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(57) ABSTRACT 

Automated personal video recording, including selecting a 
lender from among one or more lenders, in which the select 
ing is carried out in dependence upon a deficit amount, the 
lenders include at least one user having free storage space and 
at least one pool having free storage space. The method also 
includes borrowing, in dependence upon the deficit amount, 
from the selected lender for a borrower, at least one loan 
amount of storage space, the borrower having allocated Stor 
age space on the PVR optionally including free space, and 
recording a show for the borrower, the show having a storage 
space requirement exceeding the borrower's free space by the 
deficit amount. The borrower can be an individual user or a 
group comprised of more than one user. 
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PERSONAL VIDEO RECORDING WITH 
POOLS AND GROUPS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation application of and 
claims priority from U.S. patent application Ser. No. 10/180, 
145, filed on Jun. 25, 2002. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0002 The present application is related to the following 
co-pending U.S. patent applications, filed on the same day as 
the present application, having the same inventors and 
assignee, and which are hereby incorporated by reference: 

0003 1. patent application Ser. No. (Attorney 
Docket Number AUS9-2002-0109), titled “Personal 
Video Recording With Storage Space Loans' 

0004 2. patent application Ser. No. (Attorney 
Docket Number AUS9-2002-0110), titled “Personal 
Video Recording With Storage Space Recovery' 

0005 3. patent application Ser. No. (Attorney 
Docket Number AUS9-2002-0111), titled “Personal 
Video Recording With Further Compression of 
Recorded Shows 

0006 4. patent application Ser. No. (Attorney 
Docket Number AUS9-2002-0347), titled “Personal 
Video Recording With Storage Space Requirement 
Checking 

0007 5. patent application Ser. No. (Attorney 
Docket Number AUS9-2002-0357), titled “Personal 
Video Recording With Apportioned Loans of Storage 
Space” 

BACKGROUND OF THE INVENTION 

0008 1. Field of the Invention 
0009. The field of the invention is data processing, or, 
more specifically, methods, systems, and products for auto 
mated personal video recording. 
0010 2. Description of Related Art 
0011. In the current art of the personal video recorder 
(“PVR), the storage space available upon which to record 
television shows or other video content (“shows') is a limited 
resource. PVRs are relatively expensive and therefore are 
typically shared by more than one user. The TivoTM system is 
an example of such a PVR, and today the TivoTM system is 
marketed by the number of hours of video content it can 
record, typically 20, 30, or 50 hours. In a setting with more 
than one user, the recording time available on typical PVRs is 
not configured or controlled by user allocation, which causes 
problems. One user may use a disproportional share of the 
storage space available for recording video content, leaving 
little or none for other users of the recorder. It would be 
advantageous if there were ways to configure or control Stor 
age space to facilitate use by multiple users, allowing for 
multiple users to share the storage resources collision-free, 
with little risk of erasing or overwriting someone else's 
recorded shows. In addition, it is useful to note that estimates 
of storage space required for recording a particular show are 
made in dependence upon an estimated compression level. It 
would advantageous, therefore, to have means and methods 
of administering the risk that an estimate of compression level 
and therefore an estimate of storage space requirement will be 
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too small. Moreover, although Such provisions are substan 
tially lacking in the prior art, it would be advantageous also to 
provide various ways for users to aggregate their abilities to 
lend, borrow, and record shows. 

SUMMARY OF THE INVENTION 

0012 Exemplary embodiments of the invention typically 
include methods for automated personal video recording on 
PVRs that include recording a show for a borrower, the show 
having a storage space requirement exceeding the borrower's 
free space by a deficit amount. The borrower is a user having 
allocated storage space on the PVR optionally including free 
space. Such PVRS include selecting a lender from among one 
or more lenders, in which the selecting is carried out in 
dependence upon the deficit amount. In Such embodiments, 
the lenders typically include at least one user having free 
storage space and at least one pool having free storage space. 
PVRs according to the present invention typically include 
borrowing, in dependence upon the deficit amount, from the 
selected lender, for a borrower, at least one loan amount of 
Storage Space. 
0013. In some embodiments, the selected lender is a pool, 
and the borrower is a user. Exemplary embodiments typically 
include creating a pool, including assigning Storage space to 
the pool. In some embodiments, assigning Storage space to 
the pool includes allocating storage space from at least one 
user to the pool, the user being a user having free space. In 
Some embodiments, assigning storage space to the pool 
includes assigning a pooled allocation amount of Storage 
space directly from unallocated Storage space to the pool. 
0014 Exemplary embodiments include authorizing lend 
ing from a pool. Authorizing lending from a pool includes 
creating a lending authorization record identifying a pool as a 
lender. In some embodiments, the borrower is a group. In 
Some embodiments, the lenders include only users and the 
borrower is a group. Such embodiments include authorizing 
lending to a group. In some embodiments, authorizing lend 
ing includes creating a lending authorization record identify 
ing a group as a borrower. 
00.15 Exemplary embodiments of the invention include 
creating a group, including creating a group profile and 
assigning group storage space to the group. In some embodi 
ments, assigning group storage space to the group includes 
allocating users storage space to the group. In some embodi 
ments, assigning group storage space to the group includes 
assigning group storage space from unallocated Storage space 
to the group. 
0016. The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular descriptions of exemplary embodiments 
of the invention as illustrated in the accompanying drawings 
wherein like reference numbers generally represent like parts 
of exemplary embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIGS. 1a and 1b are pictorial representations of 
aspects of information handling systems in which exemplary 
embodiments of the present invention may be implemented. 
0018 FIG. 2a is a block diagram of an example embodi 
ment of a PVR according to the present invention. 
0019 FIG. 2b is a pie chart illustrating an example of 
storage space allocation. 



US 2008/0172688 A1 

0020 FIG. 3 depicts data structures as related records 
useful in exemplary embodiments of the present invention. 
0021 FIG. 4 is a flow chart depicting a method of personal 
Video recording. 
0022 FIG. 5 is a flow chart depicting an example method 
of selecting lenders. 
0023 FIG. 6 is a flow chart depicting an example method 
of selecting multiple lenders from whom to borrow loan 
amounts totally at least a deficit amount. 
0024 FIG. 7 is a flow chart depicting an example method 
of selecting a lender according to a lending priority. 
0025 FIG. 8 is a flow chart depicting an example method 
of selecting a lender according to the ratio of free space to a 
deficit amount. 
0026 FIG. 9 is a flow chart depicting an example method 
of returning borrowed storage space from a borrower to a 
lender. 
0027 FIG. 10a depicts data structures in records repre 
senting examples of approximate compression levels, orga 
nized with reference to an HDTV source. 
0028 FIG. 10b depicts data structures in records repre 
senting examples of approximate compression levels, orga 
nized with reference to an NTSC source. 
0029 FIG. 11 is a flow chart depicting a method of per 
Sonal video recording including recalculating a storage space 
requirement. 
0030 FIG. 12 is a flow chart depicting an alternative 
method of personal video recording including recalculating a 
storage space requirement. 
0031 FIG. 13 depicts data structures for a PVR system 
level profile and for genre-keyed space checking records 
related one-to-many to the PVR profile, data structures useful 
in various exemplary embodiments of the present invention. 
0032 FIG. 14 is a flow chart depicting an exemplary 
method of incrementing storage space requirements indepen 
dence upon genre. 
0033 FIG. 15 is a flow chart depicting a further exemplary 
method of incrementing storage space requirements indepen 
dence on genre. 
0034 FIG. 16 is a pie chart depicting an example of unal 
located storage space and storage space allocations among 
users, a pool, and a group. 
0035 FIG. 17 is a flow chart depicting an exemplary 
method of personal video recording including borrowing 
storage space wherein at least one lender is a pool. 
0036 FIG. 18 is a flow chart depicting an exemplary 
method of assigning storage space to a pool. 
0037 FIG. 19 is a flow chart depicting an additional exem 
plary method of assigning storage space to a pool. 
0038 FIG. 20 depicts exemplary data structures useful in 
various embodiments utilizing pools. 
0039 FIG.21a depicts exemplary data structures useful in 
various embodiments utilizing groups. 
0040 FIG. 21b depicts alternative exemplary data struc 
tures useful in various embodiments utilizing groups. 
0041 FIG. 22 is a flow chart depicting an exemplary 
method of creating a group, including the alternatives of 
allocating group storage space from users’ space and assign 
ing group storage space from unallocated space. 
0042 FIG. 23 is a flow chart depicting alternative exem 
plary methods of allocating a show's storage space require 
ments among group members. 
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0043 FIG.24 is a flow chart depicting exemplary methods 
of reallocating a show's storage space requirements among 
group members in the event that one or more members opt out 
of a storage space allocation. 
0044 FIG. 25 is a flow chart depicting alternative exem 
plary methods of allocating a loan among group members. 
0045 FIG. 26 is a flow chart depicting exemplary methods 
of reallocating a show's group loan among group members in 
the event that one or more members opt out of responsibility 
for group storage. 
0046 FIG. 27 sets forth example data structures useful in 
various embodiments of the present invention. 
0047 FIG. 28 is a flow chart depicting an exemplary 
method of freeing displayed storage space for use in record 
ing shows. 
0048 FIG. 29 is a flow chart depicting an exemplary alter 
native method of borrowing a loan amount of storage space, 
less than a deficit amount, and freeing displayed space. 
0049 FIG. 30 is a flow chart and schematic diagram of 
storage space requirements depicting an alternative method 
of freeing displayed space of a show while recording and 
viewing a show. 
0050 FIG. 31 is a flow chart depicting an exemplary 
method of identifying displayed space. 
0051 FIG. 32 is a flow chart depicting an alternative 
exemplary method of discarding displayed frames. 
0052 FIG.33 is a flow chart depicting a further alternative 
exemplary method of discarding displayed frames. 
0053 FIG.34 is a diagram of a prior art structure of MPEG 
video. 
0054 FIG. 35 is a flow chart depicting an exemplary 
method of further compressing a show. 
0055 FIG. 36 is a flow chart depicting an exemplary alter 
native method of borrowing a loan amount of storage space, 
less thana deficit amount, and further compressing a recorded 
show. 
0056 FIG.37 is a flow chart depicting a further alternative 
exemplary method of further compressing a show. 
0057 FIG. 38 is a flow chart depicting an exemplary 
method of increasing compression level while recording a 
show. 
0058 FIG. 39 is a flow chart depicting an exemplary 
method of increasing compression level while recording a 
show. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Introduction 

0059. The present invention is described to a large extent 
in this specification in terms of methods for automated per 
sonal video recording. Persons skilled in the art, however, will 
recognize that any computer system that includes Suitable 
programming means for operating in accordance with the 
disclosed methods also falls well within the scope of the 
present invention. 
0060 Suitable programming means include any means for 
directing a computer system to execute the steps of the 
method of the invention, including for example, systems 
comprised of processing units and arithmetic-logic circuits 
coupled to computer memory, which systems have the capa 
bility of storing in computer memory, which computer 
memory includes electronic circuits configured to store data 
and program instructions, programmed steps of the method of 
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the invention for execution by a processing unit. The inven 
tion also may be embodied in a computer program product, 
Such as a diskette or other recording medium, for use with any 
Suitable data processing system. 
0061 Embodiments of a computer program product may 
be implemented by use of any recording medium for 
machine-readable information, including magnetic media, 
optical media, or other suitable media. Persons skilled in the 
art will immediately recognize that any computer system 
having Suitable programming means will be capable of 
executing the steps of the method of the invention as embod 
ied in a program product. Persons skilled in the art will 
recognize immediately that, although most of the exemplary 
embodiments described in this specification are oriented to 
Software installed and executing on computer hardware, nev 
ertheless, alternative embodiments implemented as firmware 
or as hardware are well within the scope of the present inven 
tion. 

DEFINITIONS 

0062. In this specification, the terms “field' and “data 
element, unless the context indicates otherwise, generally 
are used as synonyms, referring to individual elements of 
digital data. Aggregates of data elements are referred to as 
“records' or "data structures. Aggregates of records are 
referred to as “tables' or “files. Aggregates of files or tables 
are referred to as “databases.” 

0063. The terms “borrow,” “lend,” and “loan,” subject to 
context, generally imply a relatively shorter term rearrange 
ment of storage space effected under automated control of a 
PVR. The term “allocate.” Subject to context, generally 
implies a relatively longer term rearrangement of Storage 
space effected by users’ manual inputs through user inter 
faces. An example of borrowing is a PVR's determination at 
record time that a deficit of storage space exists that needs to 
be cured before recording proceeds. If the cure is a rearrange 
ment of storage space to be reversed after users view a show, 
then the cure is said to be a borrowing or a loan. An 
example of an allocation is a user's manual instruction 
through a keyboard or a remote control device, in response to 
prompt screens, and by use of data input screens on a display 
device, to assign a portion of unallocated Storage space to a 
user or to a pool. 
0064 “Cinepak' is a popular codec originally developed 
by SuperMac, Inc. 
0065 “Codec is an industry-standard term referring to 
“encoder/decoder” or perhaps more legibly, “coder/de 
coder”. Codecs are means and methods for encoding and 
decoding video with audio. Codecs are implemented in hard 
ware or in software. The codec illustrated at reference 176 in 
FIG.2a, shown in a system or apparatus diagram, is implicitly 
a hardware codec. Hardware codecs, like other co-processors, 
tend to offload CPU burden and render overall PVR operation 
more efficient. Software-ony codecs are freely available for 
downloading from various sources on the Internet. It is prob 
ably an accurate general description that Software codecs tend 
to be less expensive than hardware codecs, while hardware 
codecs tend to be more efficient. There are many codecs, 
including, for example, Cinepak, Motion JPEG, and, of 
course, MPEG. PVR operations are video-intensive, so that 
hardware codecs will be common in PVRs according to 
embodiments of the present invention, although the use of 
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software codecs is also well within the scope of the present 
inventions and actually quite likely in a variety of cost-con 
scious embodiments. 
0.066 Codec functions include compression and decom 
pression. When show is encoded, it is converted to a com 
pressed format suitable for storage or transmission; when it is 
decoded it is converted to a non-compressed (raw) format 
Suitable for presentation. Each codec has certain input for 
mats that it can handle and certain output formats that it can 
generate. In some situations, a series of codecs are used to 
convert from one format or compression level to another. 
0067 “DVD stands for Digital Versatile Disc or Digital 
Video Disc, an improved storage standard that holds at least 
of 4.7 gigabytes, enough for a full-length movie. DVD stor 
age, like CD-ROM storage, is typically eventually optical, 
although the format does not strictly required optical storage 
and is often implemented in other kinds of storage, magnetic 
or electronic, at least as interim measures. The DVD specifi 
cation Supports disks with capacities of from 4.7 gigabytes to 
17 gigabytes and access rates of 600 KBps to 1.3 MBps. DVD 
drives are backward-compatible with CD-ROMs. That is, 
DVD players can play old CD-ROMs, CD-I disks, and video 
CDs, as well as DVD-ROMs. DVD players can also read 
CD-R disks. DVD may be pertinent to PVRs according to 
embodiments of the present invention because DVD, like 
HDTC, uses MPEG-2 to compress video data. 
0068 “Compression” as the term is used in this disclosure 
refers to the overall effect of all applicable techniques for 
video file size reduction, including, for example, reduction of 
color space, reduction of frame rate, reduction of resolution, 
reduction of audio quality, and changes in compression algo 
rithms or compression algorithm parameters as such. There 
are many ways, as will occur to those of skill in the art, to 
reduce file size by manipulation of compression algorithms 
and the parameters of compression algorithms. The use of the 
term “compression” in this disclosure, however, subject to 
context, of course, is generally broader than mere manipula 
tion of compression algorithms. 
0069. “Compression level” refers to an estimated com 
pression level calculated on the basis of a show's duration and 
an estimated compression level for the recorded content of the 
show. Unless the context requires otherwise, the term “com 
pression level” means “estimated compression level.” 
0070 "Compression algorithm' refers to a particular type 
of compression technique, including lossy as well as lossless 
compression, including for example, Lempel–Zif-Welch 
compression, which is the compression technique used in the 
popular graphics file format known as “GIF'; various flavors 
of Lempe-Zif compression such as LS-77 and LZ-78, LZ-78 
being a dictionary compression technique used in many 
popular applications such as the well-known zip utilities; 
run-length encoding; and Huffman encoding. 
(0071) “ID' abbreviates “identification,” meaning identi 
fication code or identification field. It is a style of reference in 
this disclosure to refer to user identification codes as “user 
IDs.” By convention in this disclosure, the field name “Use 
rID is used to store a user ID. That is, for example, the 
UserID field 190 in the example user profile 202 in FIG. 3 
contains a user ID of a registered user on a PVR. When a user 
ID for a borrower is stored in a data element in computer 
memory, it is a convention in this disclosure to refer to that 
user ID, a borrower's identification, that is, as a “borrower 
ID.” Similarly, lenders identifications are often termed 
“lender IDS.” “Borrower IDs and “lender IDs are user IDs 
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for roles of users as lenders, borrowers, owners, viewers, and 
so on. That is, for example, borrowers and lenders are users 
having user IDs. When a user acts as a borrower, depending 
on the context, the user is generally said then to have a 
borrower ID. When we name a field to store aborrower ID, we 
adopt the convention of naming the field “BorrowerID. The 
lending authorization records at reference 220 in FIG. 3, for 
example, include a LenderID field 222 which contains a user 
ID of a user authorizing lending. 
0072 “JPEG stands for Joint Photographic Experts 
Group, the original name of the committee that developed the 
standard. JPEG is a data compression standard for graphic 
images. JPEG can reduce files sizes to about 5% of their 
uncompressed size, although some detail is lost in the com 
pression. 
0073. “Motion JPEG or “MJPEG extends the JPEG 
standard by supporting video. In Motion JPEG, each video 
frame is stored using the JPEG format. In this regard, note that 
the 5% compression estimate for JPEG is the effect of the 
compression algorithm alone, without regard to frame rate, 
resolution, and so on. 
0074 “MPEG stands for Moving Picture Expert Group. 
a working group under“ISO.” the International Organization 
for Standardization and “IEC, the International Electrotech 
nical Commission. What is commonly referred to as “MPEG 
video' actually includes three standards, MPEG-1, MPEG-2, 
and MPEG-4. MPEG-1 and MPEG-2 are similar. They both 
work on motion compensated block-based transform coding 
techniques. MPEG-4 differs in its use of software image 
construct descriptors for target bit-rates in the very low range, 
less than 64 Kb/sec. 
0075 “MPEG-1 was originally optimized to work at 
video resolutions of 352x240 pixels at 30 frames/sec (NTSC 
based) or 352x288 pixels at 25 frames/sec (PAL based), com 
monly referred to as Source Input Format (SIF) video. The 
MPEG-1 resolution is not limited to the above sizes and in 
fact may go as high as 4095x4095 at 60 frames per second. 
MPEG-1 's bit-rate is optimized for applications of around 
1.5 megabits per second, although MPEG-1 can be used at 
higher rates if required. MPEG-1 is defined for progressive 
frames only, and has no direct provision for interlaced video 
applications, such as are used in broadcast television appli 
cations. 
0076 “MPEG-2 addresses issues directly related to digi 

tal television broadcasting, such as the efficient coding of 
field-interlaced video and scalability. MPEG-2's target bit 
rate is higher than MPEG-1 s, between 4 and 9 Mb/sec. 
resulting in potentially very high video quality. MPEG-2 is 
based upon profiles and levels. The profile defines bit 
stream scalability and colorspace resolution, while the level 
defines image resolution and maximum bit-rate per profile. 
Probably the most common descriptor in use currently is 
Main Profile, Main Level (MP(a)ML), which refers to 720x 
480 resolution video at 30 frames/sec, at bit-rates up to 15 
Mb/sec for NTSC video. Another example of an MPEG-2 
descriptor in common use is the HDTV resolution of 1920x 
1080 pixels at 30 frame per second, at bit-rates up to 80 
megabits per second. This HDTV example is a Main Profile, 
High Level (MP(a)HL) descriptor. A complete table of the 
various legal combinations can be found in reference. 
0077. “NTSC stands for a video standard promulgated by 
the National Television Standards Committee. The Commit 
tee is responsible for setting television and video standards in 
the United States. In Europe and the rest of the world, the 
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dominant television standards are PAL and SECAM. The 
NTSC video standard defines a composite video signal with a 
frame rate of 30 frames/second implemented as 60 interlaced 
half-frames per second. Each frame contains 525 lines and 
can contain 16 million different colors. A newer digital tele 
vision standard is called “HDTV for High Definition Tele 
vision, supporting higher resolutions than NTSC. 
(0078. “Show” means any recordable or distributable elec 
tronic or digital content including television broadcasts, mov 
ies, CD contents, DVD recordings, cable transmission, satel 
lite transmissions, commercial video clips, audio, multi 
media programming, and the like. Shows include any image 
or series of images delivered to users through any mechanism 
or means, including associated audio or other multi-media 
COntent. 

0079 Unless the context requires otherwise, “user” means 
registered user, that is, a user having within a PVR a repre 
sentative user profile such as those illustrated by the record 
structure at reference 202 on FIG. 3. Readers will notice that 
there are no logons required within the scope of the present 
invention, although logons are permitted. Unregistered users 
therefore are permitted in many embodiments to view shows 
recorded by other users. The benefit of allowing viewing by 
unregistered viewers is that visiting relatives do not need to 
have user profiles installed for them. 
0080. The can just sit down and watch TV. In many 
embodiments, however, access controls are installed that do 
as a practical matter require logons, despite the fact that 
logons are optional within the invention itself. Examples of 
configurations of PVRs, according to embodiments of the 
present invention, that require logons for access control are 
PVRs that control children's viewing hours and PVRs that 
control access to mature content by younger viewers. 
0081 “Video” as the term is used in this disclosure, and 
according to context, generally includes audio. 

Borrowing Storage Space 

I0082. With reference now to the figures, and in particular 
with reference to FIGS. 1a and 1b, pictorial representations of 
an information handling system in which an exemplary 
embodiment of the present invention may be implemented are 
depicted. Embodiments of the present invention generally are 
implemented as information handling systems that include 
automated computing machinery. For simplicity, however, 
and because such information handling systems with auto 
mated computing machinery will often in fact comprise per 
sonal video recorders of one form or another, this disclosure 
refers generally to implementations of embodiments of the 
present invention as personal video recorders or “PVRs.” 
I0083 FIG. 1A is a pictorial representation of a typical 
context of installation of one kind of PVR according to the 
present invention. The PVR 106 of FIG. 1a is a set top box, 
similar in size and shape to a cable television box or a video 
cassette recorder (“VCR). PVR 106 is connected to a tele 
vision 102 for display on display screen 101 of television 
shows, movies, or other content, as well as display of opera 
tional information regarding the PVR itself and its stored or 
recorded content. By “stored content” or “recorded content 
is meant any information or entertainment content capable of 
being recorded in an environment comprising automated 
computing machinery, including, for example, broadcast 
television shows, cable television shows, motion pictures, 
personal video clips from Video recorders, audio and music 
pieces, video/audio downloaded from Internet locations, and 
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material sourced from optical storage such as compact discs. 
In fact, the example PVR 106 shown in FIG. 1a includes a 
read/write compact disc drive Supporting removable media. 
Again for simplicity of reference, “stored content” is often 
referred to in this disclosure as “shows.” 

I0084. The PVR 106 is connected to the television 102 by 
cable 104. The cable connection 104 can be for video and 
audio through a standard video cable, or for television broad 
cast frequencies through a standard coaxial cable. A remote 
control unit 110 allows users to interact with and control the 
PVR 106. Remote control unit 110 emits infrared (“IR”) 
signals, although other kinds of remote control emissions are 
within the scope of the invention, including for example radio 
control. The example PVR 106 includes an IR window 109 
for receipt of information and instructions from remote con 
trol unit 110. Functions provided by use of the remote control 
unit 110 include the ability to move a cursor on a display and 
select items shown on a display. 
0085 FIG. 1b is a more detailed depiction of a remote 
control unit 110 useful with various embodiments of the 
present invention. Similar to a standard remote control for a 
television set or a VCR, remote control unit 110 includes a 
“Menu button for access to a central set of menus and data 
entry Screens for configuring the PVR, configuring user pro 
files on the PVR, and scheduling shows. The “Up' and 
“Down” buttons 113 and 115 allow users to change displays 
page-by-page rather than by Scrolling line-by-line or item 
by-item. Navigation buttons 114 support scrolling. The 
"Select” button 116 is used to select a display item after 
paging and Scrolling have located the item. 
0.086 The remote control unit includes conventional 
numeric keys 131 as well as buttons associated with television 
and recorded playback control including a “Volume” control 
132, a “Channel selector 120, a “Mute' button 118, and 
buttons for “Play” 124, a rewind button called “Back” 134, a 
fast forward button labeled “Fwd 130, and a pause button 
126. The “Record button 122 is used to instruct the PVR to 
record a show typically when the show has been selected, for 
example, through navigation through a series of display 
screens depicting television broadcast Schedules for televi 
sions shows. 
0087. In the previous few paragraphs, we described an 
embodiment of the present invention as an information han 
dling system with automated computing machinery config 
ured as a PVR, a set top box coupled to a television for display 
and user interaction and controlled by a remote control unit. It 
is useful to understand that the set top box configuration is not 
at all the only configuration of a PVR within the scope of the 
present invention, and to clarify this point, we ask the reader 
to consider PVRs implemented as software installed upon 
general purpose computers. In the case of a PVR embodied 
upon a general purpose computer, the PVR is implemented as 
Software installed in computer memory in a conventional 
fashion to embody the inventive steps of the present inven 
tion. 
0088 Although a PVR implemented as a set top box will 
include by special design within the set top box all the hard 
ware resources needed to implement the steps of the invention 
and store content in accordance with the invention, not all 
computers will possess such hardware. To the extent that any 
general purpose computer, however, and today many of them 
do, possesses Sufficient resources to download, read from a 
compact disc, receive cable television, or otherwise access 
recordable content, and Sufficient resources to store Such 
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recordable content on hard disk, writable optical drives, or 
other storage media, then any general purpose computer can 
be configured as a PVR according to an embodiment of the 
present invention. 
I0089 For PVRs embodied in general purpose computers 
according to the present invention, PVR controls are imple 
mented through the usual user interface as provided in con 
nection with any particular computer terminal, computer 
screen, computer keyboard, computer mouse, and so on. In 
this sense, general purpose computers include personal com 
puters, portable computers, minicomputers, mainframes, lap 
top computers, handheld computers, personal digital assis 
tants, wireless Internet-enabled cell phones, and so on. 
0090 FIG. 2a sets forth a block diagram of automated 
computing machinery comprising a PVR 106 according to an 
exemplary embodiment of the present invention. The PVR 
106 of FIG. 2a includes at least one computer processor 156 
as well as random access memory 152 (“RAM). Stored in 
RAM 168 is a PVR application program 152 implementing 
inventive steps of the present invention. 
0091 Also stored in RAM168 is an operating system 154. 
Embodiments of the present invention are directed towards 
personal video recording for multiple users. It will occur to 
readers skilled in the art that much of the work of adminis 
tering user accounts for many users may be downshifted to a 
multi-user operating system such as Unix, Linux, or 
Microsoft NTTM. The multi-user features of typical embodi 
ments of the present invention, however, tend to be features of 
application software. PVRs according to embodiments of the 
present invention, therefore, may use single-user operating 
systems, such as Microsoft's Disk Operating System or 
“DOS. as well as multi-user operating systems, or even 
operating systems developed as special purpose systems just 
for use in PVR according to this invention. In this disclosure, 
we speak of administration of multiple users in terms of “user 
profiles, to distinguish our application-level user administra 
tion from any operating system's administration of user 
accounts. 

0092. The PVR 106 of FIG.2a includes storage space 166 
for shows. Storage space 166 can be implemented as hard disk 
space 170, optical drive space 172, electrically erasable pro 
grammable read-only memory space (so-called EEPROM 
or Flash memory) 174, RAM drives (not shown), or as any 
other kind of computer memory capable of receiving and 
storing recorded content as will occur to those of skill in the 
art 

(0093. The example PVR 106 of FIG. 2a includes a sub 
system for content capture 167. This subsystem for content 
capture 167 is implemented in typical embodiments accord 
ing to content sources 182 and can include in various embodi 
ments a broadcast television tuner for receipt of broadcast 
television 158, a cable box for receipt of cable television 160, 
a satellite receiver for receipt of satellite television 162, and 
an Internet connection for downloading recordable content 
from the Internet 164. 
(0094. The example PVR of FIG.2a includes a codec 176, 
which can take the form of a video card plugged into the 
system bus of a personal computer, or other forms as will 
occur to those of skill in the art. The codec 176 provides video 
and audio output from recorded shows in storage space 166 to 
an input/output interface 178. The codec 176 can also provide 
changes in video compression or video quality as needed in 
particular instances. The input/output interface provides 
video and audio output to a display device 180. In the case of 
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PVRs implemented with connection to televisions, the dis 
play device 180 is a television. In the case of PVRs imple 
mented as general purpose computers, the display device is 
often implemented as a computer screen. The display device 
180 is any device, as will occur to those of skill in the art, 
capable of displaying video and audio content. 
0095. The example PVR of FIG. 2a includes an input/ 
output interface 178. The input/output interface 178 in PVRs 
implemented as general purpose computers is a computer 
interface including, for example, conventional Software driv 
ers and computer hardware for controlling output to display 
devices 180 such as computer Screens, as well as user input 
from user input devices 181 such as computer keyboards and 
computer mice. In the case of PVRs as set top boxes, an 
input/output interface 178 comprises, for example, software 
drivers and computer hardware for controlling displays on 
display devices 180 such as television screens and user input 
from user input devices 181 such as remote control devices 
(like the one illustrated at reference 110 in FIGS. 1a and 1b). 
0096 FIG. 3 illustrates several example data structures 
useful in various embodiments of the present invention. Such 
data structures are part of the PVR application software in 
typical embodiments (reference 152 on FIG. 2a) and are 
usually stored in RAM (168 on FIG.2a) or, for longer-term or 
non-volatile storage, on a hard disk (170 on FIG. 2a) or other 
non-volatile storage as will occur to those of skill in the art. 
The example data structures of FIG.3, for clarity of explana 
tion, are shown related as records in a database, although 
other data storage arrangements as will occur to those of skill 
in the art are possible, all such arrangements being well 
within the scope of the present invention. 
0097 FIG. 3 depicts an example user profile 202, useful 
for registering multiple users on PVRs. The user profile 202 
represents a user registered on the PVR in which the profile is 
installed and sets forth characteristics and limitations regard 
ing the user and the user's privileges to operate the PVR. 
More specifically, the user profile 202 includes data elements 
for storing a user identification or “UserID' 190, a password 
or personal identification number called a “PIN 192, a user 
privilege level 194, and content restrictions 196 on recordable 
content allowed for the user. 
0098. The PIN 192 is assigned to the user at registration 
time and is unique to the user. In PVRs implemented as set top 
boxes, it is common to utilize numeric PINs because they are 
easily entered through numeric keys on remote control units 
(reference 131 on FIG.1b). Numeric PINs, of course, are not 
a requirement of the invention. Clearly PVRs implemented 
upon general purpose computers or any device having a key 
board, for example, would experience no particular benefit 
from numeric-only PINs or passwords. 
0099. The user privilege level 194 provides the capability 
of distinguishing privileges according to class of user. That is, 
the user privilege level 194 supports the establishment of 
classes of users having various levels of privilege. A common 
example is a class of administrative users or Superusers who 
are privileged to edit the profiles of other users. In a home 
setting, therefore, parents would often be Super users privi 
leged to set content restrictions on children's profiles. In a 
business setting, system administrators in the Information 
Technology Services organization would often be privileged 
to create and administer profiles for users with normal usage 
privileges. 
0100. The example user profile 202 of FIG.3 also provides 
several example data elements for recording characteristics of 
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storage space available for recording shows on behalf of the 
user represented by the profile. The user profile 202 provides 
data elements for allocated space 198, used space 204, free 
space 206, borrowed space 208, loaned space 210, a Boolean 
indication whether the user authorizes lending to other users 
storage space allocated to the user 212, and a lending priority 
rating 214. 
0101 The allocated space field 198 records the amount of 
storage space presently allocated to the user. It is usual, 
although not a requirement of the invention, that the allocated 
space is altered only by Superusers, so that normal users avoid 
conflict risked by normal users changing their own storage 
space allocations. An initial quantity of allocated space is 
assigned to each user at registration time, when the user's user 
profile is created. FIG.2b sets forth a pie chart 175 showing an 
example of allocation of storage space in a residential setting. 
In the example allocation of FIG.2b, allocation of 100% of 
the storage space of a PVR within a family includes allocation 
of 80% of the storage space for parents (40% for father and 
40% for mother) and allocation of 20% of the storage space 
for children (10% for a son and 10% for a daughter). 
0102. As the user records shows in the user's allocated 
space, when a show is recorded in a user's allocated Storage 
space, some of the storage space, the space upon which the 
show is recorded, is said to be used. Each show has a storage 
space requirement that uses some of a user's allocated Stor 
age. The current total of the used space of all the shows 
recorded for a user can be stored in the UsedSpace field 204. 
The free space field 206 is provided for storing the difference 
between allocated space 198 and used space 204. When a 
PVR records a show for a user, the PVR increments Used 
Space 204 by the amount of the show's storage requirement 
and decrements FreeSpace 206 by the same amount. 
(0103. When the PVR records a show for a user whose 
FreeSpace is less than the show's storage space requirement, 
it is an aspect of PVRs according to embodiments of the 
present invention that the user, acting as a borrower, can 
borrow space from another user, a lender. The amount of 
storage space that the user represented by the user profile 202 
has borrowed can be recorded in the BorrowedSpace field 
208. Similarly, the amount of storage space that the user has 
loaned to other users can be recorded in Loaned.Space 210. 
Just as the PVR decrements FreeSpace 206 when the PVR 
records a show for the user, the PVR also can decrement 
FreeSpace 206 when the PVR loans a portion of the user's 
allocated space 198. In this example, therefore, the FreeSpace 
amount 206, that is, the amount of storage space available to 
a user for recording shows would be the user's allocated space 
198 minus the user's used space 204 minus the user's loaned 
space 210. It will be discussed in more detail below, but it 
should be clear that when a user's free space is less than the 
storage space requirement for a show to be recorded for the 
user, an alternative process available to a PVR, in addition to 
borrowing space from a lender, is to repossess space that the 
user previously loaned to borrowers. In the present example, 
Such repossession would reduce Loaned.Space 210 and incre 
ment FreeSpace 206 by the amount of space repossessed. 
0104. The example user profile 202 of FIG.3 also provides 
a Boolean data element Lending Authorized 212 for indicat 
ing whether the user represented by the profile authorizes 
borrowings from the user's allocated storage. A lending con 
trol such as the Lending Authorization field 212 can be pro 
vided at the user level for users who may wish to, for example, 
simply exclude all lending from their allocated storage. 
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Establishing a blanket lending authorization at the user level 
is a fairly coarse quality of control, and it is possible within 
the scope of the present invention to establish more fine 
grained controls over lending authorization. 
0105. An example of a more finely-grained lending autho 
rization is depicted in the lending authorization records 220 in 
FIG. 3. The example lending authorization records 220 are 
more finely-grained in that they represent authorizations to 
lenda specific maximum amount, identified in the Maximun 
Loan field 226, from a specific lender, identified by the lend 
er's user ID in the LenderID field 222, to a specific borrower, 
identified by the borrower's user ID in the BorrowerID field 
224. An example of a less finely-grained lending authoriza 
tion is one in which a PVR is programmed to permit lending 
to any registered user. In terms of the example data structures 
of FIG. 3, lending to any user can be implemented by permit 
ting a wild card entry in the BorrowerID field 224 in the 
lending authorization records 220. Such as, for example, an 
asterisk, *, which is treated by the PVR as an indication that 
the lender 222 identified in the lending authorization record 
220 authorizes loans to any user. 
0106. Of course other granularities are possible within the 
Scope of the present invention, including, for example, lend 
ing authorizations having validity periods with beginning 
dates and ending dates, or lending authorization for identified 
user groups or for users having certain lending priority levels. 
The possible settings are many, and any data structure, encod 
ing method, or granularity of lending authorization as will 
occur to those of skill in the artis well within the scope of the 
present invention. 
0107 The example user profile 202 of FIG.3 also provides 
a data element called LendingPriority 214 for establishing 
lending priority ratings for users. This data element can be 
used in algorithms to establish the sequence in which space 
otherwise authorized for lending will be borrowed or to 
exclude Some loans on the basis of comparisons of priorities 
among users. By establishing two simple lending priorities, 
for example, lending priority rating 1 and lending priority 
rating 2, in a home setting, Super users (parents, for 
example) can assign themselves a higher lending priority 
rating than child users and either exclude all lending from 
parents to children or exclude lending to children as long as 
space is available for lending from children to children, so 
that children could only borrow from parents after using all 
space allocated to children. A further example data structure, 
a system-level profile, in this example called PVR Profile 
300, can be established to record PVR-level parameters. In 
this example, the PVR profile includes a Boolean indication, 
LendingPriorityExcludes 302, whether user's lending prior 
ity ratings are to be used by the PVR to exclude all lending to 
users having lower priority ratings or just sequence the lend 
ing by requiring loans first from users with lower priority 
ratings. 
0108. The example data structures of FIG.3 include show 
records 240. A show record 240 is a data structure represent 
ing a segment or clip of recorded content, such as video and 
audio, for example, a television show or a motion picture. 
There are generally two sources of show records 240, user 
scheduling and preference recording. “User Scheduling is a 
user's entering through a user interface a title and recording 
schedule for the show. The user interface will vary from PVR 
to PVR. The user interface, in PVRs implemented as set top 
boxes, is typically a remote control unit maneuvering a 
pointer over a scrolling list of television shows on a television 
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screen. The user interface, in PVRs implemented as personal 
computers, is typically a keyboard, a mouse, and a computer 
screen upon which is displayed a mouse pointer used to 
highlight and select from scrolling lists of television pro 
grams or web sites hosting video clips of interest. 
0109) “Preference recording is a PVR's being pro 
grammed to select and record shows based upon previous 
indications of user preference. Previous indications of user 
preference are implemented, for example, as a genre prefer 
ence 260 in a user profile 202, causing a PVR so programmed, 
when a user has sufficient free space to Support such record 
ing, reading the user's previously indicated preference for 
Comedy, Drama, Science Fiction, or Sports, for example, 
scanning presently available sources, selecting the first show 
that matches the user's genre preference for which the user 
has sufficient free space, and recording that show. In accor 
dance with the present invention, the PVR can be pro 
grammed to borrow space from another user if the user has 
insufficient free space to store the show. 
0110. Alternatively, to achieve even greater power to 
express particular preferences, PVRS can Support separate 
userpreference records 320 linked to user profile 202 through 
a userID 322 as a foreign key. Such separate preference 
records 320 can support any indication of user preference 
including, for example, preferences for particular actors 326, 
preferences for particular title324, and indications of a user's 
intensity of preference, encoded as preference Level 328. 
With respect to preference levels 328 in particular, the PVR 
can be programmed to record a range of preference levels, for 
example, 1 through 10, in which a preference level of 10 
indicates that the user likes a particular show title very much, 
5’ indicates neutrality, and a 1 indicates dislike. The Bool 
ean field Preference 278 on the show record 240 indicates 
whether a recording is a preference recording. So that a user 
can know what has been recorded on the user's behalf without 
the user's prior knowledge, PVR screens showing a user's 
recorded shows typically indicate visually the recorded 
shows that are instances of preference recording. 
0111. The example show record of FIG. 3 includes data 
elements representing an identification code 241 for the show 
represented by the show record, a show title 241a, a filename 
for the show 242, the genre of the show 243 (comedy, drama, 
sports, and so on), an owner identification field called own 
erID 244 recording the user ID of the user on behalf of whom 
the show is recorded, the estimated Storage space requirement 
for the show 246, the duration of the show 247, a Boolean 
indication whether the show has been viewed by the owner 
248, an indication of the source of the show 270, the schedule 
data for the show 272, a record period for the show 274, and 
a retention period for the show 276. 
0112 Shows in the present example, however, are identi 
fied by identification codes 241, identification codes having 
no relationship to storage locations in Storage space. There 
would be, for example, one identification code for a show 
titled 241a "Dukes of Hazzard, another identification code 
for the show titled 241a “Star Trek,” and another for the show 
titled 241a “Buffy The Vampire Slayer.' Operating systems 
(154 on FIG. 2a) generally organize storage space (166 on 
FIG. 2a) in segments identified by filenames. Show records 
240 according to FIG.3 therefore provide a filename field 242 
to record the location in storage space where a show is 
recorded so that shows can be located for viewing and later for 
deletion. 
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0113 PVRs according to some embodiments of the 
present invention are programmed to utilize the ShowID field 
241 as a completely unique key identifying a particular 
instance of a show to be recorded at a particular date and time, 
encoded in the Schedule field 272 in FIG. 3. Other embodi 
ments are programmed to treat the ShowID 241 as a short 
identifier for a title such as “Star Trek” or “Buffy The Vampire 
Slayer.” In embodiments that treat the ShowID 241 are a title 
identifier, PVRs can build a unique key for a particular 
instance of a show from the title 241a plus the date and time 
(Schedule 272) when the show is to be recorded. 
0114. The storage space requirement 246 and the duration 
247 are related. The storage space requirement generally is 
expressed as some number of bytes, kilobytes, or megabytes 
of storage space. The duration 247 is generally expressed in 
minutes or hours, a half-hour show, a two-hour movie, and so 
on. Shows can be recorded in storage space using various 
kinds of compression ranging from no compression to loss 
less compression to quite lossy compression. For a show of a 
given duration, applying higher levels of compression 
reduces the storage space requirement for the show. 
0115 The source 270 can be encoded to indicate a channel 
number for capturing recorded content from broadcast tele 
vision, cable television, or satellite television. The source 270 
can be encoded with an Internet address identifying a source 
for downloading recordable content. Internet addresses can 
be encoded by use of dotted decimal addresses, Universal 
Resource Locators (“URLs”), or Universal Resource Identi 
fiers (“URIs'). 
0116. The schedule 272 is a data element for storing the 
broadcast schedule of the show represented by the show 
record 240. For example, the schedule field 272 can be 
encoded with a date and time when a television show is 
broadcast and therefore to be recorded. The record period 274 
provides an indication of a period over which a show may be 
recorded many times. For example, schedule 272 can be 
encoded with a schedule indication of Wednesday, 7:00 p.m., 
and record period 274 can be encoded with January through 
June, resulting in recording the indicated show weekly for six 
months. 

0117 The retention period 276 is a field indicating how 
long to retain the show before deleting it. The retention period 
276 and indications of viewing 248 can work together in 
various PVR according to embodiments of the present inven 
tion. In FIG. 3, for example, the PVR Profile 300 includes a 
Boolean indication whether to delete shows only after they 
are viewed, DeleteOnView 304. In a PVR according to FIG. 
3, if DeleteOnView 304 is set True, then the PVR will not 
delete a show from Storage space until the show is viewed, 
even if the view time is later than the end of the retention 
period 276. The PVR will retain the show until the end of the 
retention period if the end of the retention period is later than 
the time when the show is viewed. Alternatively, DeleteOn 
View 304 is reset False, then the PVR deletes the show at the 
end of the retention period regardless whether the show has 
been viewed. 

0118. The Viewed field 248 in the show records 240 indi 
cates whether the owner of the show has viewed the show. In 
a multi-user environment, however, it may be useful to retain 
the show in storage until more than one user has viewed it. 
The viewing records 250 in FIG. 3 are an alternative or an 
expansion of the use of the Boolean Viewed field 248 in the 
show records 240 to allow more than one user to express an 
interest in viewing the show and retain the show in Storage 
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space until all users indicating interest have viewed the show. 
The ShowID 252 is a foreign key linking the viewing records 
250 to a show record 240. The ViewerD 254 is a user ID of a 
user indicating an interest in viewing the show identified by 
the Show ID 252. Viewed 256 is a Boolean indication whether 
the user identified as ViewerID 254 has viewed the show. The 
fact that a viewing record 250 exists bearing a particular 
ViewerID 254 can be treated as an expression of interest, or a 
Boolean field such as Interest 258 can be added to viewing 
records 250 as an affirmative expression of interest in viewing 
the show identified in Show ID 252. 

0119. In lending and borrowing storage space among 
users, some method is needed to keep track of who has lent 
what to whom. The example data structures of FIG.3 provide 
an example data structure, loan records 230, for recording 
which lending user, identified by LenderlD 232, has lent what 
amount of storage space 236, to which borrowing user, iden 
tified by BorrowerID 234. In a common example, a user 
identified by a userID in a user profile 202 shall have out 
standing several loans of storage space, each represented by 
loan record 230. In such an example, the user's Borrowed 
Space field 208 in the user's user profile 202 will contain the 
sum of the amounts in the Loan Amount field 236 in the 
representative loan records 230. 
I0120 FIG. 4 sets forth a flow chart depicting an exemplary 
method for automated personal video recording 402. The 
method according to FIG.4, described below also in terms of 
the example data structures of FIG. 3, is practiced upon a 
multi-user PVR having registered upon it a multiplicity of 
users, each user having allocated storage space on the PVR. 
Each user's allocated storage space includes storage space 
upon which shows are recorded (“used space') as well as 
storage space upon which shows have not been recorded 
(“free space”). As shown in FIG. 4, the method comprises 
recording 402 for a user a show owned by the user. The user 
who owns the show, in slight anticipation, is referred to as a 
borrower. The borrower is a user registered on the PVR, that 

is, one of the several users registered on the PVR. 
I0121 The method according to FIG. 4 includes comparing 
403 a borrower's free space (206 in user profile 202 on FIG. 
3) and the show's space requirement (246 in the show record 
240). The comparison 403 supports determining 404 whether 
the show's storage space requirement exceeds the borrower's 
free space. As shown in the example of FIG. 4, the determi 
nation whether storage space requirement exceeds free space 
is done at the beginning of the overall recording process 402. 
that is, just prior to beginning actual recording, represented as 
step 410 on FIG. 4. If the show's storage space requirement 
does not exceed the borrowers free space, then recording 
continues to completion 410. If the show's storage space 
requirement does exceed the borrower's free space (the dif 
ference is referred to as a deficit amount), then a PVR 
implementing the example method of FIG. 4 selects 406 a 
lender from whom to borrow some storage space. 
I0122) A lender in this sense is a user registered on the 
PVR having free storage space or “free space.” that is, for 
example, a free storage space field in the lender's user profile 
having as its value an amount larger than Zero and, reflected in 
the lender's user profile, free space larger than Zero. All lend 
ers may have Maximum Loan authorizations (226 on FIG. 3) 
less than the deficit amount. All lenders may have free space 
(206 on FIG. 3) less than the deficit amount. It may therefore 
be necessary to borrow loan amounts from more than one 
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lender, the loan amounts each being less than the deficit 
amount but adding up in total to at least the deficit amount. 
(0123. The PVR can fail to select one or more lenders 
having authorized and available storage space for lending. In 
such an eventuality, the PVR can be programmed to stop 412 
the recording of the show. 
0.124. The example method of FIG. 4 includes borrowing 
408 a loan amount from a selected lender. Borrowing the loan 
amount from the selected lender can be carried out by use of 
the data structures of FIG.3, for example, by adding the loan 
amount to the Loaned.Space field 210 in the lender's user 
profile, subtracting the loan amount from the FreeSpace field 
206 in the lender's user profile, and adding the loan amount to 
the BorrowedSpace field 208 in the borrower's user profile. In 
addition to adjusting the LoanedSpace, FreeSpace, and Bor 
rowedSpace as just described, in this example, the PVR also 
would create at least one loan record (230 on FIG. 3) identi 
fying the lender in LenderID 232, the borrower in BorrowID 
234 and the loan amount in LoanAmout 236. In this example, 
the borrowing is carried out in dependence upon the deficit 
amount in the sense that the loan amount is the deficit amount. 
0.125. In other examples, the loan amount, the amount 
actually borrowed is not equal to the deficit amount. The PVR 
may be programmed to borrow for the borrower more than the 
deficit amount, to give a little headroom for recording. In 
addition, several loans may be required to amount to the 
deficit amount, if for example, no single lender has an autho 
rized maximum larger than the deficit amount or if no single 
lender has free space larger than the deficit amount. In such 
cases, there would be more than one loan amount, none of 
which would be equal to the deficit amount, but the sum of 
which would be at least equal to the deficit amount. In these 
examples, although the loan amount may not be equal to the 
deficit amount, the borrowing is carried out in dependence 
upon the deficit amount in the sense that the deficit amount is 
a guide to the total amount to borrow, that is, a guide to 
borrowing the loan amount. 
0126. In the example method of FIG. 4, the owner of the 
show, that is, the borrower, or others who may be interested to 
do so, eventually view the show. That is, the PVR displays the 
show 414. The loan amount of storage space borrowed to 
support recording the show is then returned 416 to the lender. 
Returning 416 the loan amount involves effectively reversing 
the borrowing process. That is, the PVR finds each loan 
record bearing the ShowID 241 of the recorded show. For 
each such loan record 230, the PVR subtracts the Loan A 
mount 236 from the Loaned.Space field 210 in the lender's 
user profile, adds the Loan Amount 236 to the FreeSpace field 
206 in the lender's user profile, subtracts the Loan Amount 
236 from the BorrowedSpace field 208 in the borrower's user 
profile, and deletes the loan record 230. 
0127. With reference to FIG. 5, and also with reference to 
the example data structures of FIG. 3, we describe an exem 
plary method of selecting lenders. In selecting a lender, the 
PVR can, for example, as shown in FIG. 5, identify a lender 
by scanning 502 through lender authorization records (like 
those depicted at reference 220 on FIG. 3) for Maximun loan 
authorizations (226 on FIG. 3) at least equal to the deficit 
amount. To the extent that the PVR supports borrowerIDs 224 
in lending authorization records 220, then the scan is for 
lender authorizations records authorizing, for the user who 
owns the show to be recorded, a MaximumLoan amount 226 
at least equal to the deficit amount. To the extent that the PVR 
supports borrowerIDs 224 with wild card authorizations for 
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lending to any user, then the scan is for lender authorizations 
records authorizing lending to the user who owns the show to 
be recorded, or to any user, a MaximumLoan amount 226 at 
least equal to the deficit amount. Using the Lender|D 222 in 
the scanned lending authorization records as a foreign key 
into the user profiles 202, the PVR compares MaximumLoan 
authorizations 226 and the free space 206 for user identified 
as lenders in lending authorization records having Maximun 
Loan amounts 226 at least equal to the deficit amount. The 
PVR then selects as the lender the first lender found in the 
scan and comparison having a MaximumLoan amount 226 
and a free space amount 206 both of which are at least equal 
to the deficit amount. In this sense, lenders are selected in 
dependence upon the deficit amount. 
I0128. All lenders may have MaximumLoan authoriza 
tions (226 on FIG. 3) less than the deficit amount. All lenders 
may have free space (206 on FIG. 3) less than the deficit 
amount. It may therefore be necessary to borrow loan 
amounts from more than one lender, the loan amounts each 
being less than the deficit amount but adding up in total to at 
least the deficit amount. 

I0129 FIG. 6 depicts a method of selecting lenders for 
multiple loans whose individual loan amounts add up to a 
total loan amount at least equal to the deficit amount. In 
particular, the example method depicted in FIG. 6 includes 
scanning 508 lending authorization records (220 on FIG. 3) 
for the borrower, meaning scanning lending authorization 
records from various lenders to find the ones that authorize 
loans to the current borrower, that is, having the borrowers 
user ID in the BorrowerD field 224. To find lenders who 
authorize lending to the borrower (or possibly to any bor 
rower, with wild card authorizations as described above) and 
also have at least some free space, the method of FIG. 6 
compares 510 MaximumLoan 226 values from the lending 
authorization records with the free space values 206 in the 
corresponding user profiles 202. Because in this example, no 
single lender alone has sufficient free space to meet the defi 
cit, the example method also, upon finding a lender who has 
some free space, creates 512 a loan record 230 having a 
LoanAmount 236 equal to the lender's Maximun Loan 
amount 226 or the lender's free space 204, whichever is less. 
The example method also adds 514 the loan amount to the 
borrower's BorrowedSpace 208, adds 516 the loan amount to 
the lender's Loaned.Space 210, subtracts 518 the loan amount 
from the lender's FreeSpace 206. The example method adds 
520 the loan amount to a running total for the current show, 
and the example repeats 522 the steps of scanning 508, com 
paring 510, creating loan records 512, accounting for the 
loans (514,516,518), and adding a running total 520, until the 
running total of the loan amounts is at least equal to the deficit 
amount. 

0.130. In the example method of FIG. 6, it is the existence 
of a lending authorization record bearing the borrower's user 
ID in the BorrowerID field 234 that represents authorization 
for a loan from a lender (the lender identified in the LenderlD 
field 222) to the borrower. The PVR programmed to find, and 
finding or not finding at least one such lending authorization 
record, is determining whether there are lenders authorizing 
borrowing. More particularly, the PVR programmed to find, 
and finding or not finding at least one such lending authori 
zation record, is determining whether the borrower is autho 
rized to borrow from one or more lenders. The example 
method of FIG. 6 selects as lenders one or more users whose 
free space is at least equal to the deficit amount. 
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0131 FIG. 7, viewed in light of the example data struc 
tures of FIG. 3, depicts an alternative exemplary method of 
selecting lenders, similar overall to the example method of 
FIG. 6, but dependent also upon priorities. As shown in FIG. 
3, PVRs implemented as embodiments of the present inven 
tion can include lending priority ratings 214 in user profiles 
202. In the method of FIG. 7, each user has a priority rating 
and selecting a lender comprises selecting, in dependence 
upon the priority ratings, lenders whose free space is at least 
equal to the deficit amount. If a single lender can be found 
whose free space is at least equal to the deficit amount, then 
only the single lender is needed. If the first lender satisfying 
priority dependence has insufficient free space to meet the 
deficit, the PVR can be programmed either to make more than 
one loan or to continue looking for a single lender with 
sufficient free space. If no single lender can be found with 
sufficient free space to meet the deficit, then the PVR is 
typically programmed to make more than one loan. 
(0132) More particularly, with regard to FIG. 7, the 
example method depicted includes finding 802 a lending 
authorization record (220 on FIG. 3) for the borrower, mean 
ing a lending authorization record having the borrower's user 
ID in the BorrowerD field 224. The method of FIG. 6 com 
pares 804 the MaximumLoan 226 value from the lending 
authorization record with the free space value 206 in the 
corresponding user profile 202, that is, in the user profile of 
the lender identified in the LenderID field 222 in the lending 
authorization record 220. 

0133. The method of FIG. 7 includes checking for correct 
priority 806. The correct priority depends on the particular 
PVR. The PVR can be programmed, for example, so that the 
priority borrower's priority must be higher than the lender's 
priority, greater that or equal to the lender's priority, less than 
the lender's priority, or less than or equal to the lender's 
priority. Other ways of programming a PVR for priority com 
parisons or dependencies will occur to those of skill in the art, 
and all such ways are well within the scope of the present 
invention. In the method of FIG. 7, if the lender identified in 
a lending authorization record fails the priority requirement, 
the method loops back and repeats the process of the method 
by finding another lending authorization record 802. 
0134. In operation of the example method of FIG. 7, it is 
possible that no single lender alone has sufficient free space to 
meet the deficit. The PVR implementing the method of FIG. 
7, therefore is programmed so that, upon finding a lender who 
has some free space and meets the priority requirement, the 
PVR creates 808 a loan record 230 having a Loan Amount 236 
equal to the lender's Maximun Loan amount 226 or the lend 
er's free space 204, whichever is less. The example method of 
FIG. 7 also adds 810 the loan amount to the borrower's 
BorrowedSpace 208, adds 812 the loan amount to the lender's 
LoanedSpace 210, and subtracts 814 the loan amount from 
the lender's FreeSpace 206. The example method adds 816 
the loan amount to a running total for the current show, and 
the example repeats 818 the steps of finding an lending autho 
rization record 802, comparing 804, checking priority 806, 
creating loan records 808, accounting for the loan (810, 812, 
814), and adding a running total 816, until the running total of 
the loan amounts is at least equal to the deficit amount. 
0135 FIG. 8 depicts an alternative exemplary method of 
selecting lenders. More particularly, the example method of 
FIG. 8 selects a lender who, among all users having free space 
at least equal to the deficit amount, has the highestratio of free 
space to allocated Storage space. The example method of FIG. 
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8 is based upon the lending authorization granularity of the 
lending authorization 220 records in FIG. 3, that is, lending 
authorizations from a lender 222 to a borrower 224 of a 
particular maximum amount 226. The example method of 
FIG. 8 begins by finding 702 a first lending authorization 
record 220 authorizing lending to the borrower 224 from a 
lender whose FreeSpace 206 is at least equal to the deficit. 
The method of FIG. 8 then retains in temporary storage that 
first LenderID and the ratio of that lender's FreeSpace 206 to 
the deficit amount. The method then includes repeatedly 710 
scanning 706 in a loop through the remaining lending autho 
rization records for the borrower, comparing 708, for each 
lender authorizing lending to the borrower and having 
FreeSpace at least equal to the deficit, the lender's ratio of free 
space to the deficit amount with the ratio currently retained in 
temporary storage, and retaining 709 in temporary storage the 
highest ratio and the user ID of the lender having the highest 
ratio. The user ID retained in temporary storage at the end of 
the loop is identified 712 as the lender for the current loan. 
The loan is completed by adding 714 the loan amount to the 
borrower's BorrowedSpace 208, adding 716 the loan amount 
to the lender's Loaned.Space 210, and subtracting 718 the loan 
amount from the lender's FreeSpace 206. 
0.136 Processing of borrowed storage space according to 
embodiments of the present invention includes returning bor 
rowed space to lenders. As described earlier, return of bor 
rowed space can occur when the borrower has viewed the 
show for which the space was borrowed. It can also occur, 
however, within the scope of the present invention, that bor 
rowed space needs to be “repossessed by a lender. More 
particularly, when recording a show for a lender, the show can 
have a storage space requirement exceeding the lender's free 
space. The difference between the storage space requirement 
of the show and the lender's free space is called a deficit 
amount. The lender in this example is a user who has already 
loaned some storage space to one or more other users, that is, 
borrowers. In this example, a PVR according to an embodi 
ment of the present invention is programmed to determine 
whether other free space is available for lending from other 
users to the lender, and, if no other free space is available for 
lending to the lender, returning from at least one borrower to 
the lender at least part of the loan amount previously loaned to 
the borrower from the lender. 

0.137 FIG.9, viewed in conjunction with the example data 
structures of FIG. 3, depicts an example of a method for 
returning borrowed storage space to the lender from whom it 
was borrowed. The method of FIG. 9 begins 802 with a 
scheduled recording of a show having a storage space require 
ment exceeding the free space of the user who scheduled the 
recording, the owner of the show. In this example, the owner 
is a lender. That is, the owner of the show to be recorded has 
outstanding loans of storage space to one or more users, loans 
represented by loan records of the kind illustrated at reference 
230 on FIG. 3. In this example, the lender has a deficit. That 
is, the lender's FreeSpace amount 206 in the lender's user 
profile 202 is less than (by a deficit amount) the SpaceRe 
quirement 246 in the show record 240 representing the show 
to be recorded. 

0.138. The PVR in this example is programmed to scan 
lending authorization records to determine whether there 
exists storage space available for the lender to borrow 804. If 
storage space is available for the lender to borrow, then the 
PVR arranges a loan to the lender 816, and recording contin 
ues 822. In this example, if there is no space available for 
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borrowing, then the PVR repossesses at least some of the 
storage space previously borrowed by other users (“borrow 
ers') from the lender. More particularly, the PVR proceeds by 
finding 806 a loan record 230 representing a loan of storage 
space from the lender to a borrower, adding 808 the Loan A 
mount 236 from the loan record to the lender's FreeSpace 
field 206, subtracting 810 the Loan Amount 236 from the 
lender's LoanedSpace field, and subtracting 811 the Loan A 
mount 236 from the borrower's BorrowedSpace field. 
0.139. In the example of FIG.9, there remains the problem 
of whether the borrower gets to keep the borrower's show, the 
show identified in the ShowID 241 in the loan record 230, the 
show for which the borrower previously borrowed storage 
space from the lender. In the example of FIG. 9, the PVR is 
programmed to determine whether the borrower has suffi 
cient free space 206 to store the show identified in the ShowID 
field 241 in the loan record 230. If not, the PVR deletes the 
borrower's show 818, deletes the loan record 230, and com 
pletes the recording 822. If the borrower does have sufficient 
free space to accommodate the borrower's show, the PVR 
subtracts 820 the loan amount from the borrower's FreeSpace 
206, deletes 812 the loan record 230, and completes the 
recording 822. 
0140. If the Loan Amount in the loan record is less than the 
deficit amount, the PVR may be programmed to repeat 824 
the steps of finding a loan record 806, repossessing loaned 
storage space (808,810,811), deleting a borrower's show 820 
or subtracting a loan amount from borrower's FreeSpace 818, 
and deleting a loan record 812, until Sufficient storage space 
has been repossessed to Support completing the recording of 
the lender's show 822. This is an example of repossessing 
more than one loan amount. That is, in this example, when the 
lender has outstanding loan amounts to more than one bor 
rower, or more than one loan to the same borrower, wherein 
returning from the borrower to the lender at least part of the 
loan amount includes returning at least parts of loan amounts 
from more than one borrower. 

Compression Levels and Rechecking Storage Space 
Requirements 

0141. The storage space requirement 246 for a show 240 is 
an estimate calculated on the basis of the duration 247 of the 
show and the estimated compression level for the show. FIG. 
3 illustrates three example data structures for compression 
level: One as a default compression level 308 for the entire 
PVR 300, another as a default compression level 261 at the 
user level 202, and a third as a compression level 279 for 
particular show 240. The default compression levels at the 
user level 261 and the PVR level 308 are provided so that the 
PVR can record a compression level 279 in a show record 240 
whenever a show record is created, either by a user's sched 
uling a show for recording or by preference recording. 
0142. As an aid to understanding, we discuss an example 
of a calculation of a desired minimum compression level. As 
mentioned earlier, one of the formats defined for HDTV 
broadcasting within the United States is 1920 pixels horizon 
tally by 1080 lines vertically, at 30 frames per second. If these 
numbers are all multiplied together, along with 8 bits for each 
of the three primary colors, the total data rate required would 
be approximately 1.5 gigabits per second. Because of the 6 
megahertz channel bandwidth allocated for HDTV, each 
channel will only support a data rate of 19.2 Mb/sec, which is 
further reduced to 18 Mb/sec by the fact that the channel must 
also Support audio, transport, and ancillary data information. 
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This restriction in data rate means that the original signal must 
be compressed by a figure of approximately 83:1. This esti 
mated minimum compression is for broadcast only, with 
commercial HDTV quality of frame rate and resolution. In 
addition, this estimated minimum compression is raw broad 
cast compression only, just enough to fit a video stream into a 
transmission bandwidth, not yet affected by desirable further 
(relative) compression needed to fit a show into a particular 
space requirement in the storage space of a PVR. As illus 
trated by the example compression level records in FIGS. 10a 
and 10b, discussed in more detail below, users willing to 
reduce video quality can achieve much higher compression 
levels for data storage. 
0143. As a further aid to understanding compression 
operations in PVRs, we present an example calculation of a 
compression ratio, presented in terms of a single image, 
which could be, for example, a static graphic image or a single 
video frame. The compression ratio is defined for calculation 
as the number of bits/pixel in the original image divided by 
the number of bits/pixel in the compressed image. Assume 
that the original image has a resolution, or rather a size, of 
320x240 pixels each represented in a 24-bit data word. And 
assume that after initial compression the compressed file size 
is 5000 bytes. Then the bits/pixel for the compressed image is 
(5000*8), (320*240)=0.52 bits/pixel. In other words, the 
original image used need 24 bits to represent each pixel, but 
after compression, only need 0.52 bits are used to store each 
pixel (on average). The compression ratio therefore is 24-0. 
52=46. 

0144) Factors that affect overall estimate compression 
level are shown in tables 420 and 602 in FIGS. 10a and 10b. 
As shown in both tables, but referenced to table 420, factors 
affecting compression level are shown to include encoding 
type 424, which we assume carries with it a particular com 
pression algorithm; Supported colorspace size 426, frame rate 
428, resolution 430, and audio quality 432. 
0145 The example records in table 420 show several 
examples of compression level 422 estimated on the basis of 
the factors affecting compression. The compression levels are 
shown in absolute terms and then in parenthesis relative to a 
video source bit stream. Table 420 is organized with respect to 
an HDTV source having an initial resolution 430 of 1930x 
1080. Table 602 is organized with respect to an NTSC source 
having an initial resolution of 720x480. 
014.6 Record 440 shows an estimated initial raw compres 
sion level 422 in the source stream of 8.0:1 estimated on the 
basis of encoding according to MPEG-2, colorspace size 
4:4:4 or 48, frame rate 428 of 30 frames/second, resolution 
of 1930x1080 pixels (an HDTV standard), with High audio 
quality 432. Record 440 is shown with a relative compression 
of (1) with respect to itself. 
0147 The target records, records 442 through 450, illus 
trated compression levels supported by an exemplary PVR 
with respect to a video source of the kind represented in the 
source record 440. Record 442, for example, shows an esti 
mated absolute compression level 422 of 480:1, or a com 
pression level of (4) relative to the source stream, estimated 
on the basis of encoding according to MPEG-2, colorspace 
size 48, frame rate 428 of 30 frames/second, resolution of 
720x480 pixels (an NTSC video standard), with High audio 
quality 432. In other words, recompressing the source stream 
using a resolution reduced from 1930x1080 (HDTV) to 720x 
480 (a high quality of NTSC video) reduced projected space 
requirement for a subject show by a factor of six. This is a 
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useful demonstration of the fact that, although algorithmic 
compression alone can result in absolute compression ratios 
in the range of approximately 100 to 200, reductions in 
parameters other than compression technique as such, factors 
Such as, for example, colorspace, frame rate, resolution, and 
audio quality, can result in very large overall compression 
levels. 

0148 Record 444 shows an estimated absolute compres 
sion level 422 of 960:1 and a relative compression of (12) 
with respect to the source stream, achieved by reducing the 
size of the colorspace 426 from 48 to 24, that is, for example, 
from 4:4:4 to 4:2:4. Record 446 shows an increase in relative 
compression to approximately (48) through an additional 
reduction in resolution 430. Record 448 shows an estimated 
relative compression level of (100) from changing encoding 
424 to MPEG-1 and reducing audio quality 432. Record 450 
shows an estimated relative compression level (140) esti 
mated from an additional change in encoding 424 to MJPEG 
and an additional reduction in audio quality 432. 
0149 For a further example, consider table 602 in FIG. 
10b. Table 602 shows a video source 604 having raw com 
pression of 80, encoded 424 in MPEG-2, supported a color 
space size 426 of 48 (4:4:4), having a frame rate 428 of 30, a 
resolution 430 of 720x480, and high audio quality 432. The 
relative target compressions Supported in a example PVR 
implementing table 602 include those represented by record 
606, having a relative compression level of 4, achieved by 
reducing resolution 430; record 608, having a relative com 
pression level of 16, achieved by a further reduction in reso 
lution 430; record 610, having a relative compression level of 
32, achieved by reducing colorspace 426; record 612, having 
a relative compression level of 128, achieved by changing 
encoding 424 and reducing audio quality 432; record 614, 
having a relative compression level of 256, achieved by a 
further change in encoding 424 and a further reduction in 
audio quality 432. 
0150. The examples records representing various com 
pression levels in FIGS. 10a and 10b illustrate that compres 
sion level generally increases with decreases in colorspace 
size, resolution, and audio quality. Compression level also 
increases with decreases inframe rate. Effect on compression 
level of different encoding types with their associated com 
pression algorithms depends on the particular encoding type 
and the kind of control provided by particular codecs imple 
menting an encoding. For all these reasons, representations of 
compression level in various embodiments of the present 
invention typically are estimates based upon the factors dis 
cussed, and other factors as will occur to those of skill in the 
art. The use of a wide variety of video encodings, video 
compression algorithms, and factors affecting video com 
pression levels, as will occur to those of skill in the art, are all 
well within the scope of the present invention. 
0151 Tables such as those shown in FIGS. 10a and 10b 
can be used to establish a show's storage space requirement. 
A show will have a raw compressed file size or space require 
ment determined, for a show of a given duration, on the basis 
of a source record Such as the exemplary ones depicted at 
references 440 and 604. PVRs according to embodiments of 
the present invention can Support establishment at their sys 
tem levels in, for example, a PVR profile such as the one 
depicted at reference 300 in FIG. 3, a data element, as Tar 
getFileSize 316, in which is stored a storage space guideline 
for all shows recorded on the PVR. To accommodate shows of 
varying length, the TargetFileSize 316 parameter can be 
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expressed in terms of for example, megabytes perminute, so 
that shows having durations of 60 minutes would have target 
storage requirements twice as large as 30 minute shows, and 
so on. Then, given an initial raw compressed file size based on 
Source parameters (440, 604) exceeding a show's target space 
requirement according to TargetFileSize 316, a PVR can be 
programmed to Scan a table Such as those depicted in FIGS. 
10a and 10b to find a relative compression level and param 
eter set whose additional compress will result in an actual 
space requirement no greater than the target space require 
ment according to TargetFileSize 316. 
0152 For example, consider given a 30 minute NTSC 
show broadcast in MPEG-2 with a resolution of 720x480 
requiring with no further compression an initial raw com 
pressed file size of 50 megabytes, corresponding to a Sup 
ported video source depicted at record 604 in table 602 on 
FIG. 10b. In this example, the TargetFileSize 316 indication 
for a 30 minute show is 15 megabytes. The PVR is pro 
grammed to Scan through table 602 for a Supported compres 
sion configuration resulting in a file size no greater than 15 
megabytes. The PVR selects the supported compression level 
represented by record 606, having a relative compression 
level of 4 with respect to source video. The PVR orders its 
MPEG-2 codec to recompress the show using the parameters 
of compression level record 606, resulting in an actual (esti 
mated) storage requirement of 12.5 megabytes which the 
PVR stores as the show's storage requirementin, for example, 
a SpaceRequirement data element 246 in a representative 
show record 240 as depicted on FIG. 3. 
0153. The tables in FIGS. 10a and 10b show two example 
configurations of supported compression levels in PVRs 
according to embodiments of the present invention. Many 
Such configurations are possible, including at least one for 
each kind of Source video Supported by any particular 
embodiment of PVR. All such configurations as will occur to 
those of skill in the art are well within the scope of the present 
invention. 
0154 Shows recorded on PVRs generally are compressed, 
but the actual level of compression actually achieved gener 
ally is known only as an estimate. Each show's storage space 
requirement, therefore, is an estimate. In other words, when a 
PVR begins recording a show, perhaps even borrowing Stor 
age space in dependence upon a comparison of the show's 
storage requirement and a users free space, the PVR cannot 
know for certain that the amount of space borrowed can 
actually Support the recording. A method is needed for check 
ing the show's storage space requirement during recording 
and borrowing more space if needed. In fact, we disclose two 
ways of administering the risk of storage space estimation, 
one method using a space check threshold for checking a 
show's storage space requirement during recording and a 
second method using overallocation. 
0155 FIG. 11, with reference to the example data struc 
tures in FIG. 3, depicts an exemplary method of checking a 
storage space requirement during recording. As such, the 
method described with reference to FIG.11 is an expansion of 
the recording step (410 on FIG. 4) described earlier. As shown 
in FIG. 11, the method includes tracking 452 the recording 
period and the actual storage space used during actual record 
ing. The tracked recording period is a space check threshold 
310 multiplied by the show's duration 247. 
0156 The space check threshold 310 is the portion of the 
show duration (247 in show record 240) to be recorded before 
recalculating the show's storage space requirement 246. The 
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space check threshold can be implemented in data structures 
as shown at reference 310 in the PVR profile structure 300 in 
FIG. 3. A show having, for example, a duration 247 of 30 
minutes in a PVR having a space check threshold of 90%, the 
tracked recording period for the show would be 27 minutes. 
0157. When the tracked recording period is at least equal 

to the space check threshold 310 multiplied by the show's 
duration 247, the PVR checks the estimated storage space 
requirement by comparing the actual storage space used with 
the amount of storage space projected to be used based on the 
estimated storage space requirement. The projected usage is 
the space check threshold 310 multiplied by the original 
estimated storage space requirement 247. 
0158 If the actual space used is greater than the projected 
usage, the PVR according to the method of FIG. 11 incre 
ments the show's storage space requirement 457. Increment 
ing the show's storage space requirement can be accom 
plished by adding a predetermined proportion of the original 
storage space requirement. A predetermined proportion can 
be stored as, for example the SpaceCheck AddProportion 312 
in the PVR profile 300. If the original storage requirement for 
the show reflected in field 246 in the show record 240 were 20 
megabytes, and the SpaceCheckAddProportion were 10%, 
then the PVR would add 2 megabytes to the show's storage 
space requirement 246, resulting in a new storage space 
requirement of 22 megabytes. 
0159. The method of FIG. 11 includes comparing the bor 
rowers free space and the new storage space requirement to 
determine whether a deficit exists. This comparison is useful 
now because, even if the user had a deficit requiring borrow 
ing when recording began, whether the user has a deficit now 
is not known. The borrower's free space can change after 
recording begins. If a deficit does exist 460, then the method 
of FIG. 11 selects a lender 462, borrows a new loan amount 
466 at least as large as the current deficit, and completes the 
recording 468. If the PVR according to FIG. 11 is unable to 
find a lender, recording stops 464. 
0160 Assume that the initial bit rate for a 30 minutes 
show, a video download for example, is 150 kilobits/second, 
which would be fairly high quality video at MPEG-1. Thirty 
minutes is 1800 seconds, the duration of the show. 150,000 
multiplied by 1800 is 270 megabits total space requirement, 
divided by 8 bits/byte is about 34 megabytes for the show's 
storage space requirement. This show is downloaded with 
quite a lot of compression, and the storage space requirement 
is definitely an estimate. 
0161 Because we know before beginning recording that 
the storage space requirement is an estimate, another way of 
dealing with the risk of estimation is shown in the method 
illustrated in FIG. 12. We discuss the method of FIG. 12 in 
view of the example data structures of FIG. 3. The method 
according to FIG. 12 begins the overall recording process by 
incrementing the show's storage space requirement in accor 
dance with an overallocation rate. The overallocation rate in 
this example is provided in the data structures of FIG. 3 at 
reference 314 in the PVR profile 300. If the overallocation 
rate 314 were 110%, for example, then according to the 
method of FIG. 12, the show's storage space requirement 
would be increased from 34 megabytes to 37.4 megabytes 
(34*110%). 
0162 The method of FIG. 12 continues by comparing the 
borrower's free space and the show's (new) storage space 
requirement 458, selecting a lender if a deficit exists 462. 
borrowing a loan amount 466, and completing the recording 
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468. The method of FIG. 12 proceeds after recording to 
compare the actual storage space used (read from an operat 
ing system's file system, for example, using the show's file 
name 242) and return to a lender the unused amount. 
0163 Returning the unused loan amount 474, expressed in 
terms of the data structures of FIG. 3, includes finding a loan 
record 230 bearing the ShowID 241 of the recorded show 240. 
The PVR according to the method of FIG. 12 subtracts the 
unused amount of storage space from the LoanedSpace field 
210 in the lender's user profile, adds the unused amount to the 
FreeSpace field 206 in the lender's user profile, and subtracts 
the unused amount from the BorrowedSpace field 208 in the 
borrower's user profile. 
0164. The effectiveness of compression depends on genre. 
More particularly, the effectiveness of actual video compres 
sion depends on the motion of the Subjects depicted in the 
video. Consider five frames of a close-up still life of an apple. 
The first frame must be encoded in its entirety, but the sub 
sequent four frames need only refer to the first frame; they 
need not be encoded at all. In five frames of video tightly 
focused on eleven football players during a play, however, a 
large proportion of the pixels in the frame will change from 
frame to frame for each of the five frames. Five frames of 
football is must less effectively compressed than five frames 
of a fine arts show. The arts are more effectively compressed 
than drama. Drama is more effectively compressed than 
action movies. Action movies are more effectively com 
pressed than sports events, and so on. 
(0165. The methods of FIGS. 11 and 12 are also adapted to 
address the problem that effectiveness of compression varies 
with genre. First we discuss the method of FIG. 12 in view of 
the example data structures in FIG. 13. FIG. 13 depicts a form 
of PVR profile 300, already familiar from FIG. 3, which has 
been amended to shift to a new space check profile 350 the 
space checking fields SpaceCheckThreshold 310, 
Spacecheck AddProportion 312, and OverallocateRate 413. 
The new space check profile 350 includes a genre field 316. 
The space check profile 350 is useful to vary, according to 
genre 316, the values of the space checking fields 
SpaceCheckThreshold 310, SpacecheckAddProportion 312, 
and OverallocateRate 413. 

(0166 In a PVR implementing the method of FIG. 11 for 
checking storage space requirements during recording, the 
SpaceCheck AddProportion 312 can be set in a space check 
profile 350 to 5% for a genre 316 of fine arts. The 
SpaceCheck AddProportion 312 can be set in another space 
check profile to 10% for a genre 316 of drama. The 
SpaceCheck AddProportion 312 can be set in still another 
space check profile to 15% for a genre 316 of action. The 
SpaceCheck AddProportion 312 can be set in yet another 
space check profile to 20% for a genre 316 of sports. And so 
on, using different increments for various genres as will occur 
to those of skill in the art or as set in the discretion of users 
authorized to set the Spacecheck AddProportion in space 
check profiles. 
(0167. In a PVR implementing the method of FIG. 12 for 
overallocating storage space at the beginning of the recording 
process, the proportional increment of overallocation, the 
OverAllocationRate 314, can be set in a space check profile 
350 to 105% for a genre 316 offine arts. The Over Alloca 
tionRate 314 can be set in another space check profile to 
110% for a genre 316 of 'drama. The Over AllocationRate 
314 can be set in still another space check profile to 115% for 
a genre 316 of action. The Over AllocationRate 314 can be 
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set in yet another space check profile to 120% for a genre 316 
of sports. And so on, using different Over AllocationRate 
values for various genres as will occur to those of skill in the 
art or as set in the discretion of users authorized to set the 
Spacecheck AddProportion in space check profiles. 
(0168 With reference to FIG. 14 and in view of the data 
structures of FIGS. 3 and 13, we described a method of 
incrementing the storage space requirement in dependence 
upon genre. More particularly, the method of FIG. 14 is a 
more detailed method of incrementing the storage require 
ment as disclosed in connection with reference 457 of FIG. 
11, a method of checking a storage space requirement during 
recording. The method of FIG. 14 includes reading 1402 the 
show's genre (243 on FIG. 3) from the show record 240, 
selecting 1404 a space check profile 350 independence upon 
the show's genre, and incrementing 1406 the storage space 
requirement by the product of the SpaceCheckAddPropor 
tion (312 on Space Check Profile 350 in FIG. 13) and the 
current SpaceRequirement for the show (246 in show record 
240 on FIG.3). 
(0169. With reference to FIG. 15 and in view of the data 
structures of FIGS. 3 and 13, we described a method of 
overallocating storage space at the beginning of the recording 
process. More particularly, the method of FIG. 15 is a more 
detailed method of incrementing a storage space requirement 
according to an overallocation rate as disclosed in connection 
with reference 470 of FIG. 12. The method of FIG. 15 
includes reading the show's genre (243 on FIG. 3) from the 
show record 240, selecting a space check profile 350 in 
dependence upon the show's genre, and incrementing the 
storage space requirement to the amount of the product of the 
Over AllocateRate (314 on Space Check Profile 350 in FIG. 
13) and the current SpaceRequirement for the show (246 in 
show record 240 on FIG. 3). 

Pools and Groups 

0170 At this point we have disclosed at length personal 
Video recording with loans of storage space among users. We 
can add power and flexibility to personal video recording, 
however, by Supporting various ways of allowing users to 
aggregate their abilities to lend, borrow, and record shows. 
We therefore now turn our attention to pools and groups. 
0171 We begin with a reconsideration of overall structure 
of storage space. With reference to FIG. 2b, we described 
above an overall structure of storage space in which all avail 
able storage space was allocated to users. Now with reference 
to FIG. 16, we describe a more flexible overall structure of 
storage space. The exemplary structure of storage space 
according to FIG. 16 depicts, at reference 1802, 20% of the 
overall storage space as unallocated to anyone; at reference 
1810, 20% allocated to Father; at reference 1808, 20% to 
Mother, at reference 1806, 10% to a group, at reference 1804, 
10% to a pool; at reference 1814, 10% to Son; and at reference 
1812, 10% to Daughter. In the following discussion we 
describe in some detail how this new overall structure of 
storage space adds flexibility to personal video recording. 

Pools 

0172 A pool is an aggregation of storage space for lend 
ing. Pools are assigned their own storage space. Pools lend 
their storage space to borrowers. Although there is nothing 
within the scope of the present invention that excludes pools 
from lending, in this disclosure, our examples of aggregations 

Jul. 17, 2008 

for borrowing are the groups described below. In our 
examples of pooling, to reduce the risk of confusion and 
augment clarity of explanation and understanding, we 
describe examples of pools that do not borrow. 
0173 Pools acquire their storage space by assignments of 
storage space from unassigned storage space or through allo 
cations from users free space. Pools are generally authorized 
to lend their storage space to users or to groups. An example 
of an authorization to lend is creations of a lending authori 
Zation record. 
0.174 More particularly, FIG. 20 depicts example data 
structures useful for implementation of pools. The data struc 
tures for lending authorization records 220, loan records 230, 
and the PVR profile 300 are similar to those of FIG. 3. PVRs 
according to this kind of embodiments contain at least one 
pool profile 2002, each pool profile representing a pool. The 
pool profile 2002 comprises the data elements PoolID 2004, 
a pool identification field: Allocated Space 198 in which is 
stored the amount of storage space currently allocated to the 
pool; FreeSpace 206 in which is stored the portion of the 
pool's allocated space available for recording or lending; and 
LoandedSpace 210 in which is stored the amount of space 
currently on loan from the pool to users or groups. 
0.175 Loans of storage space from a pool are authorized in 
lending authorization records such as those depicted at refer 
ence 220. The lending authorization records comprise the 
data elements LenderD 222. In the case of loan authoriza 
tions from pools, the LenderID field stores a pool ID. Fields of 
the lending authorization records also include a BorrowerID 
224, which stores a user ID or a group ID of a user or group 
authorized to borrow from the pool. The BorrowerID field 
224 can also store a wild card value Such as a , indicating 
authorization to lend from the pool to any user or group. 
Fields of the lending authorization records also include a 
MaximumLoan field 226 in which is stored the maximum 
amount of storage space authorized by the lending authoriza 
tion record for lending from the pool to a borrower. 
(0176 FIG. 17 sets forth a flow chart depicting a method for 
automated personal video recording with pools in which the 
method includes selecting 1510 a lender from among one or 
more lenders 1502. The lenders comprise at least one user 
1504 having free storage space and at least one pool 1506 
having free storage space. Selecting a lender in the method of 
FIG. 17 is carried out in dependence upon a deficit amount 
1512. The deficit amount is the amount by which a show's 
storage space requirement exceeds a borrower's free space. 
The borrower is the user or group on whose behalf a show is 
to be recorded. 
0177. The selecting is carried out in dependence upon the 
deficit amount 1512. That is, for example, a lender is selected 
who has authorized lending of at least the deficit amount and 
who has free space at least equal to the deficit amount. Alter 
natively, if no single lender has sufficient free space and 
Sufficient lending authorized, several lenders may be 
selected, until the lenders aggregate free space and maxi 
mum loan amount authorizing lending to the borrower are at 
least equal to the deficit amount. 
(0178. The method according to FIG. 17 includes borrow 
ing 408, in dependence upon the deficit amount 1512, from 
the selected lender 1508 for a borrower 1514, at least one loan 
amount of storage space, the borrower 1514 having allocated 
storage space 1516 on the PVR optionally including free 
space 1518. The borrowing is carried out in dependence upon 
the deficit amount in that at least the deficit amount needs to 
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be borrowed. The loan amount may be for more than the 
deficit amount. The PVR can be programmed to build up the 
loan amount from several loan amounts each of which is less 
than the deficit amount but the sum of which is at least the 
deficit amount. When the loan, or loans, is settled 408, a PVR 
programmed according to FIG. 17 proceeds to record 1520 a 
show for the borrower. In this example, the show has a storage 
space requirement (as reference 246 on FIG. 3) exceeding the 
borrower's free space (reference 206) by the deficit amount 
1512. 

(0179. In the method according to FIG. 17, the selected 
lender 1508 can be a pool 1506. In the method according to 
FIG. 17, the borrower can be a user. As discussed in more 
detail below, the borrower also can be a group. The method of 
FIG. 17, as described in more detail below, can include cre 
ating 1522 a pool, including assigning 1524 storage space to 
the pool. 
0180 More particularly, FIG. 18 sets forth a flow chart 
depicting an exemplary method of assigning storage space to 
a pool. In the method of FIG. 18, assigning 1524 storage 
space to the pool 1506 comprises allocating 1612 storage 
space from at least one user 1604 to the pool 1506. It is useful 
for the user to have free space 1606 available for allocation to 
the pool. In the method of FIG. 18, allocating storage space 
1612 to the pool 1506 includes decrementing 1616, by a 
pooled allocation amount 1618, the user's storage space allo 
cation 1604 and the user's free space 1606. The method of 
FIG. 18 also includes incrementing 1614, by the pooled allo 
cation amount 1618, the pool's free space 1610 and the pool's 
allocated space 1608. 
0181 FIG. 19 sets forth a flow chart depicting an alterna 

tive exemplary method of assigning Storage space 1524 to a 
pool 1506. The method of claim 19 includes assigning a 
pooled allocation amount 1704 of storage space directly from 
unallocated storage space 1702 to the pool 1506. In the 
method of claim 19, assigning 1524 a pooled allocation 
amount to the pool includes incrementing 1706, by the pooled 
allocation amount 1704, the pool's free space 1610 and the 
pool's allocated space 1608. 
0182 Now with respect to the overall storage space struc 
tures illustrated in FIGS. 2b and 16, consider the increased 
flexibility afforded by the use of pools. In the overall structure 
according to FIG. 16, for example, parents (1808, 1810) can 
treat the pool 1804 as a repository of borrowing overhead for 
the children (1814, 1812). By issuing lending authorization 
records authorizing lending from the pool to the children, 
with no lending authorization records authorizing lending 
directly from the parents to the children, the parents empower 
the children with available storage space beyond that allo 
cated specifically to the children, and, at the same time, 
reserve for the parents’ exclusive use of their own core allo 
cations (1808, 1810). 

Groups 

0183 Groups are aggregations of recording power. That 
is, groups aggregate free space and borrowing power in Sup 
port of recording rather than lending. Although it is not a 
limitation of the present invention, in our exemplary aggre 
gations, it is groups rather than pools that are authorized to 
borrow storage space. It is pools rather than groups, in our 
examples, that lend storage space. Groups comprise mem 
bers, and groups, at least implicitly and as described in more 
detail below, apportion storage space among their members. 
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0.184 Group space, that is, storage space assigned to a 
group, can be allocated or borrowed. Group space can be 
allocated from users free space or from unallocated space. 
Group space can be borrowed from any lender issuing a 
lending authorization record in favor of a group, that is, from 
users or pools. 
0185 FIG. 21a depicts example data structures useful for 
representing groups in PVRS according to various embodi 
ments of the present invention. A group profile 2102 repre 
sents a group. Group profiles typically have a group identifi 
cation field such as Group ID 2104. The group profile 2102 
also provides data elements for allocated space 2130, free 
space 2132, used space 2134, borrowed space 2136, content 
restrictions 2138 on recordable content allowed for the group, 
and a default compression level 2140 at the group level 2102. 
0186 The exemplary data structures of FIG. 21a provide a 
member record 2106 representing each member of a group. A 
member of a group is a user having a member record identi 
fying the user as a member of a group. The member records 
2106 contain a group ID field 2104 as a foreign key linking 
each member record to a group in a one-to-many relationship. 
0187. The member records 2106 contain a user ID field 
322 identifying a user as a member of the group identified in 
the Group ID field 2104. The userID field 322 is a foreign key 
linking the member records one-to-many to user profiles 202. 
In the exemplary data structures of FIG. 21a, therefore, mem 
ber records implement a many-to-many relationship between 
groups 2102 and users 202. That is, each group can have many 
users as members, and each user can be a member of many 
groups. 
0188 Groups can have stated preferences. More particu 
larly, groups, through their authorized representatives, can 
create expressions of preference in the form, for example, of 
user preference records 320. For groups expressions of pref 
erence, the UserID field 322 in a preference record 320 stores 
a group ID, acting as a foreign key, linking user preference 
records 320 one-to-many to groups. That is, each group can 
assert many preferences. PVRs according to embodiments of 
this kind are programmed to carry out preference recording 
for groups in the same way that preference recording is done 
for individual users. 
0189 Groups' authorized representatives can schedule 
recordings of shows for groups in the same way that shows are 
scheduled for users, for example, by creation of a show record 
effected through a user interface. More particularly, a show 
240 scheduled to be recorded on behalf of a group 2102 has 
stored in its OwnerID field 244 the group ID of the group on 
whose behalf the show is scheduled to be recorded. In such 
embodiments, that group is considered the owner of Such a 
show. 
0190. As for borrowing, any lending authorization record 
(220 on FIGS. 3 and 20) issued by any lender can store in its 
BorrowID field 224 a group ID, effectively authorizing lend 
ing to a group. Groups are authorized to borrow by use of a * 
wild card Such as a “*” in the BorrowerD field 224 when the 
wildcard represents authority to lend to any borrower, includ 
ing groups. Lenders identified in the Lender|D field 222 of a 
lending authorization record 220 can be any lender, includ 
ing, for example, users and pools. 
0191 Borrowing for groups can be further explained with 
reference to the exemplary method of personal video record 
ing depicted in FIG. 17. The method of FIG. 17 includes 
borrowing 408 from a lender 1502 a loan amount on behalf of 
a borrower 1514. The lender 1502 can be any authorized 
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lender including, for example, individual users and pools. 
And the borrower 1514 can be any authorized borrower 
including, for example, groups as well as individual users. In 
the context of our example data structures, an authorized 
borrower can be a group whose group ID appears in the 
BorrowerID field 224 of a lending authorization record 220. 
0.192 Loans from pools to groups are optional. That is, 
there is no requirement within the present invention for pools 
to loan to groups, and it is entirely within the scope of the 
present invention for a PVR’s programming to effect loans to 
groups only from individual users. 
0193 PVRs can be programmed to accept scheduling 
entries for shows or expressions of group preferences from all 
group members or less than all. The example data structure 
for member records 2106 includes a Boolean field Authorize 
dRep. 2110 in which is stored an indication whether the mem 
ber represented by the member record 2106 is authorized to 
schedule shows and assert preferences on behalf of the group. 
0194 FIG. 22 sets forth a flow chart depicting an exem 
plary method of creating a group. The method of FIG. 22 
includes including creating 1906 a group profile 2102 and 
assigning group storage space 1914 to the group. In addition, 
FIG. 22 depicts two alternative methods of assigning group 
storage space. More particularly, the method of FIG. 22 
includes allocating 1908 to the group 2102 users storage 
space 1904 as group storage space 1914. The method of FIG. 
22 also includes the alternative of assigning 1910 group stor 
age space 1914 to the group 2102 directly from unallocated 
storage space 1902. 
0.195 To the extent that group allocation comes from 
members free space 1904, members allocated space (as 
reference 198 on FIG. 21a) and members free space (206 on 
FIG. 21a) is reduced by the amount of storage space allocated 
from users free space to group storage space. There is no 
requirement that members contribute equally to allocations 
from members free space to group storage space. There no 
requirement that all (or any) users contributing free space to a 
group must be members of the group. Contributors, users 
and/or members can determine proportions of allocation from 
users free space when the group is created (or can amend 
later through user interface screens). 
0196. It is an advantage of the use of groups to record 
shows that the use of individual user's free space is leveraged. 
An example of Such leveraging is a show having a storage 
space requirement of 50 megabytes recorded for a group 
having three members each of whom contributed 20 mega 
bytes of user free space to the group's storage space, that is, 
equal contributions from each user. In this example, each 
user's free space is implicitly used at the level of 16.67 mega 
bytes in return for which each user is empowered to record 
and view a 50 megabyte show. 
0197) It is also an advantage that group ownership in 
shows implicitly apportions ownership among members 
according to their relative contributions to a group storage 
space. Consider an example in which three users group to 
record comedy shows knowing in advance that users 1 and 2 
have less interest in comedy that user3. The users contribute 
their free space to group storage space in the proportion 1/1/2, 
that is, 10 megabytes from user 1, 10 megabytes from user 2, 
and 20 megabytes from user 3. In using 10 megabytes to 
record a show, therefore, the three users implicitly use their 
storage space respectively at the levels of 2.5 megabytes, 2.5 
megabytes, and 5 megabytes. This is an explicit use of group 
storage space that implicitly apportions the space require 
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ment according to predetermined weighted coefficients, set 
by the users themselves, rather than equally among all three 
members of the group. 

Apportionment 

0.198. In all our example thus far regarding groups, it is a 
group as a whole that records and deletes each show, and, 
despite the implicit apportionment of storage space, it is 
nevertheless the group as a whole who benefits from or suffers 
from the use of the show's entire space requirement at all 
times. It would be advantageous to have more flexibility than 
that. It would be advantageous to be able to allow users to 
aggregate their storage space in groups and then opt out user 
by user, with flexibility granted to each user when to opt out, 
rather than requiring the entire group to wait until they all 
recoup a show's used space at the same time. It would be 
useful to be able to explicitly apportion ownership, and loan 
amounts also, among members of a group. 

Apportionment of Storage Space 

(0199 We now describe an additional class of embodi 
ments of PVRs according to the present invention, embodi 
ments for recording shows for groups in which a show's 
storage space requirement is charged to group members 
rather than to a group as such. In Such embodiments, with 
reference to the example data structures in FIG. 21a, to the 
extent that the data elements for charging space requirements 
to groups, the fields for space allocation 2130, free space 
2132, used space 2134, and borrowed space 2136, are present 
in group profiles 2102, such fields are not utilized. Indeed, in 
some PVRs according to this class of embodiments, such 
fields may be entirely excluded from group profiles 2102. 
0200. In other embodiments, two modes of operation are 
Supported, one for charging space requirements to a group as 
Such, another mode for charging space requirements to group 
members. In the first mode, the fields for charging space 
requirements to groups are utilized; in the second mode they 
are ignored. PVRS according to Such embodiments can Switch 
between the two modes of operation using a mode Switch 
implemented, for example, in a Boolean field established for 
that purpose, such as, for example, the field GroupMode 2116 
in the example group profile 2102 on FIG. 21a. We described 
the first mode of operation in detail above. In the description 
which follows, we focus on the second mode, charging space 
requirements to members. 
0201 With reference to FIG. 23, and with reference to the 
example data structures of FIG. 21a, we described a method 
of personal video recording of shows for groups that appor 
tions 2156 storage space requirements 246 to group members 
1920. The method of FIG. 23 includes creating 2106 show 
records 240 in two circumstances. The method includes cre 
ating show records when shows are scheduled for recording 
2152 through data entry by an authorized representative of a 
group 2108. 
0202 The method includes also creating show records 
when shows are identified for preference recording 2154 on 
the basis of indications of member preference 2150. Members 
are users, and users, as described in detail above, are Sup 
ported by PVRs of the present invention in data entry of 
indications of user preference, including, for example, entry 
into user preference records 320 users indications of pre 
ferred show titles 324 and preferred actors 326, as well as 
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users indications of the relative intensity with which such 
preferences are asserted, as, for example, in the preference 
level field at reference 328. 

0203) A show 240 to be recorded on behalf of agroup 2102 
has stored in its OwnerID field 244 the group ID of the group 
on whose behalf the show is to be recorded. In such embodi 
ments, that group, rather than any individual user, is consid 
ered the owner of such a show. 

0204 FIG. 23 sets forth a flow chart depicting a method of 
automated personal video recording that includes recording 
2162 for a group 2102 comprising a number of members 
1920, a show 240 having a storage space requirement 246, 
wherein each of the members has allocated storage space 198 
on a PVR optionally including free space 206. The method of 
FIG. 23 includes apportioning 2156 the show's storage space 
requirement 246, including apportioning to each member 
1920 an apportioned amount of the show's storage space 
requirement. Three exemplary alternative ways of apportion 
ing space requirements are disclosed. 
0205. In the method of FIG. 23, apportioning 2156 the 
show's storage space requirement 246 alternatively includes 
apportioning according to the number of members 2114. In 
PVRs according to this kind of embodiment, the number of 
members is typically recorded on a group profile 2102, in, for 
example, a field such as NumberMembers 2114. Apportion 
ing a show's storage space requirement then includes dividing 
the show's space requirement by the number of members, 
thereby determining an apportioned amount of the show's 
Storage space requirement to be charged to each member. 
Apportioning the show's storage space requirement then 
includes incrementing each member's UsedSpace 204 by the 
apportioned amount and decrementing each member's 
FreeSpace 206 by the apportioned amount. 
0206. In the method of FIG. 23, apportioning 2156 the 
show's storage space requirement 246 alternatively includes 
apportioning according to predefined proportions 2160. In 
PVRs according to this kind of embodiment, predefined pro 
portions are established in fields such as the SpaceShare field 
2112 in member records 2106. Predefined proportions can be 
percentages adding up to one hundred percent, so that, for 
example, in a group having four members, the predefined 
proportions can be, for example, 10%, 10%, 40%, and 40%. 
Apportioning a show's storage space requirement in Such 
embodiments then includes multiplying the show's storage 
space requirement by each predefined proportion, thereby 
determining a separate apportioned amount for each member. 
Apportioning the show's storage space requirement in Such 
embodiments then includes, for each member, incrementing a 
member's UsedSpace 204 by the apportioned amount for that 
member and decrementing a member's FreeSpace 206 by the 
apportioned amount for that member. In the method of FIG. 
23, apportioning 2156 the show's storage space requirement 
246 alternatively includes apportioning according to mem 
bers’ preferences 2158. Members indicate preferences in, for 
example, user preference records 320, including indications 
of levels of relative intensity 328. Apportioning a show's 
storage space requirement in Such embodiments then 
includes establishing, as percentages, for example, a 
weighted coefficient of preference for each member. Appor 
tioning a show's storage space requirement in Such embodi 
ments then includes multiplying the show's storage space 
requirement by each weighted coefficient, thereby determin 
ing a separate apportioned amount for each member. Appor 
tioning the show's storage space requirement in Such embodi 
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ments then includes, for each member, incrementing a 
member's UsedSpace 204 by the apportioned amount for that 
member and decrementing a member's FreeSpace 206 by the 
apportioned amount for that member. 
0207. Further with regard to weighted coefficients of pref 
erence, we present this example for further explanation. In 
user preference records 320 for the show title “Dukes of 
Hazzard. Mom asserts a preference level of 3. Dad asserts 
a preference level of 2. Son asserts a preference level of 1. 
and Daughter asserts no preference for “Dukes of Hazzard.” 
The weighted coefficients of preference for the member 
respectively are 3/6, 2/6, 1/6, and 0/6, or, in terms of percent 
ages, 50%, 33.33%, 16.67%, and 0%. The show's storage 
space requirement for an episode of “Dukes of Hazard is 10 
megabytes. The apportioned amount for each member 
respectively then is 5 megabytes, 3.3 megabytes, 1.67 mega 
bytes, and 0 megabytes. In this example, the members Used 
Space 204 is incremented and FreeSpace 206 is decremented 
in each member's user profile 202 respectively by 5 mega 
bytes for Mom, 3.3 megabytes for Dad, 1.67 megabytes for 
Son, and 0 megabytes for Daughter. In this example, Daugh 
tergets a free ride, which is reasonable in light of the fact that 
she expressed no preference for the show. 

Members' Opting Out of Group-Related Allocations 
of Storage Space 

0208. Despite their prior agreement to join a group, it is 
possible that members may wish to recoup their free space 
allocated to group storage of a show by opting out of the 
group's joint ownership of a show. A member may wish to opt 
out and therefore recoup storage for other uses, for example, 
when the member has viewed a show. A member may wish to 
opt out upon discovering that the group has recorded, and 
therefore apportioned part of a show's storage requirement to 
the member, a show in which the member has little interest. 
Remember the example just above in which the Son 
expressed a preference level of 1 for “Dukes of Hazzard.” 
Upon learning that his group has recorded an episode of 
“Dukes of Hazzard, the Son might very well believe this his 
storage space might be better utilized elsewhere. 
0209. In our teachings thus far regarding personal video 
recording, there is no very easy way for a member to opt out 
of group ownership of a show. Consider, for example, the case 
of storage space apportionment according to the number of 
members in a group. We disclosed storing the group size in 
the NumberMembers field 2114 in a group profile 2102. 
shown on FIG. 21a. If the one member opts out, however, the 
effective group size is reduced by one. Presumably we could 
then define a field called for example EffectiveGroupSize in 
which a PVR could store the number of members who have 
not opted out, but then there would be no easy way to know 
which members remain. What is needed is something with 
more flexibility. 
0210 FIG. 21a depicts an example data structure for reap 
portionment records 2174, each of which identifies a reap 
portionment of a show's storage space requirement to a par 
ticular member of a group. Such reapportionment records 
represent apportionments of responsibility for a show's space 
requirement among the members of a group who have not 
opted out of ownership responsibility for a particular show. 
Using reapportionment records 2174, a PVR is programmed 
to create, when a user opts out of group ownership, one 
reapportionment record for each remaining member, thereby 
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providing an exact record both of how many members remain 
as well as exactly which members remain. 
0211. The exemplary reapportionment record 2174 of 
FIG. 21a provides a ShowID field 241 which functions as a 
foreign key relating the reapportionment record to a show 
record 240. The show record 240 identifies a group as the 
owner of the show by storing a group ID in its OwnerID field 
244. The SpaceRequirement field 246 in the show record 240 
stores the total space requirement of the show. 
0212. The exemplary reapportionment record 2174 pro 
vides a UserID field 280 storing a user ID of one of the 
member to whom the show's storage space requirement is to 
be reapportioned. The exemplary reapportionment record 
2174 also provides a reapportionment amount field 282 stor 
ing the portion of the show's space requirement to be reap 
portioned to the member identified in the UserID field 280 of 
the reapportionment record 2174. 
0213 FIG. 24 sets forth a flow chart depicting a method of 
personal video recording in which group members are 
empowered to opt out of group ownership of shows. The 
method of FIG. 24 includes apportioning 2156 a show's stor 
age space requirement 246 among group members 1920. 
Apportioning 2156 storage space is carried out independence 
upon the number of members 2114, in dependence upon 
predefined proportions 2160, or in dependence upon mem 
bers’ preferences 2158. After apportioning 2156 storage 
space, PVRs according to the method of FIG. 24 record the 
show 2162, after which users optionally view the show (2164, 
2170) and delete the show 2172. Viewing the show is said to 
be optional in the sense that the show can be viewed before 
members opt out 2164, after members opt out 2170, or, in fact, 
never viewed by anyone before the show is deleted from 
storage. The method of FIG.24 does include eventually delet 
ing the show 2172, including reversing 2176 the then-current 
apportionments of the show's storage space requirement. 
0214. The method of FIG. 24 includes a member's opting 
out 2165 and subsequently reapportioning 2166 the show's 
storage space requirement 246 among group members 1920. 
Reapportioning 2166 the show's storage space requirement 
includes reversing 2174 the previous apportionment of the 
show's storage space requirement by decrementing each 
member's UsedSpace 204 by the original apportioned 
amount and incrementing each member's FreeSpace 206 by 
the original apportioned amount. 
0215 Reapportioning 2166 also includes creating 2168 
reapportionment records 2174, one reapportionment record 
for each group member remaining after one opts out. Each 
reapportionment record 2174, as shown in FIG. 21a, stores 
the show ID 241, a user ID of a remaining member, and a 
reapportionment amount 282. Reapportionment amounts 282 
are determined in many ways. We discuss three exemplary 
alternative ways of determining reapportionment amounts 
and then reapportioning storage space requirements accord 
ingly. 
0216. In the method of FIG. 24, reapportioning 2166 the 
show's storage space requirement 246 alternatively includes 
reapportioning according to the number of members 2114. In 
PVRs according to this kind of embodiment, the number of 
members is typically recorded on a group profile 2102, in, for 
example, a field such as NumberMembers 2114. Reappor 
tioning 2168 a show's storage space requirement then 
includes decrementing by one the number of members, 
thereby determining the number of members remaining after 
one opts out and the number of reapportionment records to be 
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created; creating one reapportionment record for each 
remaining member, described above; dividing the show's 
space requirement by the number of remaining members, 
thereby determining a reapportioned amount of the show's 
storage space requirement to be charged to each remaining 
member; and storing the reapportioned amount in the Reap 
pAmount field 282 in each reapportionment record 2174. 
Reapportioning the show's storage space requirement then 
also includes incrementing each remaining member's Used 
Space 204 by the reapportioned amount and decrementing 
each remaining member's FreeSpace 206 by the reappor 
tioned amount. 

0217. In the method of FIG. 24, reapportioning 2166 the 
show's storage space requirement 246 alternatively includes 
reapportioning according to predefined proportions 2160. In 
PVRs according to this kind of embodiment, predefined pro 
portions are established in fields such as the SpaceShare field 
2112 in member records 2106. Predefined proportions can be 
percentages adding up to one hundred percent, so that, for 
example, in a group having four members, the predefined 
proportions can be, for example, 10%, 10%, 40%, and 40%. 
After a member opts out, however, the remaining members 
predefined proportions no longer add up to 100%. The 
method of FIG. 24, therefore, includes recalculating by 
weight the remaining predefined proportions so that they 
again add up to 100%. Reapportioning a show's storage space 
requirement in Such embodiments then includes multiplying 
the show's storage space requirement by each recalculated 
predefined proportion, thereby determining a separate reap 
portioned amount for each remaining member. Reapportion 
ing a show's storage space requirement in Such embodiments 
then includes storing each remaining member's reappor 
tioned amount in the ReappAmount field in a reapportion 
ment record 2174. Reapportioning the show's storage space 
requirement in Such embodiments then includes, for each 
remaining member, incrementing a member's UsedSpace 
204 by the reapportioned amount for that member and dec 
rementing a member's FreeSpace 206 by the reapportioned 
amount for that member. 

0218. In the method of FIG. 24, reapportioning 2166 the 
show's storage space requirement 246 alternatively includes 
reapportioning according to members preferences 2158. 
Members indicate preferences in, for example, user prefer 
ence records 320, including indications of levels of relative 
intensity 328. Reapportioning a show's storage space require 
ment in Such embodiments then includes establishing, as 
percentages, for example, a weighted coefficient of prefer 
ence for each remaining member. The weighted coefficients 
so established will be different after a member opts out, than 
they were before a member opted out, unless, as described 
above, the member opting out had asserted no preference for 
the show in question. Reapportioning a show's storage space 
requirement in Such embodiments then includes multiplying 
the show's storage space requirement by each newly estab 
lished weighted coefficient, thereby determining a separate 
reapportioned amount for each member. Reapportioning a 
show's storage space requirement in Such embodiments then 
includes storing each remaining member's reapportioned 
amount in the ReappAmount field in a reapportionment 
record 2174. Reapportioning the show's storage space 
requirement in Such embodiments then includes, for each 
remaining member, incrementing a member's UsedSpace 
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204 by the reapportioned amount for that member and dec 
rementing a member's FreeSpace 206 by the reapportioned 
amount for that member. 

Apportionment of Loans 

0219. We now describe an additional class of embodi 
ments of PVRs according to the present invention, embodi 
ments for recording shows for groups where, in addition to 
apportioning storage space requirements among members, 
loans of storage space are also apportioned among members. 
It is useful to note that a need for a loan can arise in at least two 
ways. One way a need for a loan can arise is when a deficit is 
discovered at the time of a user-scheduled or recording or in 
preference recording. 
0220 Another way a need for a loan can arise is when a 
member opts out of group ownership of a show. When a user 
opts out, the remaining members apportioned amounts of the 
show's storage space requirement typically will increase. If 
one member's apportioned amount exceeds the member's 
free space, a deficit exists that requires borrowing if recording 
is to continue. 
0221 PVRs according to the embodiments under discus 
sion charge group loan amounts by apportionment to group 
members rather than to a group as such. If a member opts out, 
then any outstanding group loan amount is reapportioned to 
the remaining members. 
0222. With reference to the exemplary data structures of 
FIG. 3, a group loans, that is, a loan to a groups, is authorized 
by storing a group ID in a BorrowerID field 224 in a lending 
authorization record 220. A data structure useful in appor 
tioning group loans among members is show in the loan 
record 230 of FIG. 21b. The loan record of FIG. 21b is similar 
to the loan record of FIG. 3 with the addition of a Boolean 
GroupLoan field 284, a field used for identifying a group loan. 
More particularly, a group loan is represented by two types of 
loan records used in tandem. One loan record type, called a 
group loan record, has a group ID stored in its BorrowerID 
field 234 and its GroupLoan field 284 is set to True. The other 
loan record type, called a member loan record, has a group 
ID stored in its BorrowerID field 234 and its GroupLoan field 
284 is reset to False. Group loan records and member loan 
records are therefore related one-to-many through the Bor 
rowerID field 234 which stores a group ID operating as a 
relational key. 
0223. The LenderID field 232 in each member loan record 
stores a user ID of a member and therefore serves as a foreign 
key relating the member loan record to a user profile 202. 
From the point of view of the user profile 202, the member 
loan record looks like any other loan record, but it is in fact a 
little different. The LoanAmount 236 in the member loan 
record 230 represents an amount to be added to a member's 
BorrowedSpace 208 and subtracted from a member's 
FreeSpace 206, just like any other loan to a user. There is a 
difference, however, because the only actual loan in question 
is one which was authorized as a loan to the group, in a 
lending authorization record issued in favor of the group, not 
for any particular member of the group. The only loan 
involved here is a loan to a group. The Loan Amounts in the 
member loan records are apportionment amounts of a group 
loan, not actual loans to individual members. 
0224 Described in the paragraphs just preceding is one 
exemplary way to represent group loans in data structures. 
Another way would be to create a separate table for the header 
records, the group loan records. Many other data structures 
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for representing group loans will occur to those of skill in the 
art and all such structures are well within the scope of the 
present invention. 
0225 FIG. 25 sets forth a flow chart depicting a method of 
personal video recording that includes apportioning or reap 
portioning 2112 a show's storage space requirement 246 to 
group members 1920. The members are users having allo 
cated storage space optionally including free space on a PVR. 
In the method of FIG. 25, comparing 2402 the members 
apportioned amounts of storage space and the members free 
space results in finding 2406 at least one deficit, that is, at least 
one member whose apportioned amount exceeds the mem 
ber's free space by a deficit amount. 
0226. The method of FIG. 25 includes selecting 2407, in 
dependence upon the deficit amount, one or more lenders 
1502. The lenders 1502 can include users 1504 having free 
storage space and pools 1506 having free storage space. The 
selecting 2407 is carried out in dependence upon the deficit 
amount in the sense that lenders are selected who have autho 
rized lending to the group in at least the deficit amount and 
who have free space at least equal to the deficit amount. 
Alternatively, if there is no lender who authorizes lending to 
the group in at least the deficit amount and who has free space 
at least equal to the deficit amount, then more than one lender 
is selected. 
0227. The method of FIG.25 includes borrowing 2408, in 
dependence upon the deficit amount, from the lenders 1502 
for the group, at least one loan amount of storage space. The 
borrowing 2408 is carried out in dependence upon the deficit 
amount in the sense that a loan amount is borrowed at least 
equal to the deficit amount. If there is no lender who autho 
rizes lending to the group in at least the deficit amount and 
who has free space at least equal to the deficit amount, then 
more than one loan is effected with more than one loan 
amount until the total of the loan amounts is at least equal to 
the deficit amount. 
0228. The method of FIG. 25 include apportioning 2410 
the loan amount among the group members 1920. Apportion 
ing 2410 the loan amount among the members includes 
apportioning to each member 1920 an apportioned amount of 
the loan amount. Three exemplary alternative ways of appor 
tioning loan amount are disclosed below. 
0229. In the method of FIG. 25, apportioning 2410 the 
loan amount alternatively includes apportioning according to 
the number of members 2114. In PVRs according to this kind 
of embodiment, the number of members is typically recorded 
on, for example, a group profile 2102 in a field Such as 
NumberMembers 2114 shown on FIG. 21b. Apportioning a 
loan amount includes dividing the show's space requirement 
by the number of members, thereby determining an appor 
tioned amount of the loan amount to be charged to each 
member. Apportioning a loan amount includes creating 2411 
loan records 230, including a group loan record and one 
member loan record for each member. Apportioning a loan 
amount includes storing in the LoanAmount field 236 in each 
member loan record the apportioned amount to be charged to 
each member. Apportioning the loan amount includes incre 
menting each member's BorrowedSpace 208 by the appor 
tioned amount and decrementing each member's FreeSpace 
206 by the apportioned amount. 
0230. In the method of FIG. 25, apportioning 2410 the 
loan amount alternatively includes apportioning according to 
predefined proportions 2160. In PVRs according to this kind 
of embodiment, predefined proportions are established in 
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fields such as the SpaceShare field 2112 in member records 
2106. Predefined proportions can be percentages adding up to 
one hundred percent, so that, for example, in a group having 
four members, the predefined proportions can be, for 
example, 10%, 10%, 40%, and 40%. Apportioning a loan 
amount in Such embodiments includes multiplying the loan 
amount by each predefined proportion, thereby determining a 
separate apportioned amount for each member. Apportioning 
a loan amount includes creating 2411 loan records 230, 
including a group loan record and one member loan record for 
each member. Apportioning a loan amount includes storing in 
the LoanAmount field 236 in each member loan record the 
apportioned amount to be charged to each member. Appor 
tioning the loan amount in Such embodiments includes, for 
each member, incrementing a member's BorrowedSpace 208 
by the apportioned amount for that member and decrement 
ing a member's FreeSpace 206 by the apportioned amount for 
that member. 
0231. In the method of FIG. 25, apportioning 2410 the 
loan amount alternatively includes apportioning according to 
members’ preferences 2158. Members indicate preferences 
in, for example, user preference records 320, including indi 
cations of levels of relative intensity 328. Apportioning a loan 
amount in Such embodiments includes establishing, as per 
centages, for example, a weighted coefficient of preference 
for each member. Apportioning a loan amount in Such 
embodiments includes multiplying the loan amount by each 
weighted coefficient, thereby determining a separate appor 
tioned amount for each member. Apportioning a loan amount 
includes creating 2411 loan records 230, including a group 
loan record and one member loan record for each member. 
Apportioning a loan amount includes storing in the Loan A 
mount field 236 in each member loan record the apportioned 
amount to be charged to each member. Apportioning the 
show's storage space requirement in Such embodiments then 
includes, for each member, incrementing a member's Bor 
rowedSpace 208 by the apportioned amount for that member 
and decrementing a member's FreeSpace 206 by the appor 
tioned amount for that member. 
0232. The method of FIG. 25 includes optionally record 
ing the show 2120, optionally displaying the show 414, and 
eventually deleting the show 2172, including canceling the 
loan 2502. Recording is said to be optional in the method of 
FIG. 25 because, to the extent that the need for borrowing is 
caused by a user's opting out of group ownership, the show in 
question probably has already been recorded. Displaying (or 
viewing) the show 2172 is said to be optional in that an 
authorized member is perfectly free within the method of 
FIG. 25 to delete the show before anyone watches it. 
0233 Cancelling the loan includes scanning through the 
loan records 230 for the show and, for the member identified 
in each member loan record, decrementing a member's Bor 
rowedSpace 208 by the Loan Amount 236 for that member 
and incrementing a member's FreeSpace 206 by the Loan A 
mount 236 for that member. Cancelling the loan then includes 
deleting all the loan records 230 for the show, that is, all the 
loan records related to the show record through the ShowID 
field 241. 

Members Opting Out of Group-Related Loans of 
Storage Space 

0234. When a member opts out of responsibility for group 
ownership, not only must the storage space requirement be 
reapportioned (as described in detail above in this disclosure), 
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but any existing loan amount must be reapportioned also. 
FIG. 26 sets forth a flow chart depicting a method of personal 
Video recording in which group members are empowered to 
opt out of group ownership of a show when the show has an 
associated group loan of storage space. The method of FIG. 
26 includes a member's opting out 2165 after a PVR appor 
tions 2410 a loan amount among group members 1920. 
0235. There is no particular timing limitation on opting 
out. A member can opt out before or after a show is recorded, 
before or after a show is viewed or displayed. When a member 
opts out therefore, it is possible, in fact likely, that the mem 
bers free space quantities have changed since the related 
show record was created. The method of FIG. 26 includes 
comparing 2402 members currently apportioned amounts of 
the show's storage space and the members free space to 
determine whether a deficit still exists. 

0236. If members free space has changed so that no deficit 
currently exists, then the method of FIG. 26 cancels 2502 the 
now unnecessary loan. Canceling the loan, as described 
above, includes scanning through the loan records 230 for the 
related show and, for the member identified in each member 
loan record, decrementing a member's BorrowedSpace 208 
by the LoanAmount 236 for that member and incrementing a 
member's FreeSpace 206 by the Loan Amount 236 for that 
member. Canceling the loan then includes deleting all the 
loan records 230 for the show, that is, all the loan records 
related to the show record through the ShowID field 241. 
After canceling the loan, the method of FIG. 26 is still left 
with a reduction in the number of members responsible for the 
show's storage requirement, so the method includes reappor 
tioning 2166 the show's space requirement among the 
remaining members as described in detail above. 
0237 If members free space has not changed, so that a 
deficit still exists, of if members free space has changed but 
nevertheless a deficit still exists, the method of FIG. 26 pro 
ceeds by reapportioning 2604 the loan amount among the 
remaining members. Reapportioning the loan amount 
includes reversing 2606 the current apportionment of the 
loan, deleting 2608 the member loan record of the member 
opting out, and recalculating the 2610 members apportioned 
amounts of the loan. 
0238 Reversing 2606 the current apportionment of the 
loan includes scanning through the loan records 230 for the 
related show and, for the member identified in each member 
loan record, decrementing a member's BorrowedSpace 208 
by the LoanAmount 236 for that member and incrementing a 
member's FreeSpace 206 by the Loan Amount 236 for that 
member. Then, because the method at this point is not can 
celing the loan entirely, only the member loan record for the 
member opting out is deleted 2608. In the method of FIG. 26, 
reapportioning 2604 the loan amount alternatively includes 
recalculating 2610 apportioned amounts of the group loan 
according to the number of members 2114. In PVRs accord 
ing to this kind of embodiment, the number of members is 
typically recorded on a group profile 2102, in, for example, a 
field such as NumberMembers 2114. Recalculating 2610 
apportioned amounts of a loan then includes decrementing by 
one the number of members, thereby determining the number 
of members remaining after one opts out. Alternatively, the 
PVR can be programmed to determine the number of remain 
ing members by counting the number of member loan records 
remaining with the same ShowID setting, now that the mem 
ber loan record of the member opting out has been deleted. 
Recalculating 2610 then includes dividing the show's space 
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requirement by the number of remaining members, thereby 
determining a reapportioned amount of the loan to be charged 
to each remaining member. The method includes storing the 
reapportioned amount in the Loan Amount field 236 in each 
remaining member loan record 230. Reapportioning the loan 
then also includes incrementing each remaining member's 
UsedSpace 204 by the reapportioned amount and decrement 
ing each remaining member's FreeSpace 206 by the reappor 
tioned amount. 
0239. In the method of FIG. 26, reapportioning 2604 the 
loan amount alternatively includes recalculating 2610 appor 
tioned amounts of the group loan according to predefined 
proportions 2160. In PVRs according to this kind of embodi 
ment, predefined proportions are established in fields such as 
the SpaceShare field 2112 in member records 2106. Pre 
defined proportions can be percentages adding up to one 
hundred percent, so that, for example, in a group having four 
members, the predefined proportions can be, for example, 
10%, 10%, 40%, and 40%. After a member opts out, however, 
the remaining members predefined proportions no longer 
add up to 100%. Recalculating 2610 apportioned amounts of 
a loan therefore includes recalculating by weight the remain 
ing predefined proportions so that they again add up to 100%. 
Recalculating 2610 in such embodiments then includes mul 
tiplying the total loan amount by each recalculated predefined 
proportion, thereby determining a separate reapportioned 
amount for each remaining member. Recalculating 2610 in 
Such embodiments then includes storing each remaining 
member's reapportioned amount in the LoanAmount field 
236 in a remaining member loan record 230. Recalculating 
2610 in such embodiments then includes, for each remaining 
member, incrementing a member's UsedSpace 204 by the 
reapportioned amount for that member and decrementing a 
member's FreeSpace 206 by the reapportioned amount for 
that member. 
0240. In the method of FIG. 26, reapportioning 2604 the 
loan amount alternatively includes recalculating 2610 appor 
tioned amounts of the group loan according to members 
preferences 2158. Members indicate preferences in, for 
example, user preference records 320, including indications 
of levels of relative intensity 328. Recalculating 2610 appor 
tioned amounts of a group loan in Such embodiments then 
includes establishing, as percentages, for example, a 
weighted coefficient of preference for each remaining mem 
ber. The weighted coefficients so established generally will 
be different after a member opts out, than they were before a 
member opted out, unless, for example, as earlier described in 
detail, the member opting out asserted no preference for the 
show in question. Recalculating 2610 in Such embodiments 
then includes multiplying the total loan amount by each 
newly established weighted coefficient, thereby determining 
a separate reapportioned amount for each remaining member. 
Recalculating 2610 in such embodiments then includes stor 
ing each remaining member's reapportioned amount in the 
Loan Amount field 236 in a remaining member loan record 
230. Recalculating 2610 in such embodiments then includes, 
for each remaining member, incrementing a member's Used 
Space 204 by the reapportioned amount for that member and 
decrementing a member's FreeSpace 206 by the reappor 
tioned amount for that member. 

Recovery of Displayed Storage Space 

0241. In this specification so far, our discussion has 
assumed that, if a show's storage space requirement exceeds 
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available free space and it is not possible find a lender so that 
storage space can be borrowed, then the show will not be 
recorded. See, for example, our discussion above regarding 
the method depicted in FIG. 4 in which a failure to select a 
lender 406 results in stopping recording 412. 
0242 See also, for example, our discussion above regard 
ing the methods depicted in FIGS. 11 and 12, both of which 
are concerned with the risk of underestimating a show's Stor 
age space requirement. Both methods include stopping 
recording (464, 412) if no lender can be found (462, 406). See 
also our discussion of apportioning or reapportioning Storage 
space requirement among group members in connection with 
FIG. 25, where once again we assumed that a failure to find a 
lender 2407 would mean stopping recording 2409. 
0243 It would be advantageous, however, if there were 
other ways to find or create additional free space, so that 
recording can continue over a broader range of circumstances 
and storage space can be used more efficiently. One way to 
proceed against this problem is to note that at any given 
moment, used space may store recorded shows portions of 
which have already been displayed to viewers. It would be 
useful to have ways of recovering Such displayed storage 
space for current use in recording shows. 
0244. In the following discussion, we use the terms "dis 
played storage space' or “displayed space' to refer to the 
storage space upon which is recorded portions of shows that 
have already been displayed to viewers. FIG. 27 depicts 
exemplary data structures useful in freeing displayed space 
for use in recording shows. PVRs according to embodiments 
of this invention are programmed to refrain from attempting 
to free displayed space in shows that are marked as write 
protected, as, for example, in the Boolean fields DefaultRe 
cordProtect (2762 on user profile 202), RecordProtect (2758 
on show record 240), and DefaultRecordProtect (2760 on 
PVR profile 300). 
DefaultRecordProtect 2762 and DefaultRecordProtect 2760 
are Boolean indications, at the user level and the PVR level 
respectively, whether to set RecordProtect 2758 to True as a 
default, that is, whether the default for the PVR is to exclude 
recovering displayed space for use in further recording. An 
indication whether a particular show is write-protected. Such 
as, for example, the RecordProtect field 2758, can be changed 
at any time by an authorized user through manipulation of a 
user interface. The defaults can be changed also. 
0245 DisplayStartTime 2750 and DisplayStopTime 2752 
record display start time and display stop time respectively 
for a display period for a show 240. The amount of used space 
that has been displayed for the show can be stored in Dis 
playedSpace 2766, or the amount of displayed space can be 
calculated on the fly as described in more detail below. 
0246 DisplayStartTime 2754 and DisplayStopTime 
2756, in the viewing records 250, record display start time 
and display stop time respectively for a display period for a 
show identified in Show ID 252 for a particular user as iden 
tified in ViewerID 254. The amount of used space that has 
been displayed for the show to the user can be stored in 
DisplayedSpace 2764 or can be calculated on the fly as 
described below. 
0247 FIG. 28 depicts an exemplary method of freeing 
displayed storage space for use in recording shows. More 
particularly, FIG. 28 depicts a method for automated personal 
video recording on a personal video recorder. The method of 
FIG. 28 includes recording 2702 a first show 2710; displaying 
2704 at least a portion of the first show, thereby creating 
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displayed space 2712; freeing 2706 displayed space, thereby 
making available free space 2714; and recording 2708 at least 
part of a second show 2716 in free space 2714 made available 
by freeing displayed space. 
0248 FIG. 29 depicts a method of personal video record 
ing in which a show's storage space requirement is compared 
403 with a borrower's free space. The method includes select 
ing 406 lenders when the borrower's free space is less than the 
show's storage requirement, that is, when a deficit exists. In a 
similar method discussed above in connection with FIG. 4, 
when lenders are successfully selected, a PVR according to 
this embodiment borrows a loan amount at least covering the 
deficit 408 and proceeds with recording 410. If no lender is 
found, recording stops 412. In the method of FIG. 29, how 
ever, there is an additional alternative. That is, the method of 
FIG.29 includes borrowing less than the deficit 2950, freeing 
displayed space 2706, and then proceeding with recording 
410. Freeing displayed space 2706 comprises freeing a suf 
ficient quantity of displayed space so that the displayed space 
so freed in combination with the borrowed loan amount 2950 
is sufficient to meet the deficit. In use of the method of FIG. 
29, it is only necessary to stop recording 411 in the event that 
both borrowing 2950 and freeing displayed space 2706 fail to 
provide sufficient free space to meet the deficit. 
0249. In the method of FIG. 28, the first show 2719 and the 
second show 2716 can be same show. FIG. 30 depicts, in a 
flow chart and a schematic diagram of storage space require 
ments, an alternative method of freeing displayed space of a 
show while recording and viewing a show. In FIG. 30, the step 
2708 for recording a second show includes recording a sec 
ond show 2906 in free space 2714 made available by freeing 
2706 displayed space 2904 of a first show 2902. In addition, 
the step 2709 for recording a second show includes recording 
a second show 2902 (actually the first show) in free space 
2714 made available by freeing 2706 displayed space 2904 of 
a first show 2902. That is, the method depicted in FIG. 30 
includes operation by recording a show into space in which an 
earlier portion of the same show was recorded, displayed, and 
Subsequently freed. This can occur when, for example, in the 
process of checking a storage space requirement during 
recording of a show that is being viewed while it is being 
recorded, a PVR finds a deficit. If the only displayed space 
available to be freed is the earlier-displayed portion of the 
same show, then the PVR frees that displayed space and 
continues recording. 
(0250 Referring again to FIG. 28, note that if a PVR is to 
free 2706 displayed space, the PVR will need to be able to 
identify displayed space to free. Displaying a show 2704, 
therefore, in the example of FIG. 28, includes identifying the 
displayed space 2718 for the show. FIG. 31 depicts in more 
detail a method of identifying 2718 displayed space for a 
show. More particularly, the method of FIG. 31 includes 
storing 2802 in a viewing record 280, for a show identified by 
ShowID 252, a display start time 2808 and a display stop time 
2810 for a display period for a the show. The method of FIG. 
31 includes subtracting 2804 the start time 2808 from the stop 
time 2810, thereby establishing a duration 2812 for a display 
period for the show. The method of FIG. 31 also includes 
multiplying 2806 the duration 2812 of the display period by a 
frame rate 2814 for the show, thereby identifying, in terms of 
a number of video frames, a particular amount of displayed 
space 2712 for the show. 
0251 Consider, for example, a thirty-minute show dis 
played at a frame rate of thirty frames per second having a 
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display period often minutes. In this example show, there are 
10 minutesx60 seconds/minutesX30 frames/second equals 
18,000 displayed frames. That is, the displayed space for such 
a show can be represented as comprising the first 18,000 
frames of the video file in which the show is recorded. If the 
show's storage space requirement is 60 megabytes, then the 
displayed space for the show can alternatively be represented 
as comprising one third of the show's storage space require 
ment or 20 megabytes of displayed space. 
0252. The PVR needs the frame rate for calculating dis 
played space in terms of video frames. PVRs according to 
some embodiments of the present invention store the frame 
rate 2766 for a show directly on the show record 240. Other 
embodiments treat frame rate as one factor in compression 
level 279 and store frame rates in tables keyed by compres 
sion level, such as, for example, the tables depicted in FIGS. 
10a and 10b. PVRs implementing the method of FIG. 28, for 
example, typically include identifying frame rates in depen 
dence upon compression levels of shows, that is, inferring or 
identifying framerates from compression level tables such as 
those of FIGS. 10a and 10b. 
0253) In the method of FIG. 28, freeing displayed space 
comprises discarding 2720 displayed frames. As shown in 
FIG. 28, one way to discard displayed frames is to issue video 
editing calls 2722 to Software routines in an application pro 
gramming interface (API) for video editing, a video editing 
API. There are many APIs for video editing. Most, if not all, 
codecs have associated APIs for video editing. Examples of 
APIs for video editing include Video For Linux, Microsoft's 
Video For WindowsTM, and the Sun Microsystems’s Java 
Media FrameworkTM. Video For Windows, for example, is a 
hardware independent API used by popular video editing 
packages such as Adobe PremierTM and by video conferenc 
ing software such as Microsoft's NetMeetingTM. 
0254 FIG. 32 depicts an alternative exemplary method of 
discarding 2720 displayed frames, a method that is imple 
mented by application programming that itself directly 
manipulates video files or manipulates video files through 
calls to video editing APIs. The method of FIG. 32 operates 
on a show 2710 recorded in a video file 3102 comprising 
video frames 3104, including displayed frames 3106. In the 
method of FIG. 32, discarding 2720 displayed frames com 
prises deleting 3110 displayed frames from the video file. 
More particularly, the method of FIG. 32 includes opening 
3108 the video file 3102; deleting 3110 displayed frames 
3106; and closing 3112 the video file 3106. The method of 
FIG. 32, therefore, relies on the PVR's operating system to 
reduce the size of the video file 3102 by approximately the 
proportion of storage space formerly occupied by the deleted 
displayed frames 3106. 
0255 FIG.33 depicts a slightly more affirmative alterna 
tive exemplary method of discarding 2720 displayed frames, 
a method that too is implemented by application program 
ming that itself directly manipulates video files or manipu 
lates video files through calls to video editing APIs. The 
method of FIG.33 operates upon a show in an original video 
file 3102 comprising video frames 3104 and displayed frames 
3106. In the method of FIG. 33, discarding 2720 displayed 
frames comprises streaming 3306 the show from the original 
video file 3102 to a new video file 3312, excluding displayed 
frames 3106, and deleting 3310 the original video file 3102. 
More particularly, the method of FIG.33 includes opening 
3202, the original video file 3202; opening 3304 a new video 
file 3312: streaming 3306 the video frames 3104 from the 
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original video file 3102 to the new video file 3312, excluding 
displayed frames 3106; closing 3308 the new video file 3312: 
and deleting 3310 the original video file 3102. We say that this 
method is slightly more affirmative in that the new video file 
3312 is only ever filled with a video clip of reduced size, and 
the original video file 3102 is completely deleted. 
0256 In all this opening, closing, and deleting of files, in 
PVRs according to many embodiments of the present inven 
tion, the application software in a PVR will need the shows 
filenames for dealing with the PVR's operating system. 
Shows filenames are stored, for example, in fields provided 
for that purpose, such as the one at reference 242 in show 
record 240 on FIG. 27. In the method of FIG.33, for example, 
it is useful, after opening a new video file 3312 and deleting 
3310 the original video file 3102, for the PVR to update the 
filename field 242 (presently containing the filename of the 
original video file 3102) in the show record 240 with a file 
name for the new video file 3312. 
0257. It is useful to consider in more detail the process of 
deleting displayed frames and excluding displayed frames 
from a stream to a new video file as these processes apply to 
discarding displayed frames. More particularly, it is useful to 
identify how to determine when to stop. That is, it is useful to 
have particular ways of determining in deleting displayed 
frames which is the last frame to be deleted, assuming the 
PVR takes as the first frame to be deleted the first frame in the 
video file. Similarly, with respect to excluding displayed 
frames from a steam to a new file, it is useful to be able to 
identify exactly which frame is to be the last frame excluded 
from the stream to the new file, assuming that the PVR begins 
exclusion with the first frame in the original video file. The 
answer as to which frame is the last frame depends on the 
video encoding of the video being worked upon, the file from 
which frames are to be deleted or the file from which frames 
are streamed to a new file. 
0258 MJPEG, for example, compresses only a single 
frame at a time, so-called intra-frame or spatial compression. 
Each MJPEG video frame is a complete picture in itself. 
Identifying a particular MJPEG frame as the last frame to be 
deleted or excluded a stream is straightforward: Count the 
number of frames identified by use of, for example, the 
method of FIG. 31 for identifying displayed space 2718. That 
is, multiply 2806 a duration 2812 of a display period by a 
frame rate 2814 for a show. The product is a number of 
frames. In using a method according to FIG. 32, delete that 
number of frames from the front of a video file. In using a 
method according to FIG.33, exclude that number of frames 
from the front of a stream from an original video file to a new 
video file. 

0259 MPEG, on the other hand, is an inter-frame com 
pression format that uses both spatial compression in each 
frame and temporal compression across frames. In MPEG, 
that is, several frames at once are considered while perform 
ing encoding operations. FIG.34 illustrates a simplified illus 
trative example of the structure of MPEG-1 video. MPEG-1 
video includes a sequence header 3402, followed by one or 
more alternating sequences of Group of Pictures or GOP 
headers 3404 and GOPs 3406, followed by a sequence end 
marker 3408. A GOP is a series of pictures (frames 3416) each 
of which consists of a picture header and actual picture data. 
0260 A frame or picture can be of type I (3410), P (3412), 
or B (3414). An I-frame is an intracoded frame, intracoded 
meaning coded only with reference to itself. I-frames are 
coded spatially with no reference to any other frame in the 
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sequence. That is, I-frames are coded spatially but not tem 
porally. I-frames can be decoded, or reconstructed for display, 
with no reference to other frames. Each I-frame is a complete 
picture ready for display on its own after decoding. 
0261 Starting with an I-frame, an MPEG encoder can 
forward predict a future frame. A forward-predicted frame is 
called a P-frame. P for predicted. P-frames are predicted 
from I-frames and from other P-frames. P-frames are encoded 
both spatially and temporally. It is not possible to reconstruct 
or decode a P-frame without data from another frame. 
P-frames are forward predicted only, from the most recently 
preceding I-frame or P-frame. 
0262 B-frames are both forward predicted and backward 
predicted, B' for bidirectional. B-frames are forward and 
backward predicted from the last and next I-frame or P-frame, 
therefore requiring two other frames to reconstruct each 
encoded B-frame. As an example of the usage of I. P. and 
B-frames, consider the following sequence of six-frame 
GOPs: IBPBPB, IBPBPB, IBPBPB . . . . The I-frames are 
coded spatially only and the P-frames are forward predicted 
based on previous I and P-frames. The B-frames are coded 
based on forward prediction from a previous I or P-frame, as 
well as backward prediction from a succeeding I or P frame. 
The example sequence is processed by the encoder so that the 
first B frame is predicted from the first I frame and first P 
frame; the second B frame is predicted from the second and 
third P frames; and the third B frame is predicted from the 
third Pframe and the first I frame of the next group of pictures. 
0263. Note that the second B-frame in each GOP in addi 
tion to depending on backward prediction from a next 
I-frame, also depends on forward prediction from a preceding 
P-frame which in turn depends on forward prediction from a 
preceding P-frame and a preceding I-frame. Because the 
P-frames and B-frames between I-frames depend, directly or 
indirectly, on forward prediction from a previous I-frame, 
cutting an MPEG sequence at a point in the sequence between 
I-frames renders useless the frames between the cut point and 
the next I-frame. Cuts for deleting displayed frames from 
MPEG video files and excluding displayed frames from 
MPEG streams in PVRs according to embodiments of the 
present invention, therefore, are usefully made at I-frames. 
0264. With reference to the methods of FIGS. 32 and 33, 
therefore, PVRs according to those methods usefully include, 
when processing MPEG video, in the process of deleting 
3110 displayed frames 3106 and in the process of streaming 
3306 while excluding displayed frames 3106, checking frame 
types. Frame types are checked in Such embodiments, for 
MPEG video, to determine that the first frame in continuation 
is an I-frame, that is, that the next frame after a last frame 
deleted or excluded is an I-frame, so that an MPEG decoderin 
reconstructing the modified or new file for display is not 
presented initially with a P-frame or a B-frame, frames which 
cannot be decoded without a preceding I-frame. 
0265. In other words, if the last frame to be deleted or 
excluded is a P-frame or a B-frame, then PVRs processing 
MPEG video according to these embodiments can delete all 
the frames up to the next I frame. If the cut would then occur 
in the middle of GOP requiring editing a GOP header, then 
PVRs can delete or exclude all the frames up to the beginning 
of the next GOP, including the GOP header for the current 
GOP. A typical MPEG block frame count is sixteen frames 
including one I-frame. On average, this method therefore 
would be expected to exclude about eight undisplayed frames 
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comprising about a fourth of a second of video display, which 
is unlikely to be noticed by viewers. 
0266. An alternative for MPEG that is slightly more con 
servative and slightly more complex is to buffer GOPs, that is, 
buffering all the frames in each GOP one-by-one as each GOP 
is processed for deletion or exclusion. Then when a displayed 
frame count indicates a mid-GOP discard, the PVR can still 
include or stream out to the new video file the entire current 
GOP including the displayed frames in the GOP as well as the 
undisplayed frames in the block, thereby deleting somewhat 
fewer than all the displayed frames, but conservatively pre 
serving all the frames not yet displayed. We discussed in this 
disclosure several ways of carrying out deletions and exclu 
sions of displayed frames, particularly with reference to the 
exemplary encodings MJPEG and MPEG. Many ways of 
deleting or excluding displayed frames in these encodings 
and other encodings will occur to those of skill in the art, and 
all such ways are well within the scope of the present inven 
tion. 

Further Compression of Shows 

0267 Above in this disclosure, we discussed various ways 
ofmaking free space available for recording shows, including 
lending free space to other users or groups of users, repos 
sessing loaned space, and recovery of displayed space. We 
discussed also the fact that compression levels affect storage 
space requirements and storage space usage. In light of that 
discussion, we note now that it would be useful also to be able, 
not only to calculate and reset storage space requirements in 
dependence upon compression levels, but also to affect com 
pression levels as such. Having the capability of changing 
compression levels for shows already recorded or currently in 
the process of being recorded would add a useful alternative 
way of making free space available for recording. 
0268 We turn now to a discussion of further compression 
of shows. We speak of “further compression because, as 
readers will realize from our earlier discussion of compres 
Sion, all shows are compressed to Some extent during delivery 
or capture and storage. Readers will also understand by now 
that in this discussion the term "show’ includes show records 
that identify shows and store the shows attributes, as well as 
the physically recorded video and audio content associated 
with particular shows. Although it is true that the physically 
recorded content can be stored in a variety of media including 
streams and temporary data structures in RAM, for ease of 
explanation, we generally speak in this disclosure of record 
ing shows in files for storage in file systems on magnetic or 
optical media. 
0269 FIG. 35 depicts a method for automated personal 
video recording that includes recording 3502 shows (3504, 
3505), where each show has an original compression level 
3506. Compression level values generally, including the 
original compression level 3506 of this embodiment, can be 
stored, for example, in a compression field Such as the one 
illustrated at reference 279 in the show record 240 in the 
example data structures in FIGS. 3 and 27. The method of 
FIG. 35 includes further compressing 3508 a recorded show 
3505 to a new compression level 3510, the new compression 
level being higher than the recorded show's original compres 
sion level, thus making free space 3512 available for record 
ing. The method of FIG. 35 also includes recording 3516 at 
least part of a new show 3514 in free space 3512 made 
available by further compressing the recorded show 3505. 
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0270. The need to make additional free space available for 
recording can arise in several ways. Additional free space is 
needed for Scheduled recording and for preference recording 
when, for example, a show to be recorded for a user has a 
storage space requirement larger than the user's free space. 
Additional free space is needed for apportioning and reappor 
tioning shows storage space requirements among group 
members, when, for example, an apportioned amount of a 
storage space requirement exceeds a member's free space. 
Additional free space is needed for apportioning and reappor 
tioning group loan amounts among group members, when, 
for example, an apportioned amount of a loan exceeds a 
members free space. 
0271 FIG. 36 depicts a method of personal video record 
ing in which a show's storage space requirement is compared 
403 with a borrower's free space. When the borrower's free 
space is less than the show's storage requirement, that is, 
when a deficit exists 404, the method proceeds by selecting 
406 lenders. In a similar method discussed above in connec 
tion with FIG. 4, when lenders are successfully selected, a 
PVR according to this embodiment borrows a loan amount at 
least covering the deficit 408 and proceeds with recording 
410. If no lender is found, recording stops 412. In the method 
of FIG. 36, however, there is an additional alternative. The 
method of FIG. 36 includes borrowing less than the deficit 
2950, further compressing 3508 a recorded show, and then 
proceeding with recording 410. Further compressing 3508 a 
recorded show includes freeing a Sufficient quantity of dis 
played space so that the displayed space so freed in combi 
nation with the borrowed 2950 loan amount is sufficient to 
meet the deficit. In use of the method of FIG. 36, it is only 
necessary to stop recording 411 in the event that both borrow 
ing 2950 and further compressing 3508 recorded shows fail to 
provide sufficient free space to meet the deficit. 
0272. In addition to the method of further compressing 
recorded shows, PVRs can implement also the method of 
FIG. 29 comprising freeing displayed space 2706. In such 
PVRs, it is only necessary to stop recording 411 in the event 
that the combination of borrowing 2950, freeing displayed 
space 2706, and further compressing recorded shows 3508 
fails to provide sufficient free space to meet a deficit. 
0273. A further kind of embodiment, illustrated also in 
FIG. 35, includes selecting a recorded show to be further 
compressed. Selecting the recorded show can include select 
ing a show having an original compression level lower than a 
highest supported compression level in a PVR. The recorded 
show's original compression level is the compression level 
presently stored in the compression field 279 show's show 
record 240. Regarding the relationship between the original 
compression level and the highest Supported compression 
level, consider, for example, compression level table 602 in 
FIG. 10b. Assume for explanation that the original compres 
sion level is 320:1, indicating the compression level whose 
affecting factors are listed in record 606 of table 602, includ 
ing MPEG-2 encoding, a frame rate of 30 frames per second, 
a resolution of 352x240, and so on. The compression level of 
320:1 is relative to raw video. The same compression level 
is 4 relative to an NTSC source stream identified in record 
604 of table 602. 
0274 The highest supported compression level, in this 
example context, is 20480:1. Highest supported compres 
sion level means the highest level for which a PVR has a 
codec capable of handling the show's present encoding as an 
input and producing a more compressed encoding of video as 



US 2008/0172688 A1 

output. In this example context. Such a highest Supported 
compression level is indicated in record 614 of table 602. As 
long as the show's original compression level is less than a 
highest Supported compression level, the show is a candidate 
for further compression. In this example, as among several 
candidate shows, selecting a show for further compression 
includes selecting the first show among the candidates having 
an original compression level lower than a highest Supported 
compression level in a particular PVR according to an 
embodiment of the present invention. 
(0275. The method of FIG. 35 includes further compress 
ing a recorded show. The recorded show comprises an origi 
nal video file, original in the sense that it is in a beginning 
condition for the current process of further compression. As 
shown in FIG. 35, one way to further compress the original 
video file is to issue calls 2722 to software routines in an 
application programming interface (API) for a codec. 
There are many APIs for codecs. Most, if not all, codecs have 
associated APIs. Examples of APIs for codecs, as mentioned 
earlier, include Video For Linux, Microsoft's Video For 
WindowsTM, and the Sun Microsystems's “Java Media 
FrameworkTM. 
0276 FIG. 37 depicts a method of further compressing 
3508 a recorded show comprising an original video file 3702. 
The method of FIG. 37 is implemented by application pro 
gramming that itself directly manipulates video files or 
manipulates video files through calls to codecs APIs. 
Although it is possible through application programming to 
manipulate video files directly, because of the complex struc 
ture of most video encoding formats, it is quite likely that 
most embodiments will implements codecs and codec APIs. 
In the following discussion, the use of codecs and codec APIs 
is assumed. 

(0277. In the method of FIG. 37, a recorded show com 
prises an original video file 3702 having original encoding 
parameters 3704 including an original encoding type 3706. 
Examples of encoding type include MPEG-1, MPEG-2, 
MPEG-4, MJPEG, DVD, and so on. Further compressing 
3508 the recorded show includes opening 3718 the original 
video file 3702, opening 3720 a new video file 3710, convert 
ing 3708, through a codec 176, the original video file 3702 
into a new video file 3710 having new encoding parameters 
3712. 
0278 Encoding parameters implement factors affecting 
compression level, including, as illustrated, for example, in 
FIGS. 10a and 10b, encoding type 424, color space size 426, 
frame rate 428, resolution 430, and audio quality 432. The 
new encoding parameters may optionally include a new 
encoding type 3714, although it may or may not be necessary 
to change encoding type in order to achieve a higher com 
pression level. In the sequence of compression levels depicted 
in table 602 in FIG. 10b, for example, beginning with an 
original compression level of 320:1 for the MPEG-2 encod 
ing type, there are two higher compression levels having the 
MPEG-2 encoding type (represented by records 608 and 610) 
that can be used before there is a need to change to MPEG-1 
(record 612) or MJPEG (record 614) in order to obtain even 
higher compression. 
0279. In addition, when changing encoding types, it may 
or may not be necessary to change codecs. At least some 
codecs that handle MPEG-2 also handle MPEG-1, for 
example. Our System block diagram in FIG. 2a depicts only 
one codec 176, but that illustration is for convenient explana 
tion, not for limitation. PVRs according to embodiments of 
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the present invention often will implement more than one 
codec. In situations requiring changes in encoding type to 
achieve higher Supported compression levels, a series of 
codecs are used to convert from one encoding type or com 
pression level to another. 
(0280. The method of FIG. 37 includes closing 3722 the 
new video file 3710 and deleting 3716 the original video file 
3702. The PVR may give the new video file 3710 a filename 
different from the filename of the original video file 3702, 
and, to the extent that it does so, then the PVR can be pro 
grammed to update the filename field 242 in the show record 
240 with the new filename of the new video file 3710. In 
addition, the PVR also is programmed to update the compres 
sion field 279 on the show record 240 with the new compres 
sion level resulting from the change in the encoding param 
eters. 

0281 Regarding changing compression levels, our discus 
sion thus far has centered on changes for existing recorded 
shows. It would be useful also, however, to have ways of 
changing compression level during recording, if for 
example, a need for additional free space is discovered during 
a check of an estimated Storage space requirement. If there 
were at that time no other useful or desirable way of quickly 
freeing space for continuing recording, it would be useful to 
be able to increase compression on-the-fly. So to speak. 
0282 FIG.38 depicts a method for administration of stor 
age space requirements on a PVR that includes recording 
3800 a show 3802 having a compression level 279 and 
increasing 3806 the show's compression level 279 while 
recording 3800. The show includes a duration 247 and 
increasing 3806 the show's compression level includes track 
ing 3802 a recording period for the show and tracking actual 
storage space used during the recording period. When the 
tracked recording period is at least equal to a space check 
threshold multiplied by the duration3810, the method of FIG. 
38 proceeds to compare 3804 the storage space used with an 
amount of storage space projected to be used during the 
tracked recording period. If the storage space used is greater 
than the storage space projected to be used, the method 
increases 3806 the show's compression level. 
0283 FIG. 39 depicts a more detailed exemplary method 
of increasing 3806 a show's compression level during record 
ing. The method of FIG. 39 includes recording 3800 a show 
includes encoding 3902 a video stream 3922 through a codec 
(not shown) to a first video file 3906. The encoding 3902 is 
carried out in dependence upon values of factors affecting 
compression level, that is, independence upon codec operat 
ing parameters 3904. In the method of FIG. 39, increasing 
3806 the show's compression level includes closing 3908 the 
first video file 3906, opening 3910 a second video file 3923, 
and changing 3912 the values of the codec operating param 
eters 3904, thereby changing the compression level of the 
second video file with respect to the first video file. 
0284 More particularly, the codec operating parameters 
are changed so as to increase the compression level. Again 
with reference to FIG. 10b, consider an example in which the 
first video file is encoded with codec operating parameters 
that effect the compression level identified by record 606 in 
table 602. That is, the codec is an MPEG codec set to encode 
an MPEG-2 video file having a frame rate of 30 frames per 
second, a resolution of 352x240, and so on, all resulting in a 
compression level of 320:1 with respect to raw NTSC video. 
Changing 3912 the values of the codec operating parameters 
3904 to increase the compression level from 320 to 1280 then 
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includes calling the codec API with the new operating param 
eters of record 608, that is, in this example, changing the 
resolution to 180x120. 

0285. The method of FIG. 39 includes calling the codec 
API with a filename for the second video file, thereby redi 
recting 3914 the video stream 3922 to the second video file 
3923. The method also includes closing 3916 the second 
video file 3923 at the end of the show and further compressing 
3918 the first video file 3906 to the compression level of the 
Second video file. The first video file 3906 is stored at its 
original compression level. If the show as a whole is to be 
effectively compressed so that it can be decoded for display 
through a single codec, it is useful to convert the entire show, 
including the first portion of the show stored in the first video 
file to the new higher compression level of the second video 
file. 

0286 Alternatively, it is possible within the scope of the 
present invention to leave a single show fragmented among 
more than one video file, each video file having different 
encoding parameters. PVRS implementing this alternative 
then would need to expand the data structures representing 
shows (see FIG.3) to include file-related information, such as 
file name and compression level, for each file comprising a 
show. Such PVRs will need to be programmed to change files, 
change parameters, and perhaps even change codecs to 
decode, during display, a show comprising more than one 
video file. 

0287. Among embodiments that leave a show fragmented 
among more than one video file, recording is simplified by 
reducing, or even eliminating, the need to further compress 
the first video file to the compression level of the second video 
file and concatenate the two files. On the other hand, decoding 
a show for display is easier if the show is encoded at record 
time into a single video file, because there is no need during 
playback to track and change video files, change codec 
parameters, or change codecs. In addition, further compress 
ing the first video file at record time increases the amount of 
free space made available by changing to a higher compres 
sion level. Some increases in compression level. Such as, for 
example, changes in audio quality, have no effect on video 
playback quality, although they may affect other aspects of 
playback. Nevertheless, leaving the show fragmented in more 
than one file having more than one compression level may 
affect display quality if the show is later replayed, changing 
display quality when playback changes from the first video 
file to the second video file, particularly when changes in 
resolution or frame rate were required in order to effect a 
particular increase in compression level. 
0288. The exemplary method of FIG. 39 includes further 
compressing 3918 the first video file 3906 and concatenating 
3920 the second video file 3923 to the first video file 3906. 
Concatenating the video files typically includes calls to codec 
APIs to effect orderly changes in sequence headers, GOP 
headers, and so on. Although we refer in this specification to 
concatenating the two video files, readers of skill in the art 
will recognize that in fact Such concatenating may include 
combining through a codec two source streams from the first 
video file and the second video file into a target stream 
directed to a third video file. 

0289. We have now discussed in this disclosure several 
ways of further compressing or increasing compression of 
shows in PVRs. Many ways of further compressing or 
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increasing compression of shows in PVRs will occur to those 
of skill in the art, and all such ways are well within the scope 
of the present invention. 
0290. It will be understood from the foregoing description 
that modifications and changes may be made in various 
embodiments of the present invention without departing from 
its true spirit. The descriptions in this specification are for 
purposes of illustration only and are not to be construed in a 
limiting sense. The scope of the present invention is limited 
only by the language of the following claims. 
What is claimed is: 
1. A method for automated personal video recording, the 

method comprising: 
selecting a lender from among one or more lenders, 

wherein the selecting is carried out in dependence upon 
a deficit amount, the lenders comprise at least one user 
having free storage space and at least one pool having 
free storage space; 

borrowing, in dependence upon the deficit amount, from 
the selected lender for a borrower, at least one loan 
amount of storage space, the borrower having allocated 
storage space on the PVR optionally including free 
space; and 

recording a show for the borrower, the show having a 
storage space requirement exceeding the borrowers free 
space by the deficit amount. 

2. The method of claim 1 wherein the selected lender is a 
pool. 

3. The method of claim 1 wherein the borrower is a user. 
4. The method of claim 1 further comprising creating a 

pool, including assigning storage space to the pool. 
5. The method of claim 4 wherein assigning storage space 

to the pool comprises allocating storage space from at least 
one user to the pool, the user being a user having free space. 

6. The method of claim 4 wherein assigning storage space 
to the pool comprises assigning a pooled allocation amount of 
storage space directly from unallocated Storage space to the 
pool. 

7. The method of claim 1 further comprising authorizing 
lending from a pool. 

8. The method of claim 7 wherein authorizing lending from 
a pool further comprises creating a lending authorization 
record identifying a pool as a lender. 

9. The method of claim 1 wherein the borrower is a group. 
10. The method of claim 1 wherein the lenders comprise 

only users and the borrower is a group. 
11. The method of claim 10 further comprising authorizing 

lending to a group. 
12. The method of claim 11 wherein authorizing lending 

further comprises creating a lending authorization record 
identifying a group as a borrower. 

13. The method of claim 1 further comprising creating a 
group, including creating a group profile and assigning group 
storage space to the group. 

14. The method of claim 13 wherein assigning group Stor 
age space to the group comprises allocating users’ storage 
space to the group. 

15. The method of claim 13 wherein assigning group stor 
age space to the group comprises assigning group storage 
space from unallocated storage space to the group. 

16. A system for automated personal video recording, the 
system comprising: 
means for selecting a lender from among one or more 

lenders, wherein the means for selecting is carried out in 
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dependence upon a deficit amount, the lenders comprise 
at least one user having free storage space and at least 
one pool having free storage space; 

means for borrowing, in dependence upon the deficit 
amount, from the selected lender for a borrower, at least 
one loan amount of storage space, the borrower having 
allocated Storage space on the PVR optionally including 
free space; and 

means for recording a show for the borrower, the show 
having a storage space requirement exceeding the bor 
rower's free space by the deficit amount. 

17. The system of claim 16 wherein the selected lender is a 
pool. 

18. The system of claim 16 wherein the borrower is a user. 
19. The system of claim 16 further comprising means for 

creating a pool, including means for assigning storage space 
to the pool. 

20. The system of claim 19 wherein means for assigning 
storage space to the pool comprises means for allocating 
storage space from at least one user to the pool, the user being 
a user having free space. 

21. The system of claim 19 wherein means for assigning 
storage space to the pool comprises means for assigning a 
pooled allocation amount of storage space directly from unal 
located storage space to the pool. 

22. The system of claim 16 further comprising means for 
authorizing lending from a pool. 

23. The system of claim 22 wherein means for authorizing 
lending from a pool further comprises means for creating a 
lending authorization record identifying a pool as a lender. 

24. The system of claim 16 wherein the borrower is a 
group. 

25. The system of claim 16 wherein the lenders comprise 
only users and the borrower is a group. 

26. The system of claim 25 further comprising means for 
authorizing lending to a group. 

27. The system of claim 26 wherein means for authorizing 
lending further comprises means for creating a lending autho 
rization record identifying a group as a borrower. 

28. The system of claim 16 further comprising means for 
creating a group, including means for creating a group profile 
and means for assigning group storage space to the group. 

29. The system of claim 28 wherein means for assigning 
group storage space to the group comprises means for allo 
cating users storage space to the group. 

30. The system of claim 28 wherein means for assigning 
group storage space to the group comprises means for assign 
ing group storage space from unallocated storage space to the 
group. 

31. A computer program product for automated personal 
Video recording, the computer program product comprising: 

a recording medium; 
means, recorded on the recording medium, for selecting a 

lender from among one or more lenders, wherein the 
means, recorded on the recording medium, for selecting 
is carried out in dependence upon a deficit amount, the 
lenders comprise at least one user having free storage 
space and at least one pool having free storage space; 

means, recorded on the recording medium, for borrowing, 
in dependence upon the deficit amount, from the 
selected lender for a borrower, at least one loan amount 
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of storage space, the borrower having allocated storage 
space on the PVR optionally including free space; and 

means, recorded on the recording medium, for recording a 
show for the borrower, the show having a storage space 
requirement exceeding the borrower's free space by the 
deficit amount. 

32. The computer program product of claim 31 wherein the 
selected lender is a pool. 

33. The computer program product of claim 31 wherein the 
borrower is a user. 

34. The computer program product of claim 31 further 
comprising means, recorded on the recording medium, for 
creating a pool, including means, recorded on the recording 
medium, for assigning storage space to the pool. 

35. The computer program product of claim 34 wherein 
means, recorded on the recording medium, for assigning Stor 
age space to the pool comprises means, recorded on the 
recording medium, for allocating storage space from at least 
one user to the pool, the user being a user having free space. 

36. The computer program product of claim 34 wherein 
means, recorded on the recording medium, for assigning Stor 
age space to the pool comprises means, recorded on the 
recording medium, for assigning a pooled allocation amount 
of storage space directly from unallocated storage space to 
the pool. 

37. The computer program product of claim 31 further 
comprising means, recorded on the recording medium, for 
authorizing lending from a pool. 

38. The computer program product of claim 37 wherein 
means, recorded on the recording medium, for authorizing 
lending from a pool further comprises means, recorded on the 
recording medium, for creating a lending authorization 
record identifying a pool as a lender. 

39. The computer program product of claim 31 wherein the 
borrower is a group. 

40. The computer program product of claim 31 wherein the 
lenders comprise only users and the borrower is a group. 

41. The computer program product of claim 40 further 
comprising means, recorded on the recording medium, for 
authorizing lending to a group. 

42. The computer program product of claim 41 wherein 
means, recorded on the recording medium, for authorizing 
lending further comprises means, recorded on the recording 
medium, for creating a lending authorization record identify 
ing a group as a borrower. 

43. The computer program product of claim 31 further 
comprising means, recorded on the recording medium, for 
creating a group, including means, recorded on the recording 
medium, for creating a group profile and means, recorded on 
the recording medium, for assigning group storage space to 
the group. 

44. The computer program product of claim 43 wherein 
means, recorded on the recording medium, for assigning 
group storage space to the group comprises means, recorded 
on the recording medium, for allocating users storage space 
to the group. 

45. The computer program product of claim 43 wherein 
means, recorded on the recording medium, for assigning 
group storage space to the group comprises means, recorded 
on the recording medium, for assigning group storage space 
from unallocated Storage space to the group. 
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