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ALIAS ADDRESS SUPPORT ' 2 2 1 U 4 7 9

SUMMARY OF THE INVENTION

This invention is directed to certain hardware and

software improvements in workstations which utilize virtual

addressing in multi-user operating systems with write back
caches, including operating systems which allow each user to

have multiple active processes. In this connection, for

convenience the invention will be described with reference
to a particular multi-uger, multiple active processes
operating system, namely the Unix bperating system.

However, the invention is not limited to use in connection
with the Unix operating system, nor are the claiﬁs to be
interpreted as covering an invention which may be used only -

with the Unix operating system.

) In a Unix based workstation, system performance may be
improved significantly by including a virtual addiess write
back cache as one of the system eiements. However, one Q-
problem which arises in such systems is in the éupport of
alias addresses, i.e., two or more virtual addresses which

map to the same physical address in real memory.

The problem arises because any data updéte into a write

back cache which is made through one alias address will not

be seen through a cache access to the alias address, since

the two alias addresses will not match.

More specifically, virtual addressing allows aliasing,
i.e., the possibility of multiple virtual addresses mapping



to the same physical address. If a direct mapped, virtual
address write back cache were used in a system without page
mapping restrictions, any two arbitrary virtual addresses
could occupj any two arbitrary cache locations and still map
to the same physical address. When cache blocks are
modified, in general, it is impossiblé to check between
arbitrary cache locations for data consistency. Data can
become inconsistent when changes at one cache location are
not seen at another cache 1ocat;on. Ultimately, the data at
the common physical address in main memory will include only
‘part of the modifications made by the CPU or I/0 device into

the several cache locations.

In the present invention, the foregoing problem is
solved by combining two distinct strategies to handling

aliases.

| The first strategy is to create alias addresses so that
.fheir low order address bits are identical, modulo the size
of the cache (as a minimum)., This strategy is applicable to
‘all user programs which use alias addresses generated by the
kernel, or wholély within the kernel. These alias addresses
- for this strategy are generated by modifications to the
kernel and are invisible to user programs. The alias
‘addresses so generéted will map to the same cache block
within a direct mapped (one~-way set associative) cache, or
within the same cache set within a multi-way set associative

cache. Alias hardware detection logic is then used to



guarantee data consistency within this cache block (or cache

set).,

The second strategy covers those alias addresses in the
operating system, rather than uset programs, which cannot be
made to match in tﬁeir low order address bits. These are
handled by assigning their pages as "Don't Cache" pages in
the ﬁemory managemént unit (MMU) employed by workstaiions
which utilize virtual addressing. | | .

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram showing the main components
of a workstation utilizing virtual addresses with write back

cache.

Figure 2a is a schematic diagram of cache "hit" logic
25.

Figure 2b is a schematic diagram of a circuit for

detecting a cache protection violation.

Figure 2¢ is a schematic diagram of a circuit for

detecting a MMU protection violatibn.

Figure 3 is a detailed block diégram showing the
address path utilized by the alias detection logic of the

present invention.
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Figure 4 (4(a), 4(b)) is a flow diagram of a state
machine implementation for certain controls related to the.

addressing of a virtual address write back cache.

Figure 5 is a detailed block diagram showing the data
path utilized by the alias detection logic of the present

invention.

Figure 6 (6a, 6b) is a flow diagram of a state machine
implementation for certain controls related to data
transfers to and from a virtual address write back cache

(states (a) - (0)).

Figure 7a is a flow diagram of a state machine
implementation for the data path when there is a real

address match (states (g) - (u)).

Figure 7b is a flow diagram of a state machine
implementation for the data path when there is no real
address match during a CPU write bus cycle (states (q) -
(. | |

Figure 7c is a flow diagram of a state machine
implementation for the data path when there is no real

address match during a CPU read bus cycle (states'(q) -
¥)).

Figure 7d is a flow diagram of a state machine
" implementation for the data path during a CPU write bus
cycle when the MMU indicates a Don't Cache Page.
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Figure 8 is a flow diagram of a state machine
implementation for controlling Write Back bus cycles to

memory.

Figure 9a is a timing diagram for the best case timing
for a CPU write bus cycle when the MMU indicates a cacheable

page.

_ Figure 9b is a timing diagram for the best case timing
of a CPU write bus cycle wvhen the MMU indicates a Don't
Cache page. | |

Figure 10a is:a timing diagram for the best case timing
for a CPU read bus cycle when the MMU .indicates a cacheable
page. |

Figure 10b is a timing diagram for the'best case timing
of a CPU read bus cycle when the MMU indicates a Don't Cache
page.

Figure 11a is a tinming diagram of the memory bus cycle

for performing a block read cycle.

Figure 11b is a timing diagram of the mémory bus cycle

for performing a write back cycle.

Figure 1llc is a timing diagram of the memory bus cycle

for performing a write to a Don't Cache page.



E = N O E_INVENTION

Figure 1 shows the functional blocks in a typical
workstation using virtual addresses in which the present

invention is implemented.

Specifically, such a workstation includes a
microprocessor or central processing unit (CPU) 11, cache
data array 19, cache tag array 23, cache hit comparator 25,
membrj management unit (MMU) 27, main memory 31, write back |
buffer 39 and workstation control logic 40. Such
workstations may, optionally, also include context ID
register 32, cache flush logic 33, direct virtual memory
access (DVMA) logic 35, and multiplexor 37.

In addition to the foregoing eleménts, to implement the
present invention, also needed are multiplexor 45, alias
detect logic 47, alias detect control logic 49+ and real
address register 51. The foregoing elements support alias
addresses without the problems inherent in prior art
implementations utilizing a virtuﬁl address write back

cache.

Each of the foregoing workstation elements will now be
described, including changes which must be made to the
operating system kerhel, with particular emphasis on the

components unique to the present invention.



CPU 11 issues bus cycles to address instructiohs and
data in memory (following address translation) and possiblj
other system devices. The CPU address itself is a virtual
address of (A) bits in size which uniquely identifies bytes
of inskructions or data within a virtual céntext. The bus
cycle may be characterized by one or more control fi#lds.to
unigquely identify the bus cycle. In éarticuiar, a _
Read/Write indicator is required, as well as a “TYpe“'tield.
This field identifies the memory instruction an& data
address space as well as the access priority (i.e.,
"Supervisor" or "User" access piiority) for the bus cycle.
A CPU which may be utilized in a workstatioh having virtual
addressing and capable of supporting a multi~-user operating

system is a MC68020. R R.J

Another necessary element in a virtugl address
workstation with write back cache shown in Figure 1 is
virtual address cache data array 19, which is organized as
an array of 2N blocks of data, each of which contains 2M
bytes. The 2¥ bytes within each block are uniquely
identified with the low order M addfess bits. Each of the
2N blocks is uniquely.addressed as an array element by the
next lowest N address bits. As a virtual address cache, the
(N+M) bits addressing bytes within the cache are from the
virtual address space of (A+C) bits. (The (C) bits are
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context bits from optional context ID register 32 described
below.) The (N+M) bits include, in general, the (P)
untranslated page bits plus added virtual bits froh the
(A+C-P) bits defining the virtual page address. .

Virtual address cache data array 19 described herein is
& "direct mapped" cache, or "“one way set assoclative" cache.
While this cache organization is used to illustrate the
invention, it is not meanf to restrict the scope of the
invention which may'aiso be used in connection with multi-

way set associative caches.

- Another required element shown in Figure 1 is virtual
address cache tag array 23 vwhich has one tag array eiement
for each block of data in cache data array 19. The tag
array thus contains zN-elements, each of which has a Valid
bit (V), a Modified bit (M), two protection hitq (P)
consisting of a Supervisor Protect bit (Supvsr Prot) and a
Write Allowed bit, and a virtual address field (VA, and
6ptiona11y CX) as shown in Figure 3. The contents of the
virtual address field, together with low order address bits
used to address the cache tag and data arrays, uniquely
identify the cache block within the total virtual address
space of (A+C) bits. That is, the tag virtual address field
must contain ((A+C) = (M+N)) virtual address bits.

Cache "Hit" logic 25 compares virtual access addresses

with the contents of the virtual address cache tag address
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field. Within the access address, the lowest o:dér M bits
address bytes within a block; the next lowest N bits addreés
a block within the cache; and the remaining ((A+C) ~ (M+N))

bits compare with the tag virtual address field, as part of

the cache "hit“ logic.

The cache "hit" logic must identify, for systems with a
shared operating system, accesses to user instructions and

data, and to supervisor instructions and data._jA "hit"

definition which satisfies thesé requirements is illustrated

in Figufe 2a which comprises comparators 20, AND gate 22, OR
gate 24 and AND gate 26. '

MMU 27, which translates addresses within the virtual

" space into a physical address, is another required element.

MMU 27 is organized on the basis of pages of size (2F)
bytes, which in turn are gfouped as segments of size (25)
pages. Addressing within a page requires (P) Bité, These
(P) bits are physical address bits which require no |
tiansl#tion. The role of MMU 27 is to translate the virtual
page address bits ((A+C-P) or (A-P)) into physiéal page
addresses of (MM) bits. Thg composite physical address is
then (MM) page address bits with (P) bits per pﬁge.

MMU 27 is also the locus for protection checking, i.e.,
cémparing the access bus cycle priority with the protection
assigned to the page. To illustrate this point, there are
two types of protection that may be assigned to a page
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namely, a Supervisor/User access designator and a Write
Protect/Write Allowed designator. Although the subject
invention is not limited to such types of protection, given
this page protection, a "Protection Vioiation" can result if
either a "User" priority bus cycle accesses a page with

»Supervisor" protection; or if a "Write® bus cycle accesses

a page,with a "Write Protect" designation.

The application of MMU protecfion checking ihrough the
MMU is shown in Figure 2¢c which coniprises inverter 28, AND
gates 30a and 30b, OR gate 34 and AND gate 36. In additien,
 with a.virtual address write back cache, the conéept of
protection checking can be extended to cache only CPU cycles
which do not access the MMU. Such cache only protection
logic is shown in Figure 2b comprising inverter 42, AND
gates 44a and 44b, OR gate 46 and AND gate 48,

Also shown in Figure 1l is main memory 31 which is
addressable within the physical address space; control of

main memory access is through workstation contrel logic 40.

Write back buffer 39 is a register containing one block
of cache data loaded from cache data array 19. Write back
buffer 39 is loaded whenever an existing cache block is to
be displaced. This may be caused by a need to update the
cache block with new contents, or because the.block must be
flushed. In either case, in a write back cache, the state

of the cache tags for the existing cache block determine
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vheter this block must be written back to memory. If the
tags indica;e that the block is valid and modified, as
defined below, then the block contents must be written back
to memory 31 when the cache block is displaced. . Write back
buffer 39 temporarily holds such data before it is written

to memory.

Workstation control logic 40 controls the overall
operation of the workstation elements shown in Figure 1. In
the preferred embodiment, control logic 40 is implemented as
several state machines which are shown in Figures 4 and 6 -
8 as will be described more fully below in conjunction with
the description of alias detect éont:ol 1ogic 49 which 13 
also, in the preferred embodiment, integrated into the

workstation control logic.

context ID register 32 is an optional external address
register which contains further virtuai address bits to
identify a virtual context or process. This register,
containing C 5its, identifies a total of (2%#*C) active user
processes; the.total virtual address spacé is of size

2% (A+C)

An important compenent in this virtual address space of -
2+%(A+C) bits is the address space occupied by the operiting

system. The operating system is common to all user
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processes, and.so it is assigned to a common address space
across all active user processes. That is, the (C) context
bits have no meaning in gualifying the addresses of pages
within the operating éysteﬁ. Rather, the operating system
is assumed to lie within a common, exclusive region at the
top of the (24#*a) byﬁes'qf virtual address space for each
active context. No user pages may lie within this regien.
So the operating system page addresses for two distinct user
processes are identical, while the user pages for the two
précesses are distinct. All pages within thg operating

system are marked as having "Supervisor" protection.

Workstations of the type in which the present invention
may be utilized may also include cache flush logic 33 to
remove selected blocks from the virtual cache when virtual

addresses are to be reassigned.

-

Cache flush logic 33“15 described here only.to indicate
its role as a component in a virtual addresé; write back
cache system. If a range of addrésses (a virtual page
address; for example) is to be reassigned, then all
instances of addresses from within this range must be
removed, or "flushed”, from the cache before the new address
assignment can be made. A cache block is "flushed" by
invalidating the valid bit in its tags and writing the block
back to memory, if the block has been moditied.
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In addition to CPU 11.as a source of bus cycles, the
workstation nay'inélgde one or more external input/Output
(I/0) devices such as DVMA logic 35. These external I/0
devices are capable'ot issuing_bus cycles wh;ch parallél the
CPU in Accessiﬁg one or more "Types" of virtual address
spaces. The virtual address from either the CPU 11 or DVMA \u;
logic.35, together with the address in context ID register

32, is referred to as the access address.

Another optional element is data bus buffer 35, which
in the préferréd embodiment is implementea as two buffers to
contfol data flow between a 32 bit bus and a 64 bit bus.
Such buffers are néeded when the CPU data bus is 32 bits and
the cache data array data bus is 64 bits. '

esc ti ts Un vented Work

As noted above, in the present invention, two distinct
strategies are utilized to solve the data consistency |
problems resulting from alias addresses. Both strategies
require the interaction of the operating'sfstem with special

cache hardware to ensure consistent data.

The first strategy requires that all alias addresses
which map to the same data must match in their low order
address bits to ensure that they will usé:the same cache
location, if the data is to be cached. .The present
invention utilizes alias detection logic 47, which is a real
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address comparator, to detect alias addresses on memory
accesses that "miss" the cache and to control the cache data
update to ensure that all alias addresses point to

consisﬁenf data within the same cache locatioen.

" The kernel addres operation modules implementing this

first strategy force alias addresses to match in their low

. order address bits, so that alias addresses will be

guaranteed to use the same cache location. If the cache is
of size 2M blocks of data, each with 2N bytes, then ﬁt least
the low order (N+M) bits of the alias addresses must match.
This applies to alias addresses within the same process as
well as alias addresses between processes. So long as this
requirement is me%t, in direct mapped caches, alias addresses
map to the same cache block, and in multi-way set
associative caches alias addresses will map to the same

cache set. The second straiegy prevents data from being

‘cached through the use of a "Don't Cache" bit which is

defined for each page in MMU 27. 1In other words, each page
descripter in MMU 27 has a "Don't Cache" bit, which controls
whether instructions and data from that page may be written 3
into the cache. If this control bit is set for a page, then
all data accesses to this page are made directly to and from
main memory, bypassing the cache. In bypassing the cache,

the virtual cache data consistency problem is avoided. |

Since alias addressing is possible, if a page is marked
"Don't Cache"” in one MMU page entry, then it must be marked
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"Don't Cache" in all alias page entries. Data consistency

is not guaranteed otherwise.

Alias address genaration for usei processes is
controlled through the kernel, so that all user processes
utilize the first strategy to ensure data consisténcy among
alias addrésses. Some addresses for the operating system,
however, cannot be altefed to meet the addressing
requirements of the first stfategy. These system alias
addresses are handled instead by thé gecond'st:ategy,

assignment to "Don't Cache" pages.

The following is a functional description of what is
needed to produce data consistency in a di:ect_happed
virtual address,'write back cache, using a combinétian of

the two strategies.

If a CPU il.or DVMA 35 memory access cycle "misses" the

cache, then the access virtual address will be translated by
the MMU. The MMU translation will determine if the accessed
.page is a ﬁDcn't-Cache“ page and ﬁhether.the-accéss has a
protection violation. If the access is valid and to.a
cacheable page, then the cache will be updated with the

cache block corresponding to the access address.

The current contents of the cache at the location
corresponding to the access address must be examined to
detect a possible alias address. If the current cache block

is valid and modified, then the translated address of the
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cache block must be compared to the translated access
address to determine the source of valid data to update the

cache.

The real address comparison performed by alias
detection logic 47 takes as inputs the translated bus cycle
access address from real address register 51 and the

transihted cache address f:om MMU 27.

If the current cache block is'valid, and the translated
addresses conmpare, then the access address and cache block
address are aliases. If the cache block is modified, then
the current cache data is the most current data, and the

main memory data at this address is stale.

If the translated addresses compare but the cache block
is not modified, then the old cache data and memory data are
identical, and either can be used as the source for the

cache update.

Once the source of valid block data has been

determined, the access cycle can be completed. On Read

.cycles, the bus cycle returns data either-directly from the

source or from the cache following the cache update,

depending on the implementation. On Write cycles, the

access data may be written into the cache. Both the size of

cache updates and cache data alignment are implementation

~ dependent.
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To guarantee data consistency, any write to a pﬁgg
requires that all references to that page (read or write)
adhere to this restriction. No requirement is placed on

alias addressing to read only pages.

‘The preferred embodiment for the address path
incorporating alias detection logic 47 is shown in Figure 3.
As shown in Figure 3, the address path includes the
fundamental elements to support address control in a viréhal
address write back cache. For alias address support, also
needed are a virtual address register 52 (VAR) for the
virtual address (CX and VA) and cache block Valid bit (V),
| multiélexer 45 which multiplexes the virtual address and
virtual address register, real address register 51, alias
detect logic 47, AND gate 53 (with the Valid bit from the
‘VAR and the alias detect logic ouﬁput as inputs), and Reél
Address Match flip-flop 55 which is set when a real address
match is detected.

The data path from the cache 19 to main memory 31 is
over two 64 bit busses 56 and 58. The CPU data path 60 is
32 bits, indicated as D(31:0). On read bus cycles, the
cache address bit A(2) selects which of two 32 bit buffers
37 may enable data from the 64 bit cache data bus 56 onto
the 32 bit CPU data bus 60. Alias detection'logié 49
controls the source of the data on read cycle cache misses

(the cache or memory) and whether the cache is updated with
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memory-data on write cycle cache misses as described in the

data state machine, Figures 6 and 7.

In Figures 3 and 5, to avoid unnecessﬁrily cluttering
the Figures, not all control lines are shown. However, the
control lines necessary for proper operation of the
invention can be ascertained from the flow chart of the

. state machines shown in Figures 4 and 6 - 8.

In the flow charts, the following abbreviations are

utilized:

:

rultiplexor 45
_lSel - select
VA =~ virtual address
RA =~ real address
OE - output enable
Ack -~ acknowledge
Cache Hit? - Dia cacﬁe "hit" logic 25
detect a cache hit? (Fig 2a)
Cache Protect Violation ? =~ Did control logic 40 detect a
detect a cache protect violation?

(Fig 2b)



Memory Busy?.

MMU Protect Viol?

RAR

CLX

Adr

Mem Adr Strobe
VAR

Menm Adr Ack?

Mem Data Strobe 07
Mem Data Ack 07

'Hem Data Strobe 17?7

¥Mem Data Ack 17

-19~

Has Memory Busy been asserted?

- pid control'logic 40 detect a

MMU protect violntién?

(Fig 2c¢)

real address reéister 51

clock

address

nemory 31 address.strobe
virtual address register 52

Has a nmemcry address acknowledge
been asserted by memory 31?

ﬁas memory data strobe 0 been
asserted?

Has memory data acknowledge 0 been
asserted?

Has-meﬁory data étrobg 1 been

asserted?

Has memory data acknowledge 1 been



Clk Write Back Buffer

Real Adr Match?

Dont't Cache Page?

CPU Read cYcie?

Clk Data Reg

Valid and Hodiéied Write
Back Data?

Write to Don't Cache Page
Start No Cache Write?

Start Write Back Cycle?

-20=-
asserted?

clock write back buffer 39

Has a real addresé match been

detected (flip-flop 55)
Has control logic 40 detected a
Don't Cache Page from MMU 27
Is CPU 11 in i read cycle
clock data register 61

ias control logic 40 detected

Valid bit(V) and Modified bit (M)

Has control logic 40 detected a
CPU write to a Don't Cache Page?

Has control logic 40 asserted

IStart No Cache Write?

Has control logic 40 asserted

Start Write Back Cycle

Similar abbreviations are used in the timing diagranms

of Figures 9 =~ 1.
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The address state machine shown in Figures 4a.and 4b
defines certain of the controls :elated to the address
handling portion of the cache. The invention is integrated
through the clocking of the Real Address Mﬁtch £flip-£flop 55
~at state (o). The cache tags 23 are written as Valid during
state (w), following a successful transfer 6: a11 b1dck data

from memory 31.

"

The data state machine shown in Figures 6a and 6b and
7a - 74 defines certain controls related to the data
transfer portion of the cache. As illustrated, following
state (g), a test is made for a write to a Don't Cache Page;
the handling of this write to memory is also described in
the path following state (i.dw) in the data state machine.
Folloﬁing state (0), a.test is made for a Don't Cache Page
access (this time for Read data). The Don't éache'Read
control takes the same path as the No-Real Address Match
path, until states (g.nr) and (u.nr). Here a.test-for Don't U
Cache Pages inhibits cache updates in states (s.nr) and -

(w.nr).

The write back state machine shown in Figure 8 defines
the control of the Write Back bus cycle to memory. This
cycle may be performed in parallel with CPU caéhe accesses,
since both the Write Back controls and data path are
independent of the cache access controls and data path. As.

described below, the “Memory Busy" signal causes the address
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and data state machines to wait until a previous Write Back

cycle has completed.

The write cache miss timing diagram shown in Figure 9a
defines the overall timing of a CPU write bus cycle to a

cacheable page in memory which misses the cache. The cache

‘Hit and Protection Check occur in cycle (c) in this diagranm.

A part of the miss handling sequence includes the
loading of the current cache block which is being replaced
into write back buffer 39 in cycles (i) and (m). The
translated address for the currenf cache block is also
lcaded into real address register 51 in cycle (o). The Real
Address Match latch (flip-flop 55) is also clocked at cycle
(0). If the current cache block is both Valid and Modified
from a previous CPU {or DVMA) write cycle, then this cache
block will be writtten back to.memory 31 through a Write
Back bus cycle, descrihed in both the Memory Data Bus Timing
and the Write Back State Machine, Figures 11b and 8

respectively.

An active Real Address Match latch (flip-flop 55)
signifies an alias address match. 1If theré is no Alias
Match, the CPU write data is merged with block data returned
from memory on the first data transfer of a Block Read

memory bus cycle. During cycles (q) through (u), the CPU

' Write Output Enable controlling buffers 37 will be active

for only those bytes to be written by the CPU, while the
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Data Register Output Enable controlling data register 61 T
will be active for all other-bytés.--Dﬁring_the'secend data '
transfer, cycle (w); the Data Register Output Enables for

all bytes will be active. .

If there is an Alias Match, the CPU data is written R
into the data cache at state (s), and the data from“m@mory' U_)
31 ie ignored. ' ' |

The Write to Don't Cache Page timing shown in Figure 9b
defines the overall timing of a CPU write bus cycle to- -
ﬁemory for accesses to-a Don't Cache Page. The cache Hit, L
which occurs in cycle (c¢), will-always indicate a niss (no

The Write to a Don't Cache_page case differs from the
cache miss case for a write to a cachéable page in that the —-
cache is not updated with-either CPU or memory data. The - NS
. impleméntgtion uses a;special ﬁemory bu5~cycle;'called*tﬁé*5‘
Write to Don't Cache Page cycle (Figure 1lic), to directly
update memory. Note that the_Real'Adaress Match latch has

no meaning for this case. —

The read cache miss timing diagram shown in Figure 10a
defines the overall timing of a CPU read bus cycle to a "~
cacheable page in memoty which misses the cache. The cache | T

Hit and Protection Check occur in cycle (c) in this diagram.
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A part of the miss'handling sequence includes the
loading of the current cache block which is being replaced
into write back buffer 39 in cycles (1) and - (m). The
translated address for the current cache block is also
loaded into real address register 51 in cycle (o). The Real
Address Match latch (flip~flop 55) is also clocked at cycle
(0). If the current cache block is both Valid and Modified
from a previous CPU (or DVMA) write cycle, then this cache
block will be writtten back to memory 31 through a Write
Back bus cycle, described in both the Memory Data Bus Timing

‘and the Write Back State Machine, Figufes 1lb and 8

respectively.

‘An active Real Address Match latch (flip-flop 55)
signifies an alias address match. If there is no alias

address match, data is read to the CPU by simultanecusly

bypassing the data to the CPU through buffers 37 enabled by

control signal CPU Read Output Enable, active én states (q)
through (u), and updating the cache, in state (s). The
memory is designed to always return the "missing data" on

the first 64 bit transfer, of a Block Read memory bus cycle

- and the alternate 64 bits on the subsequent transfer. After

the CPU read bus cycle data is returned, the CPU may run
internal cycles while the cache is being updated with the

second data transfer from memory.
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If there is an alias address match,:data is read
directly from the cache 19 to the CPU 11, and the data from
memory 31 is ignored.

The Read from Don't Cache Page timing shown in Figure
10b defines the overall timing of a CPU read bus cycle to
memory for adcesses to a Don't Cache Page. The cache Hit,
which occurs in state (c), will always indicate a miss (no

Hit).

The Read from a Don't Cache page case ditfgrs.trom the
cache miss case for reading from a cacheable page in that
the cache is not updated with memory data. The
implementation uses the same Block Read memery bus cycle as
the cache miss case (see the Memory Data Bﬁs Timing, below).
The Real Address Match latch (flip-flop 55) has no meaning

for this case.

The Memory Data Bus Timing shown in'Figu:e_lla --1lc
shows the timing of Block Read, VWrite Back, and Write to
Don't Cache Page bus cycles. Since the éache.block size is
128 bits, each cache block update requires.twq data
transfers. As indicated above the 64 bits containing the
data addressed by CPU 11 are always returned on the first
transfer for Block Read bus cycles. The "MEmbry Busy"
control signal active during the Write Back cycle is used to
inhibit the start of the next cache miss cyéle.until the

previoué Write Back cycle can complete.
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On Write to Don't Cache Page bus cycles, the 8 bit Byte
Mark field, sent during the address transfer phaée of the
cycle, defines which of the 8 bytes of data, sent during the
data phase, are to be updated in memory 31.

In addition to the foregoing hardware, the operating
system kernel must be modified in two fundamental ways to

support alias addressing:

1)'The ocperating systen utilities which generate user
alias addresses must be modified to.guirantee that alias
asddresses conform to the rule requiring that their low order

(N+M) address bits, as a minimum, must match.

2) Instances of alias addresses inside the operating
system, which cannot be made to conform to the rule
' requiring the match of the low order (N+M) bits, must be .

assigned to "Don't Cache" pages.

The kernel changes needed to support alias addressing

for the Unix operating system are shown in Appendix A.
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~ CLAIMS

1. In a work station havinﬁ an operating
system utilizing a yirtuél'aédress'urite back cache,
said work station including a central processor coupled
to a cache tag array, a cache data’afray, a write
back buffer, a memory management unit, a real address.
register, a main memory having physical addresses, a
cache hit detector and work station control logic,
the improvement comprising: : _

a) first means for ensuring that all alias
addresses which map to the same physical addrass in
said main memory, other than a predetermined Set of"
aiias addresses which map.tu physical addresses used
ekclusively by the operating system, match in_,
their low crder adcress bits thecsby using the same
location in said cachs data arcray;

b) sscond mesns far snsuning thet said
predetermined set of alias addresses which map
to physical addresses used exclusively by the
operating system, have their pages marked as Don't
Cache pages. |

2. The improvement defined by Claim 1 wherein
said first means comprises:

a) alias detection logic means for
detecting alias addresses which map to physical
addresses in said main memary; _

b) alias detect control logic means for
obtaining the data used on read cycle and urite cycle
cache misses from a selected one of said cache
data array and said memory, and for controlling the
updating of the cache data array on write cycle

cache misses.
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3. The improvement defined by Claim 2, wherein
‘said alias detection logic means comprises: '

a) a comparator coupled to said memory
management unit and said real address register,
said comparator generating a logic one when the
address stored in sald real address register matches a
predefermined cache address in said memory '
management unit;

b) an AND gate having one input coupled to the
output of said comparator and a second input coipled
to a cache valid bit within a virtual address register,
said virtual address register storing a
predetermined virtual address loaded from said cache
tag array; '

_ c) a flip-flop coupled to the output
of said AND gate, said flip-flop being set when a
real address metch is detected as determined
by the output of said AND gate.

4, The improvement defined by Claim 2, wherein
said alias detect control logic means comprises

a state machine.

5. The improvement defined by Claim 1, whersin
said second means comprises means for indicating

in said memory management unit that a page in said

- main memory is a Don't Cache page.

6. The improvement defined by Claim 5, wherein
said indicating means comprises a bit within a

page descriptor word for each page in said

memory management unit, wherein when said bit is
set for a page, all data accesses to said page are
made directly to and from said memory thereby
bypassing said cache data array.
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7. In a work station having an operating system
utilizing a virtual address urite back cache, said
work station including a central processor coupled
to a cache tag array, a cache data afray, a write back
buffer, a memory management unit, a real address
register, a main memory having phySicél addresses, a
cache hit detector and work station control logic, a
method for detecting data inconsistencies in -said
data cache array and correcting detecfed data
inconsistencies, said method comprising the stéps of:

a) ensuring that all alias addresses which
map to the same physical address in said main memory,
other than a predetermined set of aliasiaddresses
whichmap to physical addresses used exclusively by the
operating system, match in their low order address
bits thersby using the same location in said cache
data array; ' o

b) marking ssid predstermined set of alias
addressss whizh map te physicsl addresses used exclusively
by the operating system as Don't Cache pages.

8. The imgrovemsnt definmed by Claim 7 uhereina
said ensuring step comprises the steps of:

a) detecting alias addresses which map
to physical addrasses in said main memory;

b) obtaining the data used on read cycle
and write cycle cache misses from a selected one of
sald cache data array and_said main memory;

c) selectively updating the cache data
array on write cycle cache misses. '

9. The improvement defined by Claim 8, wherein
said detecting step comprises the steps of:

a) genmerating a comparator output which is
a logic one when the address stored in said real
address register matches a predetermined cache address
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in saidLﬁéﬁcry management unit;
~ b) inputting to an AND gate one input
coupled to the output of sald comparator and a
second input coupled to a cache valid bit within a
virtual address register which stores a predetermined
virtual address loaded from said cache tag array;
c) setting a flip-flop coupled to the
agutput of said AND gate when a rsal address match
is detected as determined by the ocutput of said
AND gate.

10. The improvement defined by Claim 7, wherein

said marking step comprises the step of indicating in
said memory management unit that a page in said main

" memory is a Don't Cache page.

1M1. ~ The imprbvement defined by Claim 10, wherein

said indicating st=p comprises setting a bit within

—

a page descriptor word for each page in said memory
management unit, wherein when said bit is set for
a page, all data accesses to said page are made
directly to and from said memory thereby bypassing

said cache data array.

12. . A work station substantially as hersinbefors
described with reference to the accompanying drawings.




