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(57) ABSTRACT 

Determining Whether to quarantine a message is disclosed. 
A dynamic and ?exible threat quarantine queue is provided 
With a variety of exit criteria and exit actions that permits 
early release of messages in other than ?rst in, ?rst-out order. 
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DETERMINING WHETHER TO QUARANTINE A 
MESSAGE 

PRIORITY CLAIM AND RELATED 
APPLICATION 

[0001] This application claims bene?t under 35 U.S.C. 
§120 as a Continuation of prior application Ser. No. 11/418, 
812, ?led May 5, 2006, Which claims bene?t of Provisional 
Appln. 60/678,391, ?led May 5, 2005, the entire contents of 
Which are hereby incorporated by reference as if fully set 
forth herein. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to detecting 
threats in electronic messages such as computer viruses, 
spam, and phishing attacks. The invention relates more 
speci?cally to techniques for responding to neW occurrences 
of threats in electronic messages, managing a quarantine 
queue of threat-bearing messages, and scanning messages 
for threats. 

BACKGROUND 

[0003] The approaches described in this section could be 
pursued, but are not necessarily approaches that have been 
previously conceived or pursued. Therefore, unless other 
Wise indicated herein, the approaches described in this 
section are not prior art to the claims in this application and 
are not admitted to be prior art by inclusion in this section. 

[0004] The recurring outbreak of message-bome viruses 
in computers linked to public netWorks has become a serious 
problem, especially for business enterprises With large pri 
vate netWorks. Direct and indirect costs of thousands of 
dollars may arise from Wasted employee productivity, capi 
tal investment to buy additional hardWare and softWare, lost 
information because many viruses destroy ?les on shared 
directories, and violation of privacy and con?dentiality 
because many viruses attach and send random ?les from a 
user’s computer. 

[0005] Further, damage from viruses occurs over a very 
short time period. A very high percentage of machines in an 
enterprise netWork can be infected betWeen the time that the 
virus breaks out and the time virus de?nitions are published 
and deployed at an enterprise mail gateWay that can detect 
and stop virus-infected messages. The WindoW of time 
betWeen “outbreak” and “rule deployment” is often ?ve (5) 
hours or more. Reducing reaction time Would be enormously 
valuable. 

[0006] In most virus outbreaks, executable attachments 
noW serve as a carrier of virus code. For example, of 17 
leading virus outbreaks in the last three years, 13 viruses 
Were sent through email attachments. TWelve of the 13 
viruses sent through email attachments Were sent through 
dangerous attachment types. Thus, some enterprise netWork 
mail gateWays noW block all types of executable ?le attach 
ments. 

[0007] Apparently in response, virus Writers are noW hid 
ing executables. Increasingly, virus Writers are hiding knoWn 
dangerous ?le types in ?les that appear to be innocent. For 
example, a virus Writer may embed executables Within .Zip 
?les of the type generated by WinZIP and other archive 
utilities. Such .Zip ?les are very commonly used by enter 
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prises to compress and share larger ?les, so most enterprises 
are unWilling or unable to block .Zip ?les. It is also possible 
to embed executables in Microsoft Word and some versions 
of Adobe Acrobat. 

[0008] Based on the foregoing, there is a clear need for an 
improved approach for managing virus outbreaks. Present 
techniques for preventing delivery of mass unsolicited com 
mercial email (“spam”) and messages that contain other 
forms of threats, such as phishing attacks, are also consid 
ered inadequate. Present techniques for scanning messages 
for threats are also considered inef?cient and in need of 
improvement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention is illustrated by Way of 
example, and not by Way of limitation, in the ?gures of the 
accompanying draWings and in Which like reference numer 
als refer to similar elements and in Which: 

[0010] FIG. 1 is a block diagram ofa system for managing 
computer virus outbreaks, according to an embodiment. 

[0011] FIG. 2 is a How diagram of a process of generating 
a count of suspicious messages, as performed by a virus 
information source, according to an embodiment. 

[0012] FIG. 3 is a data How diagram illustrating process 
ing of messages based on virus outbreak information, 
according to an embodiment. 

[0013] FIG. 4 is a How diagram of a method of determin 
ing a virus score value, according to an embodiment. 

[0014] FIG. 5 is a How diagram illustrating application of 
a set of rules for managing virus outbreaks according to an 
embodiment. 

[0015] FIG. 6 is a block diagram that illustrates a com 
puter system upon Which an embodiment may be imple 
mented. 

[0016] FIG. 7 is a block diagram ofa system that may be 
used in approaches for blocking “spam” messages, and for 
other kinds of email scanning processes. 

[0017] FIG. 8 is a graph of time versus the number of 
machines infected in a hypothetical example virus outbreak. 

[0018] FIG. 9 is a How diagram of an approach for 
rescanning messages that may contain viruses. 

[0019] FIG. 10 is a block diagram of message How model 
in a messaging gateWay that implements the logic described 
above. 

[0020] FIG. 11 is a How diagram ofa process ofperform 
ing message threat scanning With an early exit approach. 

DETAILED DESCRIPTION 

[0021] A method and apparatus for managing computer 
virus outbreaks is described. In the folloWing description, 
for the purposes of explanation, numerous speci?c details 
are set forth in order to provide a thorough understanding of 
the present invention. It Will be apparent, hoWever, to one 
skilled in the art that the present invention may be practiced 
Without these speci?c details. In other instances, Well-knoWn 
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structures and devices are shown in block diagram form in 
order to avoid unnecessarily obscuring the present inven 
tion. 

[0022] Embodiments are described herein according to the 
following outline: 

[0023] 
[0024] 2.0 Virus Outbreak Control ApproachesiFirst 

EmbodimentiStructural and Functional Overview 

1.0 General Overview 

[0025] 2.1 Network System and Virus Information 
Sources 

[0026] 2.2 Counting Suspicious Messages 

[0027] 2.3 Processing Messages Based on Virus Out 
break Information 

[0028] 
[0029] 
[0030] 
[0031] 

[0032] 3.0 Approaches for Blocking Spam Messages 

[0033] 3.1 Early Exit from Spam Scanning 

[0034] 3.2 Spam Scan Verdict Caching 

[0035] 4.0 Methods of Detection of Viruses Based on 
Message Heuristics, Sender Information, Dynamic 
Quarantine Operation, and Fine-Grained Rules 

2.4 Generating Virus Outbreak Information 

2.5 Using Virus Outbreak Information 

2.6 Additional Features 

2.7 Example Use Cases 

[0036] 4.1 Detecting Using Message Heuristics 

[0037] 4.2 Sender-Based Detection of V1ruses 

[0038] 4.3 Dynamic Quarantine Operations Includ 
ing Rescanning 

[0039] 4.4 Fine-Grained Rules 

[0040] 4.5 Communication of Messaging Gateways 
with Service Provider 

[0041] 4.6 Outbound Whitelist Module 

[0042] 5.0 Implementation MechanismsiHardware 
Overview 

[0043] 6.0 Extensions and Alternatives 

[0044] 
[0045] The needs identi?ed in the foregoing Background, 
and other needs and objects that will become apparent for 
the following description, are achieved in the present inven 
tion, which comprises, in one aspect, a method comprising 
receiving an electronic mail message having a destination 
address for a recipient account; determining a virus score 
value for the message based upon one or more rules that 
specify attributes of messages that are known to contain 
computer viruses, wherein the attributes comprise a type of 
?le attachment to the message, a siZe of the ?le attachment, 
and one or more heuristics based on the message sender, 
subject or body and other than ?le attachment signatures; 
when the virus score value is greater than or equal to a 
speci?ed threshold, storing the message in a quarantine 
queue without immediately delivering the message to the 
recipient account. 

1 .0 General Overview 
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[0046] In another aspect, the invention provides a method 
comprising receiving an electronic mail message having a 
destination address for a recipient account; determining a 
threat score value for the message; when the threat score 
value is greater than or equal to a speci?ed threat threshold, 
storing the message in a quarantine queue without immedi 
ately delivering the message to the recipient account; releas 
ing the message from the quarantine queue in other than 
?rst-in-?rst-out order upon any of a plurality of quarantine 
exit criteria, wherein each quarantine exit criterion is asso 
ciated with one or more exit actions; and upon a particular 
exit criterion, selecting and performing the associated one or 
more exit actions. 

[0047] In another aspect, the invention provides a method 
comprising receiving and storing a plurality of rules speci 
fying characteristics of electronic messages that indicate 
threats associated with the messages, wherein each rule has 
a priority value, wherein each rule is associated with a 
message element type; receiving an electronic mail message 
having a destination address for a recipient account, wherein 
the message comprises a plurality of message elements; 
extracting a ?rst message element; determining a threat 
score value for the message by matching only the ?rst 
message element to only selected rules having a message 
element type corresponding to the ?rst message element, 
and according to an order of the priorities of the selected 
rules; when the threat score value is greater than a speci?ed 
threshold, outputting the threat score value. 

[0048] In these approaches, early detection of computer 
viruses and other message-borne threats is provided by 
applying heuristic tests to message content and examining 
sender reputation information when no virus signature infor 
mation is available. As a result, a messaging gateway can 
suspend delivery of messages early in a virus outbreak, 
providing suf?cient time for updating an anti-virus checker 
that can strip virus code from the messages. A dynamic and 
?exible threat quarantine queue is provided with a variety of 
exit criteria and exit actions that permits early release of 
messages in other than ?rst in, ?rst-out order. A message 
scanning method is described in which early exit from 
parsing and scanning can occur by matching threat rules 
only to selected message elements and stopping rule match 
ing as soon as a match on one message element exceeds a 

threat threshold. 

[0049] In other aspects, the invention encompasses a com 
puter apparatus and a machine-readable medium con?gured 
to carry out the foregoing steps. 

[0050] 2.0 Virus Outbreak Control SystemiFirst 
EmbodimentiStructural and Functional Overview 

[0051] 2.1 Network System and Virus Information 
Sources 

[0052] FIG. 1 is a block diagram ofa system for managing 
computer virus outbreaks, according to an embodiment. A 
virus sender 100, whose identity and location are typically 
unknown, sends a message infected with a virus, typically in 
an electronic message, or email, with a virus-bearing execut 
able ?le attachment, to public network 102, such as the 
Internet. The message is either addressed to, or propagates 
by action of the virus to, a plurality of destinations such as 
virus information source 104 and spamtrap 106. A spamtrap 
is an email address or an email mailbox used to collect 
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information about unsolicited email messages. The opera 
tion and implementation of virus information source 104 and 
spamtrap 106 is discussed in further detail below. For 
purposes of illustrating a simple example, FIG. 1 shoWs only 
tWo destinations in the form of virus information source 104 
and spamtrap 106, but in a practical embodiment there may 
be any number of such sources of virus information. 

[0053] The virus sender 100 may obtain netWork 
addresses of virus information source 104 and spamtrap 106 
from public sources, or by sending the virus to a small 
number of knoWn addresses and letting the virus propagate. 

[0054] A virus information processor 108 is communica 
tively coupled to public netWork 102 and can receive 
information from the virus information source 104 and 
spamtrap 106. Virus information processor 108 implements 
certain functions described further herein including collect 
ing virus information from virus information source 104 and 
spamtrap 106, generating virus outbreak information, and 
storing the virus outbreak information in a database 112. 

[0055] A messaging gateWay 107 is coupled, directly or 
indirectly through a ?reWall 111 or other netWork elements, 
from public netWork 102 to a private netWork 110 that 
includes a plurality of end stations 120A, 120B, 120C. 
Messaging gateWay 107 may be integrated With a mail 
transfer agent 109 that processes email for private netWork 
110, or the mail transfer agent may be deployed separately. 
For example, an IronPort Messaging GateWay Appliance 
(MGA), such as model C60, C30, or C10, commercially 
available from IronPort Systems, Inc., San Bruno, Calif., 
may implement mail transfer agent 109, ?reWall 111, and the 
functions described herein for messaging gateWay 107. 

[0056] In an embodiment, messaging gateWay 107 
includes virus information logic 114 for obtaining virus 
outbreak information from virus information processor 108 
and processing messages destined for end stations 120A, 
120B, 120C according to policies that are set at the mes 
saging gateWay. As further described herein, the virus out 
break information can include any of a number of types of 
information, including but not limited to, a virus score value 
and one or more rules that associate virus score values With 
message characteristics that are associated With viruses. As 
further described herein With respect to FIG. 3, such virus 
information logic may be integrated With a content ?lter 
function of messaging gateWay 107. 

[0057] In an embodiment, virus information logic 114 is 
implemented as an independent logical module in messaging 
gateWay 107. Messaging gateWay 107 invokes virus infor 
mation logic 114 With message data and receives a verdict in 
response. The verdict may be based on message heuristics. 
Message heuristics score messages and determine the like 
lihood that a message is a virus. 

[0058] Virus information logic 114 detects viruses based 
in part on parameters of messages. In an embodiment, virus 
detection is performed based upon any one or more of: 
heuristics of mail containing executable code; heuristics of 
mismatched message headers; heuristics of mail from 
knoWn Open Relays; heuristics of mail having mismatched 
content types and extensions; heuristics of mail from 
dynamic user lists, blacklisted hosts, or senders knoWn to 
have poor reputations; and sender authenticity test results. 
Sender authenticity tests results may be generated by logic 
that receives sender ID values from public netWorks. 
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[0059] Messaging gateWay 107 may also include an anti 
virus checker 116, a content ?lter 118, and anti-spam logic 
119. The anti-virus checker 116 may comprise, for example, 
Sophos anti-virus softWare. The content ?lter 118 provides 
logic for restricting delivery or acceptance of messages that 
contain content in a message subject or message body that 
is unacceptable according to a policy associated With private 
netWork 110. 

[0060] The anti-spam logic 119 scans inbound messages 
to determine if they are unWanted according to a mail 
acceptance policy, such as Whether the inbound messages 
are unsolicited commercial email, and the anti-spam logic 
119 applies policies to restrict delivery, redirect, or refuse 
acceptance of any unWanted messages. In an embodiment, 
anti-spam logic 119 scans messages and returns a score of 
betWeen 0 and 100 for each message indicating a probability 
that the message is spam or another type of unWanted email. 
Score ranges are associated With an threshold, de?nable by 
an administrator, of possible spam and likely spam against 
Which users can apply a speci?ed set of actions described 
further beloW. In an embodiment, messages scoring 90 or 
above are spam and messages scoring 75-89 are suspected 
spam. 

[0061] In an embodiment, anti-spam logic 119 determines 
a spam score based at least in part upon reputation infor 
mation, obtained from database 112 or an external reputation 
service such as SenderBase from IronPort Systems, Inc., that 
indicates Whether a sender of the message is associated With 
spam, viruses, or other threats. Scanning may comprise 
recording an X-header in the scanned message that veri?es 
that the message Was successfully scanned, and includes an 
obfuscated string that identi?es rules that matched for the 
message. Obfuscation may comprise creating a hash of rule 
identi?ers based on a private key and a one-Way hash 
algorithm. Obfuscation ensures that only a speci?ed party, 
such as service provider 700 of FIG. 7, can decode the rules 
that matched, improving security of the system. 
[0062] The private netWork 110 may be an enterprise 
netWork associated With a business enterprise or any other 
form of netWork for Which enhanced security or protection 
is desired. Public netWork 102 and private netWork 110 may 
use open standard protocols such as TCP/IP for communi 
cation. 

[0063] Virus information source 104 may comprise 
another instance of a messaging gateWay 107 that is inter 
posed betWeen public netWork 102 and another private 
netWork (not shoWn for clarity) for purposes of protecting 
that other private netWork. In one embodiment, virus infor 
mation source 104 is an IronPort MGA. Spamtrap 106 is 
associated With one or more email addresses or email 
mailboxes associated With one or more domains. Spamtrap 
106 is established for the purpose of receiving unsolicited 
email messages, or “spam,” for analysis or reporting, and is 
not typically used for conventional email communication. 
For example, a spamtrap can be an email address such as 
“dummyaccountforspam@mycompany.com,” or the spam 
trap can be a collection of email addresses that are grouped 
into a mail exchange (MX) domain name system (DNS) 
record for Which received email information is provided. 
Mail transfer agent 109, or the mail transfer agent of another 
IronPort MGA, may host spamtrap 106. 

[0064] In an embodiment, virus information source 104 
generates and provides information to virus information 
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processor 108 for use in managing computer virus out 
breaks, and the virus information processor 108 can obtain 
information from spamtrap 106 for the same purpose. For 
example, virus information source 104 generates counts of 
received messages that have suspicious attachments, and 
provides the counts to virus information processor 108, or 
alloWs an external process to retrieve the counts and store 
them in a specialized database. Messaging gateWay 107 also 
may serve as a virus information source by detecting mes 
sages that have indications that are associated With viruses 
or that are otherWise suspicious, creating a count of suspi 
cious messages received in a particular time period, and 
periodically providing the count to virus information pro 
cessor 108. 

[0065] As a speci?c example, the functions described 
herein may be implemented as part of a comprehensive 
message data collection and reporting facility, such as the 
SenderBase service from IronPort Systems, Inc. In this 
embodiment, virus information processor 108 can retrieve or 
receive information from virus information source 104 and 
spamtrap 106, generate counts of messages that have sus 
picious attachments or other virus indicators, and update 
database 112 With the counts and generate virus outbreak 
information for later retrieval and use by virus information 
logic 114 of messaging gateWay 107. Methods and apparatus 
relating to the SenderBase service are described in co 
pending application Ser. No. l0/857,64l, ?led May 28, 
2004, entitled TECHNIQUES FOR DETERMINING THE 
REPUTATION OF A MESSAGE SENDER, of Robert 
Brahms et al., the entire contents of Which are hereby 
incorporated by reference as if fully set forth herein. 

[0066] Additionally or alternatively, virus information 
source 104 may comprise the SpamCop information service 
that is accessible at domain “spamcop.net” on the World 
Wide Web, or users of the SpamCop service. Virus infor 
mation source 104 may comprise one or more Internet 
service providers or other high-volume mail receivers. 

[0067] The SenderBase and SpamCop services provide a 
poWerful data source for detecting viruses. The services 
track information about millions of messages per day 
through spamtrap addresses, end-user complaint reporters, 
DNS logs, and third-party data sources. This data can be 
used to detect viruses in a rapid manner using the approaches 
herein. In particular, the number of messages With speci?c 
attachment types, relative to normal levels, sent to legitimate 
or spamtrap addresses, and not identi?ed as viruses by 
anti-virus scanners, provides an early Warning indicator that 
a virus outbreak has occurred based on a neW virus that is not 
yet knoWn and detectable by the anti-virus scanners. 

[0068] In another alternative embodiment, as a supple 
ment to the automatic approaches herein, virus information 
source 104 may comprise the manual revieW of data that is 
obtained by information services consultants or analysts, or 
external sources. For example, a human administrator moni 
toring alerts from anti-virus vendors, third-party vendors, 
security mailing lists, spamtrap data and other sources can 
detect viruses Well in advance of When virus de?nitions are 
published in most cases. 

[0069] Once a virus outbreak is identi?ed based on the 
virus outbreak information, a netWork element such as 
messaging gateWay 107 can provide various options for 
handling a message based on the probability that it is a virus. 
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When the messaging gateWay 107 is integrated With a mail 
transfer agent or mail gateWay, the gateWay can act on this 
data immediately. For example, the mail transfer agent 109 
can delay message delivery into private netWork 110 until a 
virus update is received from an anti-virus vendor and 
installed on messaging gateWay 107 so that the delayed 
messages can be scanned by anti-virus checker 116 after the 
virus update is received. 

[0070] Delayed messages may be stored in a quarantine 
queue 316. Messages in quarantine queue 316 may be 
released and delivered according to various policies as 
further described, deleted, or modi?ed prior to delivery. In 
an embodiment, a plurality of quarantines 316 are estab 
lished in messaging gateWay 107, and one quarantine is 
associated With each recipient account for a computer 120A, 
120B, etc., in the managed private netWork 110. 

[0071] Although not shoWn in FIG. 1, virus information 
processor 108 can include or be communicatively coupled to 
a virus outbreak operation center (VOOC), a receiving virus 
score (RVS) processor, or both. The VOOC and RVS pro 
cessor can be separate from virus information processor 108 
but communicatively coupled to database 112 and public 
netWork 102. The VOOC can be implemented as a stalfed 
center With personnel available 24 hours a day, 7 days a 
Week to monitor the information collected by virus infor 
mation processor 108 and stored in database 112. The 
personnel sta?‘ing the VOOC can take manual actions, such 
as issuing virus outbreak alerts, updating the information 
stored in database 112, publishing virus outbreak informa 
tion so that messaging gateWays 107 can access the virus 
outbreak information, and manually initiating the sending of 
virus outbreak information to messaging gateWay 107 and 
other messaging gateWays 107. 

[0072] Additionally, the personnel sta?‘ing the VOOC may 
con?gure the mail transfer agent 109 to perform certain 
actions, such as delivering a “soft bounce.” A soft bounce is 
performed When the mail transfer agent 109 returns a 
received message based on a set of rules accessible to the 
mail transfer agent 109. More speci?cally, When the mail 
transfer agent 109 completes a SMTP transaction by accept 
ing an email message from a sender, the mail transfer agent 
109 determines, based on a set of stored softWare rules 
accessible to the mail transfer agent 109, that the received 
message is unWanted or undeliverable. In response to the 
determination that the received message is unWanted or 
undeliverable, the mail transfer agent 109 returns the mes 
sage to the bounce email address speci?ed by the sender. 
When the mail transfer agent 109 returns the message to the 
sender, the mail transfer agent 109 may strip the message of 
any attachments. 

[0073] In some implementations, virus outbreak informa 
tion is made available, or published, in response to a manual 
action taken by personnel, such as those staf?ng the VOOC. 
In other implementations, virus outbreak information is 
automatically made available according to the con?guration 
of the virus information processor, VOOC, or RVS, and then 
the virus outbreak information and the automated actions 
taken are subsequently revieWed by personnel at the VOOC 
Who can make modi?cations, if deemed necessary or desir 
able. 

[0074] In an embodiment, the staf?ng personnel at a 
VOOC or components of a system according to an embodi 
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ment may determine Whether a message contains a virus 

based on a variety of factors, such as (a) patterns in receiving 
messages With attachments, (b) risky characteristics of 
attachments to received messages, (c) published vendor 
virus alerts, (d) increased mailing list activity, (e) risky 
source-based characteristics of messages, (f) the percentage 
of dynamic network addresses associated With sources of 
received messages, (g) the percentage of computerized hosts 
associated With sources of received messages, and (h) the 
percentage of suspicious volume patterns. 

[0075] Each of the above factors may include a variety of 
criteria. For example, the risky characteristics of attach 
ments to received messages may be based on a consideration 
of hoW suspicious the ?lename of the attachment is, Whether 
the ?le is associated With multiple ?le extensions, the 
amount of similar ?le siZes attached to received messages, 
the amount of similar ?le names attached to received mes 
sages, and the names of attachments of knoWn viruses. The 
patterns in receiving messages With attachments may be 
based on a consideration of the current rate of the number of 
messages containing attachments, the trend in the number of 
messages received With risky attachments, and the number 
of customer data sources, virus information source 104, and 
spamtraps 106 that are reporting increases in messages With 
attachments. 

[0076] In addition, the determination of Whether a mes 
sage contains a virus may be based on information sent from 
a client, e.g., information may be reported from a user to a 
system using an email message that is received at the system 
in a safe environment, such that the message receptor of the 
system is con?gured, as best possible, to prevent the spread 
of a computer virus to other parts of the system if the 
message receptor is infected With a virus. 

[0077] The RVS processor can be implemented as an 
automated system that generates the virus outbreak infor 
mation, such as in the form of virus score values for various 
attachment types or in the form of a set of rules that associate 
virus score values With message characteristics, to be made 
available to messaging gateWay 107 and other messaging 
gateWays 107. 

[0078] In an embodiment, messaging gateWay 107 com 
prises a verdict cache 115 that provides local storage of 
verdict values from anti-virus checker 116 and/or anti-spam 
logic 119 for re-use When duplicate messages are received. 
The structure and function of verdict cache 115 is described 
further beloW. In an embodiment, messaging gateWay 107 
comprises a log ?le 113 that can store statistical information 
or status messages relating to functions of the messaging 
gateWay. Examples of information that can be logged 
include message verdicts and actions taken as a result of 
verdicts; rules that matched on messages, in obfuscated 
format; an indication that scanning engine updates occurred; 
an indication that rule updates occurred; scanning engine 
version numbers, etc. 

[0079] 2.2 Counting Suspicious Messages 

[0080] FIG. 2 is a How diagram ofa process of generating 
a count of suspicious messages, according to an embodi 
ment. In one implementation, the steps of FIG. 2 may be 
performed by a virus information source, such as virus 
information source 104 in FIG. 1. 
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[0081] In step 202, a message is received. For example, 
virus information source 104 or messaging gateWay 107 
receives the message sent by virus sender 100. 

[0082] In step 204, a determination is made about Whether 
the message is risky. In one embodiment, a message is 
determined to be risky if a virus checker at the virus 
information source 104 or messaging gateWay 107 scans the 
message Without identifying a virus, but the message also 
includes a ?le attachment having a ?le type or extension that 
is knoWn to be risky. For example, MS WindoWs @(P Pro) 
?le types or extensions of COM, EXE, SCR, BAT, PIF, or 
ZIP may be considered risky since virus Writers commonly 
use such ?les for malicious executable code. The foregoing 
are merely examples of ?le types or extensions that can be 
considered risky; there are more than 50 knoWn different ?le 
types. 

[0083] The determination that a message is suspicious also 
may be made by extracting a source netWork address from 
the message, such as a source IP value, and issuing a query 
to the SenderBase service to determine Whether the source 
is knoWn to be associated With spam or viruses. For 
example, a reputation score value provided by the Sender 
Base service may be taken into account in determining 
Whether a message is suspicious. A message may also be 
determined to be suspicious if it Was sent from an IP address 
associated With a host knoWn to be compromised, that has a 
history of sending viruses, or has only recently started 
sending email to the Internet. The determination also may be 
based upon one or more of the folloWing factors: (a) the type 
or extension of a ?le attachment that is directly attached to 
the message, (b) the type or extension of a ?le that is 
contained Within a compressed ?le, an archive, a .Zip ?le, or 
another ?le that is directly attached to the message, and (c) 
a data ?ngerprint obtained from an attachment. 

[0084] In addition, the determination of suspicious mes 
sages can be based on the siZe of an attachment for a 
suspicious message, the contents of the subject of the 
suspicious message, the contents of the body of the suspi 
cious message, or any other characteristic of the suspicious 
message. Some ?le types can be embedded With other ?le 
types. For example, “.doc” ?les and “.pdf’ ?les may be 
embedded With other image ?les types, such as “.gif’ or 
.bmp”. Any embedded ?le types Within a host ?le type may 
be considered When determining Whether a message is 
suspicious. The characteristics of the suspicious messages 
can be used in formulating the rules that are provided or 
made available to the messaging gateWays 107 and that 
include the virus score value that is associated With one or 
more such characteristics. 

[0085] In step 206, if the message is suspicious, then a 
count of suspicious messages for the current time period is 
incremented. For example, if the message has an EXE 
attachment, a count of messages With EXE attachments is 
incremented by one. 

[0086] In step 208, the count of suspicious messages is 
reported. For example, step 208 may involve sending a 
report message to the virus information processor 108. 

[0087] In an embodiment, virus information processor 108 
receives numerous reports such as the report of step 208, 
continuously in real time. As reports are received, virus 
information processor 108 updates database 112 With report 
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data, and determines and stores virus outbreak information. 
In one embodiment, the virus outbreak information includes 
a virus score value that is determined according to a sub 
process that is described further With reference to FIG. 4 
beloW. 

[0088] 2.3 Processing Messages Based on Virus Outbreak 
Information 

[0089] FIG. 3 is a data How diagram illustrating process 
ing of messages based on virus outbreak information, 
according to an embodiment. In one implementation, the 
steps of FIG. 3 may be performed by an MGA, such as 
messaging gateWay 107 in FIG. 1. Advantageously, by 
performing the steps illustrated in FIG. 3, a message may be 
acted upon before it is positively determined to contain a 
virus. 

[0090] At block 302, a content ?lter is applied to the 
message. Applying a content ?lter involves, in one embodi 
ment, examining the message subject, other message header 
values, and the message body, determining Whether one or 
more rules for content ?ltering are satis?ed by the content 
values, and taking one or more actions When the rules are 
satis?ed, such as may be speci?ed in a content policy. The 
performance of block 302 is optional. Thus, some embodi 
ments may perform block 302, While other embodiments 
may not perform block 302. 

[0091] Further, at block 302 virus outbreak information is 
retrieved for use in subsequent processing steps. In one 
embodiment, at block 302 a messaging gateWay 107 that 
implements FIG. 3 can periodically request the then-current 
virus outbreak information from virus information processor 
108. In an embodiment, messaging gateWay 107 retrieves 
the virus outbreak information from the virus information 
processor 108 approximately every ?ve (5) minutes, using a 
secure communication protocol that prevents unauthorized 
parties from accessing the virus outbreak information. If the 
messaging gateWay 107 is unable to retrieve the virus 
outbreak information, the gateWay can use the last available 
virus outbreak information stored in the gateWay. 

[0092] In block 304, an anti-spam process is applied to the 
message and messages that appear to be unsolicited mes 
sages are marked or processed according to a spam policy. 
For example, spam messages may be silently dropped, 
moved to a speci?ed mailbox or folder, or the subject of the 
message may be modi?ed to include a designation such as 
“possible spam.” The performance of block 304 is optional. 
Thus, some embodiments may perform block 304, While 
other embodiments may not perform block 304. 

[0093] In block 306, an anti-virus process is applied to the 
message and messages that appear to contain viruses, in the 
message or in a ?le attachment, are marked. In one embodi 
ment, anti-virus softWare from Sophos implements block 
306. If a message is determined as positive for a virus, then 
in block 308, the message is deleted, quarantined in quar 
antine queue 316, or otherWise processed according to an 
appropriate virus processing policy. 

[0094] Alternatively, if block 306 determines that the 
message is not virus positive, then in block 310, a test is 
performed to determine Whether the message has been 
scanned for viruses before. As explained further herein, 
block 306 can be reached again from later blocks after the 
message has been previously scanned for viruses. 
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[0095] If in block 306 the message has been scanned for 
viruses before, then the process of FIG. 3 assumes that the 
anti-virus process 306 has been updated With all patterns, 
rules, or other information necessary to successfully identify 
viruses When a virus outbreak has been identi?ed. Therefore, 
control passes to block 314 in Which the message that Was 
scanned before is delivered. If the message is determined in 
block 310 to not have been scanned before, the process 
continues to block 312. 

[0096] In block 312, a test is performed to determine 
Whether the virus outbreak information obtained at block 
302 satis?es a speci?ed threshold. For example, if the virus 
outbreak information includes a virus score value (V SV), 
the virus score value is checked to see if the virus score value 
is equal to or greater than a threshold virus score value. 

[0097] The threshold is speci?ed by an administrator 
command, in a con?guration ?le, or is received from another 
machine, process or source in a separate process. In one 
implementation, the threshold corresponds to the probability 
that a message contains a virus or is associated With a neW 
virus outbreak. A virus that receives a score above the 
threshold is subject to the actions speci?ed by an operator, 
such as performing a quarantine of the message in quaran 
tine queue 316. In some implementations, a single speci?ed 
threshold is used for all messages, Whereas in other imple 
mentations, multiple thresholds are used based on different 
characteristics, so that the administrator can treat some 
messages more cautiously than others based on the type of 
messages that the messaging gateWay receives and What is 
considered to be normal or less risky for the associated 
message recipients. In one embodiment, a default threshold 
value of 3 is used, based on a virus score scale of 0 to 5, 
Where 5 is the highest risk (threat) level. 

[0098] For example, the virus outbreak information can 
include a virus score value, and a netWork administrator can 
determine an alloWed threshold virus score value and broad 
cast the threshold virus score value to all message transfer 
agents or other processors that are performing the process of 
FIG. 3. As another example, the virus outbreak information 
can include a set of rules that associate virus score values 
With one or more message characteristics that are indicative 

of viruses, and based on the approach described herein With 
respect to FIG. 5, a virus score value can be determined 
based on the matching rules for the message. 

[0099] The value of the threshold virus score value set by 
the administrator indicates When to initiate delayed delivery 
of messages. For example, if the threshold virus score value 
is 1, then a messaging gateWay implementing FIG. 3 Will 
delay delivery of messages When the virus score value 
determined by the virus information processor 108 is loW. If 
the threshold virus score value is 4, then a messaging 
gateWay implementing FIG. 3 Will delay delivery of mes 
sages When the virus score value determined by the virus 
information processor 108 is high. 

[0100] If the speci?ed threshold score value is not 
exceeded, then in block 314, the message is delivered. 

[0101] If the threshold virus score value is determined to 
be exceeded in block 312 and the message has not yet been 
scanned before as determined in block 310, then the message 
is placed in an outbreak quarantine queue 316. Each mes 
sage is tagged With a speci?ed holding time value, or 
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expiration date-time value, representing a period of time 
during Which the message is held in the outbreak quarantine 
queue 316. The purpose of the outbreak quarantine queue 
316 is to delay delivery of messages for an amount of time 
that is suf?cient to enable updating of anti-virus process 306 
to account for a neW virus that is associated With the detected 
virus outbreak. 

[0102] The holding time may have any desired duration. 
Example holding time values could be betWeen one (1) hour 
and tWenty four (24) hours. In one embodiment, a default 
holding time value of twelve (12) hours is provided. An 
administrator may change the holding time at any time, for 
any preferred holding time value, by issuing a command to 
a messaging gateWay that implements the processes herein. 
Thus, the holding time value is user-con?gurable. 

[0103] One or more tools, features, or user interfaces may 
be provided to alloW an operator to monitor the status of the 
outbreak quarantine queue and the quarantined messages. 
For example, the operator can obtain a list of messages 
currently quarantined, and the list can identify the reason 
Why each message in the queue Was quarantined, such as the 
applicable virus score value for the message that satis?ed the 
speci?ed threshold or the rule, or rules, in a set of rules that 
matched for the message. Summary information can be 
provided by message characteristic, such as the types of ?le 
attachments, or by the applicable rule if a set of rules are 
being used. A tool can be provided to alloW the operator to 
revieW each individual message in the queue. Another 
feature can be provided to alloW the operator to search for 
quarantined messages that satisfy one or more criteria. Yet 
another tool can be provided to simulate a message being 
processed, Which can be referred to as “tracing” a message, 
to make sure that the con?guration of the messaging gate 
Way has been correctly performed and that the inbound 
messages are being properly processed according the virus 
outbreak ?lter. 

[0104] In addition, a tool can be provided shoWing general 
alert information from virus information processor, a 
VOOC, or an RVS concerning special or signi?cant virus 
risks or threats that have been identi?ed. Also, tools can be 
included in the MGA to contact one or more personnel 
associated With the MGA When alerts are issued. For 
example, an automated telephone or paging system can 
contact speci?ed individuals When messages are being quar 
antined, When a certain number of messages have been 
quarantined, or When the capacity of the quarantine queue 
has been ?lled or has reached a speci?ed level. 

[0105] A message may exit the outbreak quarantine queue 
316 in three Ways indicated by paths designated 316A, 
316B, 316C in FIG. 3. As shoWn by path 316A, a message 
may expire normally When the speci?ed holding time 
expires for that message. As a result, With normal expiration, 
in one implementation, the outbreak quarantine queue 316 
operates as a FIFO (?rst in, ?rst out) queue. The message is 
then transferred back to anti-virus process 306 for re 
scanning, on the assumption that after expiration of the 
holding time, the anti-virus process has been updated With 
any pattern ?les or other information necessary to detect 
viruses that may be in the message. 

[0106] As indicated by path 316B, a message may be 
manually released from outbreak quarantine queue 316. For 
example, in response to a command issued by an adminis 
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trator, operator, or other machine or process, one or more 

messages can be released from outbreak quarantine queue 
316. Upon a manual release, in block 318 an operator 
decision to re-scan or delete the message is performed, such 
as When the operator may have received off-line information 
indicating that a particular kind of message is de?nitely 
virus-infected; in that case, the operator could elect to delete 
the message at block 320. Alternatively, the operator may 
have received, before expiration of the holding time value, 
off-line information indicating that anti-virus process 306 
has just been updated With neW patterns or other information 
in response to a virus outbreak. In that case the operator may 
elect to re-scan the message by sending it back to the 
anti-virus process 306 for scanning, Without Waiting for the 
holding time to expire, as shoWn by path 319. 

[0107] As yet another example, the operator can perform 
a search of the messages currently held in outbreak quar 
antine queue 316 to identify one or more messages. A 
message thus identi?ed can be selected by the operator for 
scanning by anti-virus process 306, such as to test Whether 
anti-virus process 306 has been updated With information 
suf?cient to detect the virus that is involved in the virus 
outbreak. If the rescan of the selected message is success 
fully at identifying the virus, the operator can manually 
release some or all of the messages in outbreak quarantine 
queue so that the released messages can be rescanned by 
anti-virus process 306. HoWever, if the virus is not detected 
by anti-virus process in the selected test message, then the 
operator can Wait until a later time and retest a test message 
or another message to determine if anti-virus process 306 
has been updated to be able to detect the virus, or the 
operator can Wait and let the messages be released When the 
messages’ expiration times expire. 

[0108] As shoWn by path 316C, a message also may expire 
early, for example, because the outbreak quarantine queue 
316 is full. An over?oW policy 322 is applied to messages 
that expire early. For example, the over?oW policy 322 may 
require that the message be deleted, as indicated in block 
320. As another example, the over?oW policy 322 may 
require that the subject of the message be appended With a 
suitable Warning of the risk that the message is likely to 
contain a virus, as indicated by block 324. For example, a 
message such as “MAY BE INFECTED” or “SUSPECTED 
VIRUS” can be appended to the subject, such as at the end 
or beginning of the message’s subject line. The message 
With the appended subject is delivered via anti-virus process 
306, and because the message has been scanned before, the 
process continues from anti-virus process 306 through block 
310, and the message is then delivered as indicated by block 
314. 

[0109] Additional over?oW policies can be applied, 
although not illustrated in FIG. 3 for clarity. For example, 
the over?oW policy 322 may require removal of ?le attach 
ments to the message folloWed by delivery of the message 
With the ?le attachments stripped. Optionally, the over?oW 
policy 322 may require stripping only those ?le attachments 
that exceed a particular siZe. As another example, the 
over?oW policy 322 may require that When the outbreak 
quarantine queue 316 is full, the MTA is alloWed to receive 
a neW message, but before the message is accepted during 
the SMTP transaction, the message is rejected With a 4xx 
temporary error. 
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[0110] In one embodiment, treatment of a message accord 
ing to path 316A, 316B, 316C is user con?gurable for the 
entire contents of the quarantine queue. Alternatively, such 
a policy is user con?gurable for each message. 

[0111] In an embodiment, block 312 also may involve 
generating and sending an alert message to one or more 
administrators When the virus outbreak information obtained 
from virus information processor 108 satis?es a speci?ed 
threshold, such as When a virus score value meets or exceeds 
a speci?ed threshold virus score value. For example, an alert 
message sent at block 312 may comprise an email that 
speci?es the attachment types for Which the virus score has 
changed, current virus score, prior virus score, current 
threshold virus score, and When the last update of the virus 
score for that type of attachment Was received from the virus 
information processor 108. 

[0112] In yet another embodiment, the process of FIG. 3 
may involve generating and sending an alert message to one 
or more administrators Whenever the overall number of 
messages in the quarantine queue exceeds a threshold set by 
the administrator, or When a speci?c amount or percentage 
of quarantine queue storage capacity has been exceeded. 
Such an alert message may specify the quarantine queue 
siZe, percentage of capacity utiliZed, etc. 

[0113] The outbreak quarantine queue 316 may have any 
desired siZe. In one embodiment, the quarantine queue can 
store approximately 3 GB of messages. 

[0114] 2.4 Generating Virus Outbreak Information 

[0115] In one embodiment, virus outbreak information is 
generated that indicates the likelihood of a virus outbreak 
based on one or more message characteristics. In one 

embodiment, the virus outbreak information includes a 
numerical value, such as a virus score value. The virus 
outbreak information can be associated With one or more 

characteristics of a message, such as the type of attachment 
With a message, the siZe of the attachment, the contents of 
the message (e.g., the content of the subject line of the 
message or the body of the message), the sender of the 
message, the IP address or domain of the sender of the 
message, the recipient of the message, the SenderBase 
reputation score for the sender of the message, or any other 
suitable message characteristic. As a speci?c example, the 
virus outbreak information can associate one message char 
acteristic With a virus score value, such as “EXE=4” to 
indicate a virus score value of “4” for messages With EXE 
type attachments. 

[0116] In another embodiment, the virus outbreak infor 
mation includes one or more rules that each associates the 
likelihood of a virus outbreak With one or more message 
characteristics. As a speci?c example, a rule of the form “if 
EXE and siZe <50 k, then 4” indicates that for messages With 
attachments of type EXE and siZe less than 50 k, the virus 
score value is “4.” A set of rules can be provided to the 
messaging gateWay to be applied to determine if an inbound 
message matches the message characteristics of a rule, 
thereby indicating that the rule is applicable to the inbound 
message and therefore should be handled based on the 
associated virus score value. The use of a set of rules is 
described further With respect to FIG. 5 beloW. 

[0117] FIG. 4 is a How diagram of a method of determin 
ing a virus score value, according to an embodiment. In one 
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implementation, the steps of FIG. 4 may be performed by 
virus information processor 108 based on information in 
database 112 received from virus information source 104 
and spamtrap 106. 

[0118] Step 401 of FIG. 4 indicates that certain computa 
tional steps 402, 404 are performed for each different source 
of virus information that is accessible to virus information 
processor 108, such as virus information source 104 or 
spamtrap 106. 

[0119] Step 402 involves generating a Weighted current 
average virus score value, for a particular email ?le attach 
ment type, by combining one or more prior virus score 
values for prior time periods, using a Weighting approach 
that accords greater Weight for more recent prior virus score 
values. A virus score value for a particular time period refers 
to a score value based on the number of messages received 
at a particular source that have suspicious ?le attachments. 
A message is considered to have a suspicious attachment if 
the attachment satis?es one or more metrics, such as a 
particular ?le siZe, ?le type, etc., or if the netWork address 
of the sender is knoWn to be associated With prior virus 
outbreaks. The determination may be based on attachment 
?le siZe or ?le type or extension. 

[0120] The determination of the virus score value also 
may be made by extracting a source netWork address from 
the message, such as a source IP address value, and issuing 
a query to the SenderBase service to determine Whether the 
source is knoWn to be associated With spam or viruses. The 
determination also may be based upon (a) the type or 
extension of a ?le attachment that is directly attached to the 
message, (b) the type or extension of a ?le that is contained 
Within a compressed ?le, an archive, a .Zip ?le, or another 
?le that is directly attached to the message, and (c) a data 
?ngerprint obtained from an attachment. A separate virus 
score value may be generated and stored for each attachment 
type found in any of the foregoing. Further, the virus score 
value may be generated and stored based upon the most 
risky attachment type found in a message. 

[0121] In one embodiment, step 402 involves computing a 
combination of virus score values for the last three 
15-minute periods, for a given ?le attachment type. Further, 
in one embodiment, a Weighting value is applied to the three 
values for the l5-minute periods, With the most recent 
l5-minute time period being Weighted more heavily than 
earlier l5-minute time periods. For example, in one Weight 
ing approach, a multiplier of 0.10 is applied to the virus 
score value for the oldest l5-minute period (30-45 minutes 
ago), a multiplier of 0.25 is applied to the second-oldest 
value (15-30 minutes ago), and a multiplier of 0.65 is 
applied to the most recent virus score value for the period 
0-15 minutes ago. 

[0122] In step 404, a percent-of-normal virus score value 
is generated for a particular ?le attachment type, by com 
paring the current average virus score value determined at 
step 402 to a long-term average virus score value. The 
current percent of normal level may be computed With 
reference to a 30-day average value for that ?le attachment 
type over all l5-minute time periods Within the 30-day 
period. 

[0123] In step 405, all of the percent-of-normal virus score 
values for all sources, such as virus information source 104 
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and spamtrap 106, are averaged to result in creating an 
overall percent-of-normal value for a particular ?le attach 
ment type. 

[0124] In step 406, the overall percent-of-normal value is 
mapped to a virus score value for a particular ?le attachment 
type. In one embodiment, the virus score value is an integer 
betWeen 0-5, and the overall percent-of-normal value is 
mapped to a virus score value. Table 1 presents an example 
of a virus score scale. 

TABLE 1 

Example Virus Score Scale 

Percent of normal Score Level of Threat 

0-150 0 No known threat/very loW threat 
150-300 1 Possible threat 
300-900 2 Small threat 
900-1500 3 Moderate threat 
>1500 4 High threat/extremely risky 

[0125] In other embodiments, mappings to score values of 
0 to 100, 0 to 10, 1 to 5, or any other desired range of values 
may be used. In addition to integer score values, non-integer 
values can be used. Instead of using a de?ned range of 
values, a probability value can be determined, such as a 
probability in the range of 0% to 100% in Which the higher 
probabilities indicate a stronger likelihood of a virus out 
break, or such as a probability in the range of 0 to 1 in Which 
the probability is expressed as a fraction or decimal, such at 
0.543. 

[0126] As an optimiZation, and to avoid division by Zero 
issues that may occur With very loW 30-day counts, the 
process of FIG. 4 can add one to the baseline averages 
computed in step 402. In essence, adding one raises the noise 
level of the values slightly in a bene?cial Way, by dampening 
some of the data. 

[0127] Table 2 presents example data for the EXE ?le type 
in a hypothetical embodiment: 

TABLE 2 

Example data for “.exe” ?le we: 

Current “.exe” counts, 
30-day 45 min, 30 min., Current Current “.exe” 

Source average 15 min. ago average as % of normal 

Source 1 3.6 21, 40, 3 14 382% 
Source 2 15.4 50, 48, 7 21.6 140% 
Source 3 1.7 l, l, 15 10.1 600% 
Source 4 1.3 l5, l5, l5 15 1200% 
Average % 581% 
of normal 
Virus Score 2 

[0128] In an alternative embodiment, the processes of 
FIG. 2, FIG. 3, FIG. 4 also may include logic to recogniZe 
trends in the reported data and identify anomalies in virus 
score computations. 

[0129] Since the majority of executables are spread 
through one type of email attachment or another, the strategy 
of the approaches herein focuses on making policy decisions 
based on attachment type. In an alternative embodiment, a 
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virus score value could be developed by considering other 
message data and metadata, such as Universal Resource 
Locators (URLs) in a message, the name of a ?le attachment, 
source netWork address, etc. Further, in an alternative 
embodiment, a virus score value may be assigned to indi 
vidual messages rather than to ?le attachment types. 

[0130] In yet another embodiment, other metrics may be 
considered to determine the virus score value. For example, 
if a large number of messages are suddenly received from 
neW hosts that have never sent messages to virus informa 
tion processor 108 or its information sources before, a virus 
may be indicated. Thus, the fact that the date that a particular 
message has been ?rst seen is recent, and a spike in message 
volume detected by virus information processor 108, may 
provide an early indication of a virus outbreak. 

[0131] 2.5 Using Virus Outbreak Information 

[0132] As described above, virus outbreak information 
can simply associate a virus score value With a message 
characteristic, such as an attachment type, or virus outbreak 
information can include a set of rules that each associates a 
virus score value With one or more characteristics of mes 

sages that are indicative of viruses. An MGA can apply the 
set of rules to incoming messages to determine Which rules 
match a message. Based on the rules that match an incoming 
message, the MGA can determine the likelihood that the 
message includes a virus, such as by determining a virus 
score value based on one or more of the virus score values 

from the matching rules. 

[0133] For example, a rule can be “if ‘exe’, then 4” to 
denote a virus score of 4 for messages With EXE attach 
ments. As another example, a rule can be “if ‘exe’ and siZe 
<50 k, then 3” to denote a virus score of 3 for messages With 
EXE attachments With a siZe of less than 50 k. As yet another 
example, a rule can be “if SBRS<—5, then 4” to denote a 
virus score of 4 if the SenderBase Reputation Score (SBRS) 
is less than “—5”. As another example, a rule can be “if ‘PIF’ 
and subject contains FOOL, then 5” to denote a virus score 
of 5 if the message has a PIF type of attachment and the 
subject of the message includes the string “FOOL.” In 
general, a rule can associate any number of message char 
acteristics or other data that can be used to determine a virus 
outbreak With an indicator of the likelihood that a message 
matching the message characteristics or other data includes 
a virus. 

[0134] Furthermore, a messaging gateWay can apply 
exceptions, such as in the form of one or more quarantine 
policies, to determine Whether a message, Which otherWise 
satis?es the speci?ed threshold based on the virus score 
value determined based on the matching rules, such as is 
determined in block 312 of FIG. 3, is to be placed into the 
outbreak quarantine queue or Whether the message is to be 
processed Without being placed into the outbreak quarantine 
queue. The MGA can be con?gured to apply one or more 
policies for applying the rules, such as a policy to alWays 
alloW messages to be delivered to an email address or group 
of email addresses regardless of the virus scores, or to 
alWays deliver messages With a speci?ed type of attachment, 
such as ZIP ?les containing PDF ?les. 

[0135] In general, by having the virus information proces 
sor supply rules instead of virus score values, each MGA can 
apply some or all of the rules in a manner determined by the 


































