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(57) ABSTRACT 
A mechanism is provided for augmenting the mail header of 
a message with a list of digital Signatures representing the 
chain of contributors to the message. The augmented header 
may also encode the actual contributions corresponding to 
each digital Signature. The list is appended every time a 
message is forwarded. If a message has a portion with no 
corresponding digital Signature or if one or more of the 
digital Signatures is not trusted, the user may handle the 
message accordingly. Furthermore, a mail Server or client 
may discard a message if the number of digital Signatures 
exceeds a threshold to filter out unwanted messages, Such as 
e-mail chain letters. 
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METHOD, APPARATUS, AND PROGRAM TO 
FORWARD AND VERIFY MULTIPLE DIGITAL 

SIGNATURES IN ELECTRONIC MAIL 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field 
0002 The present invention relates to network data pro 
cessing Systems and, in particular, to electronic mail. Still 
more particularly, the present invention provides a method, 
apparatus, and program for verifying multiple digital Signa 
tures in mail forwarding. 
0003 2. Description of Related Art 
0004. With the increasing popularity of computers, paper 
transactions are gradually being replaced by digital formats, 
such as e-mail and electronic data interchange (EDI). While 
the legal framework to establish and Support the validity of 
digital transactions are evolving, it is clear that digital 
Signatures will play a pivotal role, especially in the area of 
non-repudiation in the near future. Therefore, it is essential 
that important documents are digitally signed for them to 
Support the framework alluded to above. 
0005. In this context, e-mail plays a pivotal role in 
communications, both in the corporate and noncorporate 
Worlds. Since the content of e-mail can evoke a range of 
actions, Such as litigation, it is important to assign respon 
Sibility and the non-repudiation properties to e-mail trans 
missions. Furthermore, with the spread of Viruses and Spy 
ware through electronic transmissions, improved Security 
and accountability is needed. Under current implementa 
tions, an e-mail message typically bears the digital Signature 
of the Sender. However, in the case of forwarded e-mail, 
there is no way to attach easily enforceable non-repudiation 
properties and responsibilities to the chain of recipients. In 
essence, the Sender becomes responsible for the entire 
content in case of disputes under the current implementa 
tions. This implies that the Sender has to always peruse 
through the entire chain before forwarding an e-mail mes 
Sage. This may be time consuming. 
0006 Therefore, it would be advantageous to provide a 
mechanism for the insertion and retention of multiple digital 
Signatures corresponding to contributing authors in for 
warded e-mail. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a mechanism for 
augmenting the mail header of a message with a list of 
digital Signatures representing the chain of contributors to 
the message. The augmented header may also encode the 
actual contributions corresponding to each digital Signature. 
For example, when a user forwards a message and makes a 
contribution, the beginning bytes and length of the contri 
bution may be associated with that user's digital Signature in 
the header. Similarly, an attachment filename may be asso 
ciated with a user that attaches a file in a forwarded message. 
The list is appended every time a message is forwarded. If 
a message has a portion with no corresponding digital 
Signature or if one or more of the digital Signatures is not 
trusted, the user may handle the message accordingly. For 
example, a user may choose to delete a message without 
opening if a file is attached by an untrusted user. Further 
more, a mail Server or client may discard a message if the 
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number of digital Signatures exceeds a threshold to filter out 
unwanted messages, Such as e-mail chain letters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, however, as well as a preferred mode of use, further 
objectives and advantages thereof, will best be understood 
by reference to the following detailed description of an 
illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein: 
0009 FIG. 1 depicts a pictorial representation of a net 
work of data processing Systems in which the present 
invention may be implemented; 
0010 FIG. 2 is a block diagram of a data processing 
System that may be implemented as a Server in accordance 
with a preferred embodiment of the present invention; 
0011 FIG. 3 is a block diagram illustrating a data pro 
cessing System in which the present invention may be 
implemented; 
0012 FIGS. 4A and 4B are pictorial representations of 
example network data processing Systems in accordance 
with a preferred embodiment of the present invention; 
0013 FIG. 5 is a flowchart illustrating the operation of a 
mail client Sending a message in accordance with a preferred 
embodiment of the present invention; 
0014 FIG. 6 is a flowchart illustrating the operation of a 
mail client Sending a message in accordance with a preferred 
embodiment of the present invention; 
0015 FIG. 7 is a flowchart depicting the operation of a 
mail client receiving a message in accordance with a pre 
ferred embodiment of the present invention; and 
0016 FIG. 8 is a flowchart illustrating the operation of a 
process for filtering out unwanted messages in accordance 
with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0017. With reference now to the figures, FIG. 1 depicts 
a pictorial representation of a network of data processing 
Systems in which the present invention may be imple 
mented. Network data processing system 100 is a network of 
computers in which the present invention may be imple 
mented. Network data processing system 100 contains a 
network 102, which is the medium used to provide commu 
nications links between various devices and computers 
connected together within network data processing System 
100. Network 102 may include connections, such as wire, 
wireleSS communication links, or fiber optic cables. 
0018. In the depicted example, server 104 is connected to 
network 102 along with storage unit 106. In addition, clients 
108, 110, and 112 are connected to network 102. These 
clients 108, 110, and 112 may be, for example, personal 
computers or network computers. In the depicted example, 
Server 104 provides data, Such as boot files, operating 
System images, and applications to clients 108-112. Clients 
108, 110, and 112 are clients to server 104. Network data 
processing System 100 may include additional Servers, cli 
ents, and other devices not shown. In the depicted example, 
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network 102 represents the Internet, a worldwide collection 
of networks and gateways that use the TCP/IP suite of 
protocols to communicate with one another. At the heart of 
the Internet is a backbone of high-speed data communication 
lines between major nodes or host computers, consisting of 
thousands of commercial, government, educational and 
other computer Systems that route data and messages. Of 
course, network data processing System 100 also may be 
implemented as a number of different types of networks, 
Such as for example, an intranet, a local area network 
(LAN), or a wide area network (WAN). FIG. 1 is intended 
as an example, and not as an architectural limitation for the 
present invention. 
0.019 Referring to FIG. 2, a block diagram of a data 
processing System that may be implemented as a Server, Such 
as server 104 in FIG. 1, is depicted in accordance with a 
preferred embodiment of the present invention. Data pro 
cessing System 200 may be a symmetric multiprocessor 
(SMP) system including a plurality of processors 202 and 
204 connected to system bus 206. Alternatively, a single 
processor System may be employed. Also connected to 
system bus 206 is memory controller/cache 208, which 
provides an interface to local memory 209. I/O bus bridge 
210 is connected to system bus 206 and provides an interface 
to I/O bus 212. Memory controller/cache 208 and I/O bus 
bridge 210 may be integrated as depicted. 

0020 Peripheral component interconnect (PCI) bus 
bridge 214 connected to I/O bus 212 provides an interface to 
PCI local bus 216. A number of modems may be connected 
to PCI local bus 216. Typical PCI bus implementations will 
Support four PCI expansion slots or add-in connectors. 
Communications links to network computers 108-112 in 
FIG. 1 may be provided through modem 218 and network 
adapter 220 connected to PCI local bus 216 through add-in 
boards. 

0021 Additional PCI bus bridges 222 and 224 provide 
interfaces for additional PCI local buses 226 and 228, from 
which additional modems or network adapters may be 
Supported. In this manner, data processing System 200 
allows connections to multiple network computers. A 
memory-mapped graphics adapter 230 and hard disk 232 
may also be connected to I/O bus 212 as depicted, either 
directly or indirectly. 

0022. Those of ordinary skill in the art will appreciate 
that the hardware depicted in FIG.2 may vary. For example, 
other peripheral devices, Such as optical disk drives and the 
like, also may be used in addition to or in place of the 
hardware depicted. The depicted example is not meant to 
imply architectural limitations with respect to the present 
invention. 

0023 The data processing system depicted in FIG.2 may 
be, for example, an IBM e-Server pSeries System, a product 
of International BusineSS Machines Corporation in Armonk, 
N.Y., running the Advanced Interactive Executive (AIX) 
operating System or LINUX operating System. 

0024. With reference now to FIG. 3, a block diagram 
illustrating a data processing System is depicted in which the 
present invention may be implemented. Data processing 
system 300 is an example of a client computer. Data 
processing System 300 employs a peripheral component 
interconnect (PCI) local bus architecture. Although the 
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depicted example employs a PCI bus, other bus architectures 
such as Accelerated Graphics Port (AGP) and Industry 
Standard Architecture (ISA) may be used. Processor 302 and 
main memory 304 are connected to PCI local bus 306 
through PCI bridge 308. PCI bridge 308 also may include an 
integrated memory controller and cache memory for pro 
cessor 302. Additional connections to PCI local bus 306 may 
be made through direct component interconnection or 
through add-in boards. In the depicted example, local area 
network (LAN) adapter 310, SCSI hostbus adapter 312, and 
expansion bus interface 314 are connected to PCI local bus 
306 by direct component connection. In contrast, audio 
adapter 316, graphics adapter 318, and audio/video adapter 
319 are connected to PCI local bus 306 by add-in boards 
inserted into expansion slots. Expansion buS interface 314 
provides a connection for a keyboard and mouse adapter 
320, modem 322, and additional memory 324. Small com 
puter system interface (SCSI) hostbus adapter 312 provides 
a connection for hard disk drive 326, tape drive 328, and 
CD-ROM drive 330. Typical PCI local bus implementations 
will support three or four PCI expansion slots or add-in 
COnnectOrS. 

0025. An operating system runs on processor 302 and is 
used to coordinate and provide control of various compo 
nents within data processing system 300 in FIG. 3. The 
operating System may be a commercially available operating 
system, such as Windows 2000, which is available from 
MicroSoft Corporation. An object oriented programming 
System Such as Java may run in conjunction with the 
operating System and provide calls to the operating System 
from Java programs or applications executing on data pro 
cessing system 300. “Java” is a trademark of Sun Micro 
Systems, Inc. Instructions for the operating System and 
applications or programs are located on Storage devices, 
such as hard disk drive 326, and may be loaded into main 
memory 304 for execution by processor 302. 
0026. Those of ordinary skill in the art will appreciate 
that the hardware in FIG. 3 may vary depending on the 
implementation. Other internal hardware or peripheral 
devices, such as flash ROM (or equivalent nonvolatile 
memory) or optical disk drives and the like, may be used in 
addition to or in place of the hardware depicted in FIG. 3. 
Also, the processes of the present invention may be applied 
to a multiprocessor data processing System. 
0027. As another example, data processing system 300 
may be a Stand-alone System configured to be bootable 
without relying on Some type of network communication 
interface, whether or not data processing System 300 com 
prises Some type of network communication interface. As a 
further example, data processing System 300 may be a 
Personal Digital Assistant (PDA) device, which is config 
ured with ROM and/or flash ROM in order to provide 
nonvolatile memory for Storing operating System files and/or 
user-generated data. 

0028. The depicted example in FIG. 3 and above-de 
Scribed examples are not meant to imply architectural limi 
tations. For example, data processing System 300 also may 
be a notebook computer or hand held computer in addition 
to taking the form of a PDA. Data processing system 300 
also may be a kiosk or a Web appliance. 
0029) Returning to FIG. 1, server 104 may be a message 
server, such as an e-mail server. Clients 108, 110, 112 may 
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transmit messages to one another through Server 104. More 
particularly, the messages may be forwarded e-mail mes 
Sages. For example, client 108 may send an e-mail message 
to client 110 and client 110 may forward the e-mail message 
to client 112. While FIG. 1 shows one server, the network 
configuration may include more Servers. In fact, each client 
may have its own mail Server. 
0.030. In prior art implementations, e-mail messages typi 
cally bear the digital signature of the Sender. In other words, 
when a message is sent from client 108 to client 110, the 
message bears the digital Signature of the user of client 108. 
When the message is forwarded from client 110 to client 
112, the forwarded message bears the digital Signature of the 
user of client 110. Therefore, the user of client 112 can only 
authenticate the message with respect to the user of client 
110. Even if the user of client 112 trusts the user of client 
110, there is no way in the prior art to authenticate the 
originator of the forwarded message. 
0031. In accordance with a preferred embodiment of the 
present invention, each client executes e-mail client Soft 
ware that augments the e-mail message header with a list of 
digital Signatures representing the chain of contributors in an 
e-mail. The list is appended every time an e-mail message is 
forwarded. The header may also encode the actual contri 
butions corresponding to each digital Signature. For 
example, when a user forwards a message and includes a 
contribution, the beginning bytes and length of the contri 
bution are associated with that user's digital Signature in the 
header. However, other methods of associating the contri 
bution with the digital signature may be used, Such as 
marking up the actual message content. Furthermore, an 
attachment filename may also be associated with a user that 
attaches a file in a forwarded message. 
0032. With reference to FIGS. 4A and 4B, pictorial 
representations of example network data processing Systems 
are shown in accordance with a preferred embodiment of the 
present invention. Particularly, with respect to FIG. 4A, a 
network data processing System contains Internet 402, 
which is the medium used to provide communications linkS 
between various devices and computers connected together 
within the network data processing system. Client 1404 
communicates with mail server 1406 through Internet 402 to 
send and receive mail. Similarly, client 2408 communicates 
with mail server 410 and client 3412 communicates with 
mail server 3414. 

0.033 Person 1 uses client 1 to composes message 420 
and Sends the message to person 2 at client 2. Mail message 
420 bears digital signature 422 for person 1 and includes the 
contribution of perSon 1. The mail message is transferred by 
Sending the message from client 1 to mail Server 1. Mail 
Server 1 then transferS the message to mail Server 2. Person 
2 may then retrieve the mail message as message 424 from 
mail Server 2 using client 2. Person 2 may then authenticate 
the digital Signature of perSon 1 in a known manner. 

0034 Person 2 may then make a contribution and for 
ward the message. When perSon 2 forwards message 424 to 
perSon 3, the mail client Software running on client 2 
appends digital Signature 426 of perSon 2 to message 424 
and includes a contribution of perSon 2 before transferring 
the message to mail Server 2. Mail Server 2 then transferS the 
message to mail Server 3, where it may be delivered to client 
3. 
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0035. When person 3 retrieves the message as message 
428 from mail server 3, the message includes in the header 
digital Signatures 430. These digital Signatures include the 
digital Signature for perSon 1 and the digital signature for 
perSon 2. The message body includes the contribution of 
perSon 1 and the contribution of perSon 2. The header may 
also encode the actual contributions corresponding to each 
digital signature, as Stated above. 
0036). In an alternative embodiment, when person 2 for 
wards message 424, the message from perSon 1 is included 
as attachment. Thus, when perSon 3 retrieves message 428, 
the message includes attachment 432 including message 434 
from perSon 1. The header may then associate the digital 
Signature of perSon 1 with the attachment. Therefore, the 
digital signature for perSon 2 may be verified with respect to 
message 428 and the digital Signature for perSon 1 may be 
verified with respect to message 434. 
0037 Turning now to FIG. 4B, an example is shown in 
which an attachment is added in a forwarded message. 
Person 1 uses client 1 to send message 440 to person 2 at 
client 2. Mail message 440 bears digital signature 442 for 
perSon 1 and includes a contribution of perSon 1. Person 2 
receives the message as message 444 and may then authen 
ticate the digital Signature of perSon 1. When person 2 
forwards message 444 to perSon 3, the mail client Software 
running on client 2 appends digital Signature 446 of perSon 
2 to message 444 before transferring the message to mail 
server 2. Person 2 may include attachment 448 in message 
444. The mail client software running on client 2 then 
includes the contribution of person 2, including the file 
attachment, and associates the attachment filename with the 
digital Signature for person 2. Mail Server 2 then transfers 
the message to mail Server 3, where it may be delivered to 
client 3. 

0038. When person 3 retrieves the message as message 
450 from mail server 3, the message includes in the header 
digital Signatures 452. These digital Signatures include the 
digital Signature for perSon 1 and the digital signature for 
perSon 2. The header may also encode the actual contribu 
tions corresponding to each digital Signature. Particularly, 
the header associates the attachment filename with the 
digital signature for perSon 2. Thus, perSon 3 may authen 
ticate the digital Signature for perSon 2 before opening the 
attachment. Furthermore, even if person 3 forwards the 
message to another perSon, the attachment remains associ 
ated with the digital Signature for person 2. 

0039 The contributions may also be encoded within the 
header, Such as by indicating a beginning location and a 
length of a contribution. Alternatively, contributions may be 
encoded within the body of the message, Such as through 
journaling techniqueS or tools for tracking edits similar to 
those in word processing applications. For example, a mail 
client application may track changes made by each user and 
display the changes for each perSon using a different color. 

0040. With reference to FIG. 5, a block diagram of the 
functional components of a client device is shown in accor 
dance with a preferred embodiment of the present invention. 
The client device includes communications interface 510 
that is used to communicate with a mail Server to Send and 
receive mail messages. The System also includes mail client 
520 for presenting, organizing, and composing mail mes 
Sages. Mail client 520 includes mail forwarding manager 
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522. The mail forwarding manager allows the user to 
forward mail messages and to Verify forwarded mail mes 
Sages that are received. Digital Signatures are verified using 
signature verification mechanism 530. 
0041 Controller 540 controls the overall operation of the 
client device. Controller 540 sends and receives data 
through communications interface 510 and controls the 
operation of mail client and the Signature verification 
mechanism to carry out the functions of the present inven 
tion. The elements of the functional block diagram of FIG. 
5 may be implemented as hardware, Software, or a combi 
nation of hardware and Software components. In a preferred 
embodiment, the functional elements shown in FIG. 5 are 
implemented as Software instructions executed by one or 
more of the hardware elements shown in FIG. 3. 

0042. With reference to FIG. 6, a flowchart is depicted 
illustrating the operation of a mail client Sending a message 
in accordance with a preferred embodiment of the present 
invention. The proceSS begins when a mail message is being 
Sent. A determination is made as to whether the mail is 
forwarded mail (step 602). If the mail is forwarded mail, the 
proceSS appends the digital Signature of the Sender to the 
message header (step 604) and associates the current con 
tribution with the digital signature of the sender (step 606). 
0.043 Next, a determination is made as to whether an 
attachment is added (step 608). If an attachment is not 
added, the process sends the mail message (step 610) and 
ends. If an attachment is added in step 608, the process 
asSociates the attachment filename with the digital Signature 
of the sender in the header (step 612). Then, a determination 
is made as to whether the attachment is the last attachment 
(step 614). If the attachment is the last attachment, the 
process sends the mail message (step 610) and ends. If the 
attachment is not the last attachment, the proceSS returns to 
Step 612 to associate the next attachment filename with the 
digital signature of the Sender in the header. 
0044) Returning to step 602, if the mail message is not 
forwarded mail, the process includes the digital signature of 
the sender in the header (step 616) as known in the art. 
Thereafter, the process proceeds to step 608 to determine 
whether an attachment is added. Thus, the present invention 
may associate an attachment filename with the Sender even 
if the message is not a forwarded mail message. This allows 
any file attachments to be associated with the Sender if the 
message is forwarded by any of the recipients. 
0045. With reference now to FIG. 7, a flowchart depict 
ing the operation of a mail client receiving a message is 
shown in accordance with a preferred embodiment of the 
present invention. The process begins and receives a mail 
message (step 702). The process then verifies the digital 
Signatures in the header (step 704). A determination is made 
as to whether the signatures are verified (step 706). If the 
digital Signatures are approved, the mail client opens the 
mail message (step 708) and ends. However, if the digital 
Signatures are not verified in Step 706, the proceSS gives the 
user the option to accept the digital signature or delete the 
mail message (step 710) and ends. 
0046) Thus, if the user knows and trusts the person 
asSociated with the digital Signature, the user may accept the 
digital Signature to be added to the trusted list. However, if 
the user does not recognize or trust the perSon, the user may 
Simply delete the e-mail without being eXposed to its con 
tent. 
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0047 The signatures may be verified by checking the 
authenticity of the Signatures themselves. Furthermore, a 
user may not trust a Sender and the mail message may not be 
Verified, because one of the Senders in the chain is not 
trusted. Still further, the forwarded mail message may 
include content for which there is no associated digital 
Signature. For example, a mail message may include an 
attachment, the filename of which is not associated with a 
digital signature. Such a mail message would fail Verifica 
tion. 

0048 Turning now to FIG. 8, a flowchart illustrating the 
operation of a process for filtering out unwanted messages is 
shown in accordance with a preferred embodiment of the 
present invention. The proceSS begins and receives a mail 
message (step 802). Next, the process compares the number 
of digital signatures in the header to a threshold (step 804) 
and a determination is made as to whether the number of 
signatures exceeds the threshold (step 806). If the number of 
Signatures does not exceed the threshold, the process deliv 
ers the mail to the user's mailbox (step 808) and ends. If the 
number of signatures exceeds the threshold in step 806, the 
process discards the mail message (step 810) and ends. 
0049. The threshold may be selected by a user. For 
example, a Subscriber to the mail Server may determine that 
a mail message that has been forwarded fifty or more times, 
for instance, is likely to be an e-mail chain letter. 
0050 Thus, the present invention solves the disadvan 
tages of the prior art by providing a mechanism for aug 
menting the mail header of a message with a list of digital 
Signatures representing the chain of contributors to the 
message. The augmented header may also encode the actual 
contributions corresponding to each digital Signature. The 
list is appended every time a message is forwarded. If a 
message has a portion with no corresponding digital Signa 
ture or if one or more of the digital Signatures is not trusted, 
the user may handle the message accordingly. Furthermore, 
a mail Server or client may discard a message if the number 
of digital signatures exceeds a threshold to filter out 
unwanted messages, Such as e-mail chain letters. 
0051. It is important to note that while the present inven 
tion has been described in the context of a fully functioning 
data processing System, those of ordinary skill in the art will 
appreciate that the processes of the present invention are 
capable of being distributed in the form of a computer 
readable medium of instructions and a variety of forms and 
that the present invention applies equally regardless of the 
particular type of Signal bearing media actually used to carry 
out the distribution. Examples of computer readable media 
include recordable-type media, Such as a floppy disk, a hard 
disk drive, a RAM, CD-ROMs, DVD-ROMs, and transmis 
Sion-type media, Such as digital and analog communications 
links, wired or wireleSS communications links using trans 
mission forms, Such as, for example, radio frequency and 
light wave transmissions. The computer readable media may 
take the form of coded formats that are decoded for actual 
use in a particular data processing System. 

0052 The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modifications and variations will 
be apparent to those of ordinary skill in the art. The 
embodiment was chosen and described in order to best 
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explain the principles of the invention, the practical appli 
cation, and to enable others of ordinary skill in the art to 
understand the invention for various embodiments with 
various modifications as are Suited to the particular use 
contemplated. 

What is claimed is: 
1. A method for forwarding a message, comprising: 
receiving a message from a first user at a computer of a 

Second user, wherein the message has attached thereto 
a first digital signature corresponding to the first user; 

attaching to the message a Second digital signature cor 
responding to the Second user; and 

forwarding the message to a third user. 
2. The method of claim 1, further comprising: 
identifying a contribution made by the Second user; and 
asSociating the contribution made by the Second user with 

the Second digital Signature. 
3. The method of claim 2, wherein the contribution 

comprises a file attachment and the method further com 
prises associating a filename of the file attachment with the 
Second digital Signature. 

4. The method of claim 1, wherein the step of forwarding 
the message comprises forwarding the message as an attach 
ment and the Step of associating comprises associating the 
attachment with the first digital Signature. 

5. A method for receiving a forwarded message, compris 
Ing: 

receiving a message at a computer of a third user, wherein 
the message was Sent from a first user to a Second user 
and Subsequently forwarded to the third user, and 
wherein the message has attached thereto a first digital 
Signature corresponding to the first user and a Second 
digital signature corresponding to the Second user; 

Verifying the first digital signature and the Second digital 
Signature; and 

opening the message if the first digital Signature and the 
Second digital Signature are approved. 

6. The method of claim 5, wherein the step of verifying 
the first digital Signature and the Second digital Signature 
comprises: 

comparing the first digital signature and the Second digital 
Signature to a list of trusted digital Signatures, and 

approving the first digital Signature and the Second digital 
Signature if they are in the list of trusted digital Signa 
tureS. 

7. The method of claim 6, further comprising: 
denying the first digital Signature or the Second digital 

Signature if it is not in the list of trusted digital 
Signatures, 

prompting the third user to accept the denied digital 
Signature; and 

adding the denied digital Signature to the list of trusted 
digital Signatures if the user accepts the denied digital 
Signature. 

8. The method of claim 6, further comprising deleting the 
message if the first digital Signature or the Second digital 
Signature is not approved. 
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9. The method of claim 5, further comprising: 
attaching to the message a third digital Signature corre 

sponding to the third user; and 
forwarding the message to a fourth user. 
10. A method for receiving a forwarded message, com 

prising: 

receiving a message, wherein the message was forwarded 
by a plurality of users, and wherein the message has 
attached thereto digital Signatures corresponding to 
each of the plurality of users, 

determining the number of users in the plurality of users, 

comparing the number to a threshold; and 

discarding the message if the number exceeds the thresh 
old. 

11. An apparatus for forwarding a message, comprising: 

receipt means for receiving a message from a first user at 
a computer of a Second user, wherein the message has 
attached thereto a first digital Signature corresponding 
to the first user; 

attachment means for attaching to the message a Second 
digital Signature corresponding to the Second user; and 

forwarding means for forwarding the message to a third 
USC. 

12. The apparatus of claim 11, further comprising: 

identification means for identifying a contribution made 
by the Second user; and 

asSociation means for associating the contribution made 
by the Second user with the Second digital Signature. 

13. The apparatus of claim 12, wherein the contribution 
comprises a file attachment and the association means 
comprises means for associating a filename of the file 
attachment with the Second digital Signature. 

14. The apparatus of claim 11, wherein the forwarding 
means comprises means for forwarding the message as an 
attachment and the association means comprises means for 
asSociating the attachment with the first digital Signature. 

15. A apparatus for receiving a forwarded message, com 
prising: 

receipt means for receiving a message at a computer of a 
third user, wherein the message was Sent from a first 
user to a Second user and Subsequently forwarded to the 
third user, and wherein the message has attached 
thereto a first digital Signature corresponding to the first 
user and a Second digital Signature corresponding to the 
Second user; 

Verification means for Verifying the first digital signature 
and the Second digital Signature; and 

opening means for opening the message if the first digital 
Signature and the Second digital Signature are approved. 

16. The apparatus of claim 15, wherein the verification 
means comprises: 

comparison means for comparing the first digital Signa 
ture and the Second digital Signature to a list of trusted 
digital Signatures, and 
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approval means for approving the first digital Signature 
and the Second digital signature if they are in the list of 
trusted digital Signatures. 

17. The apparatus of claim 16, further comprising: 
means for denying the first digital Signature or the Second 

digital Signature if it is not in the list of trusted digital 
Signatures, 

means for prompting the third user to accept the denied 
digital signature; and 

means for adding the denied digital Signature to the list of 
trusted digital signatures if the user accepts the denied 
digital signature. 

18. The apparatus of claim 16, further comprising means 
for deleting the message if the first digital signature or the 
Second digital Signature is not approved. 

19. The apparatus of claim 15, further comprising: 
means for attaching to the message a third digital Signa 

ture corresponding to the third user; and 
means for forwarding the message to a fourth user. 
20. A apparatus for receiving a forwarded message, com 

prising: 
receipt means for receiving a message, wherein the mes 

Sage was forwarded by a plurality of users, and wherein 
the message has attached thereto digital Signatures 
corresponding to each of the plurality of users, 

determination means for determining the number of users 
in the plurality of users, 

comparison means for comparing the number to a thresh 
old; and 

discarding means for discarding the message if the num 
ber exceeds the threshold. 

21. An e-mail client, comprising: 
means for augmenting a header of an e-mail message with 

a list of digital Signatures representing the chain of 
contributors in the e-mail message; and 

means for Sending the e-mail message to an e-mail Server. 
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22. A computer program product, in a computer readable 
medium, for forwarding a message, comprising: 

instructions for receiving a message from a first user at a 
computer of a Second user, wherein the message has 
attached thereto a first digital Signature corresponding 
to the first user; 

instructions for attaching to the message a Second digital 
Signature corresponding to the Second user; and 

instructions for forwarding the message to a third user. 
23. A computer program product, in a computer readable 

medium, for receiving a forwarded message, comprising: 
instructions for receiving a message at a computer of a 

third user, wherein the message was Sent from a first 
user to a Second user and Subsequently forwarded to the 
third user, and wherein the message has attached 
thereto a first digital Signature corresponding to the first 
user and a Second digital Signature corresponding to the 
Second user; 

instructions for Verifying the first digital signature and the 
Second digital Signature, and 

instructions for opening the message if the first digital 
Signature and the Second digital Signature are approved. 

24. A computer program product, in a computer readable 
medium, for receiving a forwarded message, comprising: 

instructions for receiving a message, wherein the message 
was forwarded by a plurality of users, and wherein the 
message has attached thereto digital signature corre 
sponding to each of the plurality of users, 

instructions for determining the number of users in the 
plurality of users, 

instructions for comparing the number to a threshold; and 
instructions for discarding the message if the number 

exceeds the threshold. 


