
Polyte
hni
 University November 30, 2006Computer and Information S
ien
eCS 912, Fall 2006 Assignment #5 (due De
ember 11)Question 1. Bloom Filters(a) Suppose you have a Bloom Filter 
onsisting of an m-bit array and k hash fun
tions with values rangingfrom 0 to m � 1. What is the false positive rate after n obje
ts have been inserted into the BloomFilter?(b) What are the ratios of m to n if you want to a
hieve a false positive rate of 1% with one, two, andthree hash fun
tions?(
) Suppose you wish to use 10 bits per obje
t for the Bloom Filter. What is the false positive rate if �vehash fun
tions are used?(d) Suppose you have a Bloom Filter with three hash fun
tions and a bit array of length 13. The threehash fun
tions h1, h2, and h3 produ
e the following values for the three obje
ts to be inserted into theBloom Filter. h1(obje
t1) = 3 h2(obje
t1) = 12 h3(obje
t1) = 11h1(obje
t2) = 11 h2(obje
t2) = 1 h3(obje
t2) = 9h1(obje
t3) = 8 h2(obje
t3) = 3 h3(obje
t3) = 12You have learnt that a Bloom Filter provides only two fun
tions, insert(h) and exist(h), where his the hash value provided by a hash fun
tion.(i) What is the state of the Bloom Filter after inserting the three obje
ts? (Show the values in thebit array.) How many times will the insert() fun
tion be 
alled?(ii) Suppose another (fourth) obje
t produ
es the hash values of 3, 12, and 9 for the hash fun
tionsh1, h2, and h3 respe
tively. What will the exist() fun
tion return if the other three obje
ts havealready been inserted? Does the fourth obje
t look as if it exists in the Bloom Filter? Why orwhy not?(iii) In general, if an obje
t does not exist in the Bloom Filter, what will the exist() fun
tion return,and what does the answer mean?Question 2. Top-k Queries(a) Suppose you have two lists of ranked pages, denoted as L1 and L2. Ea
h entry of Li (i = 1; 2) is in theform of (didp; vp;i), where didp is a do
ument ID used to identify a page p on the web, and vp;i is the
osine measure value of the page p with respe
t to Li. The two lists are sorted in des
ending order bythe vp;i values, as follows.L1 (32; 0:53) (24; 0:51) (91; 0:47) (88; 0:46) (52; 0:40) (37; 0:38) (12; 0:29) (92; 0:27)L2 (37; 0:30) (92; 0:28) (91; 0:27) (24; 0:26) (12; 0:25) (88; 0:22) (32; 0:22) (52; 0:19)Assume L1 and L2 are the lists for the terms \mobile" and \phone", and you would like to sear
hfor pages that mat
h both terms. Show how you 
an use Fagin's Algorithm (FA) and the ThresholdAlgorithm (TA) from 
lass to determine the top-2 results, i.e., pages with the best two values ofvp;1 + vp;2.(b) Does TA perform better than FA in the above example? Why or why not?Question 3. Re
all and Pre
ision



(a) De�ne \re
all" and \pre
ision" in one senten
e ea
h.(b) Suppose you have a 
olle
tion of 1000 do
uments. Among these 1000 do
uments, 98 are relevant tothe query \mobile". Suppose you have a sear
h engine whi
h returns only the top-10 results to ea
huser query. Of the top-10 results returned by the sear
h engine for the query \mobile", 2 of them arenot relevant, while 8 are relevant. What is the pre
ision of the sear
h engine for the query \mobile"?What is the re
all? Does it a
tually make sense to talk about re
all in this 
ase? Dis
uss.Question 4. Re
rawlingSuppose you have a sear
h engine that 
overs a domain 
ontaining a total of 100 million URLs (pages), e.g.,the hk domain for Hong Kong. We make the simplifying assumption that the URLs stay the same (i.e.,no new pages are 
reated under new URLs) but that the 
ontent available under ea
h URL (the page) 
an
hange due to updates. Suppose you have a web 
rawler and internet 
onne
tion that allow you to re
rawlup to 10 million pages per day.Your goal is to re
rawl ea
h page periodi
ally in a way that minimizes the number of outdated pages inyour 
olle
tion. Page updates are assumed to o

ur at random a

ording to the following model, where the
olle
tion 
ontains three types of pages: 20 million pages of type A, whi
h have an 80% 
han
e of beingupdated on any parti
ular day, 20 million pages of type B, whi
h have a 10% 
han
e of being updated onany parti
ular day, and 60 million pages of type C, whi
h have only a 1% 
han
e of being updated on anyparti
ular day.For simpli
ity, you may assume in the following that all the 10 million pages that 
an be 
rawled on ea
hday are 
rawled exa
tly at midnight, and that we are interested in the number of outdated pages that existright after this o

urs. This way, you do not have to worry about when exa
tly during the day a page isupdated or re
rawled.(a) Suppose you de
ide to re
rawl all pages at the same speed, so that every page is visited every 10 days.What is the expe
ted number of pages in your 
olle
tion that are outdated at any point in time (i.e.,that have 
hanged sin
e you last 
rawled them)? Or suppose every day you re
rawl 5; 000; 000 pagesof type A, 4; 000; 000 of type B, and 1; 000; 000 pages of type C. What is the expe
ted number ofpages that are outdated under this poli
y? Is it better or worse than the �rst poli
y? (Show how toderive formulas for estimating the number of outdated pages, and give at least an approximation ofthe resulting per
entages.)(b) Dis
uss other possible re
rawling strategies for this s
enario. How should you allo
ate your 
rawling
apa
ity among the pages? Can you 
ome up with a better allo
ation that further redu
es the numberof outdated pages? Would you use most of your 
rawling 
apa
ity to 
rawl pages from 
lass A, or 
lassB, or 
lass C, or in what 
ombination? Dis
uss.
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