is checkad. A
base containing an address outside th?
legal range may be used in a pro-

indoxed transfet if the offset brings th.
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address within the legal range, 3
wise, a base within the 5sganlg ran;g‘:\ay
ba modified by post-indexing to outside
the lagal range withaut causing an
address exception.

Data Aborta - if the address is le:

the memory manager generatos ag:j o
abort, the data abort trap will be taken
Tha writo back of the modified bage wil

data will be preserved, The coproces-
soris panly responsiblo for ens‘:rring
rastartability. it must eithor dotect the
abort, or ensure that any actions
consequent from this instruction can be
repoated when the instruction is retriad
after the resolution of the abont,

Cache intoraction - Whon the
Y cache
on, LDC instructions will aftempt to r:az

VL86C020

upgaie the cache data if the a

being written to matches a cacider:snstry
(seo Cache Opsration Section),

When an STC instruction i

with the cache turnad of;: tI:: ecuted
VLSS_COZO will drive data onto D31-Do
{provided DBE is high) in the latent
cycla preceding the first write operation

take place, but ’
p all other processor state data from the cachs. STC instructions g:tv?::sahi:!z tt:,yc:: 4
&
this cycle, "
Assomblor Syntax:
<LDC/STC>(cond](L){T}{N] ©p#, CRJ, <Address(l}
where él.;g means load from memory into a coprocessor register.
oe gza:‘:lso store a come:.m register to memory. ’
° i -character condition mnemonic (see Condition Codo sectio
T ¥ pr::em ir:plies I?",Q transfor (Nu1), elsa a short transfer (Nu0) "
prasent, the Wbitis setin a post-indexed instruction, causing the

~TRANS pin to go low for the transfer cycle, T not allowed when a pre-

cp#t
CRd
Address

indexed addressing mode is spec; i
N selt‘sa the value of bit 22 of inslmd:ow:d o impled.
alid coprocassor number, determlm':d ha
(\:Ialxd Coprocessor register number: CR:-’ém?wm&
an be any of the variationg in the following ta!;!o

therefors, no othar
ing the bus during

337



PRELIMINARY

OLOGY, INC.
® VLSI TECHN VL86C020 T

35 ]
m’::: o!;:‘::sticn: An oxpression gvaluatingto @ ralocatable address: -
<oxprossion>  The assembler will attempt to gonerate an [nstruction ugingthe P

i 9-bit
d ofisot to the location given by the

ox am;\a%iasci:?:gmaﬁve pre-indexed addres_s. If out of range
‘(,:tpf assemb!y or link time), an efror message will be given. ,

ffective address, an
Ofiso od to base registar befcre using as @ n
oﬂutlzr:lam within the [ ] pair. Rn may be viewad as a pointer:

tis added to base address p_o!ntar. .
g‘?g::::!ﬂsel of expression inbytesis added to base po!m::.
Signed offset of axpression in bytes is added to base pointer.
this offactive address is written back to Rn.
i Ing basa reg for the offectivo

oﬂsohsaddedlobasevegafterm '
address, Offsats aro placed after the [ ) pair:

{Rn],<expression> Expressionis addad to Rn, after Rn's usage as a pointar.

Pre-indaxed address:

Rnl{f}
{Rn. <oxpressions) Then

{Rn, <exprassiors}{f}

Post-indexed addross:

T
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FIGURE 19. COPROCESSOR REGISTER TRANSFERS (MRC, MCR)

31 28 27 2423 21 19 16 15 12 11 87 543 0

A signed 9-bit expression (including the sign).

whore  exprossion : LK, or PC. ¥ An =PC, the
es: RO-R1S, SP, LK, or}
A ::u?m’:?:ftiflr:u’gtrw 8 from the expressicn to allow for precessor
address read ahead.
amnat ps ister prior to using the Rn reglgter as the

amples, the effective offset Is addsd to the An (base pointar) reg

lnﬂeagh g ::::: xRn I then updated only if the | suffix is supplied. Coprocessar #1 is used in all cases, for simplicity.
al 3 X Is supp '
e by (e 16) ; ég?. '((;::i 16). DontupdatoRO.
ggso ToRe, }as: 12)) ' § (Zlag) CR2 = *(R5 + 12). Then, RS += 12.

: i ing the Rn register as the
gt baaimer F is added to the Rn (base pointer) register after using tho
bl MQZ&”::?&Q: m:::::;nbnally. tegardless of any | sutfix. Coproceasor #3 s usad In all cases, plic-
offectivo
- 8l +*R2 = CR1. Thon R2 +=8.

toe y 82}{2%} 18 : CR1 = “RO. Then RO += 16. N
s ' CR2. [R5], 4 ¥ (2liag) CR2 = *RS, and then (mplicily), RS 4= 4.
LpoEat 3. CR2. [Pl { Use the long option {probably to store multiple words).
e g labal, typically croated as shown. PC-rolativo refer-

In theso examples, the PLACE labal is an intamal or extamal PC-relative

nsated for the 8-byte road-ahead done by the processar. It may be located up to 11024 bytes from the

Snaaciate rol in offset.
mssocialed bpaa rogkat agdg‘ﬁuss' :::cnéuuiplo o4 l);ylt’eé-mlau\m. Same as: STC 3, CRS, [PC+8].
grc A'aoss' ; Skip ovor the data temporary.
i ; Temporary storage area.
::L::’GE o ° : Resume axecution.
ss o0
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U PLIALLIN L TI T[T VP I T[T I Tl 1T T 1T
|00ndx|1110|CP9_§|L| CRnI Rd l cP# IAUXI‘II cnml

L__l_J I__I_l A I N N Y IO B
T T
Cg;;reocessor ! I_ c
dition ration oprocessor Auxitiary
ccg‘od:a Code SArc%‘si l Information
Registe
Load/Store Bit egister Copre Numbar
0 = Store to coproc __ Coprocessor Operand
1 = Load from coproc Reglsters
Thig instruction [s exacuted only if the would be the converse: A FLOAT of a CP Opc and CP fiolds specify the

condition code field is true, The field is
dascribad in the Condition Codes
Section.

This Is actually a class of instructions,
rather than a single instruction, and is
oquivalent to the ALU class on the
VLBSC020 processor. Instructions in
this class are used to direct the

r to perform some cperation
between a VLBECO20 register and a
coprocessor registar. It differs from the
CPD instruction in that the CPD
performs oparations on the coproces-
tor's internal registers only.

. Anexample of an MCR usage would be

aFIX of a floating point value held in
the coprecessor, where tha number is

" converted to a 32-bit ieger within the
- coprocassor, and the result then

ansfamed back to a VLASC020

-registar. An example of an MRC usage

! Assambler Syntax:

32-bit value in a VLBBCO20 register into
a fioating point value within a copreces-
s0f registor.

An Intended use of this instruction is to
communicate control information
directly betwean the coprocessor and
the VL86C020 PSR flags. As an
exampla, the result of a comparison of
two floating point values within the
coprocesser can be moved to the PSR
to control subsaquent execution flow.

Coprocossor Flolds - The CP# fisld is
used, by all coprecessor Instructions to
specify which coprocesser Is being
invoked.

The CP Opc, CRn, CP and CRm fialds
are used only by the coprocessor, and
the Interpretation of thesa fields is set
only by convention; other incompatible
Interpretations are allowed. The
conventional interpretation is that the

MCR/MRC{cond} CP#,<expressioni>, Rd, CRn, CRm(.<§xpmssfon2>}

cond

CPz2

Rd

CRn, CAm
expregsion?

expression2
Bamplog:
MCR 1,6,R1,CR7 CR2

MRCEQ 2, 5, R1.¢2, Cr3, 2

ts the conditional execution cods, common to all instructions.
Is the {unique) coprocessor number, assigned by hardware.
Is the ARM source or dastination register.

Thesa are valid coprocessor registars: CRO-CR15.
Evaluates to a constant, and is placed in the CP Opc field.
{Whore presant) ovaluates to a constant, and is placed in the AUX field.

; Requasi coprec #1 to do operation 6 on

operaticn for the coprocessor to
periorm, CRn is the coprocossor
register used as sourco or dastination
of the transferrred Information, and
CRm is the second coprocessor
register which may ba involved in some
way dependent upon tha operation
code.

Transfers to/from R15 - When a
coprocessor register transfar to
VL86C020 has R15 as the dastination,
bits 31-28 of the transfarred word are
copied into the N, Z, C and V flags
respectively. The other bits of the
transferred word are ignored, and the
PC and other PSR flags are unaffected
by the transfer.

A coprocessor register transfer from
VL86C020 with R15 as the source
registor will save the PC together with
the PSR flags.

; CR7 and CR2, putting result into VLBEC020's R1.

; H the Z flag is set, transfar the VLBEC020's R1 reg to the coproc register {defined
; by hardware), and request coproc #2 to do oper 5 (type 2) on CR2 and CR3.

3-39
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FIGURE 20. UNDEFINED (RESEHVED) INSTRUCTICN .

87 43
2t 28 27 48 T 1.1 T 1.1 T 1.1 lllx
l—'CorI\dxl lololol1lXIXIXIX|X'X|XIXIX X X XIX X X x|1 X X 1|x X X |

87 543 0
2 28 2r_ 242 T .1 | pwLSVLIV WL |||X
[ onox lo'1'1lxlx'x'x‘x‘x'x‘x'xlx T XX x X xIx X ilx x x
Note: The above Instructions will be presented for execution only if the condition field is true.

o102
instruction Set Examples
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If the condition Is true, the undefined

. ‘ ) 86C020 instructions <
instruction rap wi e SKen ctio generating these instructions. H they whlcm: il:‘istlg :ite ey

Nota that the undafined inst " are adopted in the future for scme can e g o aavo a gt
mechanism Involves offering these spacified use, suitable :;mml:::?s:;l'l‘ :::Ieof those e ahough they -
tnstructions o any O3 be added to the assembler. :

Assamblar Syniax - At preﬁom the
assembler has no mremonics for

The lollowing examples show ways -

may save some), mostly they just save K

may be presen, and all COprocessors time, these instructions should not be

i de.
must refuse 1o accept it by taking CPA used. co
high.

Using Condltional Instructions - . ]
(1 Uaing c;r;;:lﬂionals for bgl;n;OR. this soquones: s if Ri=porR2eq then goto Label
cl .
BEQ Label
CMP R2,q
BEQ Label
can be replaced by
CMPNE 2:6‘:1 . |f condition not satisfied try othar test
CMP! X | i
BEQ Label
(2) Absolute value . Teat sign
;ESgMI ::. ?11 0 ; and 2's comploment H necessary
U h 6 (run time) .
3) Multrp&cg:lnn byd,Ser FI;, e : ¥u;tttplzlgz .
; Tost v: .
prect R, P2, FO  Complate mulliply by §
ﬁggﬁls R2' R2' RO ; Complete muttiply by 6
(4) Combining discrete and Rt;ngez ;ests 1 R2o12T) '
mNE R2," " * Rango tost and i (R2<")
MOVLS R2,°" : Then, R2="

3-40

VL86C020
pivision and Ramaindor
: Enter with numbers in RO and R1
MOV R4, 1 ; Bit to control the division
pwl  CMP A1, 0x80000000 ; Move R1 until greater than RO
CMPCC R1, RO
MOVCC A1, RILSL1
8CC Div1
MoV R2,0
pv2 CMP Ro, R1 : Test for pogsible subtraction
SUBCS Ro,Ro,R1 ; Subtract if ok
ADDCS R2, R2, R4 ; Put relevant bit into result
MOVS R2,R4 LSA1 ; Shift cantrol bit
MOVNE R1.R1LSR1 ; Halve unless finished
BNE Div2
; Division result is in R2.
; Remainder s In RO.
FIGURE 21. INSTRUCTION SET SUMMARY
Nn 28 27 24 23l 20 19 16 15 12 1 8 7 43 [¢]
1 { L LR LI LI LI
Condx [0 01! Opcode |S] Rn Rd Ognamﬁ-i’lj Data Processing
{ 'T LU LR L LIS L RIS
Condx |10 0 0 0'0 OJAlS Rd Rn Rs 1001 Am Muttiply
T LRLAL T 1 LI L PR Tr oy 1171
Condx OIO 010}jBj0O rR!n Rd 00001001 Am Single Data Swap
T T 311 T 1 T 11
Condx |0 1]1|PIUIBIWIL Rn Rd Offset valriants rrr Load, Store
) T T T T LIVLIVLIVE PRIV T 1.1
Condx |0 1 1]X!IX X X X'X X X XIX X X XIX X X X X X X]|1]X X X X] Undefinad
T T 1 ToTetwiel Vol Jaen TV T U TTT T LI e
Condx {1 0 OIPIU SWL Rn __ |R154———Raeyister List ———»R0 | Multi-Register Transfer
I LI lrllllrll|IlTr_rl
lc%mdx 1 T('1‘1 L Word address offset Branch, Call
] LU LU [P L
Condx {1 1 O|P|UIN|W|L Rn CRd CP# —'Off‘selT v Coprec Data Transfer
) LN LWLNAL LU L
Condlx 1110 C;P lec (:Rnl CRd CPi#t CP_10| CRm Coproc Data Cpr
1 LR LWL | R} )
Condx }1 1 1 0{CPOpciL| CRn Rd CP# CP_ 1 ‘CRm| Coproc Register Transfer
T 11 T 1.1 T1 LI R S AL L LB L L T 11
Condx |1 1 1 1 Bit space Ignored by processor Software Interrupt
e —————

34
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Psoudo Random Blnary Sequence
Goenorator - It is often necessary to
genorate (pseudo-) random numbers
and the most afficient algorithms are
based on shift register-based genera-
tors with exclusive ar feedback rather

fike a cyclic tedundancy check genera-
tor. Unfortunately the sequence of a
32-bit genarator needs more than one
feadback tap 10 be maximal tength (i.e.
2+32-1 cyclas before repetition). The
basic algorithim is Newbit = bit_33 xor

; Enter with sead in R0 (32 bits), R1 (1 bit in R1 Isb)

; Uses R2 .
TST R1,RILSR 1 ; Tep bit into carry
MOVS R2, RORRX + 33 bit rotate right
ADC R1,R1LA1 ; Canry into Isb of R1
EOR R2 R2 ROLSL12 s (Involvadl)
EOR ROR2,R2LSR20 ; (Whewl)

; New seead in RO, R1 as before

Muliiplicatien by Constant:

(1) Muttiptication by 24n (1,2,4,8,16,32..)
MOV RO,ROLSLn

(2) Mutipiication by 2*n+1 (3,6,9,17..)
ADD RO, RO, ROLSL n

(3) Muttiplication by 2*n-1 (3,7,15..)
RSB RO, RO, ROLSLn

(4) Muttiplication by 6
ADD Ro,Ro,ROLSL 1 ; Muttiply by 3
ADD Ro,RoLSL1 ;and then by 2

{5) Muhiply by 10 and add in extra number
ADD RO,RO,ROLSL2 s Muhtiply by 5

MOV  Ro,R2,ROLSL
(6) General recursive method for R1 =R0°C,C a constant:
(a) f C even, say C = 2*n°D, D odd:

D=1: MOV Ri,ROLSLNn
Dot: (A1 «R0°D)
MOVA1L RILSLn

() if CMOD 4 = 1, say C = 2*n°D+1, D cdd, N>1:

D-1: ADD R1,RO,ROLSLn
Dol: (RY = R0'D)
ADD  RY. RO.R1LSLn

(c}) HCMOD 4 =3, say C = 2*n"D-1, D odd, n>1:

De1: RSB R1,R0,ROLSLn
Doi: (Rt =RO°D)
RSB R1,RO,RiLSLn

This is not quite optimal, but close. An example of its non-optimality is multiply by 45 which is done by:

: Multiply by 2 and add in next digit

bit_20, shift left the 33-bit number and
put in Newbit at the bottom. Then do
this for all the Newbits neaded, i.e. 32
of them. Luckily, this can be done in 5§
cycles:

RSB  R1,Ro,ROLSL2 ; Muhtiply by 3
RSB R1,RO,R1LSL2 ; Multiply by 4°3-1 = 11
ADD Ri1,RO.RiILSL2 s Multiply by 4°1141 = 45
rather than by:
ADD R1,R0,ROLSL3 ; Muttiply by 9
ADD R1,R1,RILSL2 : Multiply by 5°9 = 45
3-42
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Loading a Word with Unknown Allgnmant:

Enter with address in Ro

;' Uses R1, R2; result in R2.

(32 bits)

: Note R2 must be lass than R3, 0.9.2,3

BIC

VL86C020

oA g:. Ro,3 + Get word alignad address,

pres Fll: g;z,;ta; . g:t 64 bhs containing answer,

mgx:e R1, R1LSL3 :'Tosrt'ﬁﬁ:r:: °rinbytes, not in i,

NaaE :f. ::f gn R1 ; Preduct bottom of resuft word (if not aligned)

OraNE Rzl nz' = + Get othor shift amouny, '
. R2, R3 LSL R1 ; Combine two halves to get result.

Sign Ext:‘ns!on of Partlal Word
oV Ro, ROLSL 16

y ; Move to

MOV RO, RO, LSR 16 ! and bato bottom

i (Uso ASR to get sign extended version),

Return, grctlsmg Cenditlon Codas
PC, R14,CFLAG /R
o s S + Retums, clearing C flag R i
| ::ccs PC, R14, CFLAG ; Conditionally re";?,m."l’;mfg”J 3';;?“'5""‘
; Above code should not be used 9xcept in user moda, sinco it will reset the Interry

; thelr value when R14 was sef up. This gen
; 8g.. MOVSPC,R14 Mov PC.Flgd er:l;ya::? %3 1> ron-usar made progr

Pt enable flags 1o
amming.

343
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cacis= QPERATION
The w_‘ﬁgcﬂo containg a 4 Kbyte
mixed it wdlﬂ_“ and tjata cache; the
cacho t@® 256 lines of 16 bytes (4
words) a,pg.anizad as fuur blocks of 64

¥ it 64-way set associative),
he vitual addresses genar-
CPU core.

ated bytin® o o
op.-r-llﬂnt - en the
Bae = road Gparation (instruction
ata read), the cache is
:I::r‘c;:d gor the rglavant data; i found
in tho cach®: the gata is fed to the CPU
g5t clock eycle (rom FCLK). |

fines (
and uses

:‘:;"3::‘ not found in the cache, the
CPU T hronizes to the axtarnal
mamOTY . MCLK, reads the
npproprid" line of data (4 wo!ds) from
oxtomnal MEmMo?Y and stores itina
psoudo- omly chesen entry in the
tacho (a fine fetch oparation).

ratlons - The cache uses a
:‘:;1 :“?;:gh stratagy, i.e. all CPU write
aration® cause an immoediate extarnal
?:ernury write. This ensures that when
the CPU aftempts to writd to a protected
memory jocation, the memory manager
can abort tha operation.

a holds a copy of the data
:fr:::::f:dd:ass baing writtan l_u. tha
cache datd is normally automatically

od. 1N certain cases, automatic
updating 18 not required; for instance,
when using the MEMC mamaory
managef: 8 read operation in the
address § batween 3400000H-

H accesses the ROMs, buta

\ ration in the same address
i ﬁn chango a MEMC register,
ind should not alfect the data storod in
the cache.
Control Rogister 4 must be programmed
with tha adg1es50s of all updateable
areas of the procassur's memory map

.~ Ragistar 4: Updateablo
Aroas Register * Read/Write).

Cache Valldity - The cacha works with
vitual add ,and is o of the
mapping of vintual addressas to
physical addresses porformed by the
extarnal memery manager. |f tha virtual
1o physical mapping in the memory
manager is altered, the cache still
maintains the data from the old map-
ping which is now invalid. Tho cache
must, therefore, be flushed of its old
data whenaver the momory manager

mapping is changed.

Nsta that just removing or introducing a
now virtual to physical mapping (..
page swapping) doas not invalidate the
cache, but that a total re-ordering cfthe
mapping (e.g. process swap) does.

Two methods of cache flushing are

supported:

1. Automatic cacho flushing. Caontrol
Register 5 may be programmed to
recognize writo oparations 10
cortain areas of memory as re-
programming the memory managef
address mapping. (e.g. write
operations 1o addressas batween
3800000H-3FFFFFFH re-program
the page mapping in MEMC).
Whaen the CPU sees a write cpara-
tion to one of these disruptive
memory locations, the cacheis
automatically flushed.

2. Software cacha flushing. Writing to
Control Register 1 will flush the
cache immediately.

Automatic cache flushing invalidates
the cache unnecessarily on page
swaps, but allows all existing ARM
programs to ba run without modifica-
tion.

Non-cacheable Areas of Memory
Certain areas of the processor's

memory map may be uncacheabla. For

instance, when using MEMC, the area
botwoen 3000000H-3400000H corre-
sponds to IO space, and must be
marked as uncacheable to stcp the
data being storad in the cache. When
the processor is polling a hardware flag
in 1O space, it is imponant that the
procasser is forced to read data from
the external peripheral, and not a copy
of some data held in the cache.

Control Ragister 3 must be pro-

gr d with the add of all
cacheable areas of the processor’s
memary map (see section Register 3;
Cacheabla Area Register - Read/Write),

Doubly Mapped Space - Since the
cacha works with vinual addresses, i
assumes avary vinual address maps o
a diffarent physical If the
same physical location is accossed by
mote than one virtual acdress, the
cacho cannot maintain consistency, as
each virtual address will have a
soparate antry in the cache, and only
one entry will be updatad on a proces-
sor write opaeration. To avoid any cachy
inconsistancies, both doubly-mappsd
virtual addresses should be marked as
uncacheabla.

It, when using MEMC. tha Physicaly
Mappad RAM batwoan 2000000H-

2FFFFFFH is used to alter the contents |

of a cacheable virtual address, the
cache must b flushed immediately
aftorwards. This may be performed
automatically by marking the Physicaly ;'

Mapped RAM area as disruptive (see
Rogister 5: Disruptive Areas Register).

ol

FIGURE 22. VLBG6C020 CONTROL REGISTERS

Flush (write only; data ignared)

Pan

0| Designor ' Manufacturer

Numbar

evision

Numbar

2 1 0
=== Monitor | Shared | ¢
Disruptive Modo |Address| On_ -
4 Updateabla
3 Cacheabla
2 ‘Rosarv.d [ ==
! ]

Tha VLBGCO20 contains six control
registars as shown in Figure 22, These
registors are implemented as coproces-
sor 15, and are accessed using
coprocessor register transfer opara-
tions, whare MRC is a control register
read, and MCR s a control register

wiite:
MCR/MRC>{cond] 15,0,Rd,A3Cn,0
cond
Rd

A3Cn

Thesa registors can only be accessed

the processor is In a non-usar

7o, and only by using coprocessor
gstor transfer oparations, The

€020 will take the undafined in-

made to c?nﬁumr 15 (illegal
accessos do coprocessor data
cparatlon_s. data transfers and user
moade register transfers),

two character condition mnemonic, see soction Condition Fiald
Is ¥ ‘
2 an expression evaluating to a valid ARM register number

an expression evaluating 1o one of tha control register numbers,

rolurns a 32-bit VLSI-spacil
: -specilied numbe
which decodes to give the chip's '

designer, manufa
srvlilon nosbie clurer, part type and

VL86C020

st
on trap if an illegal access is Register 0: Identity Reglster - Read

Only - This is a road-only rogister that
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Of he-miss, { .
1o Example: (Lescozo rov o mgl:;:secad!mmse'a'!’ﬂ’: eaalgz:?sdl:ta il off, enly the requested byta/word of Rogilster 4: Upd
i " will  d : Updataable
B 31-Bit24 Designer code (=41H - Acom Computer Ltd.) be f:fdc{lod from extamal memory and a::::ﬁ'i::o"ﬂ:: ;Em axtemal memory, Wrhts) - This Is a 32-bit r ;!li”::: '(,:Ll:adl
Bit 23-Bit 16 Manufacturer cod@ {=56H - VLSI Technology Inc.) slorw in the cache (when the cache is This register s und ':d In the cache. allows any of tho 32, 2 Mbyte areas of
git 15-Bit8 Part type {=O3H - VL86C020) turned on). If the area is marked as and mustbe undafined at power-up, the 64 Mbyte processor virtual addy:ss
pit 7-B11 0 Rovision numbet {=00H - Rovision 0) non-cacheable, orthe cache is turned  bafora the wrredls :z rz:‘grammod space to be marked as updateable:
cache on. :
. Updateabls Areas Regist
: only) translation tables for User and address bus, and ail CPU instnuc . agister:
Raglstor 1 cacha Flush (Wrlto ; nstry ol
ist Supaervisor as, so the tion and data fetches (whether from it 31ml Data from

‘i’w:::gi:l:yvyvi?tl;;; ‘lhhi:wdwrw ‘.” sau::o physical mamory cacha or external memory) are Bi 310 Data frem ;gs::::: ggggggg: - 3FFFFFFH is updateable

" location Is accessed regard- broadcast on the coprocasser data . - 35FFFFFH is NOT updateable

Roglster 2: Cacht: ﬂ?&g’ﬂhm 1ass of processor modo bus; this allows full program tracing - :

Wrlte) - This is a tor | G atthough the user may only with a logic analyzer. To consarve Bit 0=1 Data from adi

controls some spacial features of the ;\ave restricted access). Hthe power, monitcr mode forces the Bit 0=0 Data from :dg::x:: xgggggﬁ :g:FFFFFH is updateable

VL86C020: memory manager uses this V1.86C020 to synchronizo perma- FFFFFH Is NOT updateabls

4. Reglster pit{0) - Cacho on/Ott - translation system (as MEMC nently to MCLK (aven tor cachs ao-

"y it(o) is tow, the cache is tumed doos), Bit(1) must be set high. ce3508). Data storad in the cache from areas

off and ail processer read opera-
tions will g diractly to the oxternal

b. Separate Supervisor/User

Register 5: Disruptivo Areas (Read/

marked
as updateable will be updated Write) - This is a 32-bit register that

i the .
when the processor writes now data to pracessor performs a wiite

Monhor moda is selected by setiing

Address Space - The memory Bit(2) high. Normal operation is 1 afows ' iy opsration to an area mark
momory. Tha automalic cache manager usos different achlaved by setting Bit(2) low (tha that address. This register is undefined  areas o?ntz: s;h o thirty-two, 2 Mbyto disruptive, the cache will :t::':miw|
flush and cache updats mecha- transiation tablas for user and default on reset). at power-up, and must be correctly addro Mbyte processor vitual  be flushed. This register i y
i rate even whan the programmed bafore tha cache is 53 8pace 1o be marked as ! gister is undefined at
et ?pe m:::ﬂ This allows the supervisor modes, and the 4. Rogistor Bits 31-3-Resorved - '} on. e istumed  disruptive: powar-up, and must ba correctly
c;gh\: t?:o tumed oft for a time ﬂms?;!:ﬁlr;nmfgm. These bits are reserved for future Disrumtive Ar g:grnmmed befcra the cache Is turned
e d then turned on again with o Bl daponding on s ::;:tn::ozn.b Wren gl s snuplive Areas Rogister;
loss of cache consistency. mede. 1 the memory manager low to gu;m‘“ code compath Bit 31al Data "r::: :gg::::s gEoooooH - 3FFFFFFH Is disruptive
it Bi0) is high, the cache is turned uses this translation system, with future varsions of VLBEC020 . s 3ECO00OH - 3’:’FFFFFH is NOT disruptive
on. Care "‘u“:'d:g‘l‘;“m‘z"‘ the @it(1) must bo set tow. Reading from fegister 2 aiways ¢ - : .
cacheablo. a. Regster Bit(2) - Monitor Modo - returns zeros in bits 31-3. : 0=1 Data from addresso:
ivo regist correctl - 10w 3 0000000 - O1FFFFFH is d
disruptivo ;?be‘:ommatr:ming mv n normal operation, when the CPU  nentho VLB6CO20 is reset, afl thies ¥ Bt 0=0 Data from addresses CO00000H - O1FFFFFH i: N'Z'}"L'f;’“ i
programm is executing from cacho, the control bits are set fow {cacho of, o ruptive
cache on. extemal address lines are held e marate User/SUpaNViSOr 3Paca, F:‘
2. Registef gi{1) - Soparata/Shared static to consarve power, and only S onitor mods off). pace, i
Uset-Supervisor Address Space - sor instructions and data FIGURE 23,
the CPU can work with two are troadcast on the coprocessor Reglster 3 0_301103”‘0 Arca (Road/ VL85C020 MEMORY TIMING
dilfarent memory-magping databus. V\‘l‘:t:s) - Thi; l:‘ : gg-t;h reglslear:;d
schomas: in the software salectable monitor tho 64 any mooslsorMblrtuv o e L-CYCLE A-CYCLE A-CYCLE Lc
Shared SupervisorAJaer the 64 Mbyte p! vl 2 YCLE
a. Tha mods, the internal addresses are apaco 1o bo marked as cacheable: MCLK r_f
Address Spaco - The mamary always driven onto the oxtormal ‘ I I ,
manager uses the samoe _MREQ — -
SEQ | ] J I —
. -RAS ::_—_:__L L —
Cacheablo Areas Register:
Bit 31=3 Data from addresses 3E00000H - 3FFFFFFH is cacheablo —
gt 31=0 Data from addrasses 3E00800H - aFFFFFFH is NOT cacheable ~CAS L
. . . ADDRESS L L
pit 0=1 Data from addrasses 0CD0000H - O1FFFFFH is cacheable oo
git 0=0 Data from addresses 00000CCH - 01 FFFFFFH is NOT cacheable NTROL —
DAT,
A (READ) A
DATA (WRITE) ~— C —
ABORT
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MEMORY INTERFACE

The VLB6C020 reads instructions and
data from, and writes data to, its main
memory via a 32-bit databus. A
separate 26-bit address bus specifies
the memary location to be used for the
transier, and a 7-bit control bus gives
information abeut the type of transier
(including direction, byte or word
quantity and precessor moda).

CYCLE TYPES

The memory interface timing is con-
trolled by the memaory clock input,
MCLK. Each memory cycle (defined as
the pericd between consecutive falling
adges of MCLK) may bo either active or
latent.

- Active cyclas (A-cycles) involve the
transfor of data between CPU and
memory. The address, control and
{for write oparations) data buses
are valid, and the CPU moniors
the ABORT input to check that the
current operation is valid,

Where more than cne word of data
is to be transfarred, consecutive
active cycles are used; in this case,
sach successive transter will be to/
from an address one word alter the
previous one. Attheendofa
multiple transter, when the CPU
wishes 1o accoss an address which
is unrelated to the cne used in the
precsding cycle, it will request a
latant cycle.

-~ Latent eycles (L-cycles) are flagged
when the CPU doas not have to
transfer any data toffrom memory.
Typically, this will be because the
CPU is fetching data from the
internal cache; the CPU must still
be clocked with MCLK during latent
cyclas, since MCLK is used in the
rasynchronization process.

The addraess, contrel and (for write
operations) data buses are all valid
during the latent cycls preceding
an active cycle; this allows the
memory system {o start the data
transter during the latent cycle as
soon as the following active cycle
is flagged (by -MREQ going low).

Active and latent cycles are flagged to
the memory system using the -MREQ
output. The SEQ output (s the Inverse
of -MREQ, and is provided to allow the

VLBECD20 to work with the current
varsicns of MEMC. The states en-
coded by ~MREQ and SEQ correspond
to the internal and sequential cycles
used by the VLBECO10 precessor, and
ara shown n the following table.

-MREQ ] SEQ | Cyclo Typo
0 0 (Unused)
0 1 Active
1 0 Latent
1 1 {Unused)

The mamory interface has baen
designad to facilitate the use of DRAM
page-mode to allow rapid access to
sequantial data. Figure 23 shows how
the DRAM timing might be arranged to
allow the CPU to access two consecu-
tive worda of memory.

The address and control signals change
when MCLK is high, ard apply to the
following cycle. Both the address and
cortrol busas are valid during the L-
cycle praceding the first A-cycle, so the
memory system can start the DRAM
aecess by driving ~RAS low once the A-
cycle has bean flagged (by ~-MREQ
baing low en the rising edge of MCLK).
Since -MREQ remains low during the
first Acyclo, the memory system knows
that the next cycle will be an accass to
the congecutive word of memory, and
80 may leave —RAS low and fetch the
next word from the same page of
DRAM. Note that the memory system
must check that the consecutive access
will be In the same page of DRAM
befors commiting 1o a page-made
accoss; 1 it is not, tho memary system
must stop the CPU while the new row
address is strobed into the DRAM.

The end of the consecutive accesses is
darnoted whon an L-cycle is flagged (by
~MREQ being high on tho rising edge
of MCLK).

When interfacing the VLBEC020 to
static RAM, L-cyclos may be ignored,
and RAM accessed only when A-cycles
ate flagged. The address bus timing
may have to be modified (see saction
on Address timing).

DATA TRANSFER

The diraction of data transfer is
determinod by the state of -R/W.

When -RW is low, the CPU is reading
data from memory, and the appropriate
data must be setup on the data bus
bafore the falling edge of MCLK in the
active cycle.

Whan -A/W is high, the CPU s writing
data to memory. The data bus be-
comes valid during the first half of the L.
cycle preceding the A-cycle, and
remalns valid until the A-cycle has
completad. In consecutive write
operations, the data bus changes
during the first half of each A-cycle.

In systems whare the VLBSC020 is not
the only davice using the data bus, DBE
must be driven low when the CPU is not
tha bus master. This will prevent the
CPU from driving data onto the bus un.
expectadly during L-cyclas.

BYTE ADDRESSING

The processar addross bus provides
byte addresses, but instructions are
always words (where a word is four
bytes) and data quantities are usually
words. Single data transiers .
(LDR,STR,SWP) can, however, specily
that a byte quantity is required. The
~BAW contro! line is used to request a
byte trom the memory system; normally -
it is high, signifying a request for a word
quantity, but it goes low when the
addresses change to request a byte
transier.

When a byte is requested in a read

transter, the memory system can safely
ignore the fact that the request is fora . .+
byte quaniity and present the whole
word. The CPU will perform the byta .35
extraction internally. Alternatively, the
memory system may activato only the_
addrassed byte of the memory. (This™
may be desirable in erder 1o save
powaer, or to enable the use of a
common decoding system for both r6&d
and write cycles.) )

H a byte write is requested, the CPU
broadcast the byte value across the.;
data bus, presenting it at each byt
locaticn within the word. The memofy,
system must decode address bits Al
A0 1o determine which byta is o bs
written, ’

One way of implementing the byte
decode in a DRAM system is to

separate the 32-bit wide block of D
into four byte wide banks, and gend
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FIGURE 24. BYTE ADDRESSING
A0 A1 ~aw

VL86C020

the column addregg stro
ontly, (See Figure 24) bes indopand-

=CASO0 drives the DRAM ba feh i
connected to D7-Do, -CAS!ngr?v’:s!c :‘h‘s
bank connected to D15.08, and 5 o .
This has tho addod advantage of
reducing the toad on 6ach column
strobe. drivar, which improves the
Precision of this timg critical signay

LOCKED OPERATIONS
The VL86C020 include
. s a
(SWP) instruction that arln\gsa ::os "ep
contents of g memory location to g
swa.ppe'd with the contents of a proces-
s0f register. This instruction js imple-
mentad as an uninterruptable palr of
fmlrst Sses as shown in Figure 25;the
access reads the contants of the
memory, and the second writes the
registar data to the memory. Thege

to pravent another device {,

ro| -
Ing the affected memory bcaxr!n:::hba:fgr
Lh? swap is completed, The CPU °

nves the LOCK signal high fer the

duration of the SWap operaticn to warn
the memory manager not to give the
memory to another devica,

FIGURE 25. DATA swap OPERATION

R
L-Ci?‘:l: EMEMOR: .gzzt ] [ WRITE REGISTER DATA
v | ’ L-CYCLE A-CYCLE
-MREQ -
J 1
SEQ I L R
ADDRESS I
~Bw
-Rw — 1
Lock 1
DATA (READ)
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FIGURE 26. LINE FETCH OPERATION

@ VLSI TecHnoLoGY, Ine.

the same effoct as stratch; the lo
poriod of MCLK, and -WAlr‘:'g must o‘:ly
change when MCLK is low,

The VLB6C020 containg dyna, 1 i
and relias upon regular cbdddy n'; ‘t:obg‘c'
maintain its internal state, For this
reason, a limit is set upon the i
period for which MCLK may bommmum
stretched, or ~-WAIT hetd low (se0 AC
parameters),

COPROCESSOR INTERFACE
The functionality of the CPY instruction
sotmay be extended by the addition of
vplo 15 oxternal coprocessors. When
aparticular coprocassor is not Present
istructions intended for it wij) 1rap, and
suitable software may bo installeg 1o
smulate its functiong. Adding the
r:!evam copracessar hardware will then
the system performance in a

L-CYCLE A-CYCLE A-CYCLE A-CYCLE A-CYCLE
MCLK _ ] AN I S| I | I
~MREQ ——-—y—-—l ]_——r
SEQ | | I
ADDRESS )4 xx. X0H X xx..%4H 0x..X6H xx..xCH X :
W T |
AW T I
LINE ] _
DATA (READ) _{;&M o) WORG>———FORD)-
DATA (WRITE)
ABORT ERRE b G Tk
LINE FETCH OPERATIONS MCLK goes low. An on chip address system pages from the user, orto
A lin fetch operation invclves reading latch, controlled by ALE, allows the support completely separate
exactly four words of data from the addresa timing to be modified in this mappings for the system and the
usor, In the latter case, the T bit

memory system Into the on-chip cache.
The accass always starts on a quad-
word aligned address (i.e. xx..x0H,
xx..x4H or xx..xCH), and consists of
one L-cycle followed by four consecu-
tiva A<cycles as shown in Figure 26.
Line fetch cparations may only be
aborted during the first access (to
address xx..x0H); it is assumed that it
the first word of a line is raadablo, the
whola lina is readable. The VLBEC020
signals a line fetch by driving LINE high
{or thoe duration of the five cycle
operation.
ADDRESS TIMING
Normally the processor address
changes when MCLK is high to the
value which the memory system should
use during the following cycla. This
gives maximum time for driving the
addross to large memary arrays, and
for address translation where required.
Dynamic memoties usually latch the
address on chip, and i the lnich is
timed correctly, they will work even
though the address changes before the
access has completed. Static RAMs
and ROMs will not work under such
circumstances, as they require the
address transition must be delayed until

way.
In a system with a mixture of dynamic
and static memorias (which for these
purpeses means a mixture of devicas
with and without address latches), the
use of ALE may change dynamically
fromone cycle to the next, at the
discrstion of the memory system.

VIRTUAL MEMORY SYSTEMS
The CPU ia capable of running a virtual
moemery system, and the addrass bus
may bo processed by an address
transiation unit before being presented
to the memory. The ABORT input to
the processor is usod by the memory
manggaer to inform the processor of ad-
dressing taufts.
The nminimum pago size allowed by the
VL86C020 Is four words (the length of a
cache line). Various page protection
levels can be suported using the
VLBECO20 control signals:

- =RA¥ can ba used by the memory
manager to protoct pagos from
baing written to.

- -TRANS indicatas whether the
processor is in a user or non-user
mode, and may be used to protect

—  —M1-MO can present the memory

LDR and STR instructions can be
used to offer the supervisor the
user’s view of the memory.

manager with full informaticn on
the precessor mede,

The cache control register mustbe
programmed to implement the appropt:
ate cache consistency mechanism
depanding cn whether the memory
manager uses a shared or separate
usor/non-user iranslation system (séo; -
Cache Operation Section). ]

STRETCHING ACCESS TIMES
All memory timing is defined by MC!
and long access times can be aceon,
modatad by stretching this clock. &
usual to stretch the low period of MG
as this allows tho mamory manager
abort the cperation if the accass is
aventually unsuccesstul (ABORT
be setup to the rising edge of
A-cycles).
Either MCLK can be stretched be!
is applied to the CPU, or the -WA
Input can be used 1cgether with 8
funning MCLK. Taking ~WAIT k¥,
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software compatible way.

Interfaco Signals - The coprocessor
Interface timing is specified by CPCLK,
adlock ganerated by the VL86Cozg,
CPCLK is derivad from either MCLK.or
FCLK daPending on whether the CPY
Is accessing extemnal memory or the
cacha; tho coprocassors must, there-
wa nAbIe 10 operate at FCLK

S. A coprocessor eyclo is defi
to ba the period betweencZonsecu‘t’iczed
falfng edges of CPCLK. Three

PRELIMINARY
VL86C020

dedicated signals control
the coproces-
?-Oé g}te race, coprocesser instruetion
). coprocassor absent (CPA) and
coprocassor busy {CPB).

Coproceasor Pragant/Absent -
gPU takes ~CP! low whenev:: it :;ha?ts
8X6Culo a coprocessor (or undefined)
instruction (this will not happen if the
instruction fails to be executed bacays,
of the condition codes), Each °
coprecassor will have a copy of the
mnsiruction, and can inspect the Cp#
field 1o 560 which coprocessor it is for,
Every coprocessar in a system must '
have a unique number, and i that
?;’mb?r Matches the contents of the
" # field, tho coprecessor should pult
the CPA (copracassor absent) fine low,
M no coprocassor has 5 number which
Matches the CP# fipld, CPA will float
high, and the CPU will take the unde-
fined instruction trap. Otherwise, the
VLEEC020 cbsarvoa the GPA fine going
low, and waits untj| the coprocessor
fiags that #t is not busy {using CFB).

Busy-Walung - CPA
E:u’»;m wag:‘h the cpxag;m o ::Z:r
sy) line. Only the i

is pulling CPA low is mm ﬁ‘:rwm

CPB low, and it should do so when it I

\r,eady to complste the instruction, The
‘L856020 will busy-wait while CPBis

high, unlags an enabled interrupt

When CPB goes low, the | 7

eorfunues to completion; innt?;u :i:: of
ragister transfer or data transfer insy
lvorjs. this will involve data transfers e
taking place along the coprocessor dat
bus (CPD31 -CPDO) between the *
COprocessor and CPU, Data Operation,
do not transfer any data, and t:t:rﬂplate8

as soen as the
be busy, COprocessor ceasas 1o

All three Interfage signals are

ttl? bolh CPU and the mpmoe::o":g;:n
9 nsing edge of CPCLK. I all three

aro low, the instryction is committed

6xecution, and where transtars arg °

involved thay will start in the next

service an interrupt. The i i
. nst

may ba restarted later, but oﬂ:ztf:tmn
€oprocessor instructiong may come
;oszm:‘;,eznd At:o instruction should be

arded, oxternal pyfl.
is normai| Pt
orp ally required on both CPA and

RGURE 27, COPROCESSOR DATA OPERATION
cop copP
BROADCAST DECCDED Extz%zlerED
COPROCESSOR COPROC
E

- BUSY F{EAD$Scm

™ M ﬁ“mmbm
CPD3y. |

CPDoO XERY COP PCsa
iy PC+8 TR PC41
. ~CRi | — I
~ CPA ’—

v
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itions on DATA TRANSFER CYCLES - Once indicated by the coprocessor taloasing Thets is no fimit in ori !
R e ng;ug;gg :::‘?Iira?éz);‘:)s:\s;e;s the coprocessor has gone no-busy in a CPA and CPB to fioat high, number of words wﬁ;m: t:c:zcos : Eq'tSTER TRANSFER cycLE
, ? i . - i .
tespond congcﬂz' \:2:;: a eorg:i::?or tcl;z o instruction stream and replaces all data transfer unstn:::m‘:lrl\_.a::s g:as; T:::?!y The data being transferred toftrom sor data transfor can move, bus by ":f;o?zr:njrgl:mzlgf involve the
::ztsr:;::l: :r:nm; " the?;gt ction, non copr r Instructions with ortm?:}niz!: :‘CIP::LK) The direction gané%rz lslg:';:a;mod by'ona cyclo within r;-:::\;etr:;on{;o wr%m?smr shouldallow  CPU angd the appropriate co::v;‘::;::r
is i i FFFFFFFF (which siill decodes as a ralo (calinec By he Lbit i o8 case of a copracessor 0 oo words inoneinstruction.  atong CPDaY. .
bl °°"$°”£§a%a'!."‘§‘23&“§1"mo non coprocessor instruction); all of wansler is dafined by tho L it in the loac from mamory, this means that the  More than this would worsen the wer 1akes placa in 5.':'13;.3‘;7.;',“.23"" .
:or::::‘iis'instmctbn pipaline, H coprocessor instructions are broadeast ?:;g;::gg?e:;:n:ﬁilo‘ for detor CPUIs or;: wor: ::vead o: the it:aseﬂmr ugl;’u :mgm,ipt latency, since the which tho CPU ang i copfoe:s ::ro in
, - coprocessor, and always fetches g ion is not interruptable once 1h ;
~OPC s low when CPCLK is low, then  unattared. . riring the numbor of words to b otra word of data. This oxtes terr sy ranetors e wmm’;‘&d‘ Ate e committed to the instruction, .
rucion nateyel. Th coprocascors T8 schama s dsablod whan monfor o8 NTCC Do N e not adversaly affect the CPU or the words, this instruction ia comparable PRIVILEGED INSTRUCTIONS
struction that cyclo. The coprocassars mode is solected, and all CPU instruc- increment the address by one word per - ¢0processor, but may cause unox. with a block transfer of 16 rogistars, ang  The € 30 may restrict certain
should latch the instruction oft CPD31- tions and data fetchas aro broadcast transfer until the €Oprocassor !ol!s itto pected faults in the memory system therefors does not affect tho worst t':asa Instructions for ysg In a privilaged {ron-
CPDO at the end of the cycle (as unaitered {see Cache OpsrationSec- stop. The tarmination condition is (0.9. i the extra feich accassen & road. latency. User) mada only. Ta o atege
CPCLK falls) and clock it into their tion). -} sansitive peripheral). COprocessor may use the CPSPY
instruction pipelines. .
FIGURE 28. COPROCESSOR DATA TRANSFER (FROM MEMORY TO COPROCESSOR) /| PGURES0. COPROCESSOR REGISTER TRANSFER {LOAD FROM COPROCESSOR)
PENULTIMATE  FINAL EXTRA ' TRANSFER
COPROCESSOR S'AEI'SAT DATA DATA DATA o COPROCESSOR COPROCESSOR
READY TRANSFER , TRANSFER ~ TRANSFER  (IGNORED) READY DATA
crek [ | 1 | I I — cPolk _ [ — | —
-opC o -orc I f
DATA(1 DATA{M-1) DATA(M) DATA(M+1) 5 . CPDG1- r
€PD31- D_—CD——@ -1 CPDOOUT o
CPDO OUT 2 o S PC+13
oo | cPooiN (BATA
CPDOIN —(DAT/
~CP el I
cPA T 1 J CPA h!- ’
cPB T J L cps —) | l —

( )

FIRST PENULTIMATE FINAL COPROCESSOR ngrss'rgsg
COPROCESSOR DATA DATA DATA = READY DATA
READY TRANSFER ~ TRANSFER  TRANSFER b cPo —
cPeLk | ‘ ‘ J %—r— f — E | -oPc — ] -
1. ’
-QPC 1 ] [ wg:gal},_l !
CPD31- — ; PC+ : ey
R PC+8 14 13
CPDO OUT S P DATA( DATA(M-1) DATA(M) B CPD31.
cpnal1- —_] > - P— 15} CPDOIN
CPDO :. R 5 . | L‘ ~
<P T 7] - I ‘t

cPA — J L £y o L
cre T e L
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=
a

I

e



@ VLSI TECHNOLOGY, INC.

PRELIMINARY

VL86C020

output of the VLBECO20; this signal is
valid while CPCLK is low, and applies
1o the instruction being broadcast
during that cycla. When CPSPV is
high, the broadcas! instruction s
privileged.
As an example of the use of this facility,
consider tho case of a floating paint
coprocessor (FPU) in a multi-tasking
system. The operating system could
save all the floating point registers on
overy task switch, but this is inefficient
in a typical systam wharo only one or
two tasks will uso floating point opera-
ticns. Instead, there could be a
privileged instruction which turns the
FPU on or off, Whaon a task switch
happaens, the cperating system can turn
tha FPU off without saving its registars.
If the now task attempts an FPU
operation, the FPU will appear to ba

REPEATABILITY
Ac quonce of the imp 1tation
of the coprocessor interface, with the
interuptable busy-wait state, is that all
instructions may be interrupted at any
paint up to tho time when the coproces-
sor goes not-busy. If so interrupted, the
instruction will normally be rostarted

The cop r data P tion class
of instruction is not genarally subject 1o
repeatablity considerations, as the proc-
essing activity can take place after thg
coprocessor goes not-busy. Thera is
no neoed for the CPU 1o be hald up until
tho result is generated, because the
result is confined to stay within the

fromthe beginning after the i ot
has been processed. It is, therefore,
ossontial that any action taken by the
coprecassor before it goes not-busy
musibe repeatable, i.e. must bo repeat-
able with identical results,

For example, consider a FIX oparation
in a fisating point coprocassor which
returns tha integer result to a CPU
registar. The coprocessor must stay
busy while it parforms the floating point
1o fixed peint conversion, as the CPU
will expect to receivo the integer value
on the cyclo immediately following that

UNDEFINED INSTRUCTION

The undefined instruction is treated by
the CPU as a coprocessor instruction,
All coprocessors must bo absent (l.e, lgt
CPA tloat high) when the undefined
instruction is presonted. The CPU will
then take the undefined instruction trap,
Nota that the coprocessor need only
lock at bit 27 of the instruction to
diffarantiate the undefined instruction
(which has 0 in bit 27) from coprocosser
instructions (which all have 1 in bit 27),

VLB6C020 INSTRUCTION CYCLES

@ VLSI TecHNoLOGY Ine

swap instructions alloy byta
quantities to be specified; this is
indicated by the symbol “(B/W)" in
the type column,

3 :rha coprocessor register transfor
mslmc_mn may either transfor data
into (*I") or out from ("0") the CPU.

The address and data coly,

the contents of VLBBCOED':‘ i:n:::lw
address and data bussgs, Note that in
normal mede, the internal data bus
cannot be observad diractly, and the
address bus is only cbservable whan
the CPU is synchronized to MCLK,

The -OPC, CPD31-CPDO, -CP| CPA
gnq CFPB columns {whara shcwnl}
indicate the state of the extornal
coprocessor intarface. Nota that in
normal mode CPD31-CPDO only

bnrt;adcas!s coprocessor instructions
and data (see section Pipeline Follow-
ii:;lg]. By salecting monitor modoe, thy
A;;r:a:; a:nddn;sdbus ¢an be viewed on
-AD, ata will adcas
on CPD31-CPDo, i t

The final, un-numbered operation .
Instruction shows what wfg hap::r:?nm
the first cycla of the next instruction
Note that the firsy cycle of an fﬂstruc::inn
is always an instruction fateh (word
I:.Iand Operation), but may bo aither an
“1ypo or S-type read depanding on the

Pravious instruction,

IBNSTI:I.IC‘!TQN TABLES

ranch and Branch with Link -

lnslr'uc:i?n calculates the branc: Rl

destination in the first cyclo, while

gerfnrrn_ing a prefetch from the Current
C. This preferch is done in all cases,

—

PRELIMINARY
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since by the time tha decis;,
1?;10 branch has boon rnm:h:: !llc;smks
already too late 4o Prevent the preforch,

During the Second

cyclo a fatch js
performed frem the branch destinatio
and the return addross is storad in *
regicter 14 If the link b I8 561, The first

‘:‘ha third cy'r:lu performs a fetch 1

tti a dgstipa:nn +4, rofilling the instrue.
10N pipaline, and if the branch is with
link, R14 |s madified (4 is sublract‘:z

absant, causing an undefined instruc-
ticn trap. The cperating system will whars it goes not-busy. The coproces- This soction shows the cyeles per- Cycle OPATN
then realize that the new task requiros sor must, thorefore, preserve the formed by lh: \?LBGCDE?SCPIT; g Type Address Data -0PC CPD31-CPDO
the FPU, so it will ro-enable it and save original floaling point value n_nd not oo for all possible instructions. 1 Read PCs8 (PCsg
FPU registers. The lask can then use corrupt it during the conversion be- Ea::h class of inmrﬁc‘tinn Is 1aken in 2 Read " )
the FPU as normal. ¥, howaver, the cause it will be required again if an turn, and ts operation is broken ALU (ALY) g PC
new task naver attempts an FPU interrept occurred during the busy intn'consiiluem cycles. Read s AL (PC+g)
oparation (as will be the casa for most pariod. ik o (ALuk) o (AL)
S  Alus
0 (Alus)

tasks), the state saving overhead will
hava been avoided.

(PCis the address of th
: a branch instruction, ALU Is an address caleulated by the CPU (ALU)
, is the contents of the add
P U rass,

Examplo:
Cycle OPRTN Type Addass Data -0OPC CPD31-CPDO -CPlI  CPA CPB
1 Read PC+8 (PC+8) 1 X X
2 Intnl - PC+8 - [+] (PC+8) o 0 1]
3 ot -~ <wrotclocked => 1 DI (1) 1 . T e
4 Write N AL DIfY) <= not clocked = > mgl:*i;a;":;; ’;Ad:!a:a ngsrnllnn An instruction profoteh oecurs
Read N PCs2 1 = 0 bcept whare e L oR3ih cycl 52mo tmo as e phone cour 3 the Tho PG may bo any (o ag
P contonts of a registor Anrr:;tl:j t&;y the program countor is iﬂanrnam:::fand rgisror oporands, ‘:Nhre: r?;:(: ln‘:;o th
. ’ fead i - . bus ji " o
Each row in the 1ablo represents a 2. Wite: A CPU writo operation; 1. Read and writa cparations may b ’W:I::Jur':i‘;?m b;;?;d? sl:mnd :‘;:? the s:ﬂ langth is spacifiod bya 2 !h: 'La:f:;‘:p:l;:fm the PSR bits,
o ar, it : s wi
one of two types, Sequantial (5] 8bus. The ALU wmbina:m:;!:ut:a an additional datapath cyclo Noithor will affocy nxlem:;n: J:?mm}v;,;y

::wfs before the above Cparation to
ln Py the bptlorn 8 bits of that registor
to a holding latch in the barrel shifter,

VL86C020 always writes data im-
mediatoly to the maln memory.

=

en it is the destinmion' howavar, the
contants of the instryction Pipeling ;rn
invalidated, and the addrass for the

single CPU or coprocessor cycle, The

cycles which constitute the instruction or Non-sequantial ("N"). A

sequential access involvas the ® and the shiftod B bus sourca

ng 1o the oparation specified in

are numbered from 1 to n, £
3. Intl: Aninternal operation where CPU transferri \
ng data withan te 5
The OPRm_mlumn shows tha CPU the CPU is not transfarring data. addross that is one word aftot M B ’“‘Hmctlon, and the result (whon Thg instruction prefatch wil i ;
operation boing parformed in each 4. Tmsi: Acoprocessor register proceding access. A non o) Is written 1o the destination during this first cycl, and i next instruction prefaich is takan f
. - 5 . o, th tom
sequential access is flagged °". (Compares and tests do not cycle will be intarnal (i.0. wmﬂn::mraﬁan ﬁ;:;:nﬁihe;ha? the address
* 'he Instruction pipoling iy

cycle. Thero are four typas of CPU transfer whore data passes fodueo rasuts e
535 g udo;l ly the ALU status perlorm a data transfor). rofiled before any further exoeution

the current CPU address is

operation as lollows: batween the CPU and a coproces- b aff,
1. Read: A CPU road operation; tha sor. unralated to tho ono used inthe - ey takes place, and dyrj
. b ; 3 ing this 1i

fata wil ba n;‘ad T[nm the :al:hal itit The type column gives extra information proceding accoss. oxceplions ara lockod gout!’ =t

. pc"”e;f“' “;' :hm“ an‘axtar_:'lla:m about the type of operation being 2. Roead and writo oparations

raad or line fetch oparation wi performed: normally work on word quanttel

necessary. but the singla data load, stor@ &%

3.54
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Data Swap - This s similar to the load

cperation (cycias two and threse) to

_VL86C020

. , address exception. H allfl, cle

. lom is much and store register instructions, but the indicate that both cycles should 298 2o Clear,
Multipte Raglstors - Store final cycle. The restant prob y with. cycles should be and Interrupis are enablod

rsn,:;;! v p emy T s tond o httorward hare, as there is contend gctual swap takes place in cyclos two allowed to complste without interrup- six bits of the PSR are daasioa;?datc;‘;

multiple (seo next soction), without the

and three. In the sacond cycle, the
data is fetched from extamnal memory (it

tion.

will be swappad with an address eight

bytes advanced fram the
—oPC  CPD31-CPDO is always read from the extemal The data swapped may be a byte of $Wap instruc-
Cyce OPRTN Typo Address Data mamory, oven i the data s availabloin  Werd auantiy (BAY). ottt Srdooe ivierreipoan
' C+8) the cache). In the third cycle, the Tho prefatch sequence will be changed D
1 Rogistar : Ra:d N :EGB (:(A) o (PC+8) contents cf tha source reglster are # the PC is specilisd as the dosii::t?on ﬁ?};z;ﬁ,ﬁ?ﬁ m;d o (as the M1 and MO
2 Wra: N PC+12 1 R(A) written out to the extermnal memory. The  register. 9 the byta acdress).
Ao dataread incycletwo is writton into the w00 R15 s sall The swap oparation may be aborted in
PC+8 (PC+8) dastination register during the fourth PC ; od se ected.as the base, the either the read or write cycle, and in
n Registers 12 sv‘::g N ALU R(A) 0 (PC+8) cycle. any d‘;:g ﬂ::::‘r:rs::ho:hiztpsnﬁt If both cases the destination register will
arrupts ar '
1) 3 Wite S AU R(A+1) ! R o LOGK oufputof the VLB6Co20ls  dlsabled, the dafa swep willcausean be atectad.
3 ; : . . . Avn-1 drivan high for the duration of the swap
nel  Wite S AU RiA+n) 1 v ) -
Pead N  PC+2 L (Aen)
Tz Cycle OPRTN Type Lock  Address Data -OPC  CPD31-CP
. Do
d Multiplo Reglsters - The first aftar abort. The third cycle I8 ropeated if the PC is the base, writa back is ‘ :
Le; ofll’.D:l‘:s usgd to calculate the for subsequent fetches until the last prevented. Normal 1 Road o PC+8 (PC+8)
R s- data word has bean accessed, thenthe  \yqq the PC Is in the fist of registers 2 Read N(BW) 1 RN (RN) 0 PC+8
addreas of the first word to ba tran! . 3 Wit N ( )
farred, while parforming a prefatch. fina! (internal) cycle moves the last b loaded, and assuming that no abed 1 o (Bmw) 1 RN RM 1 (RN)
'I.ihe s;cond cyclofetches the first word, word 1o its destination register. takes place, the current instruction llgtnld - 0 PC+12 _ ' RM
and parforms tho base modifications. # an abort occurs, the instruction pipeline must be invalidated. o N 0 PC+12 1 -
During the third cycte, the first werd is continues to comptation, but allregistor oy that the PC is always the fast DEST=PC 1 Read 0 PCs8 Ce8
mavad to the appropriate destination writing after the abort is praverted. The  (aqictar 10 bo loaded, $0 an abort @12 2 Read  N@®BW) 1 AN p(Pc- )
tegister whilo the second word is final cycle s altared to resiore the point will pravent the PG from being 3 Write NEW) 1 AN iy ? (PC+8)
fotchad, and the modification base Is modified base register (which may have g, enurinon. 4 Intal - 0 PC4+12 pc
moved to the ALU A bus input tatch for bean ovarwritten by the toad activity s i " o % (PE : AM
holding in case it is needad to patch vp befora the abort occurred)- 6 Read s 0 PC'+4 (PC:)+4) 0 (P(-:')
Road 8
Cycle OPRIN Typo  Address pata  -OPC  CPD31-CPDO S o PCwa o (PCw4)
- Softwara Interrupt and Exceptt
C+8 ption .
1 Register 1 Read PC+8 (‘;LU) ) 0 (PC+8) Entry - Exceptions (and softwara processor enters suparvisor moda. The  than in the case of branch with link.
2 Read N ALU . { . (ALU) tesmupts) force the PC to a particular retum addrass is moved to register 14, The th
3 Intn! - 2&:2 1 - ¥alue and refill the instruction pipeline During the second cycls the retumn w;t !:;g:h ils'll;aqm;ed onyto
Read N fomthere. During the first cyclo tho address is modified to facilitate retum, plpeﬁ,,, refifing of the instruction
1 Read N PC+8 (PC+8) forcod addrass is constructed, and the ~ though this madification is less useful )
:Jgg%i:;’eé 2 Read N Slél: 2 PC ° g’g*a’
3 'Rn?ald ;l PC' (Pg') 4 :) (P(;) Cycle OPRTN Typo Mode Address  Data -OPC  CPD31-CPDO
5 Read s PC+4 (PC'+ & 1 Read
. . 0 PC'+8) PC+8 (PC18)
Foad s PC48 (PC'+8) { za’ :eag g SPV XN KNy o (PC+8)
oal SPV  XN+4 (XN+d) ©
) PC+8 (PC+8) (XN)
n Reg1|sters ; 22:: N ALV (ALU) 0 {PC+8) Road S SPV  XN+8 0 (XN+4)
> . Read S ALU+. (glild«; ! ((‘;tﬂl , | Forsoftwaro interrupt PG Is tho
n+l Road S ALU+. { _+- 1 (ALU+.) #&drass of the SWI instruction, for exception, for prefetch abort PC is the attempted the aborted data transfer. X
2 tntal - PC+12 ; ~ e and. resot PC is the address address of the aborting instruction, for is the appropriate trap addres: -
Road N Pov2 dokrsucion ollowing tholast oo datasbort PG ks the address o the op address)
1 Read PC+8 (PC+8) befcre entering tho instruction following the one which
" ?:E;s)t =2 Read N ALY s . g\fﬁ?)
incl. PC . Road S ALUs. ALUe) ALU
: nst  Read S ALU+. PC’ 1 o +)
ne2 intnl a :g."z (PC—') : -
nd  Read "
ne4a Read S PC'+4 PC+) O PO o
Road S PC+8 (PC+8) O (PC+8)
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If the coprocessor can never do the

The coprecessor interface normally

cperates ona cyclo bahind the CPU to
allow time for the instructions to be
broadcast, When the CPU starts
executing a coprocessor instruction, it
busy-waits for one cycle (Cycle 2) whig
the coprocessor catches up.

Coprocesgor Data Cperation- A
coptocessor data operation Is a request
from the CPU for the coprocassar to
Initiate soma action. The action need
not be complated for soma time, but the
coprocessar must commit to doing it

request task, it should leave CPA and
CPB to float high. ¥ it can do the task,
but can't commit right now, it should pull
CPA low but laave CPB high until # can
commit. The CPU will busy-wait until

before pulling CPB low. CPB goes low.
Cycle OPRTN Type  Address Data ~OPC CPD31-CPDO ~CPI CPA CPB
Ready 1 Read PC+8 (PC+8) 1 X x
2 intnl - PC+8 - [+} (PC+8) 0 4] 0
Read N PC+12 1 - 1
Not Ready 1 Read PC+8 (PC+8) 1 x x
2 Intn} - PC+8 - 0 (PC+8) 0 0 1
. Intnl - PC+8 - 1 - 0 (1] 1
n Intnl - PC+8 - 1 - 0 0 0
Read N PC+12 1 - 1

Coprocassor Data Transter - Here,
the coprocessar should commit 1o the
transfer only when it is ready to accept
the data. When CPB goss low, the
CPU will read the appropriate data and
broadcast it to the coprocessor (if the
data is read from the cache, it will be

CPU fatches the first word of data; the
data is broadcast to the coprocessot in
the next cycle.

During the data transfer, the VLB6C020
cperates one cycls ahead of the
coproecesscr, and so always fetches
cne word more than the coprecassor

The coprecessor is responsiblo for
detarmining the number of words to ba

transferred, and indicates the last
transfer cycle by aliowing CPA and
CPB to fioat high.

The CPU spends the first cycle (and
any busy-wait cyclas) generating the

transier address, and performs the wrty

broadcast at FCLK rates). Note that the wants. This extra data is s
h mply
coprocessor s not clocked whila the discarded. back of the address base during the
trangfer cycles.
Cycle OPRTN Type Address Data ~OPC CPD31CPD0 -CP1  CPA CPB
1 Register 1 Read PC+8  (PC48) 1 x
Roady 2 tatnl - PC+8 - 0 (PC+8) 1] 0
3 Read N ALU  DO{1) <= not clocked => 1
Read N PC+12 1 po() 1
1 Ragister 1 Road PC+8 (PCq8 1 x
Not Ready 2 Intnl - PC+8 - 0 (PC+8) 0 (]
. intnl - PC+8 - 1 - 0 0
n tntnl - PC+8 - 1 - 0 0
n+l Read N ALU  DO(1) <= notclocked = 1
m Registers 1 Roead PC+8 (PC+8) 1 x
{m>1) 2 Intn! - PC+8 - 0 (PC+8) o 0
Ready 3 Read N ALU DO(1) <= notcolcked = > 0
4 Read S AlLU+4 DO(2) 1 DO(1) 1 0
m+3  Read S ALU+. DO{mat) 1 DO(m) 1 1
Read N PC+12 1 DO(m+1) 1
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m Rog:ﬂlofs 1 Read PC+8  (PC.g 20
gn>n) 2 Intnl - PC+8 -+ ) ’ o
ot Ready & Intnl - PC+8 : B 0 o :
: . Intni - PC+8 : 11 z o o ?
+ Read N ALY ot °
2 DI{1) <= not - ; :
! Rs.ad S ALU+4 Dl2) 1 ° dog:ad) > 1 0 0
L) . L] o
N+m+2 Read S ALU+ 1 ’ 1 :
. Diim+1 1 1 1
Foad N kowz 0 Sm 5
Coprocoessor Data Transter fro
Coprocossor 1o Momannte T(h y ::':. sy::!e behind the coprocessor duringthe  1he transfer whil
ion & ot 1y memany 1o ata transler to give time for data to get Outputs her st worg oy rocossar
strucd ossor data ranetor oY gl’r’%u?sh hlhe coprocassor intarface. The endpof “:ea"iau:;'word o oo and at he
howmovel. the VL8 eman oporatn, Ocasone , alted for a cyclo at the stan of halted for ong cyzzr;mﬁm;? s
writes the last word

1 Registar
Ready

1 Register
Nat Roady

m Registers

{m>1)

Roady

m Registars
(m>1)
Not Ready

Cyclo

of data to memory.

OPRTN
Type  Address Daja ~0PC  cPD 31-CPDO0  —cP) CPA CPB
t?::ld PC+8 (PC+8)
n : PCs8 - 0 (PC+8) ; o o
Write N :\l.-Umn Dl(1)ad R oy ! ? ?
e N o2 ‘<- notdockid -3 . 1 1
Ra
mo. R oo o
- 1) b
ﬁn: - pord - ; (PC+8) 0 0 1
[m:l - PC+8 - 1 : o 0 ;
iae '—q ;’:IU not de(o 6d w> 1 DIU) 10 ? :
e N e, I(1) 1<- not clocked w > 1 :
- 1
l?:na'd _ :M (PC+8) 1
i - C+8 - 0 (PC+8) 0 o o
Wit " <= notclocked w» 1 Di{1) 1 o o
* ! AI:U Di(1) 1 DIi2) 1 8 0
wm . . . - o
wm: : 2&1’: gllfm-n 1 Di{m) 1 1 1
: m, = clock:
Read N PC+12 ) I< o o= ! !
- 1
w . ESR o :
C X x
:mnl - PC+8 - ? P o 0 |
O - B A
- <= notclocked => 1 ( ; 0 o
Wr.lte .N ALU DI(Y) 1 gll(g)) 11 0 o
- . L4 . o o
w'lii:: g 2:-.34- Di{m-1) 1 Dl{m) ; ; 1
ot N PC¢1+2 Dl{m) 1<- ot clocked w > 1 :
- 1
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Coprocessor Reglster Transfer (Load  transfer cycla, but the transler ig limited
from Coprocessor) - Here the busy- to one data word, and VLB6C020 puts
wait cycles are similar to the previous tha word into the destination rogistor in
the third cycle.
Cycle OPRTN Type Address Data -OPC  CPD31-CPDO -CPlI CPA CPB
Ready 1 Read PC+8 (PC+8) 1 x x
2 Intnl - PC+8 - [+} (PC+8) [} (] 0
3 Intnl - <= notclocked => 1 Dt 1 1 1
4 Tmst 1 pC+12 DI <= notclocked => 1 1
5 Intnl - PC+12 - - 1 1 1
Read N PC+12 1 - 1
Not Ready 1 Read PC+8 (PC4+8) 1 x x
2 Intnl - PC+8 - 0 (PC+8) 0 ] 1
. Intnl - PC+8 - 1 - 0 0 1
n Intnl - PC+8 - 1 - 0 0 0
1 Intnl - <= notclocked => 1 DI 1 1 1
n+2 Tensf | PC+12 DI <= notclocked => 1 1
3 intnl - PC+12 - 1 - 1 1 1
Read N PC+12 1 - 1
Caprocesser Reglster Transfer
{Store to Coprocassor) - This instruc-
tion is similar to a single word coproces-
sor data transfer.
Cycle OPRTN Type Address Data -0OPC cPDas-cPDO  ~CPI CPA CPB
Ready 1 Read PC+8 (PC+8) 1 X x
2 Intnl - PC+8 - 0 (PC+8) [¢] [} (1] )
3 Trnsf [o] PC+12 DO <= notclocked = > 1 1 i
Read N PC+12 1 DO 1 :
Not Ready 1 Read PC+8 (PC+8) 1 X x
2 Intnl - PC+8 - 0 (PC+8) 0 0 1
. tntnl - PC+8 - 1 - 0 0 1
n Intnl - pPC+8 - 1 - 0 0 0
n+l Tensf (o) pC+12 DO <= notclocked => 1 1
Read N PC+12 1

high, causing the undefined instruction

it cannot parform, and this must include
trop to be taken.

all undefined instructions, it must not
drive CPA or CPB. These will float

Undefined Instruction and Coprocas-
sor Absent - Whon a coprocessor
detacts a coprocessor instruction which

Cycle OPRTN Type Mode Address Data -OPC CPD31-CPDO  -CPI CPA cFB
Ready 1 Read PC+8 (PC+8) 1 x X
2 Intnl - PC+8 - 0 (PC+8) 0 1 1
3 Read N SPY  Xn (Xn) 0 (PC+8) 1 1 1.
4 Read S SPV  Xn+d (Xn+d) O Xn) 1 1 !
Read S SPV Xn+B8 0 (Xn+4)
3.62
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Unexecuted Instructlons - in-
struction v_lhose condition co::yis not
met will fail to execute, i will add one

Cycla OPRTN Type

1 Read
Road S

cycle to the execution time of the cod
segment In which it is embeddaed. °

Address  Data -OPC CPD31-CPDO

PC+8  (PCe8)

PC+12 - [} (PC+8)

tnstruction Spaeds - In order to deter-

by MCLK. Tho time takaen for each type

mine the tima taken to
onin gty nxeuto a;y of CPU coparation is as follows: gg%u:n!;l:gi:geﬁned archiectura of the
relate the CPU read, write, intemal and o Ina 1;'pical mnns S e conaiterasy.
= of oporations to F-cycles (FCLK paration Timo using the datapai:n:h‘;ggd siinhe
as), L-cycles (Latent M -type ; stchod on e h
and Acycles (Act(ivo M(t:LKc:dez? - g typo :::g td ::::g ;’w“ ;nd::o msonto.
: " - ) . For this reaso
o et betweon he CPU A following table presents the in';rl::mmal
mmnm:nsm ok o N Write LoA number of cycles required by an
oo s and axtorna thwemar s S~Wtype e " Instruction, rather than the total number
m.:tumod Ty upan of cyclas for which the instruction uses
Cache Off - When the cacha is turned Jransfor in L pag e o a i, ey b o
of, CPU read and write cycles aiways Transfer Out L ;:ryomeisg;:;?' r:uﬂne may bo calculated
:mmms :sx;:y":y] n.::mo‘,y;t Yo avoid Internal L Note: Thi :b]r“.
ronization dela o s tumod off, '
VLB6C020 ramaing synchronized t);lhe cachos tmod oft im—_
axtemal memary when the cache is Koy: # tho candiian
turned off, so ail operations ara timed ,L\. FA?::!T; 2em0fy cyelo periad take: e
. emory cycle pericd
BBL 1L+3A
D:
ata Processing 1A +2L tor SHIFT(Rs)
+1L+2A if R15 written
"L{Il)Ii:'MLA m+e)L+1A
3
i 2t:§: *:2 if R15 loadadwritten back
;DM et : 2a if R15 written-back
sTwl; it+(ﬂ+1)A H R15 loaded
3A
gﬂdllap 1L:3A +2A it R15 loaded
105 ((l;:g) L+1A
JL+(ne1)A  +1A i
gt% (0+4) L+ (n+1)A 1)
ven bed)L+1A
b+3)L+ 1A
aisth
® number of words transferred. takes one cycla. The maximum value

s the number of cycles required
e mutiply algorithm, which is m?'
fon |:'yby the contents of Rs. Multiplica.
d2 any number between 2*(2m-3)
m:(2m~1 )-1 inclusive takes m cyclas
1. Muhiplication by 2ero or one

——

m can take is 16.

b is the number of cyclas spent in the
coprocessor busy-wait loop.

H the condition is not met all i
take oo A-Cycio, instructions
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Cache Cn - When the cache is turned
on, the CPU will synchrenize to FCLK,
and attempt to fetch instructions and
data from the cache (using FCLK F-
cycles). When the read data is not
available, or the CPU performs a writa
operation, the VLBSC020 resynchron-
izes to MCLK and accasses the
external memory (using L & A-cyclas).
Tha CPU cparations are dsalt with as
{ollows:

1. Read operations. Tha CPU will
normally be able to read the
relevant data from the cache, in
which case the read will complete
in a single F-cycle,

i the data is not present in the
cache, bul is cacheabls, the CPU
will synchronize to MCLK ard
perform a line fatch to read the
appropriate line (four words) of
data into the cache. The CPU will
ba clocked when the appropriate
word is fetched, and subsequently
during the line fetch if it is request-
ing S-type reads or internal
aperations.
H the data is not cacheabls, the
CPU will synchronize to MCLK and
paricrm an external read. i the
CPU requests S-type raads, the
CPU will remain synchronized to
MCLK and use A-cycles to read the
appropriate data. The CPU only
resynchronizes back to FCLK when
the CPU siops requesting S-typo
reads.
Nota that the swap instruction
bypasses the cache, and always
paricrms an external read to fatch
the data from external memory.

2. Writo operations. The VLB6C020
synchronizes 1o MCLK and
performs external writes. Whan
the CPU stops requesting S-type
writes, VL.B6CO20 resynchronizes
to FCLK.

3. Internal operation. These complete
in a single F-cycle (although some
are absorbed during line fetches).

4. Transfer operation. These
complete in a single F-cycle.

It is not possible to give a table of
instruction speeds, as the time takento
axeculo a program depends on its

FIGURE 33. WORST-CASE VL86C020 TIMING FLOWCHART

N-TYPE OR S-TYPE
READ DATA NOT IN

EXAMPLE:
Cansiderthe following piece of code:

5 waoﬁ;?" Uoroz | “Woros Cod
A w w MoV R0,Area1
rDORV R1,Area2
X R7,R0,4
RN i ok L OMA R ReRY)
N

Asssume code runs in cache.
able area of mem
Cade, Areal and Area2 arg all quad-word aligne:rz;i:?:s;:?

RO points to data in a cache,
able
R1 paints to data in an un
Read data from cacheab!!
Read data from uncache.

Converting the code into CPY) cycles givas;

Ling Fetch Oparation

The CPU is clocked as soon as the requested word of data is available.
The CPU will also be cleckad # it subsequently requests S-type Read or
Internal opgrations during the remainder of the line fetch.

interaction with the cache (which
includes factors such as code position,
pravious cache state, etc.). In gensral,
programs will execute much faster with
the cache turned on than with it tumed
off.

To calculate the worst-case delay for a
particular piece of code, the routine
should be written out in terms of CPU
cyclas. Figure 33 can then be used to
calculate the warst-case VLB6C020 op-
eration for each CPU cycle.

When using this techniquo, the folk
ing conditions must be assumed:
1. No instructions or data are p
in the cache when V186020
stans executing the code. )
2. Aline tetch oparation will ove
any data already present in the
cache (i.e., the cache only has,
line). E
3. All synchronization cycles tako,
maximum time.
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Using the worst-case v

Cycle OPRTIN Type Address
1.0 Road
Branch to Code 11 Read N &C‘-;:
1.2 Read s Codo +4
MOV RO,Areat 2.1 Read S Cado+8
: MOV R1,Are22 i Read S Coda+12
__.« LDR R7,[Ro,4) 4.1 Road s Coda+1
42 Read N Ama?«is
% 43 Intnl - Code+20
LOMIA RI, {R8-Rg) 5.1 Road N Code+20
g 52 Read N Area2
53 Read s Aroa2+4
54 Intnl - Code+24

Data

VL86C020

area of mamory
cacheable area of Memory
0 area into R7

able area into RE and Ry

(PC+8) (seo Noto)
(Code)

(Codo+4)
(Code+8)
(Code+12)

(Code+16)
(Areal+4)

(Coda+20)
(Area2)
(Area2,4)

s LB6C020 timij
$igned an execution tima, ming flowchan, the required CPY Sperations can be converted into CPU cperati
lons, and as.

CPU i
Operation ViL86Co20 Operation Time
<waits
" o Synchronize to MCLK
12 poal ((cczgo) Line Fetch; {Code) ey
21 R o) oo, h
a 0ad S (Codo+8) (Codors) w
AH Read § (Codos+1 2) :g:gﬂg) A
o+
(A)
<Wi
w o :‘i’bs (Cotoste) Synchranize to MCLK F.
g Line Fotch: (Cc:gsn 6) ((L:IZ\;-’
g (Code+20)
Diivig (Code+24) ((:))
(Codo+28) (A)
x
; 365




@ VLSI TECHNOLOGY, INC.

PRELIMINARY
VL86C020

® VLSI TECHNOLOGY, INC.

PRELIMINARY

42:;
43;

5.1:

5.2:
53;

5.4:

Adding togethar the execution times taken for each of the VLB6C020 operations gives a worst-case elapsed time for the coda:
Maximum execution time = 4 F-cycles + 9 L-cycles + 18 A<cyclas

<wait>

Road N (Areal+4)
Intnl

<wait>

<wait>
Road N (Codo+20)
<wail>
<wait>

Raad N (Araa2)
Read N (Area2+4)

<walt>
Intnl

Line Fetch:

Line Fetch:

Exinl Accs
Extnl Accs

{Areal)
(Areal+4)
{Aroal+8)
(Areal+12)

{Coda+16)
{Coxdo+20)
(Codos24)
{Code+28)

(Area2)
(Area2+4)

Synchronize to FCLK
Intemal Operation

Assuming that MCLK and FCLK both run at 8 MHz:

Maximum axecution time = 31°125 ns = 3.875 us.

(L+A)
(A)
A)
(A)

(L+A)
(A
A
*»

{L+A)
)]

)
F)

COMPATIBILITY WITH EXISTING
ARM SYSTEMS

Compatibility with VL86C010 -

The VLB86C020 has baan designed to
be code compatiblo with the VLB6C010
precessor. The extsmal memory and
coprocessor interfaces are also
dasigned to bo usable with existing
memory systoms and coprocessars.,
The detalled changes are:

Software changes

1.

VL86C020 now contains a single
data swap (SWP) Instruction. This
takes the place of ona of the
undefined instructions in
VL86CO10.

VLBEC020 has a 4 Kbyto mixed in-
struction and data cacha on-chip.
This cache should be transparent
to most existing pregrams, al-
though some system sctiware
(panticularly that dealing with
momory managemant) could be
modified slightly to make more
officiont use of the cache {see
Cache Operation Section).

VLB6CO20 contains a set of control
registers that govern oparation of
the on-chip cache (ses Cache
Operation Soction). Those
registers must be programmed
after VLB6C020 is reset in order to
enable the cache.

4.

The internal timing associated with
mode changes has been improved
on VLB6C020, and a banked
register may now bo accessed
immodiately after a mode change
(seo Data Processing/Writing to
R15). Howevar, for compatibility
with VLB6C010, it is recommended
that the oearlier restrictions are cb-
sorved,

The implementation of the CDO
instruction on VLBECO010 causes a
sofiware intemupt (SWI) to take the
undafined Instruction trap if the
SWI was the next instruction after
the CDO. This is no longer the
case on VLESC020 but the se-
quence

CDO
Swi

should be avoided for program
compatibility.

Hardware changes

1.

V186C020 is packaged in a 160-
pin quad flatpack; VL86C010 uses
an 84-pin plastic leaded chip
carriar (PLCC) package.

VL86C020 does not require non-
ovarlapping clocks for timing

momory accesses. When using
VL86C020 with MEMC, the PH2

clock output of MEMC should ba
connected to the MCLK input of
VLB6C020; the PH1 clock output of
MEMC is not used.

3. VL86C020 requires a free-running
CMOS-level clock input (FCLK]} 1o
time cacha accesses and intemal
operations. FCLK is entirely
independent of MCLK.

4. VL86C020 includes two new
control signals, LINE and LOCK. .
These wam of cache line fstch
operations and locked swap (SWF) -
operations respectively.- N

5. The~-TRANS and -M1, ~-M0 )
outputs on VLEEC010 could K
change in sither (PH2) clock
phase. In VL86C020, these

o

autputs only ever changoe when
MCLK is high, i
6. The coprecessor interface remains,
the same, but now cperates ;
independently of the external
memory using a dedicated bus
(CPD31-CPD0). Coprocessors ;
must be able to operate at cach?
speeds (determined by FCLK).

7. The -OPC output of VLBEC020
now applies exclusively tothe
coprecessor imerface, and shw‘%
notbe usedinthe memory '
interface,
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8. VL86C020 inciudes
resistors on various
(see Caprocessor In

Saction).

Puilup

terface

conirols (see Coprocassor Inter-

VL86C020

8. To facilitete board fa
controlin vel testing, all Compatibilf
puts mpr: ‘;: lVLascozo can be put The n‘:emoryt ml;:::ims (VL86C110)
plrses mpedance state by campatiblo with that y : ) L86C020 is
9 the appropriate enable sed for VLB6CO10

and the existing MEMC memory

faco Secgs controller is suitable, Figure 33 sh
\ h Shows
MOE\:J \gascozo may be connected 1o
FIGURE 33. CONNECTING VL85C020 To VLEBEC110 (MEMC)
OSCILLATOR
J J ; SYSTEM ADDRESSBU_FSLS
FCLK -IRQ -FIQ -RESeT A25.A0 L
-WAIT INC Nc-| pHy  A25-A0
MCLK fe—wo | PH2
-RwW = AW
NC4 ALE
e poe LOCK {-NC
- VLB6CO20 LINE Fne VL86C110
v wse ~TRANS SPVYMD
ved coe ~M1,-Mo NG
-MREQ 1 -MREQ
SEQ »~ SEQ
o] —resy ABORT tw— 1 AgoRT
DBE DBE
D31
|_CPCLK cPSPV -OPC —cpy CPA CPB CPD31-CPDD >

COPROCESSOR

] é Z 3 SYSTEM ADDRESS BUS §
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VL86C020

TEST CONDITIONS

Tha AC timing diagrams presanted
in this section assume that the
outputs of VL86C020 !’:_avo been
toaded with the capacitive loads
shown in the “Tast Load" cclumn of

Table 4; these loads ha\(e been chosen
as typical of the system in which the
CPU might be employed.

The cutput pads of the m.qacozo are
CMOS drivers which oxhibit a propaga-
tion delay that increases linearly with

ineraase in load capacitance. An
":?npngarating‘ figure is given _!or each
output pad. showing 1!\_9 approximate
increasa in load capacitance necassary
1o increase the total output time by one

nanosecand.

® VLSI TECHNOLOGY, INC.

PRELIMINARY

TABLE 4: AC TEST LOADS

Output Darating
Output Signal Tost Load (pF) {pF/ns)
8
-MREQ 50 .
SEQ 50 :
-BW 50
8
LINE 50 :
LOCK 50 :
M0, -M1 50
AW 50 8
8
~TRANS 50 .
A0-A25 50 -
D0-D31 100 -
CPCLK a0 -
CPSPV 30 >
-CPI 30
-OPC 30 8
8
CPDO-CPD31 30

{ noto on AC parametors:
?eg:::ut times ara to CMOS levels
except for the memory and coproces-
sor data buses (D31-D0 and CPD31-
CPD-0), which are 1o TTL tavels.
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VL86C02¢C

AC CHARACTERISTICS: TA=0°Cto +70°C, VDD =5V 5%
Symbal Parameter Min Max Unlt Condlilons
{WS =WAIT Setup to MCLK High 15 ns
tWH =WAIT He!d from MCLK High 5 ns
1WAIT1 ~WAIT Low Time 10000 ns
tABE Address Bus Enabla 30 ns
1ABZ Addrags Bus Disatle 25 ns
ALE Address Latch Open 12 ns
tALEL ALE Low Tima 10000 __ns_ Note
1ADDR MCLK High to Address Valid 55 ns
tAH Addrass Hold Tims 5 ns
1DBE Data Bus Enable 35 ns (TTL Leve!)
tDBZ Data Bus Disable 25 ns
1DOUT Data Out Delay 30 ns (TTL Level)
1DOH Data Out Hold 5 ns
OE MCLK Low to Data Enable 45 ns (TTL Lovel)
0Z MCLK Low to Data Disable 40 ns
DIS Data in Setup 8 ns

Data in Hold 8 _ns

ABORT Setup Time 40 _ns

ABORT Hold Time _ 5 ns

~=MREQ and SEQ Enabla 20 ns

~MREQ and SEQ Disable 15 ns

MCLK Low to ~MREQ and SEQ 55 ns

-MREQ and SEQ Hold Time 5 ns

Control Bus Enablo _20 ns

Control Bus Digable 15 ns

MCLK High to -R/W Valid 30 ns

—R/W Hold Time 5 ns

MCLK High to ~-BAW and LOCK 30 ns

—B/W and LOCK Hold 5 ns

MCLK High to LINE Valid 50 ns

LINE Hold Time 5 ns

MCLK High to -TRANS/-M1, -M0 30 ns

=TAANS/-M1, M0 Hold 5 ns

To avoid A25-A0 changing when MCLK is high, ALE must ba driven low within 5 ns of the rising edge of MCLK.
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CPD31-CPDO outputs are specilied to TTL lavels.

The data from VLB6C020 is always valid whan enabled onto CPD31-CPDO.
These timings aflow for a skew of 30 pF between capacitive loadings on the coprocessor bus cutputs (CPCLK,
-OFC, CPSPV, ~CPI, CPD31-CPDO).

VL86C020
AC CHARACTERISTICS FOR COPROCESSOR INTERFACE:
Symbol Par: Min Max Unit Condltlons :
1CPCKL Clock Low Time_ 10000 ng Note 1 —_—
{CPCKH Clock High Time 10000 ns
10PCD CPCLK High to -OPC Valid 15 ns -
1OPCH —OPC Hold Time 5 ns :
1SPD CPCLK High to CPSPV Valid 15 ns
I1SPH CPSPV Held Time 5 ns
1CP1 CPCLK High to —CP} Valid 15 ns :
1CPIH ~CPI Hold Time 5 ns —_—
1CPS CPA/CPB Setup 45 ns
tCPH CPA/CPB Hold 5 ns IR
{CFDE Data Out Enable 10 ns Note 2,3 —_
1CPDOH Data Out Hold 10 ns
{CPDBZ Data Out Disgble 5 ns
1CPDS Data In Setup 10 ns
{CPOH Data In Hold 5 ns o
{CPE Coprocessor Bus Enable 30 ns ' "
1CPZ Coprocessor Bus Disabla 30 ns "
Notes: 1. CPCLKtimings moeasured betwesn clock edges at 50% of VDD. : ;

Eall o 3

AC CHARACTERISTICS FOR CLOCKS:

Symbol Parameter Min _Max Unlt Condhions
IMCLK Momory Clock Period 80 ns Note
IMCLKL Memory Clock Low Time 25 ns

IMCLKH Mamory Clock High Time 25 ns

1FCLK Procassor Clock Pariod 50 ns

tFCLKL Procassor Clock Low Time 23 ns

AFCLKH Processer Clock High Time 23 ng

Note: MCLK timing measured between clock adges at 50% of VDD.
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FIGURE 34. MEMORY INTERFACE TIMING
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ABSOLUTE MAXIMUM RATINGS
[r] Ambient Operating Stresses above those listed may cause indicated in this data sheet is not
FIGURE 35. COPROCESSOR INTERFACE'HMIN 4 Temparature -10°Cto +80°C  permansent damage to the devico. implied. Exposure to absolute maxi-
1 ;1 5 o These are stress ratings only. Func- mum rating conditions for extended
LK ___N____,_,tcPC » tcPCKH—————>\—”—" Storage Temperature  —§5°C 10 +150°C tional operation of this device at these pericds may affect davice reliability.
CPC S ‘ Supply Voltage to or any other conditions above those
Ground Potential ~0.5 V to VDD +0.3 V
Applied Output
-0OPC == | tOPCH vohage -0.5 V1o VDD +0.3 V
| ¢———10PCD——» Applied Input
Voltage 05Vt +7.0V
power Dissipation 20W
e e e
CPSPV — 1SPH
SPD-———-’[
! _X>O< DC CHARACTERISTICS: TA=0°C t0.+70°C, VDD = 5 V 5%
—
—cPl Symbol Parameter Min Typ Max Units Conditions
p— -
tCPIH VDD Supply Voltage 475 5.0 525 v
- 1CPI W VIHC IC Input High Vohage 35 VDD v Notes 1, 2
cPh. XW ; vILC IC Input Low Voltage 0.0 15 V| Nows1,2
PD.
CP8 ‘i—‘:"tCPS_——_. 1CPH 1 VIHT ITATP Input High Voltage 24 vDD \ Notes 1, 3, 4
y—" VLT IT/IPT Input Low Voitage 0.0 0.8 Vv Notes 1, 3, 4
CPD31- ) \ DD Supply Current 200 mA
cppoout |/ - {CPDOH
1CFDE — i5C Output Short Cireuit Current 160 mA Note 5
CPD31- | (i} D.C. Latch-up Cumrent >200 mA Note 6
CPDO IN 1CFOS 1&—2 1CPDH A w IT Input Leakaga Current 10 A Nates 7, 11
" ITP Input Leakage Current -500 HA Notes 8, 12
CPE 4\ — Output High Current (VOUT=VDD -0.4 V) 7 mA Note 9
CPCLK, CPSPV, — N Output Low Current {(VOUT=GND +0.4 V) -1 mA Note 9
g;gé(l:l::lPDO f‘ 1CPZ 1CPE IC Input High Voltage Threshold 28 v Note 10
IC Input Low Voltage Threshold 1.9 v Note 10
ITATP Input High Voltage Threshold 21 Notes 11, 12
ITATP Input Low Voltage Threshold 1.4 Noles 11, 12
Input Capacitance 5 pF
1. Voltagas measured with respect to GND.
FIGURE 36. FCLK INTERFACE TIMING 2. IC- CMOS-level inputs.
3. [T - TTL-level inputs (includes IT and ITOTZ pin types).
tFCLK 4, TP - TTL-level inputs with pull-ups.
{FCLKL —em———] 5. Not more than one output should be shorted to either rail at any time, and for as short a time as possible.
[ - \FCLKH 6. This value reprasents the DC cument that the inputioutput pins can tolerate before the chip latches up.
FCLK ~ N — 7. Input loakage current for the IT, and [TOTZ pins.
8. Input leakage current for an [TP pin connected to GND. These pins incorporate a pull-up resistor in the range of

10 kQ - 100 kL
8. Qutput current characteristics apply to all output pads (OCZ and ITOTZ),
10. ICk - CMOS-level inputs.
11. [T - TTL-tovel inputs (includes IT and ITOTZ pin typas).
12. TIP - TTL-lavel inputs with pull-ups.
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APPENDIX A - 8,
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Noto: 1. This illustrates the four ditferent sychronization delays represanted by the possible —{ORQ timings.
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RISC DEVELOPMENT TOOLS OVERVIEW

FEATURES

» Hardware and software prototyping
vehicle

+ 1 MByte or 4 MByte memory

« |1BM PC/AT drop-in card

PC bus-master code

RISC can access PC memory or PC
VO space

RS-232C serial port

Single bootstrap EPROM

On-board memory manager (MEMC
chip)

Spare socket for 53C90-type SCSI
adapter

« Fully supports OC disk and VO opera-
tions

« Includes full source code for RISC
monitor programs

DESCRIPTION

Tho Blue Straak is a PC/AT® add-in
card that containg a VL86C010,
VLBBC110, and VLBECA410 all oparat-
ing at 8 MHz. The board is intended as
a hardwaro/software development
platform for the procassor. The
hardware architecture is such that the
board Is a bus mastar on the PC expan-
sion bus and therefore the RISC has
direct access to the PC memory and 'O
space. For PC-to-board communication

BLUE STREAK DEVELOPMENT BOARD

a simple mall box register is used. The
VL86C010 accesses the PC bus under
programmed 1O to simulate a DMA
channel. An expansion bus is availabie
on a 86-pin DIN connactor to allow
custom hardware 1o be attached for
prototyps davelopment. Tho VL86C410
provides a full-duplex RS-232 part for
downloading code into other targst
systems. Also on the board (but not
supported in bsta sito versions)is a
SCS! Interface directly into the RISC
systam. Full schamatics of the board
are available to assist customers in
interfaca Issues with slower buses. The
board is available 1 Mbyte and 4 Mbyte
configurations or without memory for
customers who can supply their own
memory devices.

DEVELOPMENT SUPPORT

Included with the Blue Streak are all
programs necessary for interfaco to the
PC and savaral software developmant
tools such as: debuggers, assemblors,
and lirkers. Prog! are downloaded

CASM - CASM supports high-level
features like run-time expression evalu-
ation in addition to the traditional macro
capabilty. Structured constructs are
also provided.,

Supor-C - Super-C is a full ANS| stan-
dard implementation of the C language
for the VL86C010. The VLS| Technol-
ogy, Inc. developed compilsr generatas
code that is easily placed into ROMs.

LIBR - The object filos created by the
compiler or assembler may be merged
into one or more libraries by the LIBR
(Tibrarian) utility program. LIBR is in-
cludad with CASM.

CLINK - The CLINK linker Is compatible
with output files from aither language. it
links modules from both languages
together into an executable format, and
is included with the CASM assembler.

For beta sita rglsases, CASM,
Super-C, LIBR, and CLINK all execute
on the PC. Full production releases will

into tho Bluo Streak frem tho PC via the
paralle! bug. Monitor programs
oparating In both systems coordinate all
VO ectivity betwaen tho two systems.

Programs can be written in assemblar
language using the Compiling Assem-
blar™ (CASM™) or the Super-C ANSI
C Compilar. CASM is included with the
Blue Streak system utilities; Super-Cis
an additional-cost item.

pport execution on either the PC or
Blue Straak.

VBUG - Pregrams running on the Blue
Streak can be debugged using the
VBUG Machine Debugger. The VBUG
pregram allows for totally ron-intrusive
debugging in all processor modes.
VBUG supports debug functions such
as break pointing, single step, instruc-
tion tracing, register manipulation, and
memory manipulation.

ORDER INFORMATION

Part
Rumber

Description

VL86C010-SB (No mamory version)
VL86C010-SB3 ( 1 mog voraion)
WL86C010-SB4 (4 moeg version)

Blue Stroak Board

VL8sC010 - DB1

Arm-3 Daughtor Card

. VLB5C010-SW1-CASMPC
W.85C010-SW1-CASMRS

Complling Assomblar (CASM)™

. 18§C010-SW1-SUPCPC
VLEsC010-SWi-SUPCRS

Super-C ANSI C Compiler

|- \Le6C010-VEUG

VBUG Machine Lovol Debugger

PC/AT® is a registerad trademark of
IBM Carporation.

CASM™ and Compiling Assembler™
ara trademarks of NIKOS Corporatien
of Phoenix, Arizona.
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BLUE STREAK SYSTEM DIAGRAM

g - DESCRIPTION
e é%ﬁ This is a daughter card that connects to This card contains a PLCC adapterthat  Blue Streak. Most programs then run
ié the Blue Streak board. It contains a lets it replace the procassor chip on the 2.5 - 3.0 times faster than the criginal
& g gé VLBEC020 processar with 4 Kbytes of Blue Stroak. The naw processor runs processot, when the cache is enabled.

o "1'_4 Instruction and data cache en-chip. at 20 MHz, but uses the same 8 MHz The new board is fully software ‘
‘g g 2 § / / memory subsystem of the unmodified compatible with the original processor.
3 30 o
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5= 4 ] zk i COMPILING ASSEMBLER (CASM)
g %8 < DESCRIPTION
| 3 ad The CASM Assembler provides the C:jl\li creatas relecatable object utitity modules often used by programs.
z oY &':0 abifity to program a the machine lavel modules, DEVELOPMENT ENVIRONMENT
%gg o 35 offectively and °"'°’°""VQ§‘"°° ‘h"[, includad with GASM is the CLINK Two versions are availablo. One that
85 t <3 processor has fully interlocked pipefines  pyar. i aliows modulss o be as- executes on the IBM PC and the other
2g ! z= ar;d v;ary simplo pa:all:ll“s%ps%%ram- semblod or compiled independantly, diractly on the Blua Streak board. The
£ ming in assembler fof the 10is and combined into cne module for Blue Streak Includes both CASM and
m
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vory similar to the more traditional CISC
architectures. Performance from the
pro or doas not depend on highly
optimized compilers, so the assembly
pregrammer is not required to manage

. Ppaling flows and optimal scheduling
strategy as in other RISC processors.

CASM can be used as an ordinary
macro assembler or in a compiling
_.moda that generates machine code
similar to high-level language state-
monts. Support for listing indantation
and structured flow control statements
improve programmer productivity.

exocution. CLINK supports 16 lecation
counters and allows programs to be
partitionsd for different classes of
momory (ROM, RAM, stack, common
momery, otc.).

Also Included is the LIBR program li-
brarian. This utility merges commonly-
used pregram modulss together into a
single filo. The linker can then auto-
matically search that (library) file for
any medules that it needs to complete
the construction of a pregram. This
sliminates the requirement to tell the
linker the detailad names for common

CLINK in the basic system. Users who
wish 1o develop code on the IBM PC
and download into their target hardware
may purchase a cross assembler copy
that executes on the PC and produces
VL86C010 coda,

Mcdules created on the Blue Streak
board may be freely mixed with those
created on the PC environmant, and
vice versa, during the program linking
process.
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DESCRIPTION

The SUPER-C ANSI C Compller imple-
monts the full ANSI specification of the
C language for the VL.BECO010 family
processors. The instruction set
architecture of tha VLBEC010 lends
htself to affictent cempiler implomenta-
tions and optimization, Tho compller
uses the conditional execution and
conditicn coda control provided by the
Instruction set to preduco cptimized
coda. In addition, efficiant rogistar
allocation minimizes the number of
load/store instructions.

SUPER-C ANSI C COMPILER

The cbject coda modules produced by
SUPER-C are compatible with the
CASM and CLINK pregrams to allow
modulas written in the high-level
languags and assembler to be com-
bined.

The runtime Ibraries follow the ANSI
definitions, and support the Blue Streak
hardware onvironment. Source code
may be purchased for the lbraries so
that they may be ported to atemnative
hardware configurations,

DEVELOPMENT ENVIRONMENT
Two versions are available. Ona that
executas on tho IBM PC and the cther
directly on the Blue Streak board.
Users who wish to develop code on the
1BM PC and download into their target
hardware may purchase a cross
compiler copy that executas on the PC
and generates VLBECO10 code.

Medulss created cn the Blue Streak
board may be freely mixed with those
croated on the PC environmant, and
vice varsa, during the program linking
precess.

DESCRIPTION

LIBR is a librarian utllity that merges
software object medules into a singlo
fite. The resulting librasy file is used by
the CLINK linker. Placing commonly
usoed functions and modules into a
library file minimizes the effort neaded
to link programs. h also allows pro-

LIBR LIBRARIAN UTILITY (INCLUDED WITH CASM)

grams to bo grouped conveniently, such
as a differant library for different
hardware configurations.

DEVELOPMENT ENVIRONMENT
Two varsions are avallable. One that
exocutes on the IBM PC and the cther

directly on the Blue Streak board. Mod-
ules created on the Blue Strezk board
may be freely mixed with those craated
on the PC envircnment, and vice versa,
during the lbrary merging process.

ODUMP OBJECT DUMP UTILITY (INCLUDED WITH CASM)

DESCRIPTION

ODUMP is a utllity program that ex-
tracts and dumps Infermation on an ob-
ject module to the screen. It may be
used to inspact data such as the cbject
filo header containing dates, times,

source environment, and the lke. Itis
also used to [nspect relocation records,
displaying them In an easy-to-read
manner.

DEVELOFMENT ENVIRONMENT
Only one verslon is provided, it exe-
cutes on the PC. It may dump data

from modules created on either the PC ~ ]

or on the Blue Streak environments.
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DESCRIPTION

The VBUG program s a machine-lave|
debugger for the VLBECO10. it sup.
ports software development at the
cbject code level. VBUG allows
programs to be loaded into the Blue
Streak and controlled via the keyboard,
Funetions supported include trace,
single-step, ragister examination, and
register/memory modification.

Bath Step and Step-Over modes are
supported for the Single-Stap and the
Trace commands, Step-Over mede
doas not perform tracing inside a
subroutine that may bo called.

During both Single Step and Tracing,

VBUG MACHINE LEVEL DEBUGGER

options may be salected such that each
Instruction, all 16 registars are dis-
played. Alternatively, only the registers
teforanced by the Instruction, or only
the registers changed by the instruction,
may be autcmatically displayed.

It is possibla to trace or single-step in
any of the four processor modas, and
through transltions trom one such mode
to ancther. It is possible, tharafora, to
traco from Usor mode into an SWi call
(if not using Step-Ovar tracing).

At all imes that VBUG is in control of
the kayboard, the user's memery is as it

was left. That is, no code Is left in tho
memory after a trace or a Step has
bean completed. This means that
program crashes will not cause
dabugger coda to be left in the user
memory areas.

Separate copios are kept of the register
environmants for each of the possibla
processor machine statas,

ROM areas cannot be traced,

DEVELOFMENT ENVIRONMENT
VBUG ig provided with the Blue Straak
devalopment board. ktis curmently only
avallable on Blue Streak as a disk
based debugger.

DESCRIPTION

The Blue Streak support firmware is
comprised of four sections: Bootstrap
ROM code, Blus Streak initializer, the
RISC-rasidant moniter, and the PC/AT
resident VO support shall,

The ROM codo contains a shon pro-
gram to set up tho initlal state of the
Blue Streak card and to load a {monitor)
pregram from the PC/AT. The Initlalizor
pregram operating in the PC/AT loads
:!;e RISC's monitor program from a disk
ila.

BLUE STREAK FIRMWARE AND PC/AT SHELL
(INCLUDED WITH BLUE STREAK BOARD)

The monitor is a single-tasking program
that malntains an operating environ-
ment for the user code. it supports both
character and disk VO through DOS, via
tho PC/AT sholl program. Because of
the DMA-like bus interface on the Blue
Streak card, transfors between the
monttor and the shetl are very fast,

An Interfaca shell program runs on the
PC, and provides 1O services to the
RISC's monitor. Both keyboard and

disk O3 are handled, using standard
DOS indirection facilities,

The moniter doas not suppon the SCSI
adaptor device on the Blus Streak card.
Source code Is availabla for all of these
programs.

DEVELOPMENT ENVIRONMENT
The bootstrap and the menitor pro-
grams execute on the Blue Streak
board itself, while the Inftializer and
shell oparate on the PC/AT.
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PACKAGING

PACKAGE OUTLINES
63-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

| 088 (24.51Y)

)
I A0 0320)

| 1)

598 (15.113) 065 (24.511)
385 (14.850) .940(23576)
sa

035 (2.413}

Trerigos LEADIONLY
050 (1270) TYP 033(529) TYP
g —e] |
040 (1,016} x &5°
CHALFER INDEX CORNER

>

£33 2.188)
089 {1.733)
072 (1.625)
038 (1.473)

o SEATING PLANE

=— ELECTRICALLY
ACTIVE PLANE
OH Trg SI0T




® VLSI TECHNOLOGY, INC.

SACKAGE OUTLINES (cont)
34-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
1,000 (25.40) REF
248 (1.210)
1 |’_ D4z (1.067)
|
‘_——-

PIN 1 INDEX
MAY VARY N
BIZE AND
LOGATION

olo |:1se m,«:

1108 10 (0.254)
1.18530.10) OETAL A 2855
A°ALL SIDES o2 )
—] f— £24 (0.860)
—| |— 043 {1.204) ‘ _/mm;m
X 075 {1.905) MAX | esauam
N AFTER
032 (0.812) —| —rmmm d LEAD FINISH
B3 | g pog oo = N
ey SEE CETAIL A 035 (0.223) RAD
1090 (27.63) 244 (11T

KOTES: UNLESS OTHERWISE BPECIFIED,

1. TOLERANCE TO BE +- 005 {0.127).

2. LEADFRAME MATERIAL: CCPPER.

3, LEAD FINISH: MATTE TIN PLATE OR SCLDER DIP,

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONQ FULL LENGTH OF LEAD.

5. MOLEED PLASTIC DIMENSION DOES NOT (NCLUDE SIDE FLASH BURR, WHICH IS 010 (0.254) MAX ON FOUR SIDES.

8. CONTROLLING DIMENSIONS ARE METRIC, ALL METRIC BIMENSIONS ARE IN PARENTHESES.
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PACKAGING
PACKAGE OUTLINES (Cem,)
144-PIN CERAMIC PIN GRID ARRAY
PRRRPEEPAPEERPPE®
© O]
O] ®
©® O]
O] ©
© ®
® O]
& O— & E
@ ®
® O]
O] ©
© ©
O] ©®
®
cfoloJololefoJololololololofC) e
m
o -
RN RARRALES J
‘u’_ - PLANE
B
=+ L
Twm?ggs 100 (2.840) YYP L18{0.457)
o cavty A G D1 (E1) Q L
; Count Matrix Position Min Max Min Max Min Max Ref Rof
! .0780 1020 1.559 1.591 1.388 1.412 0.050 0.130
- 144 15x 15 Up | (1.881) | (2.591) | (39.60) | (40.41) | (35.26) | (35.86) | (1.270) | (3.302)
Notes: 1. All dimensicns are in inches {mm).
2. Material: Al203
3. Lead Material: Kovar
4. Lead Finish: Gold plating 60 micro-inches min. thicknaess over 160 micro-inches nominal thickness of nickel
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® VLSI TECHNOLOGY, INC. ® VLSI TECHNOLOGY, INC.
PACKAGING ‘

PACKAGE OUTLINES (cont)
160-PIN CERAMIC FIN GRID ARRAY

SECTION 9

' 1.266 (32.15)
l 1.213 (30.80)

- Lo o) SALES OFFICES,

PN 160 DESIGN CENTERS,
AND

DISTRIBUTORS

1.106 (28.10)
1.098 (27.90)
1.266 (32.15)
1.213 (30.80)

I —t1% 54

/— DETAIL ~A-
/ N\
{

.052 (1.33

SEATING PLANE
[5].004 (102)] 086 (21251 1 |
.053 (1.35) N
b ‘ 208 (209 _} o .
125 (3a47) k -004 (. _ Application Specific
NOTES: e 0NN J 1 - Logic Products Division
1. CONTRCLUNG DIMENSION IS Mu, T T T H
014 (.36) 0= :
.002 (.05) . .037 {.95}
.016 (.40 H
‘orzfp (:6%) ! .016 {.40) :
—~{=".008 (.20)
[e[oos (.15) TP 8]
DETAIL —A-—-

8-6
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® VLSI TECHNOLOGY, INC.
SALES OFFICES, DESIGN CENTERS, AND DISTRIBUTORS

VLSI CORPORATE OFFICES
comumzumm ASIC AND MEMORY PROCUCTS » VLS! Tectrciogy, Inc. « uusuuuyom +San Jose, CA 95131 »408-434-3100

FRiver Pasiway « Tempe. AZ 85284 « 502.752.8574

\TION SPECTFIC LOGIC AND GOVERNMENT PRODUCTS - VL. SI Technology, Ine. + 8375 South

— —
VLS! SALES OFFICES GERMANY © VLSI AUTHORIZED VLS! DISTRIBUTORS mm
AND TECH CENTERS Regealavaturpaty o DESIGN CENTERS Un2rd Sutes represersed by rstizng, 61-7-378-2955
ARIZOMA eet Germary COLORADO - SONWEBER ELECTRONICS excest
8378 Soch Rver Partway S5 LECROELECTROES, T, whtrs nced Ersiibial
Tempe, AZ 85284 TELEX §21 4279 vizig w-mwmlw ooy s i
£02-752-6450 e, 205-805-0480
FAX 602-752-6001 KOKO A svsTes, ke, BELQGIUM AND LUXEMBURG
CALFCRNIA Sl On Centre 2012 South Portizad, 207-871-824 Tempe, 6224310030 frossing
2236 Guma B 4 Rexd PENNSVLVANIA ceENMAR
San tose, CA 913 Hong Kong IMTEGRATED CIRCUTT SYSTEMS, INC.  Cazbates, 18-£50-8636 i
408-022.5200 King of Prussia, 215-265-£590 trenw, 71
FAX £03-943-9792 FAX B52-5-865-3159 Sacramento, S16-364-0222 Kartsiunde, 3140700
TELEX 278807 APAN B an Dicgo, 619-495-0015 EIRE AND UK.
AL Stewa-Kioiche TBA B%¢3.. Room 101 Hens, 18-3-81222 San Jota, 403-432-2171 HAWKE COMPONENTS
1109 Mekay Orkve 57 Kofmach, Chiyods-K Scrbory-on-Themes, 1-9797799
Sen Jots, CA 5131 Tokyn, Jtpan 102 FRANCE COLCRADO HDON y
6345 Batdoa Bhd., Sts. 100 8132295211 CETIA Engiewood, 303-799-0254 g.ug Feo tuemmncs
Encing, CA 013t8 FAX 81-3.239-5215 Tovien Cedex, 84212005 CONNECTICUT \
0185050331 UNITED SOREP Oxtons, 203-264-4700 raaanD
FAX 818.609-0525 oss Cuterdourp, 19423955 O 2!
30 Corporats Part, Stes, 100-102 Saxon Gate Wert, Centra! Miton NORWAY Amonts Sprogs, 407-331-7585
Inane, CA 2714 Keyes, 20 AS Pompano Beach, 305-977-7511 FRANCE
714-250-6300 Urited Otto, 47-235087218 Tampa, 813-541-5100 ASAPSA.
FAX T16-250-9081 0300687598 GEORGIA mww 1303823
FLORDA TELEX wisik 825 135 ASRRAYTERETX AB Bioceeos, 404-449-9170
200 Part Crrtrat 1 Si. 600 FAX 09027 0027 Scra, 87U 8IS Lo BATALOOUL Gz
Porrczo Bezeh, AL 13064 Bk Grove VECzgs, 312-565.3650 Mt 834160070
305-71-0404 VLSI SALES OFFICES VLSI SALES owA SPEDAL€LECTRORIC K5
FAX 203-671-2658 o REPRESENTATIVES Cetar Razits, 31311 m’mm
2600 Prsaard 3 RS S 200 HroeCe, AL caurcRIA KAKSAS \FETEA STERATIONAL LT0
CENTAUR CORP. Overtzng Park, G13-432-2001
DA, GA 20138 255798513 Torstara, 8237381738
3 FAX 2054380622 tvre, N14-201-0123 MARYLAND ALY
FAX 0044783750 CETALA COP. Gemersteg, 3014987600 TIPS PA
Mot QTR Sx 18 Coxteses, 813-704-1635 MASSACHUSETTS Tera, 11-2165%01
3100 Hpgrs Ra. S 158 31 CENTAUR CORP. Beittors, $17-275-5100 P
Heftran Eseaes, L 60195 $an Dieg, 819-270-4250 WICHEGAN ASAN GLASS €O. LTD
T03-434.0500 FAX 200-263-3833 EMERGING TECHROLOGY Uwra, 313-525-8100 Tokyo, 81-3-215-5284
FAX 703-204-0034 FLORDA 29 Joze, 4032639068 MINNESOTA TEXSEL COMPAAY, LTD
124 Marytrd Rie I W sessmr r;lmzm man EMIRGIEG TECKXOLOGY Eden Prare, 612-541-5280 Toky, 81-3-481.8311
MD 21108 126305 Crgeaa, 91853387 sessount TOKYO ELECTRON,LTO
2016878777 FAX 407-240-90605 COLORADO Gy, 314-739-0526 Tokya, 01-423-33-0009
FAX 301-687-0779 LUSCOUEE ENGINEERING NEW HAMPSHIRE KOREA
MINNESOTA Longmont, 303-772-3042 Mancherter, 6036252250 AAM VLSI DESIGH CENTER
MASSACHUSETTS 5071 Cedar Late Rd., Sta. O A 108
261 Bafterdvaly SL . Loc's Park, N 85418 ow; NEW JERSEY Seout, 82:2-883-21
Witmington, MA 01857 §12-545-1490 SELTEC SALES Faittesd, 201-227-7880 EASTERN ELECTRONICS
08-658-050) FAC812-343-3409 Cedar Rapids. 310-384-7660 NEW YORK Scoul, 82-2-464-0399
FAX 503-852-0423 NGRTH CARCUINA MARYLAND Rochestes, 716-424-2222 NETHERLANDS
NEW JERSEY 1000 Pask Fosty Plaza, 5. 300 BELTA U Wstbury, $16-5M4-7474 DIODE
e im0 Durham, RC 27713 m 7304700 NCRTH CAROUNA Houten, 40001234
08538 $19-544.920142 Raleigh, §19-876-0000 SWEDEN NORW!
609-123.5700 FAX 519-544-6687 b3 ELECTRONICS e ANDNORWAY
FAX 609-799-5720 oHID mwoo;a"wm Bezchwood, 216-464-2970 Ferea, 8030000
TEXAD 4 Commerce Pank Oayton, 513-432-1500 SOUTH AMERICA - BRAZIL
850, Arcpato R4, e, 270 23200 Chagrta B, St HICRO SALES ORLARCAA ottty
Richartron, TX 75081 Cloveizng, GH 44122 Besvertan, 503.845-2841 T Dis 622 o DEVELOPNENT
N4231-8718 218- 2028238 UTAN CREGOH Paio Ay, 415-855-6828
FAX 214-653-141) FAX 216-484-7600 LUSCONEE EMGINTERING SPAIN AND PORTUGAL
magowgron CREGON 801 Lata Gy, 0014684135 Pty il SETOTOULTORES 83
. 10200 $.¥. Greerturg RY., %5 X
Drtros, WASAH o . e PENMSYLVANIA Barceions, 3217-2340
14 S00-204-0282 Bcteron, 2064810568 Horshan, 2154410500
FAX 5032450073 Peistrgh, 4129696304 FASRIMEX AG
FRANCE TEXAS - %ﬂm Bneh 1291929
2, Ave s Gerrys 9600 Great #1253 Trat, Sta. 150W S¥; TAIWAN
91124 Perees Ceoes o Ter Tetkew, 34832110 Oanas, 2142474300 PRECETON TECH CORP.
Houston, T13-784-3500 Tapey €28-2-7171439
Frrce $12:36H191
amn FAX 512:343-2759 DYNAMIC SYSTEMS PTE, LTD w
VELEX viest €00 750 F Sengtpons, 01185-742-1986 N 105 CORP
TAX 16447 0420 Deevon, 206-643-0992
Spolane, 509-024-2500
WISCONSIN
few Bertn, 434-784-0020
The iforrration contalned b this document has been case- pasties, End no pten of other Eosnte b Erpied hersby. LIFE SUPPORT APPLICA

or wamany This doaument doss not b ey way extend VLSTs wasmanty criica) components by
the eccyrscy of seid infocnation and ahe!l not be on any procuct beyond that ast forth I ks ctandssd terve SYSHTS iy Which the mndlmmr Govices,
for any loes of damnge of whatever netue &nd condtions of sale. Ml‘rm.bc.mh DMMWNW.““‘M‘,"!\' ,.,_’ o
Wmv-ma.uw-umlum.m -wwmaw-h products or cpectications, of
Sitranien izt the yse of any Information corteined hemin mm this publiortion &1 any time and without
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