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(57) Abrégé/Abstract:

A system (100) and method (FIGS. 5-6) are provided wherein, in one aspect, a currently-requested item of information (143) is
stored in a cache (140) based on whether it has been previously requested and, if so, the time of the previous request. If the item
has not been previously requested, it may not be stored in the cache. If the subject item has been previously requested, it may or
may not be cached based on a comparison of durations, namely (1) the duration of time between the current request and the
previous request for the subject item and (2) for each other item in the cache, the duration of time between the current request and
the previous request for the other item. If the duration associated with the subject item is less than the duration of another item in
the cache, the subject item may be stored in the cache.
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LIHERE .

ABSTRACT

A system (100) and method (FIGS. 5-6) are provided wherein, in one aspect, a
curently-requested item of information (143) is stored in a cache (140) based on whether
it has been previoqsly requested and, if so, the time of the previous fequest. if the item has
not been previously requested, it may not be stored in the cache. If the subject item has
been previously requested, it may or may not be cached based on a comparison of
durations, namely (1) the duration of time between the current request and the previous
request for the subject item and (2) for each other item in the cache, the duration of time
between the current request and the previous request for the other item. If the duration
assaqciated with the subject item is less than the duration of another item in the cache, the

subject item may be stored in the cache.
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SYSTEM AND METHOD OF CACHING INFORMATION

[0001]
BACKGROUND OF THE INVENTION

[0002] A cache is commonly provided in a system having &
processor to store items of information for access Dby the
processor at a lower "cost" than if the cache were not present.
For example, a system may be structured such that the processor
can obtain data or program instructions stored in one. memory
faster than other memories. This memory may be used as a cache so
that frequently-accessed information contained in the other
memories may be copied into and accessed from the cache instead.
In addition, the use of a cache may help to reduce internal data
traffic between the processor and internal system elements such
as a memory or input~output interface when the information items
are available locally, as well as reduce external data traffic
between the system and a remote system when the information is

not available locally.

{0003] Caéhes are often too small to store all of the
information a proéessor may need. Accordingly, cache-based
systems typically need to be selective when it comes to
determining which information will be stored in the cache. For
example, a processor may repeatedly and frequently access ten -
different items of information, but.the cache may only be able to

store five.
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[0004]  Various algorithms have been used to determine when
.an item should be stored in the cache. For example, some
existing systems automatically store the most-recently used
information in the cache. If the processor recently processed
ten items and the cache can store five, the last five discrete
items are stored in the caché regardless of how often the
items are used.

SUMMARY OF THE INVENTION

(0005) In one aspect, a method is provided that includes:
receiving a request tc; process an item of information at a
processor with an associated cache; retrieving the requested
item from the cache when the item is stored therein;
retrieving the requested item from another memory when the
item is not stored in the cache; processing the item without
storing the item in the cache when the item has not been
previously requested within a predetermined period; processing
the item without storing the item in the cache when the item
has been previously reguested within a predetermined pericd
and the time of the previous request is earlier than the
latest request for each item within a set of items stored in
the cache; and processing the item and sto;‘ing the item in the
cache when the item has been previocusly regquested within the
predetermined period and the time of the previous request is
later than the 'latest request of at least one item within the
set of items stored in the cache.

[0006} In another aspect, a method is provided that
comprises: receiving a current reguest for a first item of
electronically-stofed infbrmation, the first item being stored
in a Ffirst memory; providing the first item from a second
memory when the first item is also stored therein; providing
the first item from the first memory when the first item is

not stored in the second memory; determining, with a

2
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processor, whether the first item has been previously
requested within a predetermined period of time; determining,
with a processor, a first duration associated with the first

item when the first item has been determined to have been

‘previously requested, where the first duration is the duration

of time between the current request for the first item and the
previous request for the E£irst item; determining, with a
processor, a second duration for each item of a set of
previously-requested second items stored in the second memory,
where the second value is the duration of time between the
current request for the first item and the latest request for
the second item; and storing the first item in the second
memory when the first item has been previously reguested and
the first duration is less than at least one of the second
durations.

[0007} Still another method relates to: receiving a request
for a first item of electronically-stored information;
providing the first item.from a first memory without stor;ng
the first item in a second memory when the first item has not
been previously requested within a predetermined period of
time; providing the first item from the second memory when the
first item is stored therein, the second memory alsc storing a
plurality of other items each of which has been previously
requested at least twice; providing the first item from the
first memory without storing the first item in second memory
when the first item.has not been previocusly requested within a
predetermined period of time; determining, with a processor, a
first value associated with the first item when the first item
has been determined to have been previously reguested, where
the first value is based on the duration of time between
previous regquests for the first item; determining, with a
processor, a second value associated with each item of a set

of previously-regquested second items stored in the second
3 ,
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memory, where the second value is based on the duration of
time between the current request for the Eirst item and the
latest request for the second item and; providing the first
item from the first memory and storing the first item in the
second memory when the first item has been previously
requested within a predetermined period of time, and based on
a comparison of the first.value with the second value.

[0008] A further aspect provides a system that includes a
cache configured to store items of information, other memory
configured to store items of information, and a processor
configured to retrieve and store items in the cache in
accordance with instructions and provide the items to a
requesting devi.ce. The instructions include, in response to a
request for a requested item from the requesting device:
retrieving the requested item from the cache when the
requested item is stored therein; retrieving the requested
item from the other memory when the requested item is not

stored in the cache; providing the requested item to the

. requesting device, without storing the requested item in the

‘cache prior to the next request, when the item has not been

previously requested within a predetermined period; providing
the requested item to the requesting device, without storing
the requested item in the cache prior to the next request,
when the item has been previously requested within a
predetermined period and the time of the previous reguest is
earlier than the latest request for each item within a set of
items stored in the cache; and providing the requested item to
the requesting device, and storing the reguested item in the
cache prior to the next request, when the item has been
previously requested within the predetemiried periocd and the
time of the previous request is later than the latest request
of at least one item within the set of items stored in the

cache.
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{0003] Another system may include a processor configured to
retrieve and store items in memory in accordance with
instructions. It may also inclﬁde a first memory having a
first capacity and a first access time (where access time
refers to the average time it takes for the processor to
obtain information from a memory), a second memory having a

higher capacity and slower access time than the first memory

and a third memory héving a higher capacity and slower access

time than the second memory. The instructions may include, in
response to a request for a request for the item received by
the processor: retrieving the requested item from £irst memory
when the reguested item is stored inm the £irst memory;
retrieving the requested item £from second wmemory when the
requested item is stored in the second memory; retrieving the
requestéd item from third memory when the requested item is
stored in the third memory; storing the requested item in the
first memory depending on whether the item was stored in the
second memory at the time of the request and whether the time
elapsed since the last time the item was requested is less
than the last-eviction duration, where the last-eviction
duration comprises the duration of time beginning with the
last reguest for the wost-recently evicted item while it was
still stored in the first memory and ending with the most-
recently evicted item's eviction from the first memory;
storing the requested item in the second memory depending on
whether the item was stored in the second memory at the time
of the request and whether the item was retrieved from the
third memory.

BRIEF DESCRIPTION OF THE DRAWINGS

(00610} FIGURE 1 is a functional diagram of a system of
servers and client devices in accordance with an aspect of the

invention.
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[0011] FIGURE 2 is a functional diagram of a computer chip
and instruction store in accordance with an aspect of the
invention.

fop12] FIGURE 3 is a Functional diagram of a multi-tiered
system of servers and client devices in accordance with an
aspect of the invention.

[0012] FIGURE ¢ is a functional diagram of coemputer in

accordance with an aspect of the invention.

. {0013} FIGURE 5 is a flowchart in accorxdance with an aspect

of the invention. .
(0014] FIGURE 6 is a flowchart in accordance with an aspect
of the invention.

DETAILED DESCRIPTION

[0015) In accordance with one aspect of the invention, a
currently-requested item of information is stored in the cache
based on whether it has been previously requested and, if so,
the time of the previous'request. Specifically, if the item

has never been previously requested, the item is not stored in

. the cache (where "never" may refer to a predetermined period

of time, such as "never within the 24 hours" or never within a
period of time that is dynamically determined based on data
that changes over time). I1f the subject item has been
previously requested, the subject item is cached based on a
determination and comparison of durations, mnamely (1} the
duration of time between the current request and the previous
request for the subject item and (2) for each other item in
the cache, the duration of time between the current request
and the previous request for the other item. If the duration
associated with the subject item is less than the duration of
another item in the cache, the subject item will be stored in

the cache.
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foo1s1l As shown in FIGURE 1, a system 100 in accordance
with one aspect of the invention includes a computer 110
containing a processor 120, memory 130, clock 115 and other
components typically present in general purpose computers.
Memory 130 stores information accessible by processor 120,
including instruetions 131 that may be executed by the
processor 120. It 'also includes data 135 that may be
retrieved, manipulated or stored by the processor. The memory
may be of any type capable of storing information accessible
by the processor, including a computer-readable medium such as
@ hard-drive, memory card, ROM, RAM, DVD or other optical
disks, as well as other write-capable and read-only memories.

The processor 120 way be any well-known processor, such as

-processors from Intel Corporation or AMD. Altermatively, the

processor may be a dedicated controller such as an ASIC.

[oo17} The instructioﬁs 131 may be any set of instructions
to be executed directly (such as machine code) or indirectly
{such as scripts) by the processor. For example, the
instructions may be stored as computer code on the computer-
readable medium. In that regard, the terms "instructions" and
"programs" may be used interchangeably herein. The
instructions may be stored in object code format for direct
processing by the processor, or in any other computer language
including scripts or collections *wof independent -source code
modules that are interpreted on demand or compiled in advance.
Functions, methods and routines of the instructions are
explained in more detail below,

[ao18} Data 135 may be retrieved, stored or modified by
processor 120 in accordance with the instructions 2121. For
instance, although the system and method is not limited by any
particular data structure, the data may be stored in compute;
registers, in a relational database as a table having a

plurality of different fields and records, XML documents orx
’ 7
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flat files. The data may also be formatted in any computer-
readable . format such as, but not "limited to, binary wvalues,
ASCII or Unicode. Image data may be stored as bitmaps
comprised of pixels that are stored in accordance with formats
that are compressed or uncompressed, lossless (e.g., BMP) or
lossy {e.g., JPEG), and bitmap or vector-based {e.g., SVG)', as
well as computer instructions for drawing graphics. Video
data may be stored in a variety of formats including MPEG,
GIF, AVI, M-JPEG, Flash, QuickTime and others. The data may
comprise any information sufficieat to idehtify the relevant
information, such as numbers, descriptive text, proprietary
codes, pointers, references to data stored in other memories
(including other network locations) or informatiom that is
used by a function to calculate the relevant data.

[60281  Although FIGURE 1 functionally illustrates the
processor and memory as being within the same block, it will
be understood by those of ordinary skill in the art that the
processor and memory may actually comprise multiple processors
and memories that may or way not be stored within the same
physical housing. For example, some of the instructions and
data may be stored on removable CD-ROM and others within a
read-only computer chip. Some or all of the instructions and
data may be stored in a.location physically remote from, yet
still. accessible by, the processor. Accordingly, references
to a computer, processor and memory will be understood to
include references to a collection of computers, processors or

computers that may or may not operate in parallel.

. (0020} Computer 110 may be located at one or more nodes of

a network 195 and capable of directly and indirectly
communicating with other nodes of the network. For example,
computer 110 wmay com;;rise a web server that is capable of
communicating with client devices 150-52 via network .195,

delivering web pages to the client devices 150-52 and
8

CA 3026715 2018-12-07



N

receiving information and reguests in response. Server 110
may use network 195 to transmit and display information to a
user on monitor 160 of client device 150.

{00211  Network 195, and intervening nodes between server
110 and client devices, may comprise various configurations
and use various protocols including the Internet, World Wide
Web, intranets, wvirtual private networks, wide area networks,
local networks, private networks using communication protocols
proprietary to one or more companies, cellular and other
wireless networks, Internet relay chat channels (IRC), instant
messaging, simple mail transfer protocols (SMTP), Ethernet,
WiFi and HTTP, and various combinations of the foregoing.
Although only a few computers are depicted in FIGURE 1, it
will be appreciated that a2 typical system can include a large
number of conqected computers. .
[p022] Bach client device may be configured similarly to
the server 110, with a processor, memory and instructions.
Each client device 150-52 may be a personal computer, intended
for use by a person 190-191, having all the internal
components normally found in a personal computer such as a
central processing unit (CPU), display device 160 (for
example,. a monitor having a screen, a projector, a touch-
screen, a small LCD écreen, a television, ox another device
such as an electrical device that is operable to display
information processed by a processor), DVD drive, hard-drive,
user input device 163 (for example, a mouse, keyboard,
touch-screen or microphone), speakers, modem or network
interface device (telephone, cable, wireless or otherwise),
and all of the components used for connecting these elements
to one anot:her..

[6023] Although the client devices 150-52 may comprise a
full-sized personal computer, the system and method may also

be used in connection with mobile devices capable ‘of
9
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wirelessly exchanging data with & server over a network such as
the Internet. For example, a client device me2y be & wireless-
enabled PDA such as a Blackberry phone or an Internet—capable
cellular phone. The user may input information using a small
keyboard (in the case of a Blackberry phone), a keypad (in the
case of a typical cell phone), & touch screen (in the case of a
PDA) or any other user input device. Indeed, computers in
accordance with the systems and methods described herein may
comprise any device capable of processing instructions and
transmitting data to ahd from humans and other computers
including general purpose computers, network computers lacking

local storage capability, and set-top boxes for televisions.

[0024] In addition to server 110, system 100 may include
other servers as well. For example, servers 116-17 may store
information to be delivered to other nodes of the network such as
audio/visual video files offered via Google's YouTube service.
Other non-limiting examples of content includes music, still
images, programs including computer games and combinations of the
foregoing. The visual content may be rendered to a user via the
electronic display 160 of the client device and the audio content
may be rendered via speakers associated with the client device.
The content'may be provided for free or fee-based, and may be

restricted or subject to digital rights management (DRM).

[0025] " Server 110 may communicate with content servers 116-17
via a network 186. The network may be configured similarly to
network 195. Indeed, in at least one aspect, networks 195 and 186
share the same nodes; for example, both networks 195 and 196 may

comprises the Internet.

[0026] = Sexver 110 may include a cache 140 that stores
information that may be regquired by the server for future use.

For example, the cache may store content files originally

10
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received from servers 116-17 and provided to the client devices
150-52. As explained in more detail below, this is Jjust one
possible aspect of a system and method in accordance with the

invention.

{00271 In one aspect and in many circumstances, the server
110 is typically able to deliver information Irom cache 140 to
client devices 1530-52 faster than obtzining the information from
content servers 116-17, PFor example, server 110 may be
geographically closer to the client devices than the content
servers. Server 110 may also be topologically closer to the
client devices, e.g., if the Internet is serving as both network
185 and network 196, there may be more intervening nodes between
content server 116 and client device 150 than between server 110
and client device 150. Yet further, the cache 140 may be stored
in the same housing as processor 120, such &s & large hard drive
physically located within a server; such configurations typically
provide the processor with very fast access to the information.
However, the cache 140 may also be in another location that
results in more latency than a hard drive but less latency than

obtaining the information from content servers 116-17.

[oD28] The system and method may store, retrieve and process
information in various formats, configurations and sizes. In that
regard, the items of information stored in the cache can be of
different sizes or can have the same gize. In some aspects, each
item is a single file that represents all of the information
desired by a user (e.g., the file is a music video of an entire
song). In other aspects, each item is a fixed-size packet of
information that cannot be meaningfully used by a user until the
user's client device receives and assembles multiple packets
together. Combinations of the foregoing are also possible, e.g.,
each individual item in the cache may be fixed-sized portion of a

music video, and the server 110 streams a music video to the

11



user's client device by retrieving ang transmitting individual

packets from the cache.

{0029} The system and method may also process data indicative
of the length of time between requests for items. For example,
data 135 may store request records 145 where each record
identifies a content file 143 stored in cache 140 and the date
and time that the file was last requested by a client device. In
one aspect, the request records 145 may be stored as a hash table
where the key is the file's identifier (e.g., a unique number
assigned to each different video £file) and the key points to the

date and time that a client device last requested the file.

[0030] The request records may also identify whether the item
is stored in the cache, because not all requested items may be
cached and previously-requested items may be cached and then

evicted from the cache.

[0031}] Some aspects may store additional information as well,

as noted below.

[0032] In addition to the operations illustrated in FIGURE 5,
various operations in accordance with a variety of aspects of the
invention will now be described. It should be understood that the
following operations do not have to be performed in the precise
order described below. Rather, various steps can be handled in

reverse order or simultaneously.

[0033] In one aspect, the system and method includes a server
that uses the cache to store information that may be requested by
the client devices. For example, server 110 may be one of many
servers associated with a website such as www.youtube.com. In
that regard, a user may use client device 150 to interact with a

web server that operates a video file search engine. The engine

12
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server may provide the user with a list of matching videos, and
allow the user to then select and go to a webpage that is
specific to the deésired video. Although it was served by the
engine server, this video-specific webpage may contain a URL that
points directly .at server 110 and the ifile's wunigque ID.
Accordingly, when the user requests a copy of the wvideo, such as
by clicking a "play"™ button, the reguest is sent directly to

server 110 rather than the engine server.

[0034] Upon receiving  the request for the information, the

'system and method may cause the requested information to be

retrieved and provided to the requesting entity. For example,
server 110 may first determine whether cache 140 contains a copy
of a requested content file. If the file is contained in the-
cache, the processor 120 may transmit a copy of the file from the
cache 140 to client device 150 via network 195. If the file is
not contained in the cache, the processor may request the file
from one of the content servers 116-17° and forward it to the
client device 150, such as by proxying. Alternatively, the server
110 may provide the content server or the client device with
sufficient information so that the client device can obtain the
file from the content server without paessing the file through
servér 110, such as by providing a reference to the location via

an HTTP 302 redirect.

[{0035] When the processor receives a ~request for the
information, it determines whether the information has been
previously requested-t For example, the server 110 may query
request records 145 and determine whether the content file has

been prévidusly

13
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requested. If the key is present, processor 120 determines

" that the file has been previously reguested.

[0036]) If the requested item has not been previously
req'ueAsted, the system and method does mnot cache the
information but does store data related to the time of the
request. For example, it may add a key/value pair to the hash
table 145 that identifies the UID of the requested file and
the date and time of the request. It may also include a value
in the record, such as a flag, indicating that the file is not
currently stored in the cache.

[0037] 1f the desired information has been previously
requested, the processor determines the last time it was -
previously reguested and, compares it with information

identifying the request times of other information in the

cache. The decision to cache or not may be based on that
determination.
[0038] In one aspect of the system and method, an item is

cached if, excluding the time of the current reguest, it was

‘more recently requested than another item in the cache. For

example, assume that server 110 receives a request for “File
#3* at 7:00 pm and the request records 145 identify the

following information:

UID Date and time the item Item currently

was last requested stored in cache?
1 2:00 pm Yes
2 2:00 pm NO
3 3:00 pm NO
4 4:00 pm Yes
S 5:00 pm NO -
6 6:00 pm Yes

14
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Based on the foregoing, File #3 was requested more recently
{3:00 pm) than File #1 (1:00 pm) -- excluding the time of the
current request. Accordingly, File #3 would be stored to the
cache.

{0039] If the cache lacks the capacity to store the
currently-requested item, the system and method may remove the
item that has sat in the cache the longest since its last
request. Using the foregoing example, it has been six hours
(7:00 pm minus 1:00 pm) since File #1 was previously .
requested. Therefore, nc matter when the next request comes
in for File §#1, the duratiomn bétween the last request and the
next request cannot be any less than six hours. This duration
is longer than any another duration £for any other file.
Accordingly, if there is not enough room for both File #1 and
File #3, File #1 may be removed from the cache 140, File #3
may be added to the cache, and the request records 145 may
updated as follows (changes from the last chart are shown in
bold).

uUip Date and time when the Item currently

item was last requested stored in cache?
1 1:00 pm NO
2 2:00 pm NO
3 7:00 pm Yes
4 4:00 pm ' Yes
5 5:00 pm NO
6 6:00 pm Yes

If there is still insufficient room to store the currently-
requested item after another item is removed, the system and
method may continue to evict items until enough room is

provided.

15
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[0040] In one aspect, the system and method uses the data
associated with the most-recently evicted item to determine
whether the currently-reguested item should be cached. For
example, when File #1 is removed, server 110 may store a
pointer in déta 135 to the request record for File #1, as

indicated by the "-X->" below.

UID Date and time when the Item currently
item was last requested stored in cache?

-X-> 1 . 1:00 pm NO

2 2:00 pm NO

3 7:00 pm Yes

¢ 4:00 pm Yes

5 5:00 pm NO

6 6:00 pm Yes

Assume that server 110 next receives a request for File #5 at
8:00 pm. Rather than comparing the last time that the
currently-requested item was requested with every item in the
cache, the processor may compare it with the most recently
removed item. In that regard, having determined that File #5
was previously requested (5:00 pm) more recently than the file
that was just evicted (File #1 at 1:00 pm), File #5 may be
added to the cache. If File #4 had to be removed to make room
for File #5, the resulting request records 145 may appear as
follows.

16
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UID Date and time when the Item currently

item was last reguested stored in cache?
1 _ 1:00 pm - NO
2 ' 2:00 pm NO
3 7:00 pm ’z_’es
-X-> 4 4:00 pm NO
5 8:00 pm Yes
6 €:00 pm Yes

[0041] In another aspect, the system and method may compare

the current item against the amount of time that the last-
evicted item survived in the cache since its last request.
Returning to the foregoing example, when the system and method
had to pick an item to evict at 7:00 pm, it evicted File #1
because no other item had sat in the cache longer without a
request. Thus, if one defines the ‘'worst performer" as the
most-recently evicted item, and if one defines its "wasted
time" as the length of time it sat in the cache unrequested
prior to its conviction, File #1 was the worst performer and
it wasted six hours {7:00 eviction minus 1:00 last request).

[0042] In that regard, if the new item is expected to
"waste" more time than the "worst performer,* one aspect of
the system and method may determine that the new item should
not cached at all. 1In that regard and this aspect, File #5
will be cached when it is requested because the span between
its last request (5:00 pm) and its current request (8:00 pm)
is three hours, which is less time than that wasted ’by the
worst performer (six hours). However, assume that File #11 is
requested at the same time as File #5 (8:00 pm), but File #11
was previously requested nine hours ago {(at 11:00 am). If
File #11 was placed in the cache and it went another nine
hours without a regquest, this would mean it wasted more time

in the cache than the current worst performer: File #1 at six

17




hours. Accordingly, the system and method may determine that
File #11 should not be cached at all.

{0043] If the last time the currently-reguested item was
requested is earlier than. other items in the cache, the
processor may decide not to cache the item. Even so, it may
still update the request records to reflect the time of the
currené request. For example, assume that the request records
appear as follows when a regquest for File #1 is received at
9:00 pm.

UID "Date and time when the Item currently
item was last requested stored in cache?
1 1:00 pm NO
2 2:00 pm ° NO
3 7:00 pm Yes
-X-> 4 4:60 pm NO
5 8:00 pm Yes
6 - 6:00 pm Yes

The system and wethod may compare the prior reguest for the
currently-requested item (File #1 at 1:00 pm) with the latest
request for the most recently evicted item (File #4 at 4:00).
Even though File #4 ‘was just evicted for remaining in the
cache too 1long without a request, it was more recently
requested than File #1 (putting aside the fact that the system
is evaluating the current request for File #1). Thus, File #1
will not be placed in the cache, but its’ records will be
updated as follows.

18
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Uip Date and time when the Item currently
item was last requested stored in cache?
1 9:00 pm NO
2 2:00 pm NO
3 7:00 pm Yes
-X-> 4 4:00 pm NO
5 8:00 pm Yes
6 6:00 pm Yes

In that regard, if File #1 is requested again an hour later at
10:00 pm, it will be added to the cache because it was
requested more recently (9:00 pm) than the item that was just
eviected (File #4 at 4:00 pm}.

{0044} As noted above, cne aspect of the system and method
uses the time of the current request and the time of the last
regquest (among other things) to determine whether an item
should be cached.

[0045] In another aspect, the system and method uses the
time of the current request, the time of the last regquest and
the time of earlier requests as well to make the
determination. Moreover, the system and method may apply
different weights when wmaking the determination. For
instance, when determining whether an item should be cached,
that time of the latest requests may be considered more
important than the time of the earlier requests.

[0046] One such system and method uses exponential decay.
By way of example only, each item may be assigned a priority
value such that a lower priority item will be removed from the
cache, if necessary, Eo make room for a higher priority item.
Just one possible method comprises assigning each item a
priority value of "E" where:

Es= -1 * (ALPHA * LS, + (1-ALPHA) * Eg.a);

19
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*n®" represents the n*® occurrence of the reguest, e.g., Exo
represenﬁs the priority value of the item after it
was reguested 10 times; l .

"LS, represents the amount of time that elapsed between
the n*™ occurrence of the request and the previous
request, e.g., LS,y represents the amount of time
that elapsed between the ninth and tenth request for
the itewm; and

"ALPHA® represents a value between and including 0 and 1.

In that regard, the processor may calculate a priority value
for an item each time it is requested. If the value indicates
that the item is higher in priority than other items in the
cache, the item is cached. If there is not enough room for
the item in the cache, lower priority items may be removed.
{It will be understood that the -1 multiplier in the foregoing
formula may be omitted, in which case higher E, values may be
considered less desirable for caching than lower E, value.)

10047} As noted above, the priority valuevmay be calculated
such that recent requests are accorded more weight than older
requests. In that regard, if the foregoing formula for E, is
used, ALPHA may be selected to provide more or less weight to
the most recent request. For example, if ALPHA is selected to
be 0.2, 20% of the priority value will depend on the duration
of time between the current request and the last request.
However, if ALPHA is selected to be 0.2, only 20% of the
priority value will depend on the duration of time between the
current request and the last request; the remaiqder of the
value will depend on durations between prior requests. 1In
that regard, ALPHA may be selected based on the needs of the
system. ALPHA may also be automatically and dynamically
adjusted over time based on periodic statistical analyses of

the system.
20
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[o048] The impact of a prior request on an item's cache
priority may exponentially diminish as more subseguent
requests are received. For example, assume there are 10
requests for the item. Even if the ALPHA value of E, is set to
0.2 (making only 20% of the priority wvalue dependant on the
duration between the two most recent regquests), the duration
of time between the 1st and 2nd requests will affect the
priority value far less than the duration of time between the
Sth and 10th requests. Indeed, if ALPHA is 0.2 and there are
approximately 10 requests, the impact of the latest duration
relative to the earliest durations way be approximately 10:1.
On the other hand, ALPHA may be set to 1, in which case the
priority value depends entirely on the duration between the
latest requests.

[0049] If a reguest for an item is received for the first
time and the foregoing formula for E, is used, a default value
for E;er may be selected. Because lower E values typically
indicate higher priority items, a low default value for Eiero
may be selected if it is preferable to give never-seen-before
items a high priority, and vice versa.

[0050] _ Alternatively, the request records 145 may store a
single value of "E" for each item, i.e., it does not store a
separate E value for each request of each item. In that
regard, when an item is reguested for the first time, a
special value for E may be stored to indicate that the item's
last request was also its first request. When the next
request for the item is received, the system and method may
check whether the current E value eguals the special value.
If so, the.value of E may be calculated as if ALPHA=1, which
places all of the weight in the formula to the span of time
between the first and second request. If the system and
method determines that the value of curreat value of E is not

the special value, the formula may be calculated in accordance
21

CA 3026715 2018-12-07



CA 3026715 2018-12-07

with the usual value of ALPHA. Regardless, the system and
method may then replace the prior value of E with the .newly-
calculated value for E. '

[0051) One of the advantages of the system and method is
its flexibility, such as its ability is to be implemented in
configurat;ons that are different from the foregoing aspects
or that can be synergistically combined with the £foregoing
aspects.

[0052] For example, the foregoing system and method may be
combined with other systems and methods for determining
whether an item of information should be cached. In that
regard, there may be circumstances in which the item is cached
in spite of the fact that it has never been previbusly
requested. The processor may automatically store an ir_em' in
the cache whenever there is room, i.e., the size of the item
is less than the total capacity of the cache minus the
combined sizes of the all of the other items (if any) storead
in the cache. Alternatively, there may Dbe other
characteristics associated with an item that may indicate
whether it should be cached. For example, the processor may
be provided with information indicating that the file is very
popular and the E, formula described above may include the
popularity of the file as a weighted factor.

[0053] The system and methed may alsc base a caching
decision on the time of the reguest without storing the
precise date and time of requests. As noted above in
connection with priority wvalues, the system and method may
store a value that is calculated from a formula having wmany
parameters, only one of which is the request time.

{0054] As also noted above, the system and method is not
limited to any particular size of item. By way of example
only, individual items may comprise variable-sized files,

fixed-sized portions of data or both. One may consider the
22




example of a variable-sized video file that is stored and
streamed in fixed-size chunks, such as B.SMB file comprising

four chunks of 2MB each and one chunk of 0.5MB. It is common

for users to terminate a video after watching the beginning,

so it is quite possible that the server will only send the
first chunk or two. In one aspect, the system and method may
consider each chunk to be a separate item, in which cése the
first two chunks might be cached but the remainder might not.

[0055] In another aspect, the system and method may
consider the entire file to be a single item, in which case

all of the chunks are cached in response to repeated requests

for the file even if only the first one or two chunks are

consistently delivered to end users. This aspect wmay be
particularly useful when server 110 serves a file from another
server by proxy in accordance with HTTP protocol; it may not
be possible for server 110 to stream the first two chunks of a
requested file from its cache and the remainder through a
redirect to anmother server.

{0056] In still another aspect, the system and method may
cache an eﬁtire item in accordance with the system and method

yet evict portions of item in accordance with different

criteria. For example, the server may cache all four chunks

of the 8.5MB file based on the regquest records for the file.
However, the server may also use a well-known caching
aigorithm {e.g., a Least Recently Used (LRU) algorithm) to
occasionally evict unpopular chunks, such as the last two
chunks of the 8.5MB file if they are rarely sent to users. As
noted above, the system and method may determine whether to
cache a newly-requested item by comparing the reguest times of
the newly-requested file with the most-recently evicted item's
span of survival. In the aspect described in this paragraph,

the system and ‘method may compare a newly-requested file's
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request times with the survival times of the most-recently
evicted chunk.

[ooas7} Moreover, while particular advantages may flow when
the system and method is wused in connection with large
client/server content-delivery networks, certain aspects may
also be implemented in an enclosed system as small as a
computer chip. By way of example only and as shown in FIGURE
2, a microprocessor 210 may pre-fetch sequences of microceode
instructions from an instruction source 220 and store them in
a relatively small cache 230 on a single semiconductor chip
240 if the system expects that the instructions will be used
in the near £future. In that regard, an individual item of
information may  constitute a sequence  of microcode
instructions that are retrieved and processed by the
microprocessor. When the microprocessor 210 needs and
instruction, it may request it from cache control 250. If the
instruction is part of a branch of instructions and the
instmction's branch is stored in cache 230, control 250
provides the instruction from the cache. Otherwise, control
250 obtains the applicable branch from instruction store 220.
If the branch has beeb retrieved from store 220 for the first
time, it will not be cached. However, if the branch has been
previously retrieved, control 250 may decide to cache the
branch based on the last time the branch was processed
relative to the other brahches stored in the cache.

[0058] Conversely, the system and method may be implemented
in even larger network based systems than those described
above. For example and as shown in FIGURE 3, edge server 310
may request data from second tier servers 315-16, which may
have their own caches 325-26 and sets of request records 335-
36 and contain only a port:'ion of files that are available from
other servers operated by the company operating the servers

illustrated in FIGURE 3. In many circumstances, the second
24
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tier of servers will have greater storage capacity, such as a
larger cache size, than the edge server. Second tier servers
315-16 may thus reguest files from other servers such as third
tier servers 340-41, which in turn may store (or otherwise be
capable of obtaining) all of the information available via
server 310. A reguest for a file from any of the client
devices 150-53 may thus cause requests for the file and its
caching to cascade throughout multiple tiers of the entire
system 300. In that regard, the system and method may be used
to determine which files are to be cached at the edge server
310 and which should be redirected to large caches with larger
capacity.

[0055} The system and wmethod may be particularly
advantageous when wused in connection with regionally-
distributed edge servers. For example, if the system and
method is implemented at edge servers located in widely
distributed in geographic areas, the requestéd served by the
edge servers may Vary greatly depending on the location. For
example, a funny wvideo clip with Japanese language may be more
popular among users serviced by an edge cache in Tokyo, and
thus the Tok?o-based edge server may store that clip.
However, ﬁhe clip may be less popular among users serviced by
an eége cache in London and, accordingly. it will not store
the clip.

(0060} A single server may also have multiple tiers of
caches and access those caches without the aid of a network.
For example and as shown in FIGURE 4, computer 400 may first
check for an item by querying request records 410 associated
with cache 411. If the item is not in cache 410, it may query
a second independent set of request records 420 associated
with a second independent cache 421. If the second cache does
not contain the item, the computer may check other caches

associated with other sets of request records.
25
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[0061) In that regéfd, the system and method may be used in
connection with devices having multiple memories of different
types. For example, 2 server may locally access both a single
solid state drive (e.g., a flash drive) and multiple local
disk drives. The flash memory'may have, lower capacity than
the disk drives, but it may also be able to provide the
information faster, on- average, than the disk drives. Yet
further, server may hold less than all of the information that
may be requested from it; it may thus access information
stored on servers that originate the information. This
information may be stored in the form of chunks that
collectively comprise video files.

(0062} FIGURE 6 illustrates just one method thét may be
implemented in a system that stores chunks of information in
differing tiers of retrieval speed and capacity, e.g., flash
memory, disk memory, and memory located at another node {such
as from an origin server). The chunk will be retrieved from
the fastest memory storing the chunk, e.g., from the flash
memory if it is in the £lash memory, from the disk memory if
not, and from the origin server if it is stored in neither the
flash nor disk memory. Moreover, whenever the chunk is
retrieved from the origin server, a copy may be stored on the
local disks (and evict the most inactive chunk from the loecal
disks if necessarxy). |

{0063} However, while a chunk may be automatically stored
in the disk wmemory after the chunk is retrieved £rom the
server, it may not be automatically placed in £flash memory
after it is retrieved from the disk. Moreover, a chunk may
not be directly promoted from the origin server to the flash
memory. Rather, in one éspect of the system and method and as
shown at reference numerals 610-13, a chunk is only promoted

from the disk memory to the flash memory when the time elapsed
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from its last request is less than the survival time of the
most recently evicted chunk in flash memory.

[0064] In still another aspect, the system and method of
FIGURE 6 will automatically store a chunk in the flash memory
if there is room. Altermatively, it may automatically store
any chunk received from an origin server directly intc the
flash memory (e.g., bypassing the disks) during the time span
that begins with the cache being in an empty state and the
cache's first eviction of a chunk.

{0065] Rather than relying on the date and time that a
client device requested an item, the cache may also use other
time-based events as the basis for caching decisions. For
example, if the item of information is an executable file and
the systém and method is implemented on a personal computer,
the relevant time of request may be considered the time at
which the file is loaded from a magnetic disk into a dedicated
disk cache (i.e., the regquest originated in a component of the
computer, the request constituted a demand to load the file
into the disk cache, a.nd»the time of the request was when the
file began loading}. Alternatively, the time of request ﬁnay
be considered the time that the processor begins executing the
file after loading it into RAM. Yet further, the time of a
request may be considered the time the request was received,
the time the request was sent, or the time the reguest was
fulfilled.

[o066]) The system and method may further include various
measures to protect the data. For example, while the request
records 145 may be stored as metadata in RAM for fast access,
it records may also be persisted to disk every so often so
that if a relevant program crashes or otherwise restarts, the
state may be read from the disk rather than rebuilt.

[0067] Most of the foregoing alternative embodiments are

not mutually exclusive, but may be implemented in wvariocus
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combinations to achieve unique advantages. As these and other
variations and combinations of the features discussed above
can be utilized without departing from the invention as
defined by the claims, the foregoing description of the
embodiments should be taken by way of illustration rather than
by way of limitation of the invention as defined by the
claims. It will also be understood that the provision of
examples of the invention (as well as clauses phrased as "such
as," '"including" and the like) should not be interpreted as
limiting the invention to the specific examples; rather, the
examples are intended to illustrate only one of many possible
embodiments.

INDUSTRIAL APPLICABILITY

[0068] The present invention enjoys wide industrial
applicability including, but not limited to, computer data

processing systems.
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What is claimed is:
I. A system comprising:
a first memory having a first capacity;
a second memory having a second capacity, the second capacity being
greater than the first capacity;
one or more processors coupled to the first and second memories, the one
or more processors being configured to:
recetve a request for a given item of information stored in the
second memory;
determine a priority value for the given item and each item from a
plurality of items of information, the priority value defined as:
E.=-1* (ALPHA * LS, + (1-ALPHA) * E,.1), where:
"n" represents the n'® occurrence of a request for the given
item;
"En" represents the priority value at the nth occurrence of
the request for the given item,;
"LS," represents the amount of time that elapsed between

the n®

occurrence of the request for the given item and the
previous request for the given item; and
"ALPHA" represents a value between and including 0 and
1; and
store the given item in the first memory when (i) the given item
has been previously requested, and (i1) the priority value of the given item
is greater than the priority value of at least one other item selected from

the plurality of items.

2. The system of claim 1, wherein the priority value is assigned a default value

when the given item of information has not been previously requested.
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3. The system of claim 2, wherein the default value indicates that the given

item of information has a predetermined priority.

4. The system of claim 1, wherein the priority value indicates whether the

request for the given item is a first request.

5. The system of claim 4, wherein the value of ALPHA is assigned the value
of "1" when the one or more processors determine that the request for the given

item is a second request.

6. The system of claim 1, wherein the first memory has a first access time, the
second memory has a second access time, and the first access time is less than the

second access time.

7. The system of claim 6, wherein the first access time is an average time for

the one or more processors to obtain information from the first memory.

8. The system of claim 1, wherein the at least one other item is removed prior

to storing the given item in the first memory.

9. The system of claim 8, wherein the at least one other item is removed when
the size of the given item exceeds the size of the first memory minus the combined
size of plurality of items stored in the first memory.

10. The system of claim 1, wherein the priority function is based on a duration

of time between requests for items with less weight and is applied to durations

between earlier requests for the given item.
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11. A method comprising:
receiving, with one or more processors, a request for a given item of
information stored in a first memory, the first memory having a first capacity;
determining, with the one or more processors, a priority value for the given
item and each item from a plurality of items of information, the priority value
defined as:
E.=-1* (ALPHA * LS, + (1-ALPHA) * En.1), where:

"n" represents the n™ occurrence of a request for the given
item;

"E." represents the priority value at the nth occurrence of
the request for the given item;

"LS,." represents the amount of time that elapsed between
the n™ occurrence of the request for the given item and the previous
request for the given item; and

"ALPHA" represents a value between and including 0 and
1; and

storing, with the one or more processors, the given item in a second
memory when (i) the given item has been previously requested, and (i1) the priority
value of the given item is greater than the priority value of at least one other item
selected from the plurality of items, wherein the second memory has a capacity less

than a capacity of the first memory.
12. The method of claim 11, further comprising assigning the priority value a
default value when the given item of information has not been previously

requested.

13. The method of claim 12, wherein the default value indicates that the given

item of information has a predetermined priority.
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14. The method of claim 11, further comprising assigning the priority value a
predetermined value that indicates whether the request for the given item is a first

request.

15. The method of claim 14, wherein the value of ALPHA is assigned the value
of "1" when the one or more processors determine that the request for the given

item is a second request.

16. The method of claim 11, wherein the first memory has a first access time,
the second memory has a second access time, and the second access time is less

than the first access time.

17. The method of claim 16, wherein the first access time is an average time

for the one or more processors to obtain information from the first memory.

18. The method of claim 11, wherein the at least one other item is removed

prior to storing the given item in the second memory.

19. The method of claim 18, wherein the at least one other item is removed
when the size of the given item exceeds the size of the second memory minus the
combined size of plurality of items stored in the second memory.

20. The method of claim 11, wherein the priority function is based on a

duration of time between requests for items with less weight and is applied to

durations between earlier requests for the given item.
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