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METHODS AND APPARATUS FOR ASSESSING 
WEB PAGE DECAY 

TECHNICAL FIELD 

[0001] The present invention generally concerns Web 
pages and more particularly concerns methods and apparatus 
for assessing the decay of Web pages. 

BACKGROUND 

[0002] The rapid groWth of the Web has been noted and 
tracked extensively. Recent studies, hoWever, have docu 
mented the dual phenomenon: Web pages often have small 
half-lives, and thus the Web exhibits rapid decay as Well. 
Consequently, page creators are faced With an increasingly 
burdensome task of keeping links up to date, and many fall 
behind. In addition to individual pages, collections of pages 
or even entire neighborhoods on the Web exhibit signi?cant 
decay, rendering them less effective as information 
resources. Such neighborhoods are identi?ed by frustrated 
searchers, seeking a Way out of these stale neighborhoods, 
back to more up-to-date sections of the Web. 

[0003] On Nov. 2, 2003, the Associated Press reported that 
the “Internet [is] littered With abandoned sites.”[20] The 
story Was picked up by many neWs outlets from USA’s CNN 
to Singapore’s Straits Times. The article further states that 
“[d]espite the Intemet’s ability to deliver information 
quickly and frequently, the World Wide Web is littered With 
deadwoodisites abandoned and Woefully out of date.” 

[0004] Of course this is not neWs to most net-denizens, 
and speed of delivery has nothing to do With the quality of 
content, but there is no denial that the increase in the number 
of outdated sites has made ?nding reliable information on 
the Web even more difficult and frustrating. Part of the 
problem is an issue of perception: the immediacy and 
?exibility of the Web create the expectation that the content 
is up-to-date; after all, in a library no one expects every book 
to be current, but, on the other hand, it is clear that books 
once published do not change, and it is fairly easy to ?nd the 
publication date. 

[0005] While there have been substantial efforts in map 
ping and understanding the groWth of the Web, there have 
been feWer investigations of its death and decay. Determin 
ing Whether a URL is dead or alive is quite easy, at least in 
the ?rst approximation, and, in fact, it is knoWn that Web 
pages disappear at a rate of 0.25-0.5%/Week. HoWever, 
determining Whether a Web page has been abandoned is 
much more dif?cult. 

[0006] Thus, those skilled in the art desire a method for 
assessing the decay status or “staleness” of a Web page. In 
addition, those skilled in the art desire methods for assessing 
the staleness of a Web page so that the method can be used 
as a Way of ranking Web pages. Further, those skilled in the 
art desire methods and apparatus for use in Web maintenance 
activities. Methods and apparatus that accurately assess the 
staleness of Web pages are particularly useful in managing 
Web maintenance activities. 

SUMMARY OF THE PREFERRED 
EMBODIMENTS 

[0007] A ?rst alternate embodiment of the present inven 
tion comprises a signal-bearing medium tangibly embody 
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ing a program of machine-readable instructions executable 
by a digital processing apparatus of a computer system to 
perform operations for assessing the currency of a Web page, 
the operations comprising: establishing a date threshold, 
Wherein Web pages older than the date threshold Will be 
assessed at not being current; accessing a Web page; extract 
ing date information from the Web page identifying the age 
of the Web page; and comparing the date information 
extracted from the Web page to the date threshold. 

[0008] A second alternate embodiment of the present 
invention comprises a signal-bearing medium tangibly 
embodying a program of machine-readable executable by a 
digital processing apparatus of a computer system to per 
form operations for assessing the currency of a Web page, 
the operations comprising: receiving a user-speci?ed topi 
cality threshold, Where the topicality threshold concerns the 
topicality of material content of the Web page; accessing a 
Web page; extracting topicality information from the Web 
page; and comparing the topicality information extracted 
from the Web page to the topicality threshold. 

[0009] A third alternate embodiment of the present inven 
tion comprises: a signal-bearing medium tangibly embody 
ing a program of machine-readable instructions executable 
by a digital processing apparatus of a computer system to 
perform operations for assessing the currency of a Web page, 
the operations comprising: establishing a link threshold, 
Wherein a Web page Will be assessed as lacking currency if 
a percentage of hyperlinks contained in the Web page that 
link to an active page is less than the link threshold; 
accessing a Web page containing hyperlinks; testing the 
hyperlinks; calculating the percentage of hyperlinks that 
return active Web pages; and comparing the percentage of 
hyperlinks that return active Web pages With the link thresh 
old. 

[0010] A fourth alternate embodiment of the present 
invention comprises: a signal-bearing medium tangibly 
embodying a program of machine-readable instructions 
executable by a digital processing apparatus of a computer 
system to perform operations for assessing the decay of a 
Web page, the operations comprising: accessing a subject 
Web page containing hyperlinks; assessing the decay of the 
subject Web page by folloWing a random Walk aWay from the 
subject Web page, Where the random Walk consists of a 
testing of links on the subject Web page and Web pages 
linked to the subject Web page under test; and assigning a 
decay score to the subject Web page in dependence on dead 
links encountered in the random Walk, Wherein the decay 
score is a Weighted sliding scale, Where a dead link encoun 
tered relatively close in the random Walk to the subject Web 
page in terms of intermediate Web pages results in a higher 
decay score than a dead link encountered relatively farther 
aWay from the subject Web page. 

[0011] A ?fth alternate embodiment of the present inven 
tion comprises: a computer system for assessing the cur 
rency of a Web page, the computer system comprising: an 
internet connection for connecting to the internet and for 
accessing Web pages available on the internet; at least one 
memory to store Web pages retrieved from the internet and 
at least one program of machine-readable instructions, 
Where the at least one program performs operations to assess 
the currency of a Web page; at least one processor coupled 
to the internet connection and the at least one memory, 
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where the at least one processor performs the following 
operations when the at least one program is executed: 
retrieving a date threshold, wherein web pages older than the 
date threshold will be assessed as not being current; access 
ing a web page; extracting date information from the web 
page identifying the age of the web page; and comparing the 
date information extracted from the web page to the date 
threshold. 

[0012] A sixth alternate embodiment of the present inven 
tion comprises: a computer system for assessing the cur 
rency of a web page, the computer system comprising: an 
internet connection for connecting to the internet and for 
accessing web pages available on the internet; at least one 
memory to store web pages retrieved from the internet and 
at least one program of machine-readable instructions, 
where the at least one program performs operations to assess 
the currency of a web page; at least one processor coupled 
to the internet connection and the at least one memory, 
where the at least one processor performs the following 
operations when the at least one program is executed: 
retrieving a predetermined topicality threshold, where the 
topicality threshold, where the topicality threshold concerns 
the topicality of material comprising a web page; extracting 
topicality information from the web page; and comparing 
the topicality information extracted from the web page to the 
topicality threshold. 

[0013] A seventh alternate embodiment of the present 
invention comprises: a computer system for assessing the 
currency of a web page, the computer system comprising: an 
internet connection for connecting to the internet and for 
accessing web pages available on the internet; at least one 
memory to store web pages retrieved from the internet and 
at least one program of machine-readable instructions, 
where the at least one program performs operations to assess 
the currency of a web page; at least one processor coupled 
to internet connection and the at least one memory, where 
the at least processor performs the following operations 
when the at least one program is executed; establishing a 
link threshold, wherein a web page will be assessed as 
lacking currency if a percentage of hyperlinks contained in 
the web page that link to an active page is less than the link 
threshold; accessing a web page containing hyperlinks; 
testing the hyperlinks; calculating the percentage of hyper 
links that return active web pages; and comparing the 
percentage of hyperlinks that return active web pages with 
the link threshold. 

[0014] An eighth alternate embodiment of the present 
invention comprises: a computer system for assessing the 
decay of a web page comprising: an internet connection for 
connecting to the internet and for accessing web pages 
available on the internet; at least one memory to store web 
pages retrieved from the internet and at least one program of 
machine-readable instructions, where the at least one pro 
gram performs operations to assess the decay of web page; 
at least one processor coupled to the internet connection and 
the at least one memory, where the at least one processor 
performs the following operations when the at least one 
program is executed: accessing a subject web page contain 
ing hyperlinks; assessing the decay of the subject web page 
by following a random walk away from the subject web 
page, where the random walk consists of a testing of links 
on the subject web page and web pages linked to the subject 
web page under test; and assigning a decay score to the 
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subject web page in dependence on dead links encountered 
in the random walk, wherein the decay score is a weighted 
sliding scale, where a dead link encountered relatively close 
in the random walk to the subject web page in terms of 
intermediate web pages results in a higher decay score than 
a dead link encountered relatively farther away from the 
subject web page. 

[0015] Thus it is seen that embodiments of the present 
invention overcome the limitations of the prior art. In 
particular, in the prior art there was no known way to assess 
the currency of a webpage. In contrast, the apparatus and 
methods of the present invention provide a reliable and 
accurate method for assessing the currency of a webpage. 

[0016] The methods and apparatus of the present invention 
are particularly useful in combination with web ranking and 
enterprise web management applications. In web ranking 
situations, it is not desirable to assign a high ranking to a 
web page that is grossly out of date. Accordingly, having an 
accurate assessment of the currency of a web page is one 
factor that may be used in ranking a particular web page. 

[0017] In enterprise web management situations, propri 
etors of web-based services wish to continually assess the 
currency of the web pages constituting their web-based 
services. Thus, having methods and apparatus that can 
accurately assess the currency of web pages are particularly 
useful in managing maintenance activities. 

[0018] In conclusion, the foregoing summary of the alter 
nate embodiments of the present invention is exemplary and 
non-limiting. For example, one of ordinary skill in the art 
will understand that one or more aspects or steps from one 
alternate embodiment can be combined with one or more 

aspects or steps from another alternate embodiment to create 
a new embodiment within the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The foregoing and other aspects of these teachings 
are made more evident in the following Detailed Description 
of the Preferred Embodiments, when read in conjunction 
with the attached Drawing Figures, wherein: 

[0020] FIG. 1 is a ?owchart depicting the steps of a 
method operating in accordance with an embodiment of the 
present invention; 

[0021] FIG. 2 is a ?owchart depicting the steps of a 
method operating in accordance with an embodiment of the 
present invention; 

[0022] FIG. 3 is a ?owchart depicting the steps of a 
method operating in accordance with an embodiment of the 
present invention; 

[0023] FIG. 4 is a ?owchart depicting the steps of a 
method operating in accordance with one embodiment of the 
present invention; 

[0024] FIG. 5 depicts a block diagram of a computer 
system suitable for practicing the methods and apparatus of 
the present invention; 

[0025] FIG. 6 is a ?owchart depicting the steps of a 
method operating in accordance with an embodiment of the 
present invention; 
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[0026] FIG. 7 is a ?owchart depicting the steps of a 
method operating in accordance With an embodiment of the 
present invention; 

[0027] FIG. 8 is a graph depicting the distribution of the 
fraction of dead links and decay scores for various o’s; 

[0028] FIG. 9 is a scatter plot of decay scores versus the 
fraction of dead links; 

[0029] FIG. 10 is a graph depicting the average decay 
score and fraction of dead links for papers from the last ten 
WWW conferences; 

[0030] FIG. 11 depicts the average decay scores and 
fraction of dead links for 30 Yahoo nodes; and 

[0031] FIG. 12 depicts the average decay scores and 
fraction of dead links for FAQs. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] A method for assessing the currency of a Web page 
operating in accordance With the present invention is 
depicted in FIG. 1. In step 10, a date threshold is estab 
lished, Where Web pages older than the date threshold Will be 
assessed as not being current. Next, at step 11, a Web page 
is accessed over the internet. Then, at step 12 date informa 
tion is extracted from the Web page identifying the age of the 
Web page. In alternate embodiments, the “last-modi?ed” 
information may be extracted from the Web page, indicating 
When the Web page Was last modi?ed. Next, at step 13, the 
date information extracted from the Web page is compared 
to the date threshold. If the date information extracted from 
the Web page is older than the date threshold, the Web page 
is assessed as lacking currency; if it is younger, the Web page 
is assessed as being current. 

[0033] Another method operating in accordance With the 
present invention is depicted in FIG. 2. At step 20, the 
method receives a user-speci?ed topicality threshold, Where 
the topicality threshold concerns the topicality of material 
content of the Web page. As used herein, “topical” means a 
Web page Whose content or subject matter is current or 
up-to-date; a Web page the content of Which is not “topical” 
is outmoded or out-of-date. The topicality threshold can be 
speci?ed in a number of Ways. For example, the topicality 
threshold can concern date references Within the content of 
the Web page. Alternatively, the topicality threshold can 
concern historical events the presence of Which Would 
indicate that the page is out of date. Further, the topicality 
threshold can be set by using product identi?ers. If a 
researcher sought to assess the currency of Web pages 
concerning computer hardWare, the researcher could use 
product identi?ers as indicia of Whether a Web page is up to 
date. For example, a Web page discussing Pentium III 
processors for non-historical reasons Would be out of date. 
Then, at step 21 a Web page is accessed over the internet. 
Next, at step 22 topicality information is extracted from the 
Web page. Then, at step 23, the topicality information 
extracted from the Web page is compared to the topicality 
threshold. If the comparison reveals that the information 
extracted from the Web page lacks topicality When compared 
to the topicality threshold, the Web page is assessed as 
lacking currency. Alternatively, if the information extracted 
from the Web page is topical When compared to the topicality 
threshold, the Web page is assessed as being current. 
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[0034] A further method operating in accordance With the 
present invention is depicted in FIG. 3. At step 30, a link 
threshold is established, Where a Web page Will be assessed 
as lacking currency if a percentage of hyperlinks contained 
in the Web page that link to active Web pages is less than the 
threshold. Next, at step 31, a Web page containing hyperlinks 
is accessed over the internet. Then, at step 32, the hyperlinks 
contained in the Web page are tested. Next, at step 33, the 
percentage of Web pages that return active Web pages is 
calculated. Then, at step 34, the percentage hyperlinks that 
return active Web pages is compared With the link threshold. 
If the percentage is less than the link threshold, the Web page 
is assessed as lacking currency; if is greater than the link 
threshold, the Web page is assessed ads being current. One 
of ordinary skill in the art Will understand that the link 
threshold could have been set in terms of hyperlinks Which 
do not return active Web pages. 

[0035] The next aspect of the present invention concerns 
assessing Whether a hyperlink does, in fact, link to a dead 
page. Dead links are the clearest giveaWay to the obsoles 
cence of a page. Indeed, this phenomenon of “link-rot” has 
been studied in several areasifor example, Fetterly et al. 
[16] in the context of Web research, Koehler [22, 23] in the 
context of digital libraries, and MarkWell and Brooks [26, 
27] in the context of biology education. HoWever using the 
proportion of dead links as a decay signal presents tWo 
problems. 

[0036] (1) The ?rst problemHletermining Whether a link 
is “dead”iis not trivial. According to the HTTP protocol 
[17] When a request is made to a server for a page that is no 
longer available, the server is supposed to return an error 
code, usually the HTTP return code 404. As discussed in the 
folloWing sections, in fact many servers, including most 
reputable ones, do not return a 404 codeiinstead the servers 
return a substitute page and an OK code (200). The substi 
tute page sometimes gives a Written error indication, some 
times returns a redirect to the original domain home page, 
and sometimes returns a page Which has absolutely nothing 
to do With the original page. Studies shoW that these type of 
substitutions, called “soft-404s,” account for more than 25% 
of the dead links. This issue is discussed in detail and a 
heuristic is proposed for the detection of servers that engage 
in soft 404s. The heuristic is effective for all cases except for 
one special case: a dead domain home page bought by a neW 
entity and/or “parked” With a broker of domain names: in 
this special case it can be determined that the server engages 
in soft 404 in general but there is no Way to knoW Whether 
the domain home page is a soft 404 or not. 

[0037] (2) The second problem associated With dead links 
as a decay signal is that they are very noisy signals. One 
reason is because it is easy to manipulate. Indeed, many 
commercial sites use content management systems and 
quality check systems that automatically remove any link 
that results in a 404 code. For example, experiments indicate 
that the Yahoo! taxonomy is continuously purged of any 
dead links. HoWever, this is hardly an indication that every 
piece of the Yahoo! taxonomy is up-to-date. 

[0038] Another reason for the noisiness is that pages of 
certain types tend to live “forever” even though no one 
maintains them: a typical example might be graduate stu 
dents pagesimany universities alloW alumni to keep their 
pages and e-mail addresses inde?nitely as long as they do 
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not Waste too much space. Because these pages link among 
themselves at a relatively high rate, they Will have feW dead 
links on every page, even long after the alumni have left the 
ivory towers; it is only as a larger radius is examined around 
these pages that a surfeit of dead links is observed. 

[0039] The discussion above suggests that the measure of 
the decay of page p should depend not only on the propor 
tion of dead pages at distance 1 from p but also, and to a 
decreasing extent, on the proportion of dead pages at dis 
tance 2, 3, and so on. 

[0040] One Way to estimate these proportions is via a 
random Walk from p: at every step if a dead page is reached 
failure is declared, otherWise With probability 0 success is 
declared, and With probability 1-0 the Walk continues. The 
decay score of p, denoted D(p) is de?ned as the probability 
of failure in this Walk. Thus the decay score of a page p Will 
be some number betWeen 0 and 1. 

[0041] At ?rst glance, this process is similar to the famous 
random surfer of PageRank [7]; hoWever, they are quite 
different in practice: for PageRank the importance of a page 
p depends recursively on the importance of the pages that 
point top. In contrast the decay of p depends recursively on 
the decay of the pages that are linked from p. Thus, 
computing the underlying recurrence once the Web graph is 
fully explored and represented is very similar, but 

[0042] 1. The decay of a given page can be approxi 
mated in isolation, that is, Without having to compute 
the decay of all pages in the graph, hence it is a much 
easier task When the number of nodes of interest is 
relatively small. 

[0043] 2. While the oWner of a page p has feW licit 
means of improving its PageRank, it can easily reduce 
its decay by simply making sure that all the links on 
page p go to Well maintained pages. 

[0044] It is generally agreed that PageRank is a better 
signal for the quality of a page than simply its in-degree (i.e., 
the number of pages that point to it) and recent studies [29, 
10] have shoWn that the in-degree has only limited corre 
lation With PageRank. Similar questions can be asked about 
the decay number versus the dead links proportion: experi 
ments indicate that their correlation is only limited and 
indeed the decay number is a better indicator. For instance, 
on average, the set of 30 pages that analyZed from the 
Yahoo! taxonomy have almost no dead links, but have 
relatively high decay, roughly the median value observable 
on the Web. This seem to indicate that Yahoo! has a ?lter that 
drops dead links immediately, but on the other hand the 
editors that maintain Yahoo! do not have the resources to 
check very often Whether a page once listed continues to be 
as good as it Was. 

[0045] A dead Web page is a page that is not publicly 
available over the Web. A page can be dead for any of the 
folloWing reasons: (1) its URL is malformed; (2) its host is 
doWn or non-existent; or (3) it does not exist on the host. The 
?rst tWo types of dead pages are easy to detect: the former 
fails URL parsing and the latter fails the resolution of the 
host address. When fetching pages that are not found on a 
host, the Web server of the host is supposed to return an 
error; typically the error message returned is the 404 HTTP 
return code. HoWever, it turns out that many Web servers 
today do not return an error code even When they receive 
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HTTP requests for non-existent pages. Instead, they return 
an OK code (200) and some substitute page; typically, this 
substitute is an error message page or the home-page of that 
host or even some completely unrelated page. Such non 
existent pages that cause a server to issue the foregoing 
result are called “soft-404 pages”. 

[0046] The existence of soft-404 pages makes the task of 
identifying dead pages non-trivial. Next to be described Will 
be an algorithm for this task operating in accordance With 
one embodiment of the present invention. The pseudo code 
for the task is reproduced in Appendix A, and a ?owchart 
depicting the steps of the method is shoWn in FIG. 4. For the 
rest of the discussion, a Web page Will be identi?ed With its 
URL, and the tWo concepts Will be used interchangeably. 

[0047] A soft-404 page is a non-existent page that does not 
result in the return of an error code. This is because the 
server to Which the Web page request Was directed is 
programmed to issue an alternate page Whenever a 404 error 
message Would ordinarily be issued. In contrast, a hard 404 
page is a non-existent page that returns an error code of 403, 
404 or 410, or any error code of the form 5xx. Dead pages 
consist of soft-404 pages, hard-404 pages, and a feW more 
cases such as time-outs and in?nite redirects discussed 
beloW. 

[0048] Let u be the URL of a page, to be tested Whether 
dead or alive. Let u.host denote the host of u, and let u.parent 
denote the URL of the parent directory of u. For example, 
both the host and the parent directory URL of http:// 
WWW.ibm.com/us are http://WWW.ibm.com; hoWever the 
parent directory of http://WWW.ibm.com/us/hr is http://WW 
W.ibm.com/us.u.host and u.parent can be extracted from u by 
proper parsing. 

[0049] An algorithm operating in accordance With aspects 
of methods and apparatus of the present invention starts by 
attempting to fetch u from the Web (Line 3 of the function 
DeadPage). A fetch (step 100 in FIG. 4; see function 
atomicFetch) may result in one of the folloWing three 
outcomes: (1) it succeeds, (2) it fails, or (3) it redirects to a 
different URL v. The possible reasons for failure are: (a) u 
is an invalid URL and could not be properly parsed (lines 2-3 
of atomicFetch); (b) the local DNS server could not resolve 
the IP address of u.HOST (lines 6-7 of atomicFetch); (c) 
When creating a connection to u.HOST, there Was no 
response Within T seconds (in experiments T=10 Was cho 
sen) (Lines 10-11 of atomicFetch); or (d) the Web server of 
u.HOST returns an error HTTP return code in response to 

the request for u (Lines 12-13 of atomicFetch). The HTTP 
return codes Which are considered to be errors are 403 

(Forbidden), 404 (Not found), 410 (Gone), and all the codes 
of the form 5xx (Server errors). If a return code in these 
classes is returned, the algorithm concludes that the page 
does not exist at 112 in FIG. 4. A success is a HTTP return 
code in the 2xx series or 4xx series (except for 403, 404, 
410), and a redirect is indicated by an HTTP return code in 
the 3xx series. 

[0050] Clearly When the fetch fails, the page is dead. Next 
to be discussed is hoW to analyZe the tWo other cases 
(success or redirect). The redirect case is also rather simple. 
An algorithm operating in accordance With the present 
invention attempts to fetch u. If it redirects to a neW URL v, 
it then attempts to fetch v. It continues to folloW the 
redirects, until reaching some JRL Wu, Whose fetch results in 
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a success or a failure (see the function fetch). (A third 
possibility is that the algorithm detects a loop in the redirect 
path (Lines 12-13 of fetch) or that the number of redirects 
exceeds some limit L, Which is chosen to be 20 (Lines 14-15 
of fetch); in such a case the algorithm declares u to be a dead 
page, and stops). If the fetch of Wu results in a failure, u is 
declared a dead page as before. If the fetch results in a 
success (step 114 in FIG. 4), the algorithm proceeds to 
checking Whether u is a soft-404 page. 

[0051] The algorithm detects Whether u is a soft-404 page 
or not by “leaming” Whether the Web server of u.HOST 
produces soft-404s at all. This is done by asking for a page 
r, knoWn With high probability not to exist on u.HOST at 
step 120 in FIG. 4. It then compares the server behavior 
When asked for r, With its behavior When asked for u. 

[0052] The ?rst question to be addressed is hoW to come 
up With a page r that is likely not to exist on u.HOST With 
a high probability. This is done as folloWs: ?rst, a URL is 
chosen, Which has the same directory as u, and Whose ?le 
name is a sequence of R random letters (in experiments 
R=25 Was chosen; see Line 5 of DeadPage and step 120 of 
FIG. 4). The URL r is simply the concatenation of the URL 
u.PARENT With the random sequence. Since the ?le name 
is chosen at random, the probability that it exists under that 
directory is at most N/26R, Where N is the number of ?les 
that do exist under the directory. For any reasonable value of 
N, this probability is tiny, and thus it can be safely assumed 
that the random page r does not exist. 

[0053] The reason to choose r to be in the same directory 
as u (and not as a random page under u.HOST) is that in 
large hosts different directories are controlled by different 
Web servers, and therefore may exhibit different responses to 
requests for non-existent pages. An example is the host 
http://WWW.ibm.com. When trying to fetch a non-existent 
page http://WWW.ibm.com/blablabla, the result is a 404 code. 
HoWever, a fetch of http://WWW.ibm.com/us/blablabla 
returns the home-page http://WWW.ibm.com/us. Thus http:// 
WWW.ibm.com/us/blablabla is a soft-404 page, but http:// 
WWW.ibm.com/blablabla is a hard-404 page. 

[0054] Next it is necessary to compare the behavior of the 
Web server on r With its behavior on u. Let Wr and Wu denote 
the ?nal URLs reached When folloWing redirects from r and 
u, respectively. Let TI and TL1 denote the contents of WI and 
Wu, respectively. Let Kr and KL1 denote the number of 
redirects the algorithm had to folloW to reach WI and Wu, 
respectively. 

[0055] If the fetch of WI results in a failure, it is concluded 
at step 132 in FIG. 4 that the Web server does not produce 
soft-404 pages. Since the fetch of Wu succeeded, the algo 
rithm can safely declare u as alive (Lines 7-8 in DeadPage). 
Suppose, then, that the fetch of Wrresults in a success. Thus, 
r is a soft-404 page. 

[0056] If Wr=Wu and Kr=Ku, then u and r are indistinguish 
able. This gives a clear indication that u is a soft-404 page 
except for one special case: there are situations When soft 
404 pages and legitimate URLs both redirect to the same 
?nal destination (for example, to the host’s home-page). A 
good example of that is the URL http://WWW.cnn.de (the 
CNN of Germany), Which redirects to http://WWW.n-tv.de; 
hoWever, also a non-existent page like http://WWW.cnn.de/ 
blablabla redirects to http://WWW.n-tv.de. Thus the folloWing 
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heuristic is used: if u is a root of a Web site, then it can never 
be a soft-404 page (step 140 of FIG. 4 and Lines 9-10 of 
DeadPage; see discussion beloW about When this heuristic 
may fail). Otherwise at step 150, if Wr=Wu and Kr=Ku, then 
u is declared a soft-404 page (Step 152 of FIG. 4; Lines 
13-14 of DeadPage). 

[0057] If K;+=KL1 (step 142 in FIG. 4) the algorithm 
declares u to be alive (step 180) (even if Wr=Wu), because the 
behavior of the Web server on u is different from its behavior 
on r (Lines 11-12 of DeadPage). An example that demon 
strates that the number of redirects is crucial for the test is 
http ://WWW.euro sport .de/ . Fetching http ://WWW.euro - 
sport.de/ incurs tWo redirects that ?nally land in a valid page. 
HoWever, fetching http://WWW.eurosport.de/blablabla redi 
rects ?rst to http://WWW.eurosport.de/ and then results in tWo 
more redirects as before. Thus, both the valid page and the 
soft-404 page end up at the same valid page, but the former 
requires tWo redirects While the latter requires three. 

[0058] Even if Wl,#Wu (step 152 in FIG. 4) it is still 
possible that u is a soft-404 page, because in some hosts each 
soft-404 page is redirected into a unique address (http:// 
WWW.amaZon.com, for example). Thus, the contents of WI 
and Wu and the parameters Kr and KL1 are next examined at 
step 160. If wfwu, Kr=Ku, and Tu and Tr are identical or 
nearly-identical (near-identity can be checked via shingling 
[8]), the algorithm declares u to be a soft-404 page (step 162; 
Lines 15-16 of DeadPage). If not, the page is declared to be 
alive at step 164. Note that testing near-identity (as opposed 
to complete identity) may be important; because sometime 
the Web server embeds the non-existing URL u in the text of 
the page it returns or does other minor changes. 

[0059] A computer system for practicing the methods of 
the present invention is depicted in simpli?ed form in FIG. 
5. The data processing system 200 includes at least one data 
processor 201 coupled to a bus 202 through Which the data 
processor may address a memory sub-system 203, also 
referred to herein simply as “memory”203. The memory 203 
may include RAM, ROM and ?xed and removable disks 
and/or tape. The memory 203 is assumed to store at least one 
program comprising instructions for causing the processor 
201 to execute methods in accordance With the present 
invention. Also stored in memory 203 is at least one data 
base 204. 

[0060] The data processor 201 is also coupled through the 
bus 202 to a user interface, preferably a graphical user 
interface (“GUI”) 205 that includes a user input device 
205A, such as one or more of a keyboard, a mouse, a 

trackball, a voice recognition interface, as Well as a user 
display device 205B, such as a high resolution graphical 
CRT display terminal, a LCD display terminal, or any 
suitable display device. With these input/output devices, a 
user can initiate operations to determine the currency or 
staleness of a Web page. 

[0061] The data processor 201 may also be coupled 
through the bus 202 to a netWork interface 206 that provides 
bidirectional access to a data communications netWork 207, 
such as an intranet and/or the internet. In various embodi 
ments of the present invention, a host 208 containing Web 
pages to be tested can be accessed over the internet through 
server 209. 

[0062] In general, these teachings may be implemented 
using at least one softWare program running on a personal 
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computer, a server, a microcomputer, a mainframe com 
puter, a portable computer, an embedded computer, or by 
any suitable type of programmable data processor 201. 
Further, a program of machine-readable instructions capable 
of performing operations in accordance With the present 
invention may be tangibly embodied in a signal-bearing 
medium, such as, a CD-ROM. 

[0063] The above scheme is doing its best to capture as 
many of the cases of soft-404 pages as possible. There are 
other instances of soft-404 errors that need to be detected, 
for example, When the root of a Web page is, in fact, a 
soft-404 page. An emerging phenomenon on the Web is the 
one of “parked Web sites”. These are dead sites Whose 
address Was re-registered to a third party. The third party 
puts a redirect from those dead sites into his oWn Web site. 
The idea is to pro?t from the prior promotional Works of the 
previous oWners of the dead sites. A report by Edelman [15] 
gives a nice description of this phenomenon as Well as a case 
study of a speci?c example. 

[0064] Let n be the total number of pages. Let DCC [n] 
be the set of all dead pages, and let all other pages be live. 
Let M be the n><n matrix of the multi-graph of links among 
pages, so that Mij is the number of links on page i to page 
j. To begin, one modi?cation is performed on the matrix: 
M<:>M+I, adding a self loop to each page. A measure Do(i) 
Will be de?ned in terms of a “success parameter”0e[0, 1]. (In 
experiments, 0=0.1 is selected). 

[0065] First, decay is described as a random process. Next, 
it is given a formal recursive de?nition, and ?nally, it is cast 
as a random Walk in a Markov chain. 

[0066] The measure can be seen as a random process 
governing a “Web surfer” as folloWs. Initially, the current 
page p is set to i, the page Whose decay is being computed 
(step 200 in FIG. 6). The surfer at the current page Will 
perform the folloWing steps, eventually returning a binary 
decay score depending on the random choices made during 
execution of the steps; the process therefore de?nes a 
distribution over {0, 1}. The decay Do(i) is the mean of this 
distribution. 

[0067] 1. If peD, the surfer terminates With decay value 
1: the page is completely decayed (Steps 212 and 214 
in FIG. 6). 

[0068] 2. Otherwise the result is “no” (Step 216 in FIG. 
6), and the surfer ?ips a biased coin at step 220, and 
With probability 0 decides that the content of the 
current page meets his information need (Step 230 in 
FIG. 6), and hence terminates successfully With decay 
score 0 (Step 234 in FIG. 6). 

[0069] 3. With the remaining probability 1-0, the surfer 
chooses an outlink of p uniformly at random (Step 236 
in FIG. 6), sets p to be the destination of that outlink, 
and begins the again from step 200. 

[0070] Unrolling this de?nition a feW steps, it becomes 
clear that the decay of a page is in?uenced by dead pages a 
feW steps aWay, but that the in?uence of a single path 
decreases exponentially With the length of the path. For 
example a dead page has decay 1, a live page Whose outlinks 
are all dead has decay 1-0, a live page Whose all outlinks 
point to live pages that in turn point only to dead pages has 
decay (1-0)2, etc. 
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[0071] NoW, a formal de?nition of the decay measure is 
given. Recursively, Do(i) is de?ned as folloWs: 

1 i e D, 

Z Mil-0.7m 
DUO‘) = jeln] 

(1 — 0') otherwise 
2 M.. 

jeln] ‘1 

Understanding the solution to this recursive formulation is 
easiest in the context of random Walks, as described beloW. 

[0072] Decay scores may also be vieWed as absorption 
probabilities in a random Walk. A Markov chain in Which 
this Walk takes place is noW de?ned. First, the incidence 
matrix of the Web graph must be normalized to be roW 
stochastic (each nonZero element is divided by its roW sum). 
Next, tWo neW states must be added to the chain, each of 
Which has a single outlink to itself: n+1 is the success state, 
and n+2 is the failure state. Thus these tWo neW states are 
absorbing. Finally, the folloWing tWo modi?cations are 
made to the matrix: ?rst, each dead state is modi?ed to have 
a single outlink With probability 1 to the failure state; 
second, all edges from non-dead states ([n]\D) are multiplied 
by 1-0 in probability, and a neW edge With probability 0 is 
added to the success state. Hence the tWo neW states are the 

only tWo absorbing states of the chain, and any random Walk 
in this chain Will be eventually absorbed in one of the tWo 
states. Walks in this neW chain mirror the random process 
described above, and the decay of page i is the probability 
of absorption in the failure state When starting from state i. 

[0073] Global static ranking measures such as PageRank 
[7] usually have to be computed globally for the entire graph 
during a lengthy batch process. Other graph oriented mea 
sures such as HITS [21] may be computed on-the-?y, but 
require inlink information typically derived from a complete 
representation of the Web graph, such as [4], or from a large 
scale search engine that makes available information about 
the inlinks of a page. 

[0074] Decay, on the other hand, is de?ned purely in terms 
of the out-neighbors of i. The folloWing observations can be 
made: 

[0075] OBSERVATION 1. The decay value of a page 
can be approximated to Within constant accuracy in a 
constant number of HTTP fetches, independent of the 
link structure of the graph, Without access to any other 
supporting indexes. 

[0076] Such an implementation mirrors the random pro 
cess de?nition of decay set forth previously. Because the 
Walk terminates With probability at least 0 at each step, the 
distribution over number of steps is bounded above by the 
geometric distribution With parameter 0; thus, the expected 
number of steps for a single trial is no more than 1/0, and 
the probability of long trials is exponentially small. Further, 
the value of each trial is 0 or 1, and so decay can be 
estimated to Within error 6 With probability 1-6 in O(1/e2 log 
1/6) steps; this folloWs from standard Chernolf bounds. (In 
practice, 300 trials are employed to estimate the decay value 
of each page). 

[0077] An alternative method operating in accordance 
With the present invention for assessing the decay of a Web 
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page is depicted in FIG. 7. At step 250, a subject Web page 
containing hyperlinks is accessed over the intemet. Then at 
step 251, the decay of the subject Web page is assessed by 
following a random Walk aWay from the subject Web page, 
Where the random Walk consists of testing of links on Web 
pages linking from the subject Web page under test. In 
variants of this embodiment, the links being tested may be 
on Web pages directly linked to the subject Web page Whose 
decay status is being tested, or may be on Web pages linked 
to the subject Web page by an arbitrary number of interme 
diate Web pages and hyperlinks. Then at step 252, a decay 
score is assigned to the subject Web page in dependence on 
dead links encountered in the random Walk, Wherein the 
decay score is a Weighted sliding scale, Where a dead link 
encountered relatively close in the random Walk to the 
subject Web page results in a higher decay score than a dead 
link encountered relatively farther aWay from the subject 
Web page. 

[0078] Like other measures, decay is also amenable to the 
more traditional batch computation; it is expected to require 
a time similar to the time required by PageRank. 

[0079] Next, the algorithm for identifying dead pages and 
the random Walk algorithm for estimating the decay score of 
a given page Was implemented. Then several sets of experi 
ments described beloW Were run. The ?rst set of experiments 
validated that the decay measure set forth previously is a 
reasonable measure for the decay of Web pages. Next, it Was 
compared to another plausible measure, namely, the fraction 
of dead links on a page. After establishing that the present 
decay measure is reasonable, it Was used to discover inter 
esting facts about the Web. 

[0080] In this section the settings of parameters for tWo 
algorithms that Were used in the experiments are described. 
The parameters of the algorithm for detecting dead pages 
Were set as folloWs: 

[0081] A timeout of T=10 seconds Was alloWed for 
fetching a page. If the server does not respond Within 
10 seconds, the page is declared dead. 

[0082] At most L=20 redirects for a page are alloWed. 
If more than 20 redirects are encountered, the page Was 
declared dead. 

[0083] To create a random URL in the same directory of 
the page, the parent directory is appended With a 
sequence of 25 random loWer case Latin letters. 

[0084] The parameters of the random Walk algorithm Were 
set as folloWs: 

[0085] In general, a success parameter o=0.1 is used. 
Thus, at each step of the random Walk, With probability 
0.1, the random Walk proceeds to the success absorbing 
state. The expected length of a random Walk is then at 
most 10. 

[0086] For each page, the random Walk algorithm is run 
300 times. This guarantees an additive error in the 
decay measure estimates of at most 0.1 With con?dence 
at least 0.8. 

[0087] On average, getting the decay score of a page took 
about 7 minutes on a machine With double 1.6 GHZ AMD 
processors, 3 GB of main memory, running a Linux oper 
ating system and having a 100 Mbps connection to the 
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netWork. Since the task Was highly paralleliZable (the decay 
score of different pages could be estimated in parallel, and 
also different random Walks for the same page could be run 
in parallel), about 10 random Walk processes Were run 
simultaneously, in order to increase throughput. 

[0088] The ?rst experiment involved computing the decay 
score and the fraction of dead links on 1000 randomly 
chosen pages. The pages Were chosen from a tWo billion 
page craWl performed largely in the last four months. 

[0089] To begin With, of the 1000 pages, 475 Were already 
dead (substantiating the claim that Web pages have short half 
lives, on average). For each remaining page, its decay score 
Was computed as Well as the fraction of its dead links. In 
total, there Were 710 dead links on the pages and out of 
these, 207 Were pointing to soft-404 pages (roughly 29%). 
Moreover, the random Walks during the decay score com 
putation of the 525 pages encountered a total of 22,504 dead 
links, out of Which 6,060 pointed to soft-404 pages (roughly 
27%). Another interesting statistic is that only 350 of the 525 
pages alive had a non-empty “Last Modi?ed Date”. 

[0090] The main statistic emerging out of this experiment 
is that the average fraction of dead links is 0.068 Whereas the 
average decay scores of a live page With at least one outlink 
are 0.168, 0.106, 0.072, and 0.041 for values of o=0.1, 0.2, 
0.33 and 0.5, respectively. 

[0091] The decay curves in FIG. 8 re?ect the fact that for 
a given page i if 01202, then 
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Proof: The decay is the probability of absorption into the 
failure state. Consider all paths that lead to the failure state. 
Then the Weight of each individual path under 01 is less or 
equal to its Weight under 02; namely for a path of length k 
it is (1—oi)k times the unbiased random Walk Weight of the 
path. (The same argument does not Work for the paths that 
lead to the success state; their individual Weight is not 
monotonic in o.) 

[0092] For the rest of the description, o=0.1 is used. 

[0093] Clearly the decay and the fraction of dead links are 
related but not in a simple Way. 

[0094] More precisely, if T (i) is the fraction of dead links 
on page i, and page i is not dead then 

D... <i>=<1-0><F<i>+<1-F<i>> Do) 
Where D(i) is the average decay of the non-dead neighbors 
of i. 

[0095] FIG. 8 shoWs that the distributions of D and 
J: intersect. The difference among them can also be seen 
from the scatter plot of these distributions for o=0.1 (FIG. 
9). The scatter plot shoWs that the decay score is generally 
more than the fraction of dead links. (This also folloWs from 
equation 1). More interestingly, it also shoWs that the decay 
measure can be close to 0.5 even When the fraction of the 
dead links is close to 0. 

[0096] The next experiments to be described concern 
papers from the last ten World Wide Web conferences. All of 
the (refereed track) papers from WWW3 to WWW12 Were 
craWled and for each paper With at least one outlink, its 
decay score and the fraction of dead links Was computed. 
The averaged results are shoWn in FIG. 10. The main 
observation is the folloWing. It is claimed that the trend 


















