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ALIAS ADDRESS SUPPORT 
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SUMMARY OF THE '.INVEHT;ON 

Thia invention ia 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-user, multiple active processes 

operating system, namely the Unix operating system. 

However, the invention is not limited to use in connection 

with the Unix operating system, nor are the claims 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 address write 

back cache as one of the system elements. However, one 

problem which arises in such systems is in the support 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 update 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 
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to the same physical address. If a direct mapped, virtual 

address write back cache were used in a system without page 

mappinq restrictions, any two arbitrary virtual addresses 

could occupy any two arbitrary cache locations and still map 

to the same physical address. When cache blocks are · 

modified, in general, it is impossible 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 location. Ultimately, the data at 

the common physical address in main memory will include only 

part of the modifications made by the CPU or I/O 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 

their 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 wholely 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 generated will map to the same c~che 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 
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quarantee data consistency within this cache block (or cache 

set). 

The second strategy cover~ those alias addresses in the 

operating system, rather than user programs, which cannot be 

made to match in their low order address bits. These are 

handled by assigning their pages as "Don't cache" pages in \....) 

the memory management unit (MMU) employed by workstations 

which utilize virtual addressing. 

BRIEF DESCRIPTION OF THE DBAWINGS 

Figure 1 is a block diagram showing the main components 

cf 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 ciryuit for 

detecting a cache protection violation. 

Figure 2c is a schematic diagram of a circuit for · 

detecting a MMU protection violation. 

Figure 3 is a detailed block diagram 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 implementat~on for certain controls related to the. 

addressinq of a virtual address write back cache. 

Figure s is a detailed block diagram showing the data 

path utilized by the alias detection logic of the present 

invention. 

Fiqure 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) - (o)). 

Fiqure 7a is a flow diagram of a state machine 

implementation for the data path when there is a real 

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

Fiqure 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) -

(y)). 

Fiqure 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) -

(y)). 

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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Figura 8 ia a flow diagram of a state machine 

implementation for controiling Write Back bus cycles to 

memory. 

Figura 9a is a timing diagram for the beat case timing 

for a CPO write bus cycle when the HMO indicates a cacheable 

page. 

Figure 9b is a timing diagram for the best case timing 

of a CPU write bus cycle when the MMU indicates a Don't 

cache page. 

Figure lOa is· a timing diagram for the best case timing 

for a CPU read bus cycle when the MMU .indicates a cacheable 

page. 

Figure lOb 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 lla is a timing diagram of the memory bus cycle 

for performing a block read cycle. 

Fiqure llb is a timing diagram of the memory bus cycle 

for performing a write back cycle. 

Figure llc is a timing diagram of ·the memory bus.cycle 

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

. ...... 
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PETAILED PESCRifTJ:ON OF TUE INYEHTl:ON 

Fiqure 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 (CPO) 11, cache 

data array 19, cache tag array 23, cache hit comparator 25, 

memory 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 elements, to implement the 

present invention, also needed are multiplexor 45, alias 

Li detect logic 47, alias detect control logic 49• and real 

address register 51. The foregoing elements support alias 

addresses without the problems inherent in p~ior art 

implementations utilizing a virtual address write back 

cache. 

Each of the foregoing workstation elements will now be 

described, including changes which must be made to the 

operating system kernel, with pa~ticular emphasis on the 

components unique to the present invention. 
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pescription of Necessary Elements of workstation 

CPU 11 issues bus cycles to address instructions and 

data in memory (f~llowinq address translation) and possibly 

other system devices. The CPU address itself is a virtual 

address of (A) bits in size which uniquely identifies bytes 
~ 

of instructions or data within a virtual context. The bus 

cycle may be characterized by one or more control fields to 

uniquely identify the bus cycle. In particular, a 

Read/Write indicator is required, as well as a "Type" field. 

This field identifies the memory instruction and data 

address space as well as the access priority (i.e., 

"Supervisor" or "User" access priority) for the J:>us cycle. 

A CPU which may be utilized in a workstation havinq virtual 

addressinq and capable of supporting a multi-user operating 

-··---·····--.-
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system is a MC68020. \....,) 

Another necessary element in a virtual address 

workstation with write back cache shown in Fiqure l is 

virtual address cache data array 19, which is orqanizad as 

an array of 2N blocks of dat.a, each of which contains 2M 

bytes. The 2M bytes within each block are uniquely 

identified with the low order M address bits. Each of the 

2N !>locks is uniquely addressed as an array element J:>ythe 

next lowest N address bits. As a virtual address cache, the 

(N+M) bits addressing J:>ytes within the cache are from the 

virtual address space of (A+C) bits.. (The (C) bits are 

I.I 
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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 from the 

(A+C-P) bits defining the virtual page address. 

Virtual address cache data array 19 described herein is 

a "direct mapped" cache, or "one way set associative" cache. 

While this cache organization is used to illustrate the 

\._.,1 invention, it is not meant to restrict the scope of the 

invention which may also be used in connection with multi­

way sat associative caches. 

· Another required element shown in Figure 1 is virtual 

address cache tag array 23 which has one tag array element 

tor each block of data in cache data array 19. The tag 

array thus contains 2N ·elements, each of which has a Valid 

bit (V), a Modified bit (M), two protection bits (P) 

consisting of a supervisor Protect bit (Supvsr Prot) and a 

\.._,..; Write Allowed bit, and a virtual address field (VA, and 

optionally 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 order M bits 

address bytes within a block; the next lowest H bits address 

a block within the cache: and the remaininq ((A~C) - (M+H)) 

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

the cache "hit" logic. 

The cache "hit" logic must identify, for systems with a 

shared operatinq system, accesses to user instructions and 

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

definition which satisfies these requirements is illustrated 

in Fiqure 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 (2P) 

bytes, which in turn are grouped as segments of size (2S) 

.pages. Addressinq within a page requires (P) bits. These 

(P) bits are physical address bits which requiTe no 

translation. The role of MMU 27 is to translate the virtual 

page address bits ((A+C-P) or (A-P)) into physical page 

addresses of (MM) bits. The composite physical address is 

then (MM) page address bits with (P) bits per page. 

MMU 27 is also the locus for protection checking, i.e., 

comparing 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 paqe 

II 
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namely, a supervisor/User a~cess 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 Violation" can result it 

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 protection checking through the 

MMO is shown in Fiqure 2c which comprises inverter 28, AND 

9ates 30a and 30b, OR gate 34 and AND gate 36. In addition, 

with a virtual address write back cache, the concept 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 1 is main memory 31 which is 

addressable within the physical address space; control of 

main memory access is through workstation control logic 40. 

Write back buffer 39 is a register containing one block 

of cache data loaded ~rom 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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wheter 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 !'igure 1. In 

the preferred embodiment, control logic 40 is implemented as 

several state machines which are shown i~ !'igures 4 and 6 -

B as will be described more fuily below in co~junction with 

the description of alias detect control logic 49 which is 

also, in the preferred embodiment, integrated into the 

workstation control logic. 

pescription of Optional Elements of Horkstation 

Context·::tn register 32 is an optional external address 

register which contains further virtual address bits to 

identify a virtual context or process. Thia register, 

containing c l>its, identifies a total of .(2**C) active user 

processes; the total virtual address space is of size 

2**(A+C) 

An iDportant component in this virtual address space of 

2**{A+C) bits is the address space occupied by the operatinq 

system. The operating system is common to all user 

II 
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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 qualifying the addresses of pages 

within the operating system. Rather, the operating system 

is assumed to lie within a common, exclusive region at the 

top of the (2**A) bytes of virtual address space for each 

active context. No user pages may lie within this region. 

so the operating system page addresses for two distinct user 

processes are identical, while the user pages for the two 

processes are distinct. All pages within the 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 is described here only to indicate 

its role as a component in a virtual address, write back 

cache system. If a range of addresses (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 modified. 
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In addition to CPU 11.as a source of bus cycles, the 

workstation may include one or more external Input/Output 

(I/O) devices such as DVMA loqic 35. ~hese external I/O 

devices are capable of issuinq bus cycles which parallel the 

CPU in accessing one or more "Types" of virtual address 

spaces. The virtual address from either the CPU 11 or DVMA V 

109ic.35, toqether with the address in context ID reqister 

32, is referred to as the access address. 

Another optional element is data bus buffer 37, which 

in the pref erred embodiment is implemented as two buffers to 

control data flow between a 32 bit bus and a 64 bit bus. 

such buffers are needed when the CPU data bus is 32 bits and 

the cache data array data bus is 64 bits. 

Description of Elements Unique to the Invented Workstation 

As noted above, in the present invention, two distinct 

strategies are utilized to solve the data consistency 

problems resultinq from alias addresses. Both strateqies 

require the interaction of the operating system 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 use the same cache 

location, if the data is to be cached. 'l'he present 

invention utilizes alias detectiQn lo~ic 47, which is a real 

II 
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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 

consistent data within the same cache location. 

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 at 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 met, 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 strategy prevents data from being 

\.-
1 cached through the use of a "Don't Cache" bit which is 

defined for each paqe in MMO 27. In other words, each page 

descripter in MMU 27 has a "Don't Cache" bit, which controls 

whether instructions and data from that paqe may be written 

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 paqe entries. Data consistency 

is not guaranteed otherwise. 

Alias address 9eneration for user processes is 

controlled through the kernel, so that all user processes 

utilize the first strategy to ensure data consistency amonq 

alias addresses. Some addresses for the operating system, 

however, cannot be altered to meet the addressing 

requirements of the first strategy. 'l'hese system alias 

addresses are handled instead by the second strategy, 

assignment to "Don't Cache" pages. 

The .following is a functional description of what is 

needed to produce data consistency in a direct mapped 

virtual address, write back cache, using a combination of 

the two strategies. 

If a CPU 11 or DVMA 35 memory access cycle "misses" the · 

cache, then the access virtual address will be translated by 

v 

the MHU. The MMt1 translation will determine lt the accessed ~ 
page is a "Don't Cache" page and whether the access 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 tbe 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 

... ~··=~ 



. -16-

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 
. 

translated cache address from HMO 27. 

If the current cache block is valid, and the translated 

addresses compare, 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 •ay 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 consiotency, any write to a page 

requires that all references to that page (read or write) 

adhere to this restriction. No requirement ia placed on 
. . 

alias addressing to read only pages. 

. · . 
p}..J 

·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 aedress control in a virtual 

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 Valicl bit (V), 

multiplexer 45 which mul.tiplP-xes the virtual ad<1ress 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 output as inputs), and Real 

Address Match flip-flop SS.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 0(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 logic 49 

controls the source of the data on read cycle cache misses 

(the cache or memory) and whether the cache is updated with 

II 
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memory-data on write cycle cache misses as described in the 

data state machine, Figures 6 and 7. 

In Fiqures 3 and s, to avoid unnecessarily clutterinq 

the Figures, not all control lines_ are shown. However, the 

control lines necessary for proper operation of the 

invention can be ascertained from the flo~ chart of the 

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

In the flow charts, the following abbreviations are 

utilized: 

MOX - ~ultiplexor 45 

Sel - select 

VA - virtual address 

RA - real address 

OE - output enable 
ll 

Ack - acknowledge 

Cache Hit? - Did cache "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) 
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Memory Busy?. - Has Memory Busy been asserted? 

MMU Protect Viol? - Did control logic 40 detect a 

HMO protect violation? 

(Fig 2c) 

RAR - real address register 51 u 
CLX - clock 

Adr· - address 

Mem Adr Strobe - memory 31 address strobe 

VAR - virtual address register 52 

Mem Adr Ack? - Has a memory address acknowledge 

been asserted by memory 31? v 
Mem Data Strobe O? - Has memory data strobe o been 

... 

asserted? 

Mem Data Ack O? - Has memory data acknowledge o been 

asserted? 

Mem Data strobe l? - Has memory data strobe l been 

asserted? 

Hem Data Ack 1? - Has memory data acknowledge 1 been 

JI 
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asserted? 

Clk Write Back Buffer - clock write back buffer 39 

Real Adr Match? - Has a real address match been 

detected (flip-flop 55) 

Dont•t cache Page? - llas control logic 40 detected a 

Don't Cache Page from MMU 27 

CPU Read Cycle? - Is CPU 11 in a read cycle 

Clk Data Reg - clock data register 61 

Valid and Modified Write - lias control logic 40 detected 

Back Data? Valid bit(V) and Modified bit(M) 

Write to Don't cache Page - Has control logic 40 detected a 

CPU write to a Don't Cache Page? 

Start No Cache Write? - Has control logic 40 asserted 

Start No cache Write? 

Start Write Back Cycle? - Has control logic 40 asserted 

Start Write Back cycle 

Similar abbreviations are used in the timing diagrams 

of Figures 9 - ll. 
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The address state machine shown in Figures 4a and 4b 

defines certain of the controls related to the address 

handlinq portion of the cache. The invention is integrated 

through the clocking of the Real ~ddresa Match flip-flop 55 

at state (o). The cache tags 23 are written as Valid durinq 

state (w), following a successful transfer of all block data 

from memory 31. 

The data state machine shown in Figures 6a and 6b and 

7a - 7d defines certain controls related to the data 

transfer portion of the cache. As illustrated, following 

state (q), a test is made for a write to a Don't Cache Page: 

the handlinq of this write to memory is also described in 

the path followinq st~te (i.dw) in the data state machine. 

Following state (o), a test is made for a Don't Cache Page 

access (this time for Read data}. The Don't cache Read 

control takes the same path as the No-Real Address Match 

path, until states (q.nr) and (u.nr). Here a test for Don't 
• 

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 cache accesses, 

since both the Write Back controls and data path are 

indepe~dent of the cache access controls and data path. As 

described below, the "Memory Busy" signal causes the address 

II 
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and data state machines to .wait until a previous Write Back 

cycle has completed •. 

'l'he write c•che 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 diagram. 

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 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 

(o). If the current cache block is both Valid.and Modified 

fr~m 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, Figures llb and 8 

respectively. 

An active Real Address Match latch (flip-flop 55) 

signifies an alias address match. If there 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 

will be active for al1 other bytes. - -Durinq the second data 

transfer, cycle (w), the Data Register Outpu~ Enables for 

all bytes will be active. 

If there is an Alias Match, the CPO data is written 

····­
···'!"; 

-··'" . 

into the data cache at state-(s), and the data from memory iJJ 
31 is ignored. 

'l'he Write to Don't Cache Page timinq shown in Fiqure-9b 

defines the overall timing of a CPO-write bus cycle to· - -­

memory for accesses to--a Don't Cache Page. 'l'ha cache Hit, 

which occurs in cycle (c), will-always indicate a miss (no 

Hit). 

The Write to a Don't Cache-page case differs fr--om the 

cache miss case for a write to a cache-able page in that the 

cache is not updated with-either CPU or memory data. The 

implement~tion uses a special memory bus cycle, called-the-· --­

Write to Don't Cache Paqe cycle (Fiqure 1-lc), to directly 

update memory. Note that the-Real Address Match ~tch has 

no meaninq for this case. 

The read cache miss timing diagram shown in Fiqure lOa 

defines the overall timing of a cw-read bus cycle to a 

cacheable page in memory which misses the cache. The cache 

Hit and Protection Check occur-in cycle (c) in this diagram. 

II 
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A part of the miss handling sequence includes the 

loading of the current cache block which ia being replaced 

into write back buffer 39 in cycles (i) 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 

(o). If the current cache block is both Valid and Modified 

v 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, Figures 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 simultaneously 

bypassing the data to the CPU through buffers 37 enabled by 

''--'' control signal CPU Read output Enable, active 4.n states (.q) 

through (u), and updating the cache, in state (s). The 

memory is designed to always return the "miss~ng 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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Xf there is an alias address match, data is read 

directly tram the cache 19 to the CPU 11, and the data 'from 

memory 31 is ignored. 

'l'he Read from Don't cache Page timing shown in Figure 

lOb defines the overall timing of a CPU read bus cycle to 

memory. for accesses 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 differs from 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 memory bus cycle as 

the cache miss case (see the Memory Data Bua Timing, below). 

The Real Address Match latch (flip-flop 55) has no meaning 

for this case. 

The Memory Data Bus Timing shown in Figure lla - llc 

shows the timing of Block Read, Write Back, and Write to 

Don't Cache Page bus cycles. Since the cache block size is 

128 bits, each cache block update requires two data 

transfers. As indicated above the 64 bits containing the 

data addressed by CPU ll are always returned on the first 

transfer for Block Read bus cycles. The "Memory Busy" 

control signal active during the Write Back cycle is used to 

inhibit "the start of the next cache miss cycle until the 

previous Write Back cycle can complete. 

II 
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On Write to Don't cache Page bus c~cles, the s bit Byte 

Mark field, sent during the address transfer phase of the 

cycle, defines which of the a bytes of data, sent during the 

data phase, are to be updated in memory 31. 

In addition to the foregoing hardware, the operating 

syst~m kernel must be modified in two fundamental ways to 

support alias addressing: 

1) The operating system utilities which generate user 

alias addresses must be modified to guarantee that alias 

e.ddresses conform to the rul~ 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 having an operating 

system utilizing a virtual addre~s write back cache, 

said LaJOrk station including a central processor coupled 

to a cache tag array, a cache data array, 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 address in 

said main memory, other than a predetermined set of 

alias addresses which map to physical addresses used 

exclusively by the operating system, match in , 

their lo~ crder address bits t~e=eby using the same 

location in said cachs da~a a==ay; 

b) second means f..Jr =n.::u=ing that said 

predetermined set of alias addresses which map 

to physical addresses used exclusively by the 

oper~ting 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 memory; 

b) alias detect control logic means for 

obtaining the data used on read cycle an~ write 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. 

II 
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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 said real address .register matches a 

predetermined 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 coupled 

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 addr~ss match is detected es determined 
by the output of said ANO 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, wherein 
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 write back cache, said 

work station including a central processor coupled 

to a cache tag array, a cache data array, a write back 

buffer, a memory management un~t, a real address 
register, a main memory having physical addresses, a 
cache hit detector and work station control logic, a 
method for detecting data inconsistencies in said 

data cache array and correcting detected data 

inconsistencies, said method comprising the steps of: 

a) ensuring that all alias addresses which 
map to the same physical address in said main memory, 
other than a predetermined set cf alias addresses 
which.map to physical addresses used exclusively by the 

operating system, match in their low order address 

bits thereby using the same location in said cache 

data array; 
b) marking ssld predstsrmined set of alias 

addresses which map to physical addresses used exclusively 

by the operating system as Don't Cache pages. 

B. The improvement defined by Claim 7 wherein 

said ensuring step comprises the steps cf: 

a) detecting alias addresses which map 
to physical add=ssses in said main memory; 

b) obtaining the data used on read cycle 

and write cycle cache misses from a selected one of 
said 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 B, wherein 

said detecting step comprises· the steps of: 

a) generating a comparator output which is 

a logic one when the address stored in said real 

address register matches a predetermined cache address 

II 
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in saidmemory management unit; 
b) inputting to an AND gate one input 

coupled to the output of said 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 
output of said AND gate when a real address match 
is detected as determined by.the output of said 

AND gate. 

1 0. The improvement definegr by Claim 7, wherein 
said marking step comprises the step of indicating in 

said memory management unit t_hat a page in said main 

memory is a Don't Cache page. 

11 • ihe improvement defined by Claim 1 O, whereiri 

said lndiceting step 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 hereinbefore 
described with reference to the accompanying drawings. 


