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METHODS AND APPARATUS FOR CONTROLLING 
A MULTI-SEGMENT· CACHE MEMORY 

OR l"GI NAL 

The present invention relates to a method and 
5 apparatus for controlling a multi-segment cache memory. 

Cache memories are used within computer storage 
systems. In a magnetic storage system, for example, the 
cache memory is located within the disk controller which 
controls operati9n of a magnetic disk drive. The disk 

10 controller is configured for connection with a host 
computer through a data bus, such as a small computer 
systems interface (SCSI). The disk controller passes 
data back and forth between the disk drive and the host 
computer in response to memory _instructions or qommands 

15 generated by the host ·comput~r~ 
The magnetic disk drive stores the dat·a on the 

surface of a rotating magentic disk. The disk surface 
includes a ·plurality of generally concentric data 
tracks. Each data track is divided into sectors or 

20 blocks. In one typical disk drive, each data track is 
divided into thirty five blocks, each blo.ck including 
512 bytes of data. A byte of data is represented by an 
individual address in the storage system. 

25 ... 

The memory instructions cause the disk controller 
to initiate read and write operations within the disk 
drive. Each memory instruction includes a starting 
address, a block length (the number of blocks required) 
and an instruction type, such as read or write. After 
the disk controller receives a read instruction, for 

30 example, the controller signals the disk drive to 
retrieve the required number of blocks beginning at the 
starting address.· After the data has been retrieved, 
the disk drive controller passes the data back to the 
host computer. 
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The cache memory improves storage system 
. . . 

performance by reduci~g the number· of times the· 
controller must go to the disk to retrieve data. The 
cache memory stores the most recently accessed data in a 

S ·random access memory (RAM). When the host computer runs 
a particular software application, the input/output 
pattern seen by the disk drive controller tend to 
repeat. Therefore, there is a greater chance that data 
obtained from the disk will be used again. When the 

10 host computer requests retrieval of data that is in the 
cache memory, the controller does not have to retrieve 
the information from the disk but can retrieve it 
directly from the cache memory. Because the cache 
memory has a much faster data access time than the disk 

15 drive, retrievi_ng the· data directly from the_ cache 
memory substantially reduces the data access time seen 
by the host computer. 

The cache memory includes a cache buff er and a 
cache table. In one version, the cache buffer can store 

20 up to 192K bytes of data. The cache table maintains a 
list of the data present in the cache buffer by 
recording the starting addresses of the data retrieved 
from the disks. When the controller receives a write 
instruction that corresponds to addresses present in the 

25 cache memory, it up-dates the cache table such that it 
no longer indicates the data is present within the 
buffer. This prevents old data from being read from the 
cache buffer. 

30 

When the controller receives a read instruction, 
it refers to the cache table to determine whether the 
requested data is present in the cache buffer. If the 
data is not present in the cache buffer (cache miss), the 
controller retrieves the data from the disk and relays 
the data to the host computer. The controller also 

-- -----~----- ------
--·-·--
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loads· the data into the cache buffer and·up-,, 
cache table. A cache hit occurs when the data requested 

by the host computer is present in the c,.r.:"'e buffer. In 

this situation, the controller receivey~he information 
directly from the buffer and transmij6 the data to the 

host computer. The ratio of cachejlits to cache misses 

is a measure of cache memory per~rmance. 
In a multi-segment cache,

1
the cache buffer is 

divided into segments. The nuJriber of segments in the 
I 

cache buffer is known as the;segmentation level. By 
segmenting the cache buff er/ the controller can perform 

"look ahead" operations b~/ retrieving excess blocks ~r/\" 
~an entire segment. /~ecause memory operations tend 

to form repetitive_~nd ,s'omewhat predictable patterns, 

the host computer wfl;/likely request data from th~ next 

consecutive blocks. tThe segmentation level determines 
I 

the number of blocks in each segment and therefore 

determines the nuirufer of excess blocks retrieved. The 

greater the segmert'tation level, the smaller the number 

of blocks in eac segment. Performance of the cache 

memory may be ntrolled by controlling the number of 

excess blocks etrieved in a read operation. 
mum segmentation level depends upon the 

particular s ftware application running on the host 

computer. ecause the host computer frequently switches 

between va ious applications, a selected segmentation 
level may not achieve the d~sired performance over a 

wide ran e of applications. Therefore, a cache having 
an adap ve segment control is needed. · 

H~ujristic programming is one method of controlling 

segmen ~ion level. A statistical performance analysis 

is peri,frmed on the cache memory and these results are 
appli d to a set of rules. The variables applied to the 

rule include, among others, the ~~mber of blo_ck.s.._in 
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each read that a~e a cache. hit and the numb~r of blocks 

that are a cache miss~ However, there ~simply not 

enou~h information in/past ~tatistical/p~rformance to 
predict a preferred segmerff.t'f:evel. B~cause there are 

many exceptions to the rules, heuri~tic progra~s do 
not provide accurate, dependable re'"sults. Therefore, 

·' 
there is a continuing need for ~/multi-segment cache 

having improved segment control. 

It is an object of the/present invention to 

provide an adaptive segment .. control offering improved 

control of the performanc~· of a multi-segment cache in a 
/ 

storage system. I 
I 

first 
/ 

According to a the present 

invention, tjlere is ~fovided a ethod of controlling a 
.. cache memory in a s orage syst m, the method· comprising· 

segmenting the ca e memory t operate at a selected 

working segmenta ion level, nd being characterised by 

segmenting at 1 ual cache table to operate 

at at least o further se~entation level, monitoring 

instructions eceived fronya host computer, determi~ing 
which of th working and urther segmentation level(s) 

results in the highest h't ratio as a function of the 
monitored instructions, and selecting the segmentation 

level re lting in the ighest hit ratio to be a new 

vel for the cache memory. 

econd aspect of the.present 
rovided a storage system a storage 

devic comprising a cache memory operable at a select~d 

work'. g segmentati9n level, and characterised by at 

lea one virtual !cache table operable at at least one 

fur her segmenta lon level, a store for instructions 

computer, and means for determining 

king and further segmentation levels 

ighest hit ratio as a function of the 
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stored instructions and 

level resulting in the high 

working segmentation lev 
hit ratio to be a 

A pref erred embodiment of the invention 

below featur~a controlle~ which monitors mory 
instructions transmitted by a host comput and received 

by the storage system. The cache memor configured 
to operate at a selected initial worki g segmentation 

/ 
level. A plurality of virtual cache·' tables are 

connected to receive the monitorea./~emory instructions 
and are configured such that onef~able operates at the 

/ 
working segmentation level anq/the other_ tables operate 

at different segmentation le~ls. The monitored memory 

instr~Ttons are used to de.f'ermine which virtual cache 
table(ob:tain~ the bighes . hit ~atio with i~s respective 
segmentation level. Th working segmentation level is 
adjusted to equal the egmentation level of the virtual 
cache table having t e highest hit ratio. 

Any number o virtual cache tables may be used in 
accordance with t e present invention. In the described 

embodiment, ther are two virtual cache tables. The 

first virtual c che table is segmented to operate at the 
selected work' g segmentation level. The second virtual 

cache table · segmented to operate at a selected test 

segmentation level, the test segmentation level being 
different f om the working segmentation level. The test 
segmentati n level is selected by indexing between 
entries w'thin a look up table which includes all 
selectab e segmentation levels. In the preferred 

embodi1mt, the selectable segmentation levels range 
from 1 o 16. 

7referably, the controller includes an instruction 
· or storing the memory instructions received by 
orage system. To ensure that the instructions 
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stored in the iristruction·queue are current.and 
representative of the appl.ication being executed by the 
host computer, the instruction queue is flushed after 
the number of instructions stored is equal to a queue 

s limit, such as thirty instructions. After the 
instruction queue has been flushed, the controller 
continues to store instructions transmitted in the 
storage system. 

Hit ratio simulations are preferably performed on 
10 the first and second virtual cache tables by executing a 

selected number of instructions stored in the 
instruction queue. The storage system returns to an 
idle state where all instructions in the instruction 
queue have b.een simulated, and resumes hit ratio 

15 simulations after the next received instruction is 
stored in the instruction queue. This process is 
repeated until the selected number of instructions have 
been executed on the first and second virtual cache 
tables. For example, in one embodiment, one hundred 

20 instructions are simulated in the hit ratio simulations. 
Hit ratio values are maintained during the hit 

ratio simulations and are compared after execution of 
the selected number of stored instructions. When the 
hit ratio value for the second virtual cache table is 

25 greater than the hit ratio value for the first virtual 
cache table, the working segmentation level is adjusted 
to equal the test segmentation level. The cache memory 
is then re-configured to operate at the new working 
segmentation level. Thereafter, the controller resumes 

30 the hit ratio simulations with the new working 
segmentation level and selects a new test segmentation 
level. 

In one embodiment, the hit ratio simulations are 
only performed when the storage system is in an idle 
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state. When the· storage system receives a memory· 
instruction from the host computer, it operates in a 
busy state by performing the requested memory operation. 
Simulation of an individual stored instruction is 

s interrupted upon receipt of the instruction from the 
host computer. This prevents the hit ratio simulations 
from interfering with the memory operations. After 
completion of the memory operation, the storage system 
returns to the idle state. Thereafter, the interrupted 

10 simulation is resumed upon completion of the memory 
operation. The overhead added by the segment control is 
therefore minimal because simulation is performed only 
when the storage system is idle. 

The present_invention improves perfor~ance of a 
15 mul ti-seginent ca.che. memory by analysing the instruction 

pattern received from the host computer. Because the 
instruction pattern is representative of the application 
being executed by the host computer, the controller 
adapts the segmentation level of the cache to fit the 

20 current application. The present invention therefore 
provides an adaptive segment controls that is both 
accurate and dependable over a wide range of software 
applications. 

25 ·. 

30 

The present invention is described further, by way 
of example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a diagram of a memory controller 
connected between a host computer and a memory device in 
accordance with the present invention; 

Figure 2 is a diagram of the memory controller 
shown in Figure 1, including an adaptive segment control 
unit _in accordance with the present invention; 

Figures 3a and 3b, when joined, form a flow chart, 
which i·llustrates operation of the memory controller 
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shown in. Figures ·1 and :2; and 
Figure 4 is a flow chart of a simulation 

routine performed by the ·adaptive segment control unit 
shown in Figure 2. 

5 The present invention provides an adaptive segment 
control unit (ASCU) for a multi-segment cache memory in 
a memory controller. The ASCU performs hit ratio 
simulations on virtual cache tables to determine the 
cache memory segmentation level that matches the 

10 software application being run on a connected host 
computer. The hit ratio simulations performs actual 
instructions received from the host computer on the 
virtual cache table. 

Figure 1 is a diagram of a memory controller 2 
15 co11-nected between a host c.omputer 4 and a memory device 

6. The memory controller 2 and the memory device 6 form 
a storage syste~ for the host computer 4. The host 
computer 4 transmits memory instructions to the 
controller 2 through a data bus 8. The data bus 8 can 

20 be any known communications interface, such as a small 
computer systems interface (SCSI). The controller 2 
includes a micro-processor 10, a read only memory (ROM) 
11, a random access memory (RAM) 12, a cache memory 13, 
and an adaptive segment control unit (ASCU) 14. The ROM 

25 11 is connected to the micro-processor 10 through data 
and address lines 15. The ROM 11 holds control software 
which operates the micro-processor 10 to perform memory 
operations in response to the memory instructions 
received from the host computer 4. The RAM· 12 is 

30 connected to the micro-processor 10 through data and 
address lines 16. The cache memory 13 is connected to 
the micro-processor 10 through data and control lines 
17. The adaptive segment control unit 14 is connected 
to the micro-processor 10 through data and control lines 
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. 18. The control of software also operates the micro­
processor 10 to control operation of the cache memory 13 
and the adaptive segment control unit 14. 

The memory device 6 is connected to the micro-
s processor 10 through control lines 19 and a data bus 20. 

The micro-processor 10 operates the memory device 6 to 
perform memory operations in response to memory 
instructions received from the host computer 4. During 
a read operation, the host computer 4 generates a read 

10 instruction, which is decoded by the micro-processor 10. 
The micro-processor 10 transmits control signals through 
the control lines 19 to the memory device 6, which 
causes the memory device to retrieve the requested data. 
The micro-processor 10 rec~ives the data through the 

15 data bus 20 and returns the data to the host computer 4 
through the data bus 8. Similarly, during a write 
operation, the host computer 4 generates a write 
instruction which is decoded by the micro-processor 10. 
The micro-processor 10 transmits write data to the 

20 memory device 6 through the data bus 20. The micro­
processor 10 operates the memory device 6 through the 
control lines 19 to write the data to the desired memory 
locations within the memory device. 

25 -.. 

Figure 2 is a block diagram of parts.of the memory 
controller 2 including the cache memory 13 and the 
adaptive segment control unit 14. The cache memory 13 
stores the data most recently accessed from the memory 
device 6. Because the instruction pattern generated by 
the host computer 4 tends to repeat while it runs a 

30 particular software application, data stored in the 
cache memory 13 is likely to be used again by the host 
computer. If the data is requested again by the host 
computer 4, it can be retrieved directly from the cache 
memory ·13 rather than from the memory device 6. Since 
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data can be retrieved from the cache memory 13 much 
quicker than from the memory device 6, the cache memory 
can significantly increase storage system performance by 
reducing the average data access time. 

s The cache memory 13 includes a cache buffer 26 and 
cache table 28. The cache buffer 26 includes a 
plurality of storage locations 40 and 42 for storing 
data read from the memory device 6. In one embodiment, 
the cache buffer 26 can store up to 192K bytes of data. 

10 The cache memory 13 is a multi-segment cache. In other 
words, the cache buffer 26 is divided into segments. 
The number of segments is known as the segmentation 
level.· For example, in the embodiment shown in Figure 
2, the cache memory 13 has a segmentation .level of 2, 

15 the cache buffer 26 being divided into segments 30 and . 
32. The segment 30 includes the storage locations 40. 
Similarly, the segment 32 includes the storage locations 
42. The cache memory 13 can be configured with any 
segmentation level. 

20 The memory device 6 (shown in Figure 1) reads data 

25 

30 

in blocks or sectors. In one embodiment, a block 
includes 512 bytes of data. A read instruction 
generated by the host computer 4 includes a starting 
address and a number of blocks requested. In response 
to each read instruction, the mic~o-processor 10 
retrieves the requested number of blocks of data from 
the memory device 6, beginning at the starting address, 
and enough additional blocks to fill an entire segment 
of the cache buffer 26. Each storage location 40 and 42 
in the buffer 26 can store a block of data. The 
segmentation level determines the number of blocks in 
each segment. The retrieval of additional blocks is 
known as "look ahead" operation. Because of particular 
application run by the host computer 4 tends to form a 
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pattern of read and write instructions, the additional 
blocks stored 'in the cache buffer 26 have a relatively 
high probability of being us.ed. Therefore, the look 
ahead operation further reduces the average data access 

5 time of the storage system. 
The cache table 28 maintains a list of the data 

present in the cache buffer 26. The cache table 28 
includes a plurality of storage locations 44 for storing 
the starting addresses of each segment of data stored in 

10 the cache buffer 26. The cache table 28 also stores the 
number of blocks of data within each segment in the 
cache buffer 26. The micro-processor 10 can determine 
from the cache table 28 whether a particular block of 
data is present in the cache buffer 26 by looking at the 

15 starting addresses and the number of blocks.in each. 
segment (or segmentation level). For a segmentation 
level of 2, the cache table 28 includes two starting 
addresses in locations 44. For a segmentation level of 
3 (not shown), the cache table 28 includes three 

20 starting addresses. 

25 ; 

When the micro-processor 10 receives a read 
instruction, it refers to the cache table 28 to deter­
mine whether the requested data is already present in 
the cache buffer 26. If the requested data is present 
in the cache buffer 26 (a.cache hit), the controller 2 
retrieves the requested data from the cache buffer and 
transmits the data to the host computer 4 through the 
data bus 8. If the cache table 28 indicates that the 
requested data is not present within the cache buffer 

30 26, (a cache miss), the micro-processor 10 retrieves the 
requested data from the memory device 6 through the data 
bus 20. After the data has been retrieved, the micro­
processor 10 stores the data in the cache buff er 26 and 
up-dates the cache table 28. 
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For the embodiment shown in Figure 2 ,. a first read 

instruction causes the segment 30 of the cache buffer 26 
to be filled with blocks of data from the memory device 
6, beginning at the starting address specified in the 

s instructions. A second read instruction causes the 
segment 32 to be filled, beginning at the starting 
address specified in the second read instruction.. The 
starting addresses for each read instruction are stored 
in the cache table 28, along with the segmentation 

10 levels. 
The adaptive segment control unit 14 improves 

cache memory performance by dynamically adjusting the 
segmentation level of the cache buffer 26. The optimum 
segmentation level varies, depending upon the particular 

15 software application being run by the "host _computer 4~ 
Because the host computer 4 runs a variety of software 
applications, a selected segmentation level may not be 
optimal for all the applications.· The adaptive segment 
control unit 14 monitors the instructions received by 

20 

25 

30 

the micro-processor 10 and adapts the segmentation level 
of the cache mwmory 13 to fit the pattern of instruc-
tions received from ·the host computer 4. 

The adaptive segment control unit 14 includes an 
instruction queue 50 and virtual cache tables 52 and 54. 
The instruction qtieue 50 includes a plurality of storage 
locations 56, each for storing an instruction received 
from the host comput 4. In one embodiment, the 
instruction queue 50 can store up to thirty 
consecutively received instructions. When the 
controller 2 is in an idle state, the adaptive segment 
control unit 14 performs hit ratio simulations on the 
virtual cache tables 52 and 54, based on the stored 
instructions. The results of the hit ratio simulations 
are used to adjust the working segmentation level of the 
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cache memory 13 to fit the current· software application 
being run by the host computer 4. 

Prior to performing the hit ratio simulations, the 
virtual cache table 52 is segmented to the working 

s segmentation level of the cache memory 13. In the 
embodiment shown in Figure 2, the working segmentation 
level of the cache memory 13 is equal to 2. Therefore, 
the virtual cache table 52 includes two storage loca­
tions 60 for storing two starting addresses. Similarly, 

10 the virtual cache table 54 includes storage locations 62 
for storing starting addresses. The virtual cache table 
54 is segmented to a selected test segmentation level 
which is different from the working segmentation level. 

The hit ratio s.imulations are performed by 
. 15 ·simulating a selected· number of st9red instructions 

(simulation count) on the virtual cache tables 52 and 
54. While simulating the instructions, the adaptive 
segment control unit 14 maintains a count of the number 
cache hits and the number of cache misses for each table 

20 52 and 54. Because ·the tables 52 and 54 are segmented 
to different segmentation levels, the hit ratios (cache 
hits/cache misses) of each table will be different after 
the instructions have been simulated. If the hit ratio 
of the virtual cache table 54 is greater than the hit 

. 25 ..... ratio ·of the virtual cache table 52 after the simulation 
count, the working segmentation level of the cache 
memory 13 is adjusted to equal the test segmentation 
level. After the hit ratio simulation is completed, the 
virtual cache table 52 is re-configured to the new 

30 working segmentation level and the virtual cache table 
54 is re-configured to a new test segmentation level. 
The hit ratio simulations are then repeated with a new, 
current set of stored instructions. 

The test segmentation level is selected from a 
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look up ·table (no·t shown}.. The look up table conta~ns 
all of the selectable segmentation levels. In one 
embodiment, the selectable segmentation levels range 
from 1 to 16. The adaptive segment control unit 14 

s indexes between elements in the look up table from one 
hit ratio simulation to the next. The entries can be 
indexed in any pre-selected order or in a random order. 

In an alternative embodiment, the adaptive segment 
control unit 14 includes a plurality of virtual cache 

10 tables, as indicated by broken lines 64. In this 
embodiment, each table is configured to a different 
segmentation level. After the simulations are 
completed, the cache memory 13 is re-configured to a 
segmentation level equal to the segmentation level of 

15 the vir1:'.-ual cache_ table.havl.ng the highest hit ratio. 
Figures 3a and 3b, when joined, form a flow chart, 

which illustrates the operation of the controller 2 in 
greater detail. At step 70, an instruction is received 
from the host computer 4 through the data bus 8. At 

20 step 72, micro-processor 10 decodes the instruction into 
a starting address, a block length and an instruction 
type. The different types of instructions include, 
among others, read and write instructions. 

25 

At step 72, the adaptive segment control unit 14 
determines whether the instruction queue 50 is full. If 
not, the received instruction is stored in the instruc­
tion queue 50 at step 76. Next, the micro-processor 10 
executes the received instruction by performing a memory 
operation at step 78. The micro-processor 10 operates 

30 in a busy state (normal operation) while it executes the 
received instruction to prevent interference from 
operation of the adaptive segment control unit 14. 

If the instruction queue 50 is full at step 74, 
the adaptive segment control unit 14 flushes the 
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·instruction queue.at step 80. Preferably, individual 
instructions are executed when the micro-processor 10 is 
in the idle state. If the micro-processor 10 is too 
busy to process the instruction simulations, the 

5 instruction queue 50 will fill up to the queue limit. 
By flushing the instruction queue 50 when it is full, 
the adaptive segment control unit 14 ensures that the 
instructions stored in the queue are current and 
representative of the particular application being run 

10 by the host computer 4. 
After the instruction queue 50 has be flushed, the 

micro-processor 10 executes the received instruction at 
step 78. The adaptive segment control unit 14 waits 
until after a selected number of instructions (wait 

15 . c~unt) has b_een. subse_quently r~ceived to begin i-efilling 
the instruction queue 50. This allows the micro­
processor 10 to return to a relatively inactive state 
before the received instructions are stored to further 
ensure that the instructions in the queue 50 are 

20 current. 

25 .-

30 

At step 82, the adaptive segment control unit 14 
determines whether an instruction simulation has been 
previously· interrupted at step 90 (discussed in detail 
below). If not, the micro-processor 10 returns to an 
idle loop at step 74, in which it operates in the idle 
~ta te. If an instruction is received from the host 
computer 4 while the micro-processor 10 is in the idle 
loop, the micro-processor 10 returns to step 72 to 
decode the received instruction. 

If no instruction is received from the host 
computer 4, the adaptive segment control unit 14 
determines whether there is an instruction to simulate 
in the queue 50 (step 86). If the queue 50 is empty, 
the micro-processor 10 returns to the idle loop at step 

·, 
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84 and waits for an instruction from the·host computer 
. . . 

4. If the instruction queue 50 is not empty and the 
micro-processor 10 is in the idle state, the adaptive 
segment control unit 14 simulates one of the instruc-

5 tions stored in the queue on the virtual cache tables 52 
and 54 (step 88) • After one instruction ha·s · been 
simulated, the adaptive segment control unit 14 stores 
the resulting cache hit and cache miss information for 
the virtual cache tables 52 and 54 (step 89). The 

10 micro-processor 10 returns to the step 86 to determine 
whether there are any instructions left in the 
instruction queue 50. 
simulated at step 88. 

If so, the next instruction is 
This process is repeated until. 

the ~umber of simulated instructions is .equal to the 
15 simulation count, such as one hundred. 

If an instruction is received from the host 
computer 4 during simulation of a stored instruction, 
the micro-processor 10 interrupts the simulation at step 
90. The adaptive segment control unit 14 saves the 

20 state of the simulation so that it can be resumed after 
the received instruction is executed. The micro­
processor 10 returns to step 72 to decode and execute 
the received instruction. After the instruction has 

•·· 
25 

30 

been executed at step 78, the adaptive segment ·control 
unit 14 determines, at step 82, that the simulation has 
been interrupted. The state of the simulation which was 
stored at step 90 is restored at step 92 and the 
simulation is resumed at step 88. In this manner, the 
normal execution of instructions receives the highest 
priority so that response time is not affected by 
operation at the adaptive segment control unit 14. The 
overhead added by the adaptive segment control unit 
simulation is minimal therefore. 

Figure 4 is a flow chart which describes in 
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greater.detail the operation of a simulation routine 
performed by the adaptive segment control unit 14. At 
step 100, the cache memory 13 is segmented to a -selected 
working segmentation level. The virtual cache table 52 

s is also segmented to the working segmentation level 
(step.102). At step 104, the adaptive segment control 
unit 14 selects the test segmentation level from the 
look up table. · At step 106 the virtual cache table 54 
is segmented to the test segmentation level. Next, the 

10 adapative segment control unit 14 simulates one hundred 
instructions on the virtual cache tables 52 and 54 (step 
108). 

The instructions are simulated by removing a 
stored instruction from the instruction queue 50 and 

15 processing that instruction on the.virtual cache table 
52 and 54. For example, with a read instruction, the 
adaptive segment control unit 14 determines how many of 
the requested blocks of data are a cache hit and how 
many are a cache miss in each virtual cache table 52 and 

20 54. Right instructions are also processed on the 
virtual cache tables 52 and 54. Any addresses written 
by the right instructions are flushed in each cache 
table. The number of cache hits and cache misses are 
summed over the simulation count of one hundred 

25 .,_ 

30 

instructions. 
Upon completion of the simulation, the ratio of 

cache hits to cache misses of the virtual cache table 52 
(hit ratio value HR1) is compared at step 110 with that 
of the virtual cache table 54 (hit ratio value HR2). If 
the hit ratio value HR2 is greater than the hit ratio 
value HR1, the working segmentation level is adjusted to 
equal the test segmentation level at step 112. The 
simulation routine then returns to steps 100 and 102 to 
segment· the cache memory 13 and the virtual cache table 
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5.2 to .the new working segmentation level. A new test 
segmentation level is selected from the look up table at 
step 104. The virtual cache table 54 is re-configured 
to the new test segmentation level at step 106. 

If the hit ratio value HR2 is not greater than the 
hit ratio value HRl, the working segmentation level is 
not changed. The cache memory 13 and the virtual cache 
table 52 remain at the previous working segmentation 
level. A new test segmentation level is selected from 

10 the look up table at step 104 and the virtual cache 
table 54 is re-configured to the new test segmentation 
level at step 106. 

15 

20 

25 

30 

The simulation sub-routine shown in Figure 4 is 
continuously repeated so that if the instruction pattern 
produced by the host computer 4 changes, the adaptive· 
segment control of the present invention will adjust the 
working segmentation level accordingly. As a result, 
the performance of the cache memory 13 is improved.by 
segmentation regardles of the particular software appli­
cation being run by the host computer 4. The adaptive 
segment control of the present invention is also more 
accurate and reliable than other segment control 
approaches, such as Heuristic programming, because the 
present invention uses a simulation approach on actual, 
current instructions, rather than pre-selected 
statistical rules. Further, the overhead added by the 
present invention is minimal because simulation is 
performed while the memory controller is idle and does 
not require any attention from the host computer. 
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CLAIMS 

s 

4 '.) 
y,V .., ..IL_ 

cY(\\S'/ 
,/· 

/ 
,/ 

A method of controlling a memorr,n a 

orage system, the method com ising se~enting the 

cache memory (13) to operate at a selecte'd working 
/ 

segmentation level, and b ng characterised by 
segmenting at least one irtual cache/table (52, 54) to I . 

~ti; operate at at least o e further sagmentation level, 
~u / 
~fi-~onitoring instruct·ons re~eive~~rom a host computer 

1 o\)· '°' ( 4) , determining ich of the r.rking and further 
!'..~ segmentation le els results ~ the highest hit ratio as 

--:Jl' a function of the monitored/instructions, and selecting 

the segment ion level re~lting in the highest hit · 

ratio to a new working segmentation level for the 
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cache.me.ory. · ~ · ·. 

2. ~et method accord· g to_ claim · .~ c;:baracteri sed j n , 
~~ step of se nting at least one virtual cache 

table comprisesfse nting a first virtual cache table 

(52) to operate at he selected working segmentation 

level: ~segmen ing a second virtual cache table (54) 

to operate at a lected test segmentation leve1.J~I'. 
different from e working segmentation levelf ancy~ 
~ ~ step o determining comprises performing hit 
ratio simulati ns on the first and second virtual cache 

tables by exe·uting a selected number of the monitored 

· instruction~ Jr · 
3. A met d according to claim 2)charae~eg ia 

th:at~ st p of segmenting the second virtual cache 

table selecting the test segmen~ation level 

from entri s within a look ·up table, which includes all 

selectabl segmentation levels. 

4. A 'ethod according to claim 2 or 3 ..EM thef J~ 
"cltarac_~pea.t.4-n~ the steps of s~enting the . - I~ -~ . . f~..._ t9e~--_ 

first ay1d second virtual cache tableih'~rforming-hit 
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ratio simulations.6, and ~ a new working 

segmentation lev~r. ~ ~ 
5 • A method according to any of claims 4 

characterised in that the step of monitor'ng comprises 
storing the instructions in an instruc 'on queue (50). 

6. A method according to claim 5 ftu LheI chatac-

~ri sed la} Che steps· Of ""flash~ ty instruction queue ~ / ~ 
after the number of stored instrurtions ·is equal to a 

queue limitr~ the 'tep of storing the 
instructionst~~ the number eff instructions received 
subsequently from the host cq,puter is equal to a wait 

count. / ~ 
7. A method according t/ claim 5 or/ 6 "Chatacterieea 

~ step of perfo6ning hit ratio simulations 
comprises~~f~~ecuting one of the stored · 

instructions on the f izls~· and second virtual cache 
tables when the instriction queue contains at least one 

stored ins·truction a/.d the storage system is in an idle 

state,' repeating t.thl step of executing one of the stored 
instructions until the selected number of stored 

instructions has een executed, and returning the 

storage system tj the idle state when the instruction 
queue is empty. / 
8. A method,~ccording to claim 7 ~ 
~ .! ste ndi-ng.. execution of the 

stored instrurtio·ns: u~ceipt of an instructi.o~rom 
I ~ ., r/ 

the host computer,/1pe-rfouding a memory operation~o the 
storage sys~km in response to the received instruction: I 
ana(tf~execution of the stored instructions h ~~ 
upon compl~tion of the memoz:y operation. 

~ As.forage device ~iR§"'" a cache memory.-.J..13) 
operable ;at a selected working segmentation leveY, ..and"' 

charact~rised byf/at least one virtual cache table (52, 
54) ope~able l.tf:. at least one further segmentation level: 

c/l dc~~·•-e.. t~· 
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;/a store ( 50) f'Jr_ instructions received from a hos_t 
computer; and~eans (10) for determining which_ of the 
working and further segmentation levels results in the 

highest hit ratio/as a function of the stored 

5 instruction~ prd[ for selecting the segmentation level 

resulting in the highest hit ratio to be a new working 

segmentation level for the cache memory. 
- J \ 

10. A storage device according to claim 9 eaarae ~ 

...eerised-tn ttmt the at least one virtual cache table 

10 comprises. a first virtu~l cache· table (52) arranged to 

be operated at the selected working segmentation level 
and a second virtual cache table (54) arranged to be 

operated at a selected test segmentation level different 

from the working segmentation level, and in that the 
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means for determining arid selecting_ comprise means for 

performing hit ratio simulations on the first and second 

virtual cache tables by executing a selected number of 

the stored instructions. 
u·'_/_ /' 

11. A storage device according to clqiim 10.1 f-ttrt:Herl 

~y a look up table,J-wCtcmi:n:e1licies all 

selectable segmentation levels~from which tire test 

segmentation level is selectecf. 
12. A storage device according to any of- claims 9 to 

11 reharae~~ in that .tl!e store c.omp~s an instruc­

tion queue, and iR etmt means (10) are provided for 

·flus~ing ~instruction queu;;after the number%'tored 
instructions j,6- equals tlz,a queue lim~ and storing 
further instructions after the number of instructions 

received subsequently from the host computer is equal to 

a wait count. 

<3- A method of controlling a cache in 
a storage system, characterised by• egmenting the cache 

( 13) to operate at a sel-ected work'ing segmentation 

level~monitoring instructions transmitted by a host 
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computer (4) and received by the storage systemj 
{ segmenti.ng a piu~ali.ty of virtual· cache. tables ( 52,. 54) 

such that one table operates at the working segmentation 
level and the other tables operate at different segmen­
tation levelstfLdetermining which virtual cache table 
obtains the highest hit ratio with its respective 
segmentatuion level as a function of the monitored 

instructions: ana.}djusting the working segmentation 
level to equal tHe segmentation level of the virtual 
cache table having the highest hit ratio. 
~ A method of controlling performa ce of a cache in 
a disk drive controller, characterise by segmenting the 
cache (13) to operate at a selected orking segmentation 
level, receiving instructions trans itted by a host 
computer· (4), performing memory o:g rations with the disk 

· drive ·controller in response to · e received instruc­
tions, storing the received ins 
instruction queue (50), segmen ing a first virtual cache 
table (52) to operate at the elected working segmenta-
tion level, segmenting a sec nd virtual cache table (54) 

~~ to operate at a selected t t segmentation level being 
~~ different from the workin segmentation lev~l, 
~~ 2-Jperforming hit ratio sim lations on the first and second 

·\ii 0.... virtual cache tables by executing a selected number of 
··~ 2s::-Y 

~ 

' 
stored instructions, ··m _intaining first and second hit 
ratio values for the irst and second virtual cache 
tables respectively, comparing the first and second hit 
ratio values after xecution of the selected number ·of 
stored instructio , adjusting the working segmentation 

30 test segmentation level when the 
second hit ratio value is greater than the first hit 
ratio value, an repeating the steps of storing the 
received instr ctions, segmenting the first and second 
virtual table , performing hit ratio simulations, 
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maintaining first and ratio values, and 

comparing tP,e firs and ·second hit ratio v.alues,. after 

completion of th step of adjusting the working 

segmentation 1 
~ An adaptive segment 

controlling performance of a 
for 

!ti-segment cache in a 
storage system, the assembly eing characterised by 

means (10) for segmenting t e cache _(13) at a selected 

working segmentation level means (10) for monitoring 

instructions transmitted a host computer and received 

by the storage system, a lurality of virtual cache 

tables (52, 54) connect to the monitoring means, means 

t~c:{jl(. (10) for segmenting the plurality of virtual cache 

, ~U. C:> tables such ~h~t one t le operates at the working 
~ 15 ~ · segmentation level an the o~her tables operate at 
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different segmentati levels, means (10) for deter~ 

mining which virtua cache table obtains the highest hit 

function of the mo itored 
for adjusting the working 
the segmentation of 

the highest hit 

segmentation level as a 
instructions, and means (10) 
segmentation level to equal 

the virtual cache table having 

1\JAL 


