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Coupon collecting problem ¨ Umit I¸slak∗ January 7, 2018



Abstract We study some standard problems related to the coupon collecting problem with the use of elementary probability and combinatorics.
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The model and questions



The model for the classical Coupon Collector Problem is defined as follows: A set contains m distinct objects: balls in an urn, letters in an alphabet, pictures of soccer players sold with gums, etc.. The collector samples from the set with replacement. On each trial she has a fixed probability pi of drawing the ith object, independently of all past events. Here are some possible questions related to this model: 1. What is the probability that we will have exactly k distinct coupons in our first n trials? 2. What is the expected number of trials required to obtain a complete set? 3. What is the expected number of distinct coupons if we have n trials? 4. What is the expected time until j ≤ m different coupons have been sampled at least k times each? 5. What is the expected time until j ≤ m specified different coupons have been sampled? In case the reader requires any background material, s/he can check any standard probability theory textbook such as [1] or [4].
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Expected time for a complete collection I: Uniform case



2.1



Geometric distribution



Suppose that independent trials, each having a success probability p ∈ (0, 1), are performed. Let X be the number of failures that occur before the first success. Then P(X = n) = (1 − p)n p,



∗



n = 0, 1, ....
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(1)



Definition 2.1 Any random variable X having probability mass function as in (1) is said to have a geometric distribution with parameter p. P n Remark 2.1 (i.) Note that ∞ n=0 p(1 − p) = 1 by using elementary stuff from calculus, and so we have really defined a probability function. (ii.) Some authors prefer to define the geometric distribution in a slightly different way. Namely, they call X as a geometric random variable with parameter p if X is the number of trials required to obtain the first success. This is the same as our definition above except that we have an additional +1 for the first success, and so the theory is almost identical. Example 2.1 An urn contains N white and M black balls. Balls are randomly selected one at a time, with replacement. Letting X be the number of white balls until we select a black ball i. Find P(X = n), n ≥ 0. ii. Find P(X ≥ n), n ≥ 1.  n N M Solution: (i.) P(X = n) = N +M N +M .  k P N M (ii.) P(X ≥ n) − ∞ k=n N +M N +M which can be simplified further by using elementary results. Next let’s discuss some basic results about the geometric distribution. Theorem 2.1 Assume that X is a geometric random variable with parameter p. Then i. E[X] =



1−p p .



ii. V ar(X) =



1−p . p2



Proof: (i) Letting q = 1 − p, we have E[X] =



∞ X



np(1 − p)n = p(1 − p)



n=0



∞ X



n(1 − p)n−1



n=0 ∞ d X n q dq n=0   d 1 = p(1 − p) dq 1 − q = ... 1−p = . p



= p(1 − p)



(ii) is similar and is left for you.







Theorem 2.2 If X is a geometric random variable, then P(X = n + k|X ≥ n) = P(X = k),



k, n ≥ 0.



(Note : This is called as the memoryless property of geometric distribution.)



2



Proof: Since X is a geometric random variable, P(X = j) = p(1 − p)j , j ≥ 0 for some p ∈ (0, 1). Next observe P(X ≥ n + k|X ≥ n) =



P(X = n + k) p(1 − p)n+k = = p(1 − p)k = P(X = k). P(X ≥ n) (1 − p)n



Remark 2.2 It is important to note that geometric distribution is the only discrete nonnegative distribution with the memoryless property. Its continuous version is the exponential distribution.



2.2



A solution to the uniform case of coupon collecting



Recall that on each trial the collector has a fixed probability pi of drawing the ith object, independently of all past events. We assume in this section that pi = 1/m, for each i = 1, . . . , m, where m is the number of distinct coupons in collection. Let T be the number of time required to obtain a complete collection. Also let Ti be the exact number of trials required to have i distinct coupons. Also set T0 = 0. Note in particular that T = Tm . Then T = Tm = (Tm − Tm−1 ) + (Tm−1 − Tm−2 ) + · · · + (T1 − T0 ) =



m X (Tj − Tj−1 ). j=1



Using now the linearity of expectation, we get E[T ] = summ j=1 (Tj − Tj−1 ). Since each coupon is equally likely Tj − Tj−1 is geometrically distributed with parameter m−(j−1) , m m and so E[Tj − Tj−1 ] = m−(j−1) . Therefore, the expected time to complete a collection is given by E[Tm ] =



m X j=1



m m = . m − (j − 1) j



Note in particular that E[Tm ] ∼ m ln m, as m → ∞. Remark 2.3 Interested reader should also check the related topic top to random shuffles where one begins with a given deck, picks the top card and inserts it below uniformly at random. According to a certain criteria, the average time to reach a uniformly distributed case via this shuffling scheme turns out to be n ln n as well. See XX for more details.



3 3.1



Expected time for a complete collection II: Non-uniform case A min-max identity



The solution this time will make use of the following very useful identity that relates the maximum of n real numbers to a certain expression involving maximums. Proposition 3.1 Let x1 , . . . , xm be real numbers. Then max{x1 , . . . , xm } =



m X i=1



xi −



X



1≤i


min{xi , xj }+



X



1≤i


3



min{xi , xj , xk }−· · ·+(−1)m+1 min{x1 , . . . , xm }.



Problem 3.1 Prove Proposition 3.1. It is also an exercise for you to compare this min-max identity with the inclusion-exclusion principle.



3.2



Expectation



Let Xi be the time we obtain the ith type of card where i = 1, 2, . . . , m. Clearly, we are willing to find the expectation of max{X1 , . . . , Xm }. Via Proposition 3.1, we can write   "m # X X min{Xi , Xj } E[max{X1 , . . . , Xm }] = E Xi − E  i=1



1≤i






 X



+E 



min{Xi , Xj , Xk } − · · · (−1)m+1 E [min{X1 , . . . , Xm }] .



1≤i


Here Xi is a geometric random variable with parameter pi , and so E[Xi ] = 1/pi . Similarly 1 min{Xi , Xj } is a geometric random variable with parameter pi +pj , and so E[min{Xi , Xj }] = pi +p . j Treating the other terms similarly, we get m X X X 1 1 1 − min{Xi , Xj } + p pi + pj pi + pj + pk i=1 i 1≤i


E[max{X1 , . . . , Xm }] =



0



Z



i=1 ∞



1−



= 0
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1≤i


1≤i


! (1 − e−pi x ) dx.



i=1



Expected time for a complete collection III: Use of generating functions



In this section we go back to the uniform case.



4.1



Probability generating functions



Definition 4.1 Let X be a random variable that takes the values 0, 1, 2, . . . with respective probabilities p0 , p1 , p2 , . . . , where the ps are given non-negative real numbers whose sum is 1. The probability generating function of the random variable X, or the probability measure {pn }n≥0 is defined by X P (x) = p n xn . n≥0



Example 4.1 (Uniform distribution) Let pn = 1/a, for n = 1, . . . , a. Then the corresponding probability generating function is a X n=1



p n xn =



 1 x + x2 + · · · + xn . a 4



−λ n



Example 4.2 (Poisson distribution) Let pn = e n!λ for n = 0, 1, 2, . . ., the Poisson probabilities. Then denoting the generating function by F (x), we have F (x) =



∞ −λ n n X e λ x n=0



n!



= e−λ



∞ X (λx)n n=0



n!



= e−λ eλx = eλ(x−1) .



Theorem 4.1 Let X be a random variable whose probability distribution is the sequence p0 , p1 , . . ., and whose probability generating function is F . Then µ = E[X] = F 0 (1), and σ 2 = V ar(X) = E[X 2 ] − (E[X])2 = F 0 (1) + F 00 (1) − (F 0 (1))2 .



(2)



Proof: For the first statement observe that 0



F (x) =



∞ X



npn xn−1 ,



n=0



and so 0



F (1) =



∞ X



npn = E[X].



n=0



Second statement can be proven in a similar way.







Problem 4.1 Prove (2). Problem 4.2 Let X be a random variable whose probability distribution is given by pn = q(1 − q)n−1 , n ≥ 1 for some q ∈ (0, 1). Find the probability generating function P (x) of X. (Note: Such a distribution is called the geometric distribution.) Problem 4.3 Given a coin whose probability of turning up heads is p, let pn be the probability that the first occurrence of heads is at the nth toss of the coin. Find the mean of the number of trials till the first heads and the standard deviation of that number. (Hint: Use the previous problem.)



4.2



Stirling numbers of second kind



A Stirling number of the second kind (or Stirling partition number) is the number of ways to partition a set of n objects into k non-empty subsets, and is denoted by S2 (n, k).1 Obviously, S2 (n, n) = S2 (n, 1) = 1. We put S2 (n, k) = 0 if k > n or n < 0 or k < 0. Further, S2 (n, 0) = 0 if n 6= 0, and we set S2 (0, 0) = 1 for convention. Problem 4.4 Show that S2 (n, 2) = 2n−1 − 1, for n ≥ 2.  Problem 4.5 Show that S2 (n, n − 1) = n2 , for n ≥ 2. Here, we are interested in finding the generating function of Stirling numbers of second kind, and in finding an explicit expression for S2 (n, k) from there of. To achieve this, we will first derive a recurrence relation. Let now the positive integers n and k be given. The idea is to divide all corresponding partitions into two classes. In the first class, we have all partitions of [n] into k groups in which the letter n 1



There is no standard notation for Stirling numbers, and so I made up one for myself.
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lives in a group by itself. In partitions of second class, the letter n will be with others in its group. Let’s now compute the number of ways to partition in these two different ways. The first one is easy. Here, every partition has {n} alone, so the problem reduces to partitioning the set [n − 1] into k − 1 groups. The number of ways to do so is S2 (n − 1, k − 1). Counting the number of partitions in second class is relatively harder. Assume that the letter n is in a group with other terms. In this case, after erasing letter n, we are left with a partition of 1, . . . , n − 1 into k classes. However, each of these partitions appear not once, but k many times. For example, assume that n = 4 and k = 2. Then the case where 4 lives with other(s) corresponds to one of following partitions {12}{34};



{13}{24};



{14}{23};



{124}{3};



{134}{2};



{1}{234}.



Now, once we erase 4 from these and after we delete 4 from each of these we get the list {12}{3};



{13}{2};



{1}{23};



{12}{3};



{13}{2};



{1}{23}.



So the latter one lists all partitions of {1, 2, 3} into 2 groups, where each partition is written twice, and therefore it contains exactly 2S2 (3, 2) many partitions. More generally, after erasing n from everything in the second pile we will be looking at the list of all partitions of {1, 2, . . . , n − 1} into k classes, where every such partition will have been written down exactly k times. Hence that list will contain exactly kS2 (n − 1, k) partitions, and so the second pile must have also contained kS2 (n − 1, k) before the erasure of n. The original list of S2 (n, k)partitions was therefore split into two piles, the first of which contained S2 (n − 1, k − 1) partitions, and the second of which contained kS2 (n − 1, k) partitions. So we get the recursive relation S2 (n, k) = S2 (n − 1, k − 1) + kS2 (n − 1, k).



(3)



Note that this recursion is valid for all (n, k) other than (0, 0) due to the conventions we had. Now we are ready to find a corresponding useful generating function.2 For given k ≥ 0, we consider X Fk (x) = S2 (n, k)xn . n



Multiplying the recursion in (3) by ∞ X n=0



S2 (n, k)x



n



=



xn



∞ X



n



S2 (n − 1, k − 1)x +



n=0 ∞ X



= x



= x



and summing over n ≥ 0, we have



n=1 ∞ X



∞ X



kS2 (n − 1, k)xn



n=0



S2 (n − 1, k − 1)x



n−1



+ kx



∞ X



S2 (n − 1, k)xn−1



n=1



S2 (n, k − 1)xn + kx



n=0



∞ X



S2 (n, k)xn ,



n=0



yielding Fk (x) = xFk−1 (x) + kxFk (x), Thus Fk (x) = 2



x Fk−1 (x), 1 − kx



k ≥ 1, F0 (x) = 1. k ≥ 1, F0 (x) = 1.



We have multivariables, and so multiple ways to construct a generating function here
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Some simple manipulations will now show that X S2 (n, k)xn = Fk (x) =



xk , (1 − x)(1 − 2x) · · · (1 − kx)



n



and the rest of the game is now just partial fractions. Let’s focus on the partial fraction decomposition of k



X αj 1 = . (1 − x)(1 − 2x) · · · (1 − kx) 1 − jx j=1



To find the αj ’s, we fix r, 1 ≤ r ≤ k, multiply both sides by 1 − rx, and let x = 1/r. The result is then 1 αr = (1 − 1/r)(1 − 2/r) · · · (1 − (r − 1)/r)(1 − (r + 1)/r) · · · (1 − k/r)) rk−1 = (−1)k−r , 1 ≤ r ≤ k. (r − 1)!(k − r)! Hence, for n ≥ k, we obtain



3



 xk S2 (n, k) = [x ] (1 − x)(1 − 2x) · · · (1 − kx)   1 n−k = [x ] (1 − x)(1 − 2x) · · · (1 − kx) n







= [xn−k ]



k X r=1



=



=



k X r=1 k X



αr 1 − rx



αr [xn−k ]



(k ≥ 1)



1 1 − rx



αr rn−k



r=1



=



=



k X r=1 k X



(−1)k−r



rk−1 rn−k (r − 1)!(k − r)!



(−1)k−r



rn . r!(k − r)!



r=1



Let’s note this as a theorem. Theorem 4.2 For n ≥ k, we have S2 (n, k) =



k X (−1)k−r r=1



Problem 4.6 Show that S2 (n, n − 2) =



rn . r!(k − r)!



    n n +3 3 4



for n ≥ 2. Problem 4.7 Derive the formula for Stirling numbers of second kind by using the inclusionexclusion principle. 3



Here and below, the notation [xn ]F (x) is used for the coefficient of xn in formal series F (x).
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4.2.1



Stirling numbers of first kind



‘ The Stirling numbers of the first kind count permutations according to their number of cycles (counting fixed points as cycles of length one). The number of permutations in Sn with k cycles is denoted by S1 (n, k). As an example let’s consider n = 3, where we have a total of 3! = 6 permutations. In cycle notation, these correspond to (1)(2)(3),



(1)(23),



(3)(12),



(2)(13),



(132),



(123).



Therefore, S1 (3, 1) = 2,



S1 (3, 2) = 3,



S1 (3, 3) = 1.



Our first goal here is to show that S1 (n, k) satisfies the following recursion: Proposition 4.1 We have S1 (n, k) = (n − 1)S1 (n − 1, k) + S1 (n − 1, k − 1). In derivation of the generating function for the sequence {S1 (n, k)}, I will be lazy for now, and will just use an induction argument. However, later on, we will see another proof based on the exponential formula. Theorem 4.3 We have n X



S1 (n, k)xk = x(x + 1) · · · (x + n − 1).



k=0



Problem 4.8 Prove Proposition 4.1 and Theorem 4.3.



4.3



Application in coupon collecting



In this section we will see a neat application of probability generating functions on the coupon collecting problem. We are assuming that we are in the uniform setting and that there is a total of m distinct photos available. Let pn be the probability that exactly n trials are needed in order to have a complete collection for the first time. We have the following claims: 1. We have



m!S2 (n − 1, k − 1) , mn where S2 (n, k) is the Stirling number of the second kind. pn =



2. Letting F (x) be the generating function of the sequence pn , we have F (x) =



(m − 1)!xm . (m − x)(m − 2x) · · · (m − (m − 1)x)



3. The average number of trials that are needed to get a complete collection of all d couposn is given by   1 1 µ = m 1 + + ··· + ∼ m ln m. 2 m
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4. The standard deviation of number of trials that are needed to get a complete collection of all d coupon is given by   m X 1 1 1 2 σ=m . − m 1 + + ··· + i2 2 m i=1



For example, when n = 10, the mean and the standard deviation of the waiting time turn out to be µ = 29, and σ = 11, respectively. Proof of claims. 1. Consider a sequence of n trials that yields a complete collection for the first time at the nth trial. From that sequence we will construct an ordered partition of the set {1, 2, . . . , n−1} into m−1 classes, as follows: if the ith photo was chosen at the jth trial (1 ≤ i ≤ m, 1 ≤ j ≤ n−1), then put j into the ith class of the partition. Note that m − 1 of the classes are nonempty. Conversely, from such an ordered partition of {1, 2, . . . , n − 1} we can construct exactly m collecting sequences, one for each choice of the coupon that wasnt collected in the first n − 1 trials. There are (m − 1)!S2 (n − 1, m − 1) ordered partitions of {1, 2, . . . , n − 1} into m − 1 classes, so there are m!S2 (n − 1, m − 1) sequences of trials that obtain a complete collection precisely at the nth trial. There are mn unrestricted sequences of n trials, so the probability of the event described is as shown. 2. Recall that the generating function of S2 (n, k) is ∞ X



S2 (n, k)xn =



n=0



xk . (1 − x)(1 − 2x) · · · (1 − kx)



Then we have F (x) =



X m!S2 (n − 1, m − 1) mn



n≥0



X



= m!



S2 (n − 1, m − 1)



= m! =



x X S2 (n, m − 1) m m n≥0 x  x m−1 m m



3. Noting that F (x) = (m − 1)!



F (x) = (m − 1)!



x (1 − m )(1 m (m − 1)!x



1 2x m ) · · · (1



−



(m − x)(m − 2x) · · · (m − (m − 1)x) 



0



 x n



m  x n



n≥1



= m!



xn



xm m−1 Πj=1 (m−jx)



−



(m−1)x ) m



.



 , we have



m mxm−1 Πm−1 j=1 (m − jx) − x



Πm−1 j=1 (m
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Pm−1



−



i=1 jx)2



(−i)Πj6=i (m − jx)



.



Substituting x = 1 gives 0



F (1) = (m − 1)!



= m+



m−1 X i=1



! P i m(m − 1)! + m−1 i=1 m−i (m − 1)! ((m − 1)!)2 i m−i



= ···   1 1 = 1 + m 1 + + ··· + 2 m−1   1 1 = m 1 + + ··· + 2 m ∼ m ln m. 4. Follows from the corresponding formula for the variance in terms of the generating function. Details are left for you. Problem 4.9 Show that the variance formula in item 4 holds.



5



Markov chain approach



We are still in the uniform case, i.e., each type of coupon is equally likely. Let Yn be the number of distinct coupons we have after n trials. Clearly, Yn is a Markov chain whose state space is S = {0, 1, . . . , m}. Due to uniformity, the transition matrix is given by   0 1 0 ... ... ... 0 0 1 m−1 0 ... ... 0 m m   2 m−2 0 0 0 ... 0   m m P = . . ..  . .. .. .. ..  .. .. . . . . .   m−1 1 0 . . . . . .  ... 0 m m 0 ... ... ... 0 0 1 One then needs to solve the system of equations xm = 0, and xi = 1 +



X



pij xj ,



i 6= m.



j6=m



Using the transition probabilities, this system turns out to be equivalent to x0 = x1 + 1 1 m−1 x1 = x1 + x2 + 1 m m 2 m−2 + x3 + 1 x2 = m m .. . = m−2 2 xm−2 = xm−2 + xm−1 + 1 m m m−1 xm−1 = xm−1 + 1 m xm = 0, 10



which holds if and only if xm 1 xm−1 m 2 xm−2 m .. . m−2 x2 m m−1 x1 m x0



= 0 = 1 2 xm−1 + 1 m



= =



m−2 x3 + 1 m m−1 = x2 + 1 m = x1 + 1. =



Solving this last system of equations we get



xm = 0 xm−1 = m xm−2 = xm−1 +



m m =m+ 2 2



.. . =



m m m m =m+ + ··· + + m−2 2 m−3 m−2 m m m m = x2 + =m+ + ··· + + m−1 2 m−2 m−1 m m m = x1 + 1 = m + + ··· + + + 1. 2 m−2 m−1



x2 = x3 + x1 x0 In particular,



x0 = m



m X 1 i=1



6



i



.



Expected number of distinct coupons obtained



There are m types of coupons as before. Each newly obtained coupon is, independently, type i with probability pi , i = 1, . . . , m. Let X be the number of distinct types obtained in a collection of k coupons. Let’s find the expected value and variance of X. Find the expected value and variance of th Beginning Pmwith the expectation, let Xi = 1 if i kind of coupon is in sample, and let Xi = 0. Then X = i=1 Xi . We have E[X] =



m X i=1



E[Xi ] =



m X



P(Xi = 1) =



i=1



m X



(1 − P(Xi = 0)) =



i=1



m X



(1 − (1 − pi )k ).



i=1



For the variance, first observe that for i 6= j E[Xi Xj ] = P(Xi = 1, Xj = 1) = 1 − P (Xi = 0 or Xj = 0) = 1 − (P(Xi = 0) + P(Xj = 0) − P(Xi = 0, Xj = 0)) = 1 − (1 − pi )k − (1 − pj )k + (1 − pi − pj )k .
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So for i 6= j, Cov(Xi , Xj ) = E[Xi Xj ]−E[Xi ]E[Xj ] = 1−(1−pi )k −(1−pj )k +(1−pi −pj )k −(1−(1−pi )k )(1−(1−pj )k ). Also V ar(Xi ) = E[Xi2 ] − (E[Xi ])2 = E[Xi ] − (E[Xi ])2 = (1 − (1 − pi )k )(1 − pi )k . So the answer is V ar(X) =



m X



V ar(Xi ) + 2



i=1



X



Cov(Xi , Xj ),



i


where V ar(Xi ) and Cov(Xi , Xj ) are as above.
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coupon sheet.pdf 

NO VALID IN COMBINATION WITH OTHER DISCOUNTS OR OFFERS. Midway Tree Service. Trees and bushes, cut down or trimmed. Stump Removal. Fully Insured, Certified Arborists. FREE ESTIMATES. David & Nancy Leno. 773-838-3800. 10% OFF WITH THIS COUPON. New Eng
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Chronologically stacked coupon mailer 

Jun 9, 2011 - detachable redeemable coupons redeemable through a. 2,813,728 A ... Many businesses and cooperative advertisers mail sheets containing a ...
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coupon sheet.pdf 

EXPIRES 12/31/2013 FREE ESTIMATE FOR NEW EQUIPMENT. Whoops! There was a problem loading this page. coupon sheet.pdf. coupon sheet.pdf. Open.
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Publix Coupon Policy.pdf 

Page 2 of 2. Q: If an item already has a manufacturer's coupon attached, will Publix still take an. additional manufacturer's coupon on the item? A: Sorry, but no.
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White Castle coupon 

May 15, 2018 - Not valid with any other coupons, discounts, specials, online coupons, or offers. No copies accepted. One coupon per customer per visit.
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coupon.1.pdf 

There was a problem loading this page. Retrying... Whoops! There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. coupon.1.pdf. coupon.1.pdf. Open. Extract. Open w
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Coupon level testing.pdf 

Strain curve. from Tensile Test. Stress vs. Strain curve from. Stress vs. Strain Tensile Test. curve from LCF Test. Load vs. COD. from J1C Test. -5. 0. 5. 10. 15. 0 1 2 3. Page 1 of 1. Coupon level testing.pdf. Coupon level testing.pdf. Open. Extract
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Coupon Turkey Trouble 

Turkey Trouble - Turkey is in trouble. Bad trouble. The kind of trouble where it's almost Thanksgiving . . . and you're the main course. But Turkey has an ...
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man-108\economist-coupon-code.pdf 

Connect more apps... Try one of the apps below to open or edit this item. man-108\economist-coupon-code.pdf. man-108\economist-coupon-code.pdf. Open.
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nitro pdf coupon code 

Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. nitro pdf coupon code. nitro pdf coupon code. Open. Extract.
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'MailJet' by JitbitSoftware Coupon Code 

MailJet - mass email software, used to send personalized emails to a list of ... Great use when searching for an ESP or doing an email marketing company ...
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361*Buy; 'WebVideo' Coupon Code 

Quite a few readers will discover this web page while searching any one of the major search engines like bing for WebVideo coupons, or even ... the product. ... This demonstrates how to upload an HTML website to Hostica, a web host.
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Coupon Books available at merchants.pdf 

Page 1 of 1. School Box. 260 Morrell Rd. Deane Hill Centre. 470-8464. Hearth & Patio. 9347 Kingston Pike. Market Place Center. 693-0770. Knox County ...
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Orbiting Jupiter coupon code 

The two-time Newbery Honor winner Gary D. Schmidt delivers the shattering story of Joseph, a father at thirteen, who has never seen his daughter, Jupiter. After spending time in a juvenile facility, he's placed with a foster family on a farm in rural
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Coupon Inserts 051312.pdf 

Gain detergent (exc trial/travel size) $0.50/1 06/30/12. Gain dishwashing liquid (exc trial/travel size) $0.50/1 06/30/12. Gain fabric softener, sheets, dryer bar, ...
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Calgary-Tower-Coupon-2017.pdf 

Loadingâ€¦ Page 1. Whoops! There was a problem loading more pages. Retrying... Calgary-Tower-Coupon-2017.pdf. Calgary-Tower-Coupon-2017.pdf. Open.
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KROGER SOUTHWEST COUPON GUIDELINES.pdf 

Page 1 of 1. KROGER SOUTHWEST COUPON GUIDELINES. This policy is intended as a general guide to using coupons at Kroger Southwest stores located in Texas and Louisiana. 1. Coupons are redeemed for face value unless otherwise advertised at your local K
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Powersource Coupon nov 16.pdf 

Download. Connect more apps... Try one of the apps below to open or edit this item. Powersource Coupon nov 16.pdf. Powersource Coupon nov 16.pdf. Open.
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Coupon For Appliance Repair Scottsdale.pdf 

U-Line authorized appliance repair Scottsdale, AZ. Page 3 of 6. Coupon For Appliance Repair Scottsdale.pdf. Coupon For Appliance Repair Scottsdale.pdf.
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Dine Out Coupon 2015.pdf 

Page 1 of 1. Stand 02/ 2000 MULTITESTER I Seite 1. RANGE MAX/MIN VoltSensor HOLD. MM 1-3. V. V. OFF. Hz A. A. Â°C. Â°F. Hz. A. MAX. 10A. FUSED.
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