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Abstract. SCARF, an ultra low-latency tweakable block cipher, is the
first cipher designed for cache randomization. The block cipher design is
significantly different from the other common tweakable block ciphers;
with a block size of only 10 bits, and yet the input key size is a whopping
240 bits. Notably, the majority of the round key in its round function
is absorbed into the data path through AND operations, rather than
the typical XOR operations. In this paper, we present a key-recovery
attack on a round-reduced version of SCARF with 4 + 4 rounds under
the single-tweak setting. Our attack is essentially a Meet-in-the-Middle
(MitM) attack, where the matching phase is represented by a system of
linear equations. Unlike the cryptanalysis conducted by the designers,
our attack is effective under both security requirements they have out-
lined. The data complexity of our attack is 210 plaintexts, with a time
complexity of approximately 260.63 4-round of SCARF encryptions. It is
important to note that our attack does not threaten the overall security
of SCARF.

Keywords: Low-Latency, Tweakable, SCARF, Meet-in-the-Middle, Single-
Tweak

1 Introduction

Cache side-channel attacks such as the contention-based cache attack where
Prime+Probe [10,17] is a typical example, has increasingly becoming a critical
threat to the security of architectural level of desktop and server grade CPUs.



One popular countermeasure which increases the complexity of such attacks is
the use of randomized cache architectures [18,11,12,15,19,13,14,16]. Recently, the
first dedicated cache randomization cipher SCARF (Secure CAche Randomization
Function) was proposed by cryptographers in [3]. As block size of this cipher
is merely 10 bits, analyzing its security and cryptographic properties is both
academically interesting and important to the real-world security of CPUs.

Due to the large performance gap between the CPU and the memory, modern
CPUs store frequently accessed data in small memory modules called caches.
For economic reasons, most modern processors divide the cache memory into
multiple levels ranked from the smallest, fastest, but also the most expensive,
L1 cache to the largest, slowest but also the cheapest L3 cache. When the CPU
attempts to read to and from or write to a memory address, the caches are
queried using this address first. If the data associated with the requested address
is stored in the cache, we said that the data is cached, and a cache hit occurs.
The data is then returned directly from the cache. In this case, the CPU does
not need to wait for the reply from the main memory which is usually slower. If
the data is not cached, a cache miss occurs and the data is loaded from memory.
To determine if a data is cached, part of the data address is stored as a tag along
with the data. For the small L1, a fully-associative implementation is used where
one can directly search the entire cache for the given tag. As for larger L2 and L3
caches that typically holds multiple megabytes of storage, searching the entire
cache is usually infeasible and therefore, a set-associative strategy is popular. A
set-associative cache can be visualized by a n×m matrix. The cache is divided
into n sets and each set contains m cache lines. A memory block is first mapped
onto a set and then placed into any cache line of the set. When performing the
mapping, a memory address is split into 3 different parts: a tag, an index and an
offset. The tag and index are often used to compute a pseudorandom set index
while the offset is used to indicate the specific position of the data inside the
cache line.

Typically, L1 and L2 caches are private to each individual core, while L3
cache is shared among all the cores and therefore, it is possible for an attacker to
perform a cross-core cache attack. One of these attacks is called contention-based
attack where the Prime+Probe [10,17] attack is the most common example. In
this attack, an attacker constructs a set of addresses in which all the addresses
have the same index called the eviction set. Then, the attacker primes the cache
set by accessing all addresses in the eviction set. Next, he triggers the victim’s
program. Finally, the attacker re-accesses all addresses in the eviction set. Now,
since reading the data from the main memory is slower than cache, the attacker
can guess reliably if a cache miss has occurred. If it does, it indicates that the
victim’s program has accessed the target address. The Prime+Probe technique
has been used for key-recovery attacks against GnuPG [8].

A countermeasure against the contention-based cache attack is to use cache
randomization. This increases the difficulty of the contention-based cache at-
tacks [11,12,15,19,13,14,16]. Given an address, the randomization function is
used to generate a pseudorandom index for the cache set. Recently, Canale et al.



proposed the first dedicated cache randomization cipher for this purpose called
SCARF [3]. SCARF is an extremely low-latency tweakable block cipher. Note that
the low-latency property is extremely crucial in this scenario as the cipher is in
the critical path of the cache access. The tweakable feature comes from the fact
that it takes the tag and the index as input, which is a popular way to perform
cache randomization. SCARF accepts as input a 240-bit master key, a 48-bit (the
length of the tag) tweak and 10-bit (the length of the index) plaintext and out-
puts a 10-bit pseudorandom index after 8 iterated round functions. To ensure
that an eviction set is hard to construct, the psuedorandom index should not
be able to be predicted trivially. However, under this setting, the ciphertext of
SCARF, i.e., the output of the cache randomization cipher, is actually not vis-
ible to the attacker. As a result, the most important cryptographic property
of SCARF is to resist the collision attack: the attacker should not have an ad-
vantage to find a pair of addresses such that they do not have the same index
after applying SCARF compared to an ideal tweakable permutation. This leads to
the Security Requirement 1 in Section 2.2. To encourage and facilitate the crypt-
analysis, the designers also provided a stronger model which is stated in Security
Requirement 2 which claimed that the attacker does not have an advantage to
distinguish the composition of a decryption and an encryption function under
different tweaks.

Since the design of SCARF is somehow aggressive for the extremely low-latency
target, analyzing its security has become crucial for the future of this design
paradigm. The designers have performed extensive cryptanalysis on SCARF, most
of which are under the Security Requirement 2 and majority of the attention
are catered to distinguishing attacks. Although their results showed that SCARF
is strong enough against common attacks such as differential [2], linear [9], im-
possible differential [1], integral [6,4] and meet-in-the-middle [5] attacks, there
is no non-trivial key-recovery attacks on SCARF even for round-reduced versions,
to the best of our knowledge.

Our contributions. In this paper, we present a key-recovery attack on 4 + 4
rounds of SCARF. The primary attack is under Security Requirement 2, but one
can easily transform it into an attack under Security Requirement 1 with some
cheap pre-computations. Our attack is basically a Meet-in-the-Middle (MitM)
attack. For ẼT1,T2(·) = E−1

T2
◦ ET1(·), where E is the 4 rounds of SCARF (as

shown in Security Requirement 2), we first guess the 60-bit key for the first two
rounds of ET1

and the last two rounds of E−1
T2

(note that they use the same
60-bit key), then we can peel off the outer rounds and established a system of
linear equations for the inner 2 + 2 rounds thanks to the unique G function
used by SCARF. This system of linear equations serves as a filter for the guessed
60-bit key. The filtering effect is evaluated by a theoretical way, which is enough
for filtering out all wrong keys. Eventually, we can recover all the 120-bit keys
with approximately 260.63 4-round SCARF queries and 210 plaintexts (i.e. the
whole codebook) under Security Requirement 2. Our attack can also work under
the security requirement 1 with cheap pre-computations that costs 221 SCARF

encryptions.



Outline. The following paper is organized as follows. In Section 2, we introduce
the specification of SCARF and its two security requirements. Section 3 introduces
our main attack and does the complexity analysis. Section 4 concludes this paper.

2 Preliminaries

2.1 Description of SCARF

SCARF (Secure CAche Randomization Function) is a low-latency tweakable block
cipher designed for cache randomization. Due to its unique functionality require-
ments, the parameters of the primitive, as well as the security models, differ from
those typically encountered by cryptanalysts. Therefore, we will introduce the
various specifications of SCARF alongside the properties and policies for cache
management. Firstly, under the write-back policy, which requires newly modi-
fied cache entries to be written back to the same address in the main memory,
SCARF has to be invertible (an alternative would be to store the original index as
part of the tag; however, this approach incurs extra memory overhead). Secondly,
working under the assumption that the usage is a typical modern desktop-grade
CPU, which usually has a 64-bit architecture, the address for the cache is split
into three parts, a 48-bit tag, a 10-bit index, and a 6-bit offset. The 48-bit tag is
used to identify which block of the main memory is currently inside the cache,
the 10-bit index is used to identify the block number in the cache, and the 6-bit
offset is used to find the exact location of the word within the block. From the
attacker’s perspective, he is only interested in finding collisions on the index bits;
therefore, SCARF is designed to randomize the 10-bit index. The other parame-
ters are: 48-bit tweak (tag), 10-bit (index) block size and 240-bit secret key. The
total number of rounds for SCARF is 8. An overview of the encryption algorithm
can be found in Figure 1. The round function R1 and the last round function
R2 can be found in Figure 2 and Figure 3 respectively.

Round Functions R1 and R2. The round function R2 is just the function R1

with an additional operation where we do not swap xL and xR at the output.
Thus, we will focus the description just on R1. The round function R1 takes in
a 10-bit input X = (xL||xR) and 30-bit subkey k = (k6||k5||k4||k3||k2||k1) where
each sub-component is 5-bit in length. Let τi(x) defines the left rotation of x by
i, i.e. τi(x) = x ≪ i, then the round function R1 updates (xL, xR) as follows:

y = G(xL, k1, k2, k3, k4, k5)⊕ xR,

xR = S(xL ⊕ k6),

xL = y

where G is

G(x, k1, k2, k3, k4, k5) :=

[
4⊕

i=0

(τi(x) ∧ ki+1)

]
⊕ (τ1(x) ∧ τ2(x))
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Fig. 1. A high level overview of SCARF’s encryption algorithm

and S is the 5-bit substitution box defined by

S(x) :=
(
(τ0(x) ∨ τ1(x)) ∧ (τ3(x) ∨ τ4(x))

)
⊕
(
(τ0(x) ∨ τ2(x)) ∧ (τ2(x) ∨ τ3(x))

)

Tweakey Schedule. The tweakey schedule takes in a 48-bit tweak T and 240-bit
secret key K where K = K(4)||K(3)||K(2)||K(1) and generates four 60-bit sub-
tweakeys T (1), T (2), T (3) and T (4). Each sub-tweakey T (i) = (rk(2i)||rk(2i−1))
will be used as the round key for round 2i− 1 and 2i respectively. The tweakey



G
≪ 0 k1∧
≪ 1 k2∧
≪ 2 k3∧
≪ 3 k4∧
≪ 4 k5∧S

k6

/
5

Fig. 2. The round function R1.
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Fig. 3. The round function R2.

schedule is as follows:

T (1) = expansion(T )⊕K(1),

T (2) =
∑

(SL(T (1)))⊕K(2),

T (3) = SL(π(SL(T (2))⊕K(3))),

T (4) = SL(
∑

(T (3))⊕K(4))

where

expansion(T ) = 0 || T [48] || T [47] || T [46] || T [45] ||
0 || T [44] || T [43] || T [42] || T [41] ||

...

0 || T [4] || T [3] || T [2] || T [1] ,

the function SL is a substitution layer that applies 12 S in parallel,
the function

∑
is a linear function defined as∑

(x) := x⊕ τ6(x)τ12(x)⊕ τ19(x)⊕ τ29(x)⊕ τ43(x)⊕ τ51(x),

and the function π performs a bit permutation, where it updates the bits from
position i to position p(i). The map p is given in Table 1.

2.2 Security Models

In a real-world setting, the attacker is assumed to be able to determine whether
each query access results in a cache hit or a cache miss based on the timing. In



Table 1. Bit permutation for the function π.

i 1 2 3 4 5 6 7 8 9 10 11 12
p(i) 1 6 11 16 21 26 31 36 41 46 51 56

i 13 14 15 16 17 18 19 20 21 22 23 24
p(i) 2 7 12 17 22 27 32 37 42 47 52 57

i 25 26 27 28 29 30 31 32 33 34 35 36
p(i) 3 8 13 18 23 28 33 38 43 48 53 58

i 37 38 39 40 41 42 43 44 45 46 47 48
p(i) 4 9 14 19 24 29 34 39 44 49 54 59

i 49 50 51 52 53 54 55 56 57 58 59 60
p(i) 5 10 15 20 25 30 35 40 45 50 55 60

cryptographic terms, this is akin to the attacker being able to detect if two chosen
plaintexts collide. Note that the attacker is unable to observe the ciphertexts,
preventing them from using this information for any adaptive changes during
the attack. This scenario is formally captured in Security Requirement 1 (see
Figure 4).

Security Requirement 1 ([3]) Let Oreal be the oracle in the real world that
takes addresses (x1, T1) and (x2, T2), and returns 1 if ET1(x1) = ET2(x2) and
0 otherwise, where E is SCARF. Let Oideal be the oracle in the ideal world that
takes addresses (x1, T1) and (x2, T2), and returns 1 if ΠT1

(x1) = ΠT2
(x2) and

0 otherwise, where Π is a tweakable random permutation with the same in-
put/tweak/output lengths to SCARF. An adversary is allowed to make at most 240

queries. Then, the adversary running in time at most 280 cannot distinguish the
real from the ideal world.

While Security Requirement 1 is sufficient to cover all the security require-
ments, current cryptanalysis does not have the necessary tools to analyze it
yet. Hence, the designers proposed Security Requirement 2, which fits a more
conventional scenario for cryptanalysts.

Security Requirement 2 ([3]) Let Õreal be the oracle in the real world that
takes a plaintext P and a pair of tweaks T1, T2 as inputs and returns C such that
C = E−1

T2
◦ET1

(P ), where E is SCARF. Let Õideal be the oracle in the ideal world
that takes a plaintext P and a tweakable random permutation with the same
input/tweak/output lengths to SCARF. An adversary is allowed to make at most
240 queries. Then, the adversary running in time at most 280 cannot distinguish
the real from the ideal world.

The idea of the new scenario brought by Security Requirement 2 is that when
we have a collision, i.e. ET1

(P1) = C1 = C2 = ET2
(P2) and E being invertible, we

must have E−1
T2

◦ET1
(P1) = P2. We can then define ẼT1,T2

:= E−1
T2

◦ET1
, as if it is

another block cipher, albeit, with twice the number of rounds (see Figure 5). Note
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that both security requirements have the same query complexities. However, in
order to construct Õ from O, multiple queries to O are required for a single query
to Õ (we need to query until there is a collision). Thus, Security Requirement 2
is said to be much stronger than Security Requirement 1.

3 Attack Process

In this paper, we describe our MitM attacks on the 4+4 rounds of SCARF. Our
attack is a single-tweak attack such that it works for any tweak. As we mentioned,
our attack works under the Security Requirement 2 but it can be transformed
into an attack under Security Requirement 1 as well. We will first focus on the
Security Requirement 2 then, introduce the transformation that allows us to
target Security Requirement 1.

3.1 Overview of Our Attack Strategy

Under the Security Requirement 2, we work with ẼK,T,T ′ = E−1
K,T ′ ◦EK,T where

EK,T is an instance of (round reduced) SCARF encryption with a tweak T and



secret keyK while E−1
K,T ′ is an instance of (round reduced) SCARF decryption with

a tweak T ′ and secret key K (note that EK,T and E−1
K,T ′ use the same K). Given

a plaintext P1, although we do not know the ciphertext of SCARF encryption, i.e.,
EK,T (P1) under (K,T ), Security Requirement 2 allows us to gain knowledge of

another plaintext P2 = ẼK,T,T ′(P1). Thus, we can treat ẼK,T,T ′ as a tweakable
block cipher where (T, T ′) is its tweak and K is its master key. The task of this
project is to attack ẼK,T,T ′ with 4 rounds each for EK,T and E−1

K,T , which we
abbreviated as 4 + 4 rounds of SCARF. Specifically,

EK,T = R2 ◦R1 ◦ · · · ◦R1︸ ︷︷ ︸
7

and E−1
K,T ′ = R−1

1 ◦ · · · ◦R−1
1︸ ︷︷ ︸

7

◦R−1
2 ,

the target of our attack is then

ẼK,T,T ′ = R−1
1 ◦R−1

1 ◦R−1
1 ◦R−1

2 ◦R2 ◦R1 ◦R1 ◦R1,

where R1 and R2 are the round functions as depicted in Figure 2 and 3. Recall
that in Section 2, the round tweakeys used in EK,T and E−1

K,T ′ are (rk1, rk2, rk3, rk4)
and (rk′3, rk

′
4, rk

′
1, rk

′
2) respectively. According to SCARF’s tweakey schedule,

(rk1, rk2) = expansion(T )⊕K(1)

(rk′1, rk
′
2) = expansion(T ′)⊕K(1).

As T and T ′ are known to us, if we guess the 60-bit K(1), then rk1, rk2 and
rk′1, rk

′
2 are all known. We are able to peel off the outer two rounds of EK,T and

E−1
K,T ′ . Then, by choosing the appropriate messages, a system of linear equations

can be established for the inner 2 + 2 rounds of ẼK,T,T ′ . We can then check if
our guess of K(1) is correct by observing whether the system of linear equations
is consistent. This serves as a filter to remove the wrong K(1) guesses.

Before we dive deeper into more details of our attack, we first discuss the
probability that a system of randomly-chosen linear equations is consistent. This
directly affect the effectiveness of the filter to remove the wrong key guesses.

3.2 On the Effectiveness of the Filter in the Match Phase

For the inner 2 + 2 rounds of SCARF, a linear system with m equations will
be constructed. We denote it by A · x = b where A is an m × n binary matrix
(we assume m ≥ n, i.e., it is an overdetermined linear system), and b is an m-
dimensional binary vector. The vector x is an n-dimensional binary vector that
corresponds to the corresponding round tweakey. Whether the linear system is
consistent serves as a filter for the guessed K(1). To evaluate the complexity, we
need to figure out the effectiveness of the filter defined as follows:

Definition 1. Given a linear system A·x = b, where A ∈ Fm×n
2 with m ≥ n is a

random binary matrix and b ∈ Fm
2 is a random binary vector. The effectiveness

of the filter (i.e., satisfying the A · x = b condition), is defined as e = m − p,
where p = rank(A).



When the guessed K(1) is correct, we can always find x to satisfy all the
equations in the system. However, for a wrongly guessed K1, the linear system
is satisfied by random. Suppose the rank of A is p ≤ n (note we have assumed
m ≥ n), then we can transform the argument matrix [A|b] into a triangle shape,
denoted by [A′|b′], where the first p rows of A′ is non-zero while the remaining
m − p rows of A are zero. Obviously, only if the corresponding m − p elements
of b′ are zero, the linear system is consistent.

Theorem 1. For a system of linear system A · x = b, m ≥ n, where A ∈ Fm×n
2

is a random binary matrix and b ∈ Fm
2 is a random binary vector, the expectation

of e is then

E(e) ≥
n∑

p=1

[
(m− p) ·

(
p∏

i=1

(
1− 2i−1−m

)
2(p−m)×(n−p)

)]
.

Before we go into the proof, we briefly describe the sketch of the proof to
understand it in a more intuitive way. The idea is to first reduce A to its row-
echelon form (see Equation (1)). Since we are working on a random binary
matrix, we can assume that after performing the same row operations on b,
it will still be a random vector. Assuming that the rank of the matrix A is
p, for the system of linear equations to be consistent, we need to ensure that
bp+1 = bp+2 = ... = bm = 0. With that, we will first find the probability that
the rank of A is p in a lemma.

1 · · · ∗ ∗ ∗
...

. . .
...

...
...

0 · · · 1 ∗ ∗
0 · · · 0 0 0
...

. . .
...

...
...

0 · · · 0 0 0


 x1

...
xn

 =



b1
...
bp

bp+1

...
bm


(1)

Lemma 1. Given a random binary matrix A ∈ Fm×n
2 , m ≥ n, where every ele-

ment of A follows a uniform distribution, we define the random variable rank(A)
as the rank of A. Then, for 1 ≤ p ≤ n, we have

Pr[rank(A) = p] ≥
p∏

i=1

(
1− 2i−1−m

)
2(p−m)×(n−p)

Proof. As the rank of A equals to the rank of its transpose AT , we consider
rank(AT ) instead where now the number of rows is less than or equal to the
number of columns. Let V = (v1, . . . , vn) be the ordered set of row vectors of AT .
We define Bp as the event that the first p vectors in V are linearly independent
where 1 < p ≤ n. Then, we have the following recursive relations between the



probabilities involving Bp and Bp−1.

Pr[Bp] = Pr[Bp ∩Bp−1]

= Pr[Bp | Bp−1] · Pr[Bp−1]

=
(
1− 2p−1−m

)
· Pr[Bp−1].

Starting from Pr[B1] = (1 − 2−m) (the vector should be non-zero), we can
recursively apply the formula

Pr[Bp] =

p∏
i=1

(1− 2i−1−m).

To find the probability that the rank of A is exactly p, we use the fact that
Pr[rank(A) = p] is at least the probability of both Bp and the remaining n − p
vectors lying in the p-dimensional space spanned by the vectors in Bp, i.e.,

Pr[rank(A) = p] ≥ Pr[(rank(A) = p) ∩Bp]

= Pr[(rank(A) = p)|Bp] · Pr[Bp]

= (2p−m)n−p · Pr[Bp]

=

p∏
i=1

(
1− 2i−1−m

)
· 2(p−m)×(n−p)

⊓⊔

Now we can prove Theorem 1 eaisly.

Proof (Proof of Theorem 1). E(e) is calculated by

E(e) =

n∑
p=1

[(m− p) Pr[rank(A) = p]] ,

summing up the contributions to the effectiveness from each possible rank p
weighted by the probability that rank(A) = p. By Lemma 1, we have

E(e) ≥
n∑

p=1

[
(m− p) ·

(
p∏

i=1

(
1− 2i−1−m

)
· 2(p−m)×(n−p)

)]
.

⊓⊔
We can now relate the effectiveness of the filter with the probability that

the system of linear equations is consistent. Let C be the event that a random
system of linear binary equations A · x = b is consistent. We can approximate

Pr[C] ≈ 2−E(e).

To capture more of the variances in the probability, we can even upper bound
Pr[C] by 2−E(e). From Theorem 1, we know that



log2(Pr[C]) ≤ −
n∑

p=1

[
(m− p) ·

(
p∏

i=1

(1− 2i−1−m) · 2(p−m)×(n−p)

)]
.

Remark 1. The exact relationship between E(e) and Pr[C] can be complex due
to the nature of how effectiveness propagates in the random system. The approx-
imation Pr[C] ≈ 2−E(e) provides an intuitive understanding of how the prob-
ability of consistency in the system of linear equation decreases exponentially
with the expected effectiveness.

3.3 Key Recovery Attack on 4 + 4 Rounds of SCARF

In this section, we will illustrate our attack in detail. The linear system can be
constructed thanks to the following important observation on the function G.

Lemma 2. Suppose that the input and output of G are known and the input is
non-zero, then, we can obtain 5-bit of key information.

Proof. Let x = (x1, x2, x3, x4, x5) and y = (y1, y2, y3, y4, y5) be the 5-bit input
and output ofG respectively. Let (k1, k2, k3, k4, k5) be the 25-bit key involved into
theG function where ki can be further represented by ki = (ki,1, ki,2, ki,3, ki,4, ki,5)
for 1 ≤ i ≤ 5. Then, we have the following 5 equations according to the specifi-
cation of G,

y1 = x1k1,1 ⊕ x2k2,1 ⊕ x3k3,1 ⊕ x4k4,1 ⊕ x5k5,1 ⊕ x2x3

y2 = x2k1,2 ⊕ x3k2,2 ⊕ x4k3,2 ⊕ x5k4,2 ⊕ x1k5,2 ⊕ x3x4

y3 = x3k1,3 ⊕ x4k2,3 ⊕ x5k3,3 ⊕ x1k4,3 ⊕ x2k5,3 ⊕ x4x5

y4 = x4k1,4 ⊕ x5k2,4 ⊕ x1k3,4 ⊕ x2k4,4 ⊕ x3k5,4 ⊕ x5x1

y5 = x5k1,5 ⊕ x1k2,5 ⊕ x2k3,5 ⊕ x3k4,5 ⊕ x4k5,5 ⊕ x1x2

(2)

When x ̸= 0, each linear equation in Equation (2), involves five (different) inde-
pendent key bits. Thus, one bit of key information can be obtained from each
equation and five bits of information about the key can be obtained. ⊓⊔
Corollary 1. Supposed we have five input and output pairs of a G function
that can generate 5 linearly independent linear equations, then we can obtain the
whole information about the 25-bit key involved in G.

The attack covers 4 rounds of the encryption function EK,T and 4 rounds of
the decryption function E−1

K,T ′ , where T ̸= T ′. The master keys for the first 4

rounds are denoted as K(1) ∈ F60
2 and K(2) ∈ F60

2 . For the encryption EK,T , the

input into the round R(r) is denoted by (x
(r)
L , x

(r)
R ) ∈ F5×2

2 , where 1 ≤ r ≤ 4. For

the decryption E−1
K,T ′ , the input into the round R′(r) is denoted by (x′(r)

L , x′(r)
R ) ∈

F5×2
2 where 4 ≥ r ≥ 1 (refer to Figure 6). The sub-tweakeys for encryption and

decryption are denoted as k(r) and k′(r), with 1 ≤ r ≤ 4. In each round, the

sub-tweakey k(r) (resp. k′(r)) are further denoted by k
(r)
i ∈ F5

2 (resp. k′(r)i ∈ F5
2)

where 1 ≤ i ≤ 6 to indicate how each 5-bit sub-tweakey is incorporated to the
round.



<latexit sha1_base64="LhbyFxuCo3fSPVdbfYgizgzFkdQ=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyUprbosuHFZwT6giWEymbRDJ5MwMxFKyM6Nv+LGhSJu/QV3/o3Tx0JbD1w4nHMv997jJ4xKZVnfRmFldW19o7hZ2tre2d0z9w86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vVH1xO/+0CEpDG/U+OEuBEacBpSjJSWPPPYkQrhkSAsG3lZI7/Pziq18zzPHIZ4kHtm2apaU8BlYs9JGczR8swvJ4hxGhGuMENS9m0rUW6GhKKYkbzkpJIkeiEakL6mHEVEutn0jxyeaiWAYSx0cQWn6u+JDEVSjiNfd0ZIDeWiNxH/8/qpCq/cjPIkVYTj2aIwZVDFcBIKDKggWLGxJggLqm+FeIgEwkpHV9Ih2IsvL5NOrWpfVBu39XKzPo+jCI7ACagAG1yCJrgBLdAGGDyCZ/AK3own48V4Nz5mrQVjPnMI/sD4/AEWIJlq</latexit>

k
0(2)
5^

<latexit sha1_base64="OZX6Ku8xYOHpEh4ac0JXe+/2BD4=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHrpiSlPpYFNy4r2Ac0MUwmk3boZBJmJkIJ2bnxV9y4UMStv+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2l5ZXVtvbRR3tza3tk19/Y7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vVH1xO/+0CEpDG/U+OEuBEacBpSjJSWPPPIkQrhkSAsG3lZI7/PTqv1szzPHIZ4kHtmxapZU8BFYhekAgq0PPPLCWKcRoQrzJCUfdtKlJshoShmJC87qSSJXogGpK8pRxGRbjb9I4cnWglgGAtdXMGp+nsiQ5GU48jXnRFSQznvTcT/vH6qwis3ozxJFeF4tihMGVQxnIQCAyoIVmysCcKC6lshHiKBsNLRlXUI9vzLi6RTr9kXtfPbRqXZKOIogUNwDKrABpegCW5AC7QBBo/gGbyCN+PJeDHejY9Z65JRzByAPzA+fwAUjJlp</latexit>

k
0(2)
4^

<latexit sha1_base64="C9XJn2BwnEUZt9JSlB6OfE1kQ78=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyWp9bEsuHFZwT6giWEymbZDJ5MwMxFKyM6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPHzMqlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXU/8zgMRkkb8To1j4oZowGmfYqS05JmHjlQIjwRh6chLz7L79KRSO82y1GGIB5lnlq2qNQVcJHZOyiBH0zO/nCDCSUi4wgxJ2bOtWLkpEopiRrKSk0gS64VoQHqachQS6abTPzJ4rJUA9iOhiys4VX9PpCiUchz6ujNEaijnvYn4n9dLVP/KTSmPE0U4ni3qJwyqCE5CgQEVBCs21gRhQfWtEA+RQFjp6Eo6BHv+5UXSrlXti+r5bb3cqOdxFMEBOAIVYINL0AA3oAlaAINH8AxewZvxZLwY78bHrLVg5DP74A+Mzx8S+Jlo</latexit>

k
0(2)
3^

<latexit sha1_base64="JPcmFCOgzPHzDt8MOeGa96HMm7s=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHrpiSlPpYFNy4r2Ac0MUwmk3boZBJmJkIJ2bnxV9y4UMStv+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2l5ZXVtvbRR3tza3tk19/Y7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vVH1xO/+0CEpDG/U+OEuBEacBpSjJSWPPPIkQrhkSAsG3lZPb/PTqv1szzPHIZ4kHtmxapZU8BFYhekAgq0PPPLCWKcRoQrzJCUfdtKlJshoShmJC87qSSJXogGpK8pRxGRbjb9I4cnWglgGAtdXMGp+nsiQ5GU48jXnRFSQznvTcT/vH6qwis3ozxJFeF4tihMGVQxnIQCAyoIVmysCcKC6lshHiKBsNLRlXUI9vzLi6RTr9kXtfPbRqXZKOIogUNwDKrABpegCW5AC7QBBo/gGbyCN+PJeDHejY9Z65JRzByAPzA+fwARZJln</latexit>

k
0(2)
2^

<latexit sha1_base64="LL4Z8J3OQJIDjFrWPcvfspa7ulc=">AAACB3icbVDLSsNAFJ34rPUVdSlIsIh1U5JSH8uCG5cV7AOaGCaTSTt0MgkzE6EM2bnxV9y4UMStv+DOv3HaZqGtBy4czrmXe+8JUkqEtO1vY2l5ZXVtvbRR3tza3tk19/Y7Isk4wm2U0IT3AigwJQy3JZEU91KOYRxQ3A1G1xO/+4C5IAm7k+MUezEcMBIRBKWWfPPIFRKiEcdUjXzl5PfqtFo/y3PlUsjC3Dcrds2ewlokTkEqoEDLN7/cMEFZjJlEFArRd+xUegpySRDFednNBE71QjjAfU0ZjLHw1PSP3DrRSmhFCdfFpDVVf08oGAsxjgPdGUM5FPPeRPzP62cyuvIUYWkmMUOzRVFGLZlYk1CskHCMJB1rAhEn+lYLDSGHSOroyjoEZ/7lRdKp15yL2vlto9JsFHGUwCE4BlXggEvQBDegBdoAgUfwDF7Bm/FkvBjvxsesdckoZg7AHxifPw/QmWY=</latexit>

k
0(2)
1^

<latexit sha1_base64="xd1MnH11WCTkfENReBbph6gMyms=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyWR+lgW3LisYB/QxDCZTNqhk0mYmQglZOfGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPrid+94EISWN+p8YJcSM04DSkGCkteeahIxXCI0FYNvIyO7/PTmr2aZ5nDkM8yD2zatWtKeAisQtSBQVanvnlBDFOI8IVZkjKvm0lys2QUBQzklecVJJEL0QD0teUo4hIN5v+kcNjrQQwjIUuruBU/T2RoUjKceTrzgipoZz3JuJ/Xj9V4ZWbUZ6kinA8WxSmDKoYTkKBARUEKzbWBGFB9a0QD5FAWOnoKjoEe/7lRdI5q9sX9fPbRrXZKOIogwNwBGrABpegCW5AC7QBBo/gGbyCN+PJeDHejY9Za8koZvbBHxifPw5CmWU=</latexit>

k
0(1)
1^

<<<0

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<<<1

<<<2

<<<3

<<<4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="i9jxW4lVB3TUzyrrh4Dygqxd3mc=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRSH8uCG5cV7AOaGCbTSTt0MgkzE6EMWbnxV9y4UMSt3+DOv3HaZqGtBy4czrmXe+8JU0alcpxva2l5ZXVtvbRR3tza3tm19/bbMskEJi2csER0QyQJo5y0FFWMdFNBUBwy0glH1xO/80CEpAm/U+OU+DEacBpRjJSRAvvIkwrhkSBMjwLt5ve66p7mufYY4v08sCtOzZkCLhK3IBVQoBnYX14/wVlMuMIMSdlznVT5GglFMSN52cskSc0+NCA9QzmKifT19I0cnhilD6NEmOIKTtXfExrFUo7j0HTGSA3lvDcR//N6mYqufE15minC8WxRlDGoEjjJBPapIFixsSEIC2puhXiIBMLKJFc2IbjzLy+S9lnNvaid39YrjXoRRwkcgmNQBS64BA1wA5qgBTB4BM/gFbxZT9aL9W59zFqXrGLmAPyB9fkDpQyZNA==</latexit>

k
(1)
1^

<latexit sha1_base64="Q6d9Ij6T+FfgtLnW6MOriQyOHK8=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KU+lgW3LisYB/QxDCZTNqhk0mYmQhlyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HtPkFIipG1/G6WV1bX1jfJmZWt7Z3fP3D/oiiTjCHdQQhPeD6DAlDDckURS3E85hnFAcS8YX0/93gPmgiTsTk5S7MVwyEhEEJRa8s1jV0iIxhxTNfZVI79XNecsz5VLIQtz36zadXsGa5k4BamCAm3f/HLDBGUxZhJRKMTAsVPpKcglQRTnFTcTONX74BAPNGUwxsJTszdy61QroRUlXBeT1kz9PaFgLMQkDnRnDOVILHpT8T9vkMnoylOEpZnEDM0XRRm1ZGJNM7FCwjGSdKIJRJzoWy00ghwiqZOr6BCcxZeXSbdRdy7q57fNaqtZxFEGR+AE1IADLkEL3IA26AAEHsEzeAVvxpPxYrwbH/PWklHMHII/MD5/AKafmTU=</latexit>

k
(1)
2^

<latexit sha1_base64="6ieFFZbwActUpUhJO+lmx43M4U4=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5JofSwLblxWsA9oYphMJu3QySTMTIQyZOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r0nSCkR0ra/jdLS8srqWnm9srG5tb1j7u51RJJxhNsooQnvBVBgShhuSyIp7qUcwziguBuMrid+9wFzQRJ2J8cp9mI4YCQiCEot+eahKyREI46pGvnqLL9XNeckz5VLIQtz36zadXsKa5E4BamCAi3f/HLDBGUxZhJRKETfsVPpKcglQRTnFTcTONX74AD3NWUwxsJT0zdy61groRUlXBeT1lT9PaFgLMQ4DnRnDOVQzHsT8T+vn8noylOEpZnEDM0WRRm1ZGJNMrFCwjGSdKwJRJzoWy00hBwiqZOr6BCc+ZcXSee07lzUz28b1WajiKMMDsARqAEHXIImuAEt0AYIPIJn8ArejCfjxXg3PmatJaOY2Qd/YHz+AKgymTY=</latexit>

k
(1)
3^

<latexit sha1_base64="ysaFlcRurvTFKkboJvTatdkI9Lg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRSH8uCG5cV7AOaGCbTSTt0MgkzE6EMWbnxV9y4UMSt3+DOv3HaZqGtBy4czrmXe+8JU0alcpxva2l5ZXVtvbRR3tza3tm19/bbMskEJi2csER0QyQJo5y0FFWMdFNBUBwy0glH1xO/80CEpAm/U+OU+DEacBpRjJSRAvvIkwrhkSBMjwJdz+911T3Nc+0xxPt5YFecmjMFXCRuQSqgQDOwv7x+grOYcIUZkrLnOqnyNRKKYkbyspdJkpp9aEB6hnIUE+nr6Rs5PDFKH0aJMMUVnKq/JzSKpRzHoemMkRrKeW8i/uf1MhVd+ZryNFOE49miKGNQJXCSCexTQbBiY0MQFtTcCvEQCYSVSa5sQnDnX14k7bOae1E7v61XGvUijhI4BMegClxwCRrgBjRBC2DwCJ7BK3iznqwX6936mLUuWcXMAfgD6/MHqcWZNw==</latexit>

k
(1)
4^

<latexit sha1_base64="eVZFeOnKu6O7CS9+fjmFqeMeqK4=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5JIqy4LblxWsA9oYphMJu3QySTMTIQyZOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r0nSCkR0ra/jdLK6tr6RnmzsrW9s7tn7h90RZJxhDsooQnvB1BgShjuSCIp7qccwziguBeMr6d+7wFzQRJ2Jycp9mI4ZCQiCEot+eaxKyREY46pGvuqmd+rmnOW58qlkIW5b1btuj2DtUycglRBgbZvfrlhgrIYM4koFGLg2Kn0FOSSIIrzipsJnOp9cIgHmjIYY+Gp2Ru5daqV0IoSrotJa6b+nlAwFmISB7ozhnIkFr2p+J83yGR05SnC0kxihuaLooxaMrGmmVgh4RhJOtEEIk70rRYaQQ6R1MlVdAjO4svLpHtedy7qzdtGtdUo4iiDI3ACasABl6AFbkAbdAACj+AZvII348l4Md6Nj3lryShmDsEfGJ8/q1iZOA==</latexit>

k
(1)
5^

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4

<latexit sha1_base64="9ZfldRoupuf8TamkG+DsnfPyy0E=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKrR4LXjxWsB/QriWbZtvQbLIks0JZ9md48aCIV3+NN/+NabsHbX0w8Hhvhpl5QSy4Adf9dtbWNza3tgs7xd29/YPD0tFx26hEU9aiSijdDYhhgkvWAg6CdWPNSBQI1gkmtzO/88S04Uo+wDRmfkRGkoecErBSbzJI69ljWvEuskGp7FbdOfAq8XJSRjmag9JXf6hoEjEJVBBjep4bg58SDZwKlhX7iWExoRMyYj1LJYmY8dP5yRk+t8oQh0rbkoDn6u+JlETGTKPAdkYExmbZm4n/eb0Ewhs/5TJOgEm6WBQmAoPCs//xkGtGQUwtIVRzeyumY6IJBZtS0YbgLb+8StqXVa9evbqvlRu1PI4COkVnqII8dI0a6A41UQtRpNAzekVvDjgvzrvzsWhdc/KZE/QHzucPfNiQtA==</latexit>

k
(1)
6

<latexit sha1_base64="6023qLJaq4pfkRZnMgxyjWWxX/Y=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BItQLyUptXosePFYwX5AGstmu2mXbnbD7kQoIT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC2LONDjOt1XY2Nza3inulvb2Dw6PyscnXS0TRWiHSC5VP8CaciZoBxhw2o8VxVHAaS+Y3s793hNVmknxALOY+hEeCxYygsFI3nSYNrPHtFq/zIblilNzFrDXiZuTCsrRHpa/BiNJkogKIBxr7blODH6KFTDCaVYaJJrGmEzxmHqGChxR7aeLkzP7wigjO5TKlAB7of6eSHGk9SwKTGeEYaJXvbn4n+clEN74KRNxAlSQ5aIw4TZIe/6/PWKKEuAzQzBRzNxqkwlWmIBJqWRCcFdfXifdes1t1q7uG5VWI4+jiM7QOaoiF12jFrpDbdRBBEn0jF7RmwXWi/VufSxbC1Y+c4r+wPr8AX5ekLU=</latexit>

k
(2)
6

<latexit sha1_base64="N8tjI2VYmtUO6szM6zNlVywKdDY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahXkqitXosePFYwX5AGstmu2mXbrJhdyOUkJ/hxYMiXv013vw3btsctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/YPyodHHSUSSWibCC5kz8eKchbRtmaa014sKQ59Trv+5Hbmd5+oVExED3oaUy/Eo4gFjGBtJHcySBvZY1q9PM8G5Ypds+dAq8TJSQVytAblr/5QkCSkkSYcK+U6dqy9FEvNCKdZqZ8oGmMywSPqGhrhkCovnZ+coTOjDFEgpKlIo7n6eyLFoVLT0DedIdZjtezNxP88N9HBjZeyKE40jchiUZBwpAWa/Y+GTFKi+dQQTCQztyIyxhITbVIqmRCc5ZdXSeei5jRqV/f1SrOex1GEEziFKjhwDU24gxa0gYCAZ3iFN0tbL9a79bFoLVj5zDH8gfX5A3/kkLY=</latexit>

k
(3)
6

<latexit sha1_base64="hUOgX4ihJfhfpWRmNhK03hiUP4k=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSLUS9mVWj0WvHisYD+gXUs2zbah2WRJskJZ9md48aCIV3+NN/+NabsHbX0w8Hhvhpl5QcyZNq777aytb2xubRd2irt7+weHpaPjtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wuZ35nSeqNJPiwUxj6kd4JFjICDZW6k0GaT17TCu1i2xQKrtVdw60SryclCFHc1D66g8lSSIqDOFY657nxsZPsTKMcJoV+4mmMSYTPKI9SwWOqPbT+ckZOrfKEIVS2RIGzdXfEymOtJ5Gge2MsBnrZW8m/uf1EhPe+CkTcWKoIItFYcKRkWj2PxoyRYnhU0swUczeisgYK0yMTaloQ/CWX14l7cuqV69e3dfKjVoeRwFO4Qwq4ME1NOAOmtACAhKe4RXeHOO8OO/Ox6J1zclnTuAPnM8fgWqQtw==</latexit>

k
(4)
6

<latexit sha1_base64="GK27jSwR/HLCLKR0bp1suKNOv/E=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBaxXkoisXosePFYwX5AG8tmu2mXbjZhdyOUkL/hxYMiXv0z3vw3btsctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k9uZ33miUrFIPOhpTL0QjwQLGMHaSP3JIK1nj+l51b3IBuWKXbPnQKvEyUkFcjQH5a/+MCJJSIUmHCvVc+xYeymWmhFOs1I/UTTGZIJHtGeowCFVXjq/OUNnRhmiIJKmhEZz9fdEikOlpqFvOkOsx2rZm4n/eb1EBzdeykScaCrIYlGQcKQjNAsADZmkRPOpIZhIZm5FZIwlJtrEVDIhOMsvr5L2Zc2p167u3UrDzeMowgmcQhUcuIYG3EETWkAghmd4hTcrsV6sd+tj0Vqw8plj+APr8wfk65Do</latexit>

k
0(4)
6

<latexit sha1_base64="9z9NDAL8B6OeeqJ3kH2Z7LTs5qw=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmLEC2kR0SOJF4+YyEcClWyXLWzYbpvdrQlp+je8eNAYr/4Zb/4bF+hBwZdM8vLeTGbmeRFnStv2t5VbW9/Y3MpvF3Z29/YPiodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k9uZ33miUrFQPOhpRN0AjwTzGcHaSP3JIKmnj8l5+fIiHRRLdsWeA60SJyMlyNAcFL/6w5DEARWacKxUz7Ej7SZYakY4TQv9WNEIkwke0Z6hAgdUucn85hSdGWWI/FCaEhrN1d8TCQ6Umgae6QywHqtlbyb+5/Vi7d+4CRNRrKkgi0V+zJEO0SwANGSSEs2nhmAimbkVkTGWmGgTU8GE4Cy/vEra1YpTr1zd10qNWhZHHk7gFMrgwDU04A6a0AICETzDK7xZsfVivVsfi9aclc0cwx9Ynz/jZZDn</latexit>

k
0(3)
6

<latexit sha1_base64="0a2ZJxmg/blaOHl1nVYfv7iseD4=">AAAB83icbVBNT8JAEJ3iF+IHqEcvG4kRL6QliB5JvHjERD4SqGS7bGHDdtvsbk1I07/hxYPGePXPePPfuEAPCr5kkpf3ZjIzz4s4U9q2v63cxubW9k5+t7C3f3BYLB0dd1QYS0LbJOSh7HlYUc4EbWumOe1FkuLA47TrTW/nfveJSsVC8aBnEXUDPBbMZwRrIw2mw6SRPiYXldplOiyV7aq9AFonTkbKkKE1LH0NRiGJAyo04VipvmNH2k2w1IxwmhYGsaIRJlM8pn1DBQ6ocpPFzSk6N8oI+aE0JTRaqL8nEhwoNQs80xlgPVGr3lz8z+vH2r9xEyaiWFNBlov8mCMdonkAaMQkJZrPDMFEMnMrIhMsMdEmpoIJwVl9eZ10alWnUb26r5eb9SyOPJzCGVTAgWtowh20oA0EIniGV3izYuvFerc+lq05K5s5gT+wPn8A4d+Q5g==</latexit>

k
0(2)
6

<latexit sha1_base64="Bias3j+RmXqDKRLRhHOCrgN+gG8=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBaxXkoitXosePFYwX5AG8tmu2mXbjZhdyOUkL/hxYMiXv0z3vw3btsctPXBwOO9GWbm+TFnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8ye3M7zxRqVgkHvQ0pl6IR4IFjGBtpP5kkNazx/S84l5kA7vsVJ050Cpxc1KGHM2B/dUfRiQJqdCEY6V6rhNrL8VSM8JpVuonisaYTPCI9gwVOKTKS+c3Z+jMKEMURNKU0Giu/p5IcajUNPRNZ4j1WC17M/E/r5fo4MZLmYgTTQVZLAoSjnSEZgGgIZOUaD41BBPJzK2IjLHERJuYSiYEd/nlVdK+rLr16tV9rdyo5XEU4QROoQIuXEMD7qAJLSAQwzO8wpuVWC/Wu/WxaC1Y+cwx/IH1+QPgWZDl</latexit>

k
0(1)
6

<latexit sha1_base64="olviHet0K3szDQShQ5PWlEkeNs4=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1U5LSqsuCG5cV7AOaGCaTSTt0MgkzE6EMWbnxV9y4UMSt3+DOv3HaZqGtBy4czrmXe+8JUkqEtO1vY2V1bX1js7RV3t7Z3ds3Dw67Isk4wh2U0IT3AygwJQx3JJEU91OOYRxQ3AvG11O/94C5IAm7k5MUezEcMhIRBKWWfPPEFRKiMcdUjX3VzO9VtX6e58qlkIW5b1bsmj2DtUycglRAgbZvfrlhgrIYM4koFGLg2Kn0FOSSIIrzspsJnOp9cIgHmjIYY+Gp2Ru5daaV0IoSrotJa6b+nlAwFmISB7ozhnIkFr2p+J83yGR05SnC0kxihuaLooxaMrGmmVgh4RhJOtEEIk70rRYaQQ6R1MmVdQjO4svLpFuvORe15m2j0moUcZTAMTgFVeCAS9ACN6ANOgCBR/AMXsGb8WS8GO/Gx7x1xShmjsAfGJ8/rOaZOQ==</latexit>

k
(2)
5^

<<<0

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<<<1

<<<2

<<<3

<<<4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4

<latexit sha1_base64="Lje83GuRWIJ86riRs5MbME6DtZ4=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5KU+lgW3LisYB/QxDCZTNqhk0mYmQhlyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HtPkFIipG1/G6WV1bX1jfJmZWt7Z3fP3D/oiiTjCHdQQhPeD6DAlDDckURS3E85hnFAcS8YX0/93gPmgiTsTk5S7MVwyEhEEJRa8s1jV0iIxhxTNfaVk9+rWuMsz5VLIQtz36zadXsGa5k4BamCAm3f/HLDBGUxZhJRKMTAsVPpKcglQRTnFTcTONX74BAPNGUwxsJTszdy61QroRUlXBeT1kz9PaFgLMQkDnRnDOVILHpT8T9vkMnoylOEpZnEDM0XRRm1ZGJNM7FCwjGSdKIJRJzoWy00ghwiqZOr6BCcxZeXSbdRdy7q57fNaqtZxFEGR+AE1IADLkEL3IA26AAEHsEzeAVvxpPxYrwbH/PWklHMHII/MD5/AKaamTU=</latexit>

k
(2)
1^

<latexit sha1_base64="CQpbEH3VETKegnpUdVoST2vk5jU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyUp9bEsuHFZwT6giWEymbRDJ5MwMxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPnzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8fX0/93gMRksb8Tk0S4kZoyGlIMVJa8sxjRyqEx4KwbOxljfw+qzXO8jxzGOJB7plVq27NAJeJXZAqKND2zC8niHEaEa4wQ1IObCtRboaEopiRvOKkkiR6HxqSgaYcRUS62eyNHJ5qJYBhLHRxBWfq74kMRVJOIl93RkiN5KI3Ff/zBqkKr9yM8iRVhOP5ojBlUMVwmgkMqCBYsYkmCAuqb4V4hATCSidX0SHYiy8vk26jbl/Uz2+b1VaziKMMjsAJqAEbXIIWuAFt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/YHz+AKgtmTY=</latexit>

k
(2)
2^

<latexit sha1_base64="v48qFkO0O16crh2MX3B53jC5JxA=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1U5JaH8uCG5cV7AOaGCaTSTt0MgkzE6EMWbnxV9y4UMSt3+DOv3HaZqGtBy4czrmXe+8JUkqEtO1vY2l5ZXVtvbRR3tza3tk19/Y7Isk4wm2U0IT3AigwJQy3JZEU91KOYRxQ3A1G1xO/+4C5IAm7k+MUezEcMBIRBKWWfPPIFRKiEcdUjXx1lt+rav00z5VLIQtz36zYNXsKa5E4BamAAi3f/HLDBGUxZhJRKETfsVPpKcglQRTnZTcTONX74AD3NWUwxsJT0zdy60QroRUlXBeT1lT9PaFgLMQ4DnRnDOVQzHsT8T+vn8noylOEpZnEDM0WRRm1ZGJNMrFCwjGSdKwJRJzoWy00hBwiqZMr6xCc+ZcXSadecy5q57eNSrNRxFECh+AYVIEDLkET3IAWaAMEHsEzeAVvxpPxYrwbH7PWJaOYOQB/YHz+AKnAmTc=</latexit>

k
(2)
3^

<latexit sha1_base64="f1dk9Qi4/kJGYQYUcwlbLBQ33hE=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyUp9bEsuHFZwT6giWEymbRDJ5MwMxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPnzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8fX0/93gMRksb8Tk0S4kZoyGlIMVJa8sxjRyqEx4KwbOxlzfw+qzXO8jxzGOJB7plVq27NAJeJXZAqKND2zC8niHEaEa4wQ1IObCtRboaEopiRvOKkkiR6HxqSgaYcRUS62eyNHJ5qJYBhLHRxBWfq74kMRVJOIl93RkiN5KI3Ff/zBqkKr9yM8iRVhOP5ojBlUMVwmgkMqCBYsYkmCAuqb4V4hATCSidX0SHYiy8vk26jbl/Uz2+b1VaziKMMjsAJqAEbXIIWuAFt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/YHz+AKtTmTg=</latexit>

k
(2)
4^

<latexit sha1_base64="XtBpjYpb4tMv2Tfef8Sk9+EVzWI=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5JofSwLblxWsA9oYphMJu3QySTMTIQyZOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r0nSCkR0ra/jdLS8srqWnm9srG5tb1j7u51RJJxhNsooQnvBVBgShhuSyIp7qUcwziguBuMrid+9wFzQRJ2J8cp9mI4YCQiCEot+eahKyREI46pGvnKye9V7ewkz5VLIQtz36zadXsKa5E4BamCAi3f/HLDBGUxZhJRKETfsVPpKcglQRTnFTcTONX74AD3NWUwxsJT0zdy61groRUlXBeT1lT9PaFgLMQ4DnRnDOVQzHsT8T+vn8noylOEpZnEDM0WRRm1ZGJNMrFCwjGSdKwJRJzoWy00hBwiqZOr6BCc+ZcXSee07lzUz28b1WajiKMMDsARqAEHXIImuAEt0AYIPIJn8ArejCfjxXg3PmatJaOY2Qd/YHz+AKgomTY=</latexit>

k
(3)
1^

<latexit sha1_base64="6ktpO1QVYBYldJgo1HorB7EbmLo=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1U5JaH8uCG5cV7AOaGCaTSTt0MgkzE6EMWbnxV9y4UMSt3+DOv3HaZqGtBy4czrmXe+8JUkqEtO1vY2l5ZXVtvbRR3tza3tk19/Y7Isk4wm2U0IT3AigwJQy3JZEU91KOYRxQ3A1G1xO/+4C5IAm7k+MUezEcMBIRBKWWfPPIFRKiEcdUjXxVz+9V9ew0z5VLIQtz36zYNXsKa5E4BamAAi3f/HLDBGUxZhJRKETfsVPpKcglQRTnZTcTONX74AD3NWUwxsJT0zdy60QroRUlXBeT1lT9PaFgLMQ4DnRnDOVQzHsT8T+vn8noylOEpZnEDM0WRRm1ZGJNMrFCwjGSdKwJRJzoWy00hBwiqZMr6xCc+ZcXSadecy5q57eNSrNRxFECh+AYVIEDLkET3IAWaAMEHsEzeAVvxpPxYrwbH7PWJaOYOQB/YHz+AKm7mTc=</latexit>

k
(3)
2^

<latexit sha1_base64="9uDpNvONJMIAfD+StxS2cl6Q3i0=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1UxJbH8uCG5cV7AOaGCaTSTt0MgkzE6EMWbnxV9y4UMSt3+DOv3HaZqGtBy4czrmXe+8JUkqEtO1vY2l5ZXVtvbRR3tza3tk19/Y7Isk4wm2U0IT3AigwJQy3JZEU91KOYRxQ3A1G1xO/+4C5IAm7k+MUezEcMBIRBKWWfPPIFRKiEcdUjXxVz+9VtX6a58qlkIW5b1bsmj2FtUicglRAgZZvfrlhgrIYM4koFKLv2Kn0FOSSIIrzspsJnOp9cID7mjIYY+Gp6Ru5daKV0IoSrotJa6r+nlAwFmIcB7ozhnIo5r2J+J/Xz2R05SnC0kxihmaLooxaMrEmmVgh4RhJOtYEIk70rRYaQg6R1MmVdQjO/MuLpHNWcy5q57eNSrNRxFECh+AYVIEDLkET3IAWaAMEHsEzeAVvxpPxYrwbH7PWJaOYOQB/YHz+AKtOmTg=</latexit>

k
(3)
3^

<latexit sha1_base64="hQrwaSL592N7P9gGyalxATH53XA=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5JofSwLblxWsA9oYphMJu3QySTMTIQyZOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r0nSCkR0ra/jdLS8srqWnm9srG5tb1j7u51RJJxhNsooQnvBVBgShhuSyIp7qUcwziguBuMrid+9wFzQRJ2J8cp9mI4YCQiCEot+eahKyREI46pGvmqkd+r2tlJniuXQhbmvlm16/YU1iJxClIFBVq++eWGCcpizCSiUIi+Y6fSU5BLgijOK24mcKr3wQHua8pgjIWnpm/k1rFWQitKuC4mran6e0LBWIhxHOjOGMqhmPcm4n9eP5PRlacISzOJGZotijJqycSaZGKFhGMk6VgTiDjRt1poCDlEUidX0SE48y8vks5p3bmon982qs1GEUcZHIAjUAMOuARNcANaoA0QeATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AazhmTk=</latexit>

k
(3)
4^

<latexit sha1_base64="hUfKuxgSiSZgzjSDnLKOuE8qdlA=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1UxJt1WXBjcsK9gFNDJPJpB06mYSZiVCGrNz4K25cKOLWb3Dn3zhts9DWAxcO59zLvfcEKSVC2va3sbS8srq2Xtoob25t7+yae/sdkWQc4TZKaMJ7ARSYEobbkkiKeynHMA4o7gaj64nffcBckITdyXGKvRgOGIkIglJLvnnkCgnRiGOqRr5q5Peqen6a58qlkIW5b1bsmj2FtUicglRAgZZvfrlhgrIYM4koFKLv2Kn0FOSSIIrzspsJnOp9cID7mjIYY+Gp6Ru5daKV0IoSrotJa6r+nlAwFmIcB7ozhnIo5r2J+J/Xz2R05SnC0kxihmaLooxaMrEmmVgh4RhJOtYEIk70rRYaQg6R1MmVdQjO/MuLpHNWcy5qjdt6pVkv4iiBQ3AMqsABl6AJbkALtAECj+AZvII348l4Md6Nj1nrklHMHIA/MD5/AK50mTo=</latexit>

k
(3)
5^

<latexit sha1_base64="Pb7qiB4uEkQ608GGaVzgj5dyPNU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyWRVl0W3LisYB/QxDCZTNqhk0mYmQglZOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jdLK6tr6RnmzsrW9s7tn7h90ZZwKTDo4ZrHo+0gSRjnpKKoY6SeCoMhnpOePr6d+74EISWN+pyYJcSM05DSkGCkteeaxIxXCY0FYNvayZn6f1RpneZ45DPEg98yqVbdmgMvELkgVFGh75pcTxDiNCFeYISkHtpUoN0NCUcxIXnFSSRK9Dw3JQFOOIiLdbPZGDk+1EsAwFrq4gjP190SGIiknka87I6RGctGbiv95g1SFV25GeZIqwvF8UZgyqGI4zQQGVBCs2EQThAXVt0I8QgJhpZOr6BDsxZeXSfe8bl/Um7eNaqtRxFEGR+AE1IANLkEL3IA26AAMHsEzeAVvxpPxYrwbH/PWklHMHII/MD5/ALACmTs=</latexit>

k
(4)
5^

<latexit sha1_base64="AGVxvrzQi3/sxRiNqz/B88Wj6wc=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAh1UxKJj2XBjcsK9gFNDJPJpB06mYSZiVCGrNz4K25cKOLWb3Dn3zhts9DWAxcO59zLvfeEGSVC2va3sbS8srq2Xtmobm5t7+yae/sdkeYc4TZKacp7IRSYEobbkkiKexnHMAkp7oaj64nffcBckJTdyXGG/QQOGIkJglJLgXnkCQnRiGOqRoFyi3tVd0+LQnkUsqgIzJrdsKewFolTkhoo0QrMLy9KUZ5gJhGFQvQdO5O+glwSRHFR9XKBM70PDnBfUwYTLHw1faOwTrQSWXHKdTFpTdXfEwomQoyTUHcmUA7FvDcR//P6uYyvfEVYlkvM0GxRnFNLptYkEysiHCNJx5pAxIm+1UJDyCGSOrmqDsGZf3mRdM4azkXj/NatNd0yjgo4BMegDhxwCZrgBrRAGyDwCJ7BK3gznowX4934mLUuGeXMAfgD4/MHrm+ZOg==</latexit>

k
(4)
4^

<latexit sha1_base64="W099k6NEgCLw+bSBrU9YY1MNulY=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkWom5JofSwLblxWsA9oYphMJu3QySTMTIQyZOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r0nSCkR0ra/jdLS8srqWnm9srG5tb1j7u51RJJxhNsooQnvBVBgShhuSyIp7qUcwziguBuMrid+9wFzQRJ2J8cp9mI4YCQiCEot+eahKyREI46pGvnqLL9XtcZJniuXQhbmvlm16/YU1iJxClIFBVq++eWGCcpizCSiUIi+Y6fSU5BLgijOK24mcKr3wQHua8pgjIWnpm/k1rFWQitKuC4mran6e0LBWIhxHOjOGMqhmPcm4n9eP5PRlacISzOJGZotijJqycSaZGKFhGMk6VgTiDjRt1poCDlEUidX0SE48y8vks5p3bmon982qs1GEUcZHIAjUAMOuARNcANaoA0QeATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AazcmTk=</latexit>

k
(4)
3^

<latexit sha1_base64="CAAJEK1WgQur6T2sLU+VWSDZ0rI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyUp9bEsuHFZwT6giWEymbRDJ5MwMxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPnzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8fX0/93gMRksb8Tk0S4kZoyGlIMVJa8sxjRyqEx4KwbOxljfw+qzXP8jxzGOJB7plVq27NAJeJXZAqKND2zC8niHEaEa4wQ1IObCtRboaEopiRvOKkkiR6HxqSgaYcRUS62eyNHJ5qJYBhLHRxBWfq74kMRVJOIl93RkiN5KI3Ff/zBqkKr9yM8iRVhOP5ojBlUMVwmgkMqCBYsYkmCAuqb4V4hATCSidX0SHYiy8vk26jbl/Uz2+b1VaziKMMjsAJqAEbXIIWuAFt0AEYPIJn8ArejCfjxXg3PuatJaOYOQR/YHz+AKtJmTg=</latexit>

k
(4)
2^

<latexit sha1_base64="+y/6dJGDzj6/I4XSbhXvJH0/whU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRSH8uCG5cV7AOaGCbTSTt0MgkzE6EMWbnxV9y4UMSt3+DOv3HaZqGtBy4czrmXe+8JU0alcpxva2l5ZXVtvbRR3tza3tm19/bbMskEJi2csER0QyQJo5y0FFWMdFNBUBwy0glH1xO/80CEpAm/U+OU+DEacBpRjJSRAvvIkwrhkSBMjwLt5ve6Wj/Nc+0xxPt5YFecmjMFXCRuQSqgQDOwv7x+grOYcIUZkrLnOqnyNRKKYkbyspdJkpp9aEB6hnIUE+nr6Rs5PDFKH0aJMMUVnKq/JzSKpRzHoemMkRrKeW8i/uf1MhVd+ZryNFOE49miKGNQJXCSCexTQbBiY0MQFtTcCvEQCYSVSa5sQnDnX14k7bOae1E7v61XGvUijhI4BMegClxwCRrgBjRBC2DwCJ7BK3iznqwX6936mLUuWcXMAfgD6/MHqbaZNw==</latexit>

k
(4)
1^

<latexit sha1_base64="QbOdtiO6fhr2Qy1jOYEJTCDNaWA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyWR+lgW3LisYB/QxDCZTNqhk0mYmQglZOfGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPrid+94EISWN+p8YJcSM04DSkGCkteeahIxXCI0FYNvIyO7/PTmqN0zzPHIZ4kHtm1apbU8BFYhekCgq0PPPLCWKcRoQrzJCUfdtKlJshoShmJK84qSSJXogGpK8pRxGRbjb9I4fHWglgGAtdXMGp+nsiQ5GU48jXnRFSQznvTcT/vH6qwis3ozxJFeF4tihMGVQxnIQCAyoIVmysCcKC6lshHiKBsNLRVXQI9vzLi6RzVrcv6ue3jWqzUcRRBgfgCNSADS5BE9yAFmgDDB7BM3gFb8aT8WK8Gx+z1pJRzOyDPzA+fwAS7Jlo</latexit>

k
0(4)
1^

<latexit sha1_base64="PwtchIBtZ3sqiSpKjpmM8ad2CSY=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHrpiSlPpYFNy4r2Ac0MUwmk3boZBJmJkIJ2bnxV9y4UMStv+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2l5ZXVtvbRR3tza3tk19/Y7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vVH1xO/+0CEpDG/U+OEuBEacBpSjJSWPPPIkQrhkSAsG3lZPb/PTquNszzPHIZ4kHtmxapZU8BFYhekAgq0PPPLCWKcRoQrzJCUfdtKlJshoShmJC87qSSJXogGpK8pRxGRbjb9I4cnWglgGAtdXMGp+nsiQ5GU48jXnRFSQznvTcT/vH6qwis3ozxJFeF4tihMGVQxnIQCAyoIVmysCcKC6lshHiKBsNLRlXUI9vzLi6RTr9kXtfPbRqXZKOIogUNwDKrABpegCW5AC7QBBo/gGbyCN+PJeDHejY9Z65JRzByAPzA+fwAUgJlp</latexit>

k
0(4)
2^

<latexit sha1_base64="fFUQQIXLV7oDcZ0k9YNQX4hNFCw=">AAACB3icbVDLSsNAFJ34rPUVdSlIsIh1UxKtj2XBjcsK9gFNDJPJpB06mYSZiVCG7Nz4K25cKOLWX3Dn3zhts9DWAxcO59zLvfcEKSVC2va3sbC4tLyyWlorr29sbm2bO7ttkWQc4RZKaMK7ARSYEoZbkkiKuynHMA4o7gTD67HfecBckITdyVGKvRj2GYkIglJLvnngCgnRkGOqhr46y+/VcbV+kufKpZCFuW9W7Jo9gTVPnIJUQIGmb365YYKyGDOJKBSi59ip9BTkkiCK87KbCZzqhbCPe5oyGGPhqckfuXWkldCKEq6LSWui/p5QMBZiFAe6M4ZyIGa9sfif18tkdOUpwtJMYoami6KMWjKxxqFYIeEYSTrSBCJO9K0WGkAOkdTRlXUIzuzL86R9WnMuaue39UqjXsRRAvvgEFSBAy5BA9yAJmgBBB7BM3gFb8aT8WK8Gx/T1gWjmNkDf2B8/gAWFJlq</latexit>

k
0(4)
3^

<latexit sha1_base64="dQH+oz3Z3LFoo/eA3hFKe2TwAKA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyWR+FgW3LisYB/QxDCZTNqhk0mYmQglZOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUkalsqxvo7S0vLK6Vl6vbGxube+Yu3ttmWQCkxZOWCK6AZKEUU5aiipGuqkgKA4Y6QTD67HfeSBC0oTfqVFKvBj1OY0oRkpLvnnoSoXwUBCWD/3cKe7zk5pzWhS5yxAPC9+sWnVrArhI7BmpghmavvnlhgnOYsIVZkjKnm2lysuRUBQzUlTcTJJUL0R90tOUo5hIL5/8UcBjrYQwSoQuruBE/T2Ro1jKURzozhipgZz3xuJ/Xi9T0ZWXU55minA8XRRlDKoEjkOBIRUEKzbSBGFB9a0QD5BAWOnoKjoEe/7lRdI+q9sX9fNbp9pwZnGUwQE4AjVgg0vQADegCVoAg0fwDF7Bm/FkvBjvxse0tWTMZvbBHxifPxeomWs=</latexit>

k
0(4)
4^

<latexit sha1_base64="bfLIA9b2Gb+uiyx9ZUkOVzUYo/A=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHrpiTSqsuCG5cV7AOaGCaTSTt0MgkzE6GE7Nz4K25cKOLWX3Dn3zhts9DWAxcO59zLvff4CaNSWda3sbS8srq2Xtoob25t7+yae/sdGacCkzaOWSx6PpKEUU7aiipGeokgKPIZ6fqj64nffSBC0pjfqXFC3AgNOA0pRkpLnnnkSIXwSBCWjbyskd9np9X6WZ5nDkM8yD2zYtWsKeAisQtSAQVanvnlBDFOI8IVZkjKvm0lys2QUBQzkpedVJJEL0QD0teUo4hIN5v+kcMTrQQwjIUuruBU/T2RoUjKceTrzgipoZz3JuJ/Xj9V4ZWbUZ6kinA8WxSmDKoYTkKBARUEKzbWBGFB9a0QD5FAWOnoyjoEe/7lRdI5r9kXtcZtvdKsF3GUwCE4BlVgg0vQBDegBdoAg0fwDF7Bm/FkvBjvxsesdckoZg7AHxifPxk8mWw=</latexit>

k
0(4)
5^

<latexit sha1_base64="XVBS9lB+8ooTUbCH9i8ydPKbv2Q=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyXRVl0W3LisYB/QxDCZTNuhk0mYmQglZOfGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrid+54EISSN+p8YxcUM04LRPMVJa8sxDRyqER4KwdOSl9ew+Pamcn2ZZ6jDEg8wzy1bVmgIuEjsnZZCj6ZlfThDhJCRcYYak7NlWrNwUCUUxI1nJSSSJ9UI0ID1NOQqJdNPpHxk81koA+5HQxRWcqr8nUhRKOQ593RkiNZTz3kT8z+slqn/lppTHiSIczxb1EwZVBCehwIAKghUba4KwoPpWiIdIIKx0dCUdgj3/8iJpn1Xti2r9tlZu1PI4iuAAHIEKsMElaIAb0AQtgMEjeAav4M14Ml6Md+Nj1low8pl98AfG5w8Xrplr</latexit>

k
0(3)
5^

<latexit sha1_base64="pJwpWGzpQkjrrM2pEvFzF+Omxsw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyWx9bEsuHFZwT6giWEymbZDJ5MwMxFKyM6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPHzMqlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXU/8zgMRkkb8To1j4oZowGmfYqS05JmHjlQIjwRh6chLa9l9elKpnWZZ6jDEg8wzy1bVmgIuEjsnZZCj6ZlfThDhJCRcYYak7NlWrNwUCUUxI1nJSSSJ9UI0ID1NOQqJdNPpHxk81koA+5HQxRWcqr8nUhRKOQ593RkiNZTz3kT8z+slqn/lppTHiSIczxb1EwZVBCehwIAKghUba4KwoPpWiIdIIKx0dCUdgj3/8iJpn1Xti+r5bb3cqOdxFMEBOAIVYINL0AA3oAlaAINH8AxewZvxZLwY78bHrLVg5DP74A+Mzx8Uhplp</latexit>

k
0(3)
3^

<latexit sha1_base64="XZ+Y7H8bzidpcNa1l/W3aShQgq4=">AAACB3icbVDLSsNAFJ34rPUVdSlIsIh1UxKtj2XBjcsK9gFNDJPJpB06mYSZiVCG7Nz4K25cKOLWX3Dn3zhts9DWAxcO59zLvfcEKSVC2va3sbC4tLyyWlorr29sbm2bO7ttkWQc4RZKaMK7ARSYEoZbkkiKuynHMA4o7gTD67HfecBckITdyVGKvRj2GYkIglJLvnngCgnRkGOqhr6q5/fquHp2kufKpZCFuW9W7Jo9gTVPnIJUQIGmb365YYKyGDOJKBSi59ip9BTkkiCK87KbCZzqhbCPe5oyGGPhqckfuXWkldCKEq6LSWui/p5QMBZiFAe6M4ZyIGa9sfif18tkdOUpwtJMYoami6KMWjKxxqFYIeEYSTrSBCJO9K0WGkAOkdTRlXUIzuzL86R9WnMuaue39UqjXsRRAvvgEFSBAy5BA9yAJmgBBB7BM3gFb8aT8WK8Gx/T1gWjmNkDf2B8/gAWGplq</latexit>

k
0(3)
4^

<latexit sha1_base64="kub9xRPm+gbjthXggbWgBMaM6uE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyWp9bEsuHFZwT6giWEymbZDJ5MwMxFKyM6Nv+LGhSJu/QV3/o3TNgttPXDhcM693HuPHzMqlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXU/8zgMRkkb8To1j4oZowGmfYqS05JmHjlQIjwRh6chLa9l9elI5O82y1GGIB5lnlq2qNQVcJHZOyiBH0zO/nCDCSUi4wgxJ2bOtWLkpEopiRrKSk0gS64VoQHqachQS6abTPzJ4rJUA9iOhiys4VX9PpCiUchz6ujNEaijnvYn4n9dLVP/KTSmPE0U4ni3qJwyqCE5CgQEVBCs21gRhQfWtEA+RQFjp6Eo6BHv+5UXSrlXti+r5bb3cqOdxFMEBOAIVYINL0AA3oAlaAINH8AxewZvxZLwY78bHrLVg5DP74A+Mzx8S8plo</latexit>

k
0(3)
2^

<latexit sha1_base64="kap/UFAYAKp9S8WPFy4LZpG952Q=">AAACB3icbVDLSsNAFJ34rPUVdSlIsIh1UxKtj2XBjcsK9gFNDJPJpB06mYSZiVCG7Nz4K25cKOLWX3Dn3zhts9DWAxcO59zLvfcEKSVC2va3sbC4tLyyWlorr29sbm2bO7ttkWQc4RZKaMK7ARSYEoZbkkiKuynHMA4o7gTD67HfecBckITdyVGKvRj2GYkIglJLvnngCgnRkGOqhr5y8nt1XD07yXPlUsjC3Dcrds2ewJonTkEqoEDTN7/cMEFZjJlEFArRc+xUegpySRDFednNBE71QtjHPU0ZjLHw1OSP3DrSSmhFCdfFpDVRf08oGAsxigPdGUM5ELPeWPzP62UyuvIUYWkmMUPTRVFGLZlY41CskHCMJB1pAhEn+lYLDSCHSOroyjoEZ/bledI+rTkXtfPbeqVRL+IogX1wCKrAAZegAW5AE7QAAo/gGbyCN+PJeDHejY9p64JRzOyBPzA+fwARXpln</latexit>

k
0(3)
1^

<latexit sha1_base64="wqUpekKV/qMWLd7gJl55cAZeHEQ=">AAACB3icbVDLSsNAFJ34rPUVdSlIsIh1U5JSH8uCG5cV7AOaGCaTSTt0MgkzE6EM2bnxV9y4UMStv+DOv3HaZqGtBy4czrmXe+8JUkqEtO1vY2l5ZXVtvbRR3tza3tk19/Y7Isk4wm2U0IT3AigwJQy3JZEU91KOYRxQ3A1G1xO/+4C5IAm7k+MUezEcMBIRBKWWfPPIFRKiEcdUjXxVz+/VadU5y3PlUsjC3Dcrds2ewlokTkEqoEDLN7/cMEFZjJlEFArRd+xUegpySRDFednNBE71QjjAfU0ZjLHw1PSP3DrRSmhFCdfFpDVVf08oGAsxjgPdGUM5FPPeRPzP62cyuvIUYWkmMUOzRVFGLZlYk1CskHCMJB1rAhEn+lYLDSGHSOroyjoEZ/7lRdKp15yL2vlto9JsFHGUwCE4BlXggEvQBDegBdoAgUfwDF7Bm/FkvBjvxsesdckoZg7AHxifPw/WmWY=</latexit>

k
0(1)
2^

<latexit sha1_base64="IRTbXA95C1UuDEeTn6zPFKGKMeo=">AAACB3icbVDLSsNAFJ34rPUVdSlIsIh1UxKtj2XBjcsK9gFNDJPJpB06mYSZiVCG7Nz4K25cKOLWX3Dn3zhts9DWAxcO59zLvfcEKSVC2va3sbC4tLyyWlorr29sbm2bO7ttkWQc4RZKaMK7ARSYEoZbkkiKuynHMA4o7gTD67HfecBckITdyVGKvRj2GYkIglJLvnngCgnRkGOqhr46y+/VcdU5yXPlUsjC3Dcrds2ewJonTkEqoEDTN7/cMEFZjJlEFArRc+xUegpySRDFednNBE71QtjHPU0ZjLHw1OSP3DrSSmhFCdfFpDVRf08oGAsxigPdGUM5ELPeWPzP62UyuvIUYWkmMUPTRVFGLZlY41CskHCMJB1pAhEn+lYLDSCHSOroyjoEZ/bledI+rTkXtfPbeqVRL+IogX1wCKrAAZegAW5AE7QAAo/gGbyCN+PJeDHejY9p64JRzOyBPzA+fwARapln</latexit>

k
0(1)
3^

<latexit sha1_base64="sTO7yCWNxvDxuLGBwEHAqWYDMLk=">AAACB3icbVDLSsNAFJ34rPUVdSlIsIh1UxJp1WXBjcsK9gFNDJPJpB06mYSZiVCG7Nz4K25cKOLWX3Dn3zhts9DWAxcO59zLvfcEKSVC2va3sbS8srq2Xtoob25t7+yae/sdkWQc4TZKaMJ7ARSYEobbkkiKeynHMA4o7gaj64nffcBckITdyXGKvRgOGIkIglJLvnnkCgnRiGOqRr5q5PfqtOqc5blyKWRh7psVu2ZPYS0SpyAVUKDlm19umKAsxkwiCoXoO3YqPQW5JIjivOxmAqd6IRzgvqYMxlh4avpHbp1oJbSihOti0pqqvycUjIUYx4HujKEcinlvIv7n9TMZXXmKsDSTmKHZoiijlkysSShWSDhGko41gYgTfauFhpBDJHV0ZR2CM//yIumc15yLWuO2XmnWizhK4BAcgypwwCVoghvQAm2AwCN4Bq/gzXgyXox342PWumQUMwfgD4zPHxSSmWk=</latexit>

k
0(1)
5^

<latexit sha1_base64="7jEm9i7bQv/nKCItXNnHymLVKG0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotYNyWR+lgW3LisYB/QxDCZTNqhk0mYmQglZOfGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPrid+94EISWN+p8YJcSM04DSkGCkteeahIxXCI0FYNvKyRn6fndTs0zzPHIZ4kHtm1apbU8BFYhekCgq0PPPLCWKcRoQrzJCUfdtKlJshoShmJK84qSSJXogGpK8pRxGRbjb9I4fHWglgGAtdXMGp+nsiQ5GU48jXnRFSQznvTcT/vH6qwis3ozxJFeF4tihMGVQxnIQCAyoIVmysCcKC6lshHiKBsNLRVXQI9vzLi6RzVrcv6ue3jWqzUcRRBgfgCNSADS5BE9yAFmgDDB7BM3gFb8aT8WK8Gx+z1pJRzOyDPzA+fwAS/plo</latexit>

k
0(1)
4^

<<<0

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<<<1

<<<2

<<<3

<<<4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4

<<<0

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<<<1

<<<2

<<<3

<<<4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�
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<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4
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<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�
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<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<<<0

<<<1

<<<2

<<<3

<<<4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>� <latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

<latexit sha1_base64="Bz5kJCZWPsX8q8W0Bl4qNtxqM3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5PSGE26/W3Lo7B1klXkFqUKDZr371BgnLYpSGCap113NTE+RUGc4ETiu9TGNK2ZgOsWuppDHqIJ8fOyVnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRLdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5VGwI3vLLq6R1Ufeu61cPl7XGZRFHGU7gFM7BgxtowD00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w+GZI54</latexit>n 0
<latexit sha1_base64="dZJ7ZFgc+vXRkexx1k1ZbV9+ZVE=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAvv9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9a+ql/e1Sr2Wx1GEEziFc/DhGupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AN8UjqM=</latexit>n 1

<latexit sha1_base64="OdCncW979RYN30pftXYAcAwFxQ0=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykypj2XBjcsK9gHtUDJppo3NJEOSEcrQf3DjQhG3/o87/8a0nYW2HrhwOOde7r0nTAQ31vO+0dr6xubWdmGnuLu3f3BYOjpuGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj25nffmLacCUf7CRhQUyGkkecEuukVk8Igav9UtmreHPgVeLnpAw5Gv3SV2+gaBozaakgxnR9L7FBRrTlVLBpsZcalhA6JkPWdVSSmJkgm187xedOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqjmyDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQEVXQj+8surpFWt+FeVy/tauV7L4yjAKZzBBfhwDXW4gwY0gcIjPMMrvCGFXtA7+li0rqF85gT+AH3+AOCYjqQ=</latexit>n 2
<latexit sha1_base64="aA6AtBrxpna0lDeTtIcp0gRE+cc=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyozWx7LgxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfaGV1bX1js7BV3N7Z3dsvHRw2jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLR7dRvPTFtuJIPdpywICYDySNOiXVSsyuEwBe9UtmreDPgZeLnpAw56r3SV7evaBozaakgxnR8L7FBRrTlVLBJsZsalhA6IgPWcVSSmJkgm107wadO6eNIaVfS4pn6eyIjsTHjOHSdMbFDs+hNxf+8TmqjmyDjMkktk3S+KEoFtgpPX8d9rhm1YuwIoZq7WzEdEk2odQEVXQj+4svLpHle8a8ql/fVcq2ax1GAYziBM/DhGmpwB3VoAIVHeIZXeEMKvaB39DFvXUH5zBH8Afr8AeIcjqU=</latexit>n 3
<latexit sha1_base64="cH5+5n02y0Kg2mooFS6qukaq8/4=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakPpYFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTdhbaeuDC4Zx7ufeeMBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMirVlDWpEkp3QmKY4JI1LbeCdRLNSBwK1g7HtzO//cS04Uo+2EnCgpgMJY84JdZJrZ4QAtf65YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9VL+9rlXotj6MIJ3AK5+DDNdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AeOgjqY=</latexit>n 4

<latexit sha1_base64="TaV40nVhmD7IVyvQjh1MOqjeFUw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNrkp4anrlil/1Z0DLJMhJBXLUe+Wvbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNrp2gE6f0Uay0K2nRTP09kWFhzFhErlNgOzSL3lT8z+ukNr4OMyaT1FJJ5ovilCOr0PR11GeaEsvHjmCimbsVkSHWmFgXUMmFECy+vEyaZ9Xgsnpxf16p3eRxFOEIjuEUAriCGtxBHRpA4BGe4RXePOW9eO/ex7y14OUzh/AH3ucP0z6PTw==</latexit>�

Backward computation

Filter 1

Filter 2

Backward computation

<latexit sha1_base64="EzJAIqiaKCev0l5gwM/s5uEkgpo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFakJKIj26EghsXLqrYB7QxTKaTduhkEmYmYgnZufFX3LhQxK2/4M6/cdpmoa0HBs49517u3ONFjEplWd/G3PzC4tJybiW/ura+sWlubTdkGAtM6jhkoWh5SBJGOakrqhhpRYKgwGOk6Q0uRn7znghJQ36rhhFxAtTj1KcYKS255l7Ntc+LD25yld4lRbuUHkJd3GRFyTULVtkaA84SOyMFkKHmml+dbojjgHCFGZKybVuRchIkFMWMpPlOLEmE8AD1SFtTjgIinWR8RwoPtNKFfij04wqO1d8TCQqkHAae7gyQ6stpbyT+57Vj5VechPIoVoTjySI/ZlCFcBQK7FJBsGJDTRAWVP8V4j4SCCsdXV6HYE+fPEsaR2X7tHxyfVyoVrI4cmAX7IMisMEZqIJLUAN1gMEjeAav4M14Ml6Md+Nj0jpnZDM74A+Mzx8JD5d9</latexit>

P1 = (x
(1)
L , x

(1)
R )

<latexit sha1_base64="GG5S3XLOVSR08BvDVdYXmuMV2Jg=">AAACCXicbVDLSgMxFM34rPU16tJNsIgtSJkpProRCm5cuKhiH9COQybNtKGZzJBkxDLM1o2/4saFIm79A3f+jelD0NYDgXPPuZebe7yIUaks68uYm19YXFrOrGRX19Y3Ns2t7boMY4FJDYcsFE0PScIoJzVFFSPNSBAUeIw0vP750G/cESFpyG/UICJOgLqc+hQjpSXXhFW3dJa/d5PL9DY5yNuF9BDq6vqnKrhmzipaI8BZYk9IDkxQdc3PdifEcUC4wgxJ2bKtSDkJEopiRtJsO5YkQriPuqSlKUcBkU4yuiSF+1rpQD8U+nEFR+rviQQFUg4CT3cGSPXktDcU//NasfLLTkJ5FCvC8XiRHzOoQjiMBXaoIFixgSYIC6r/CnEPCYSVDi+rQ7CnT54l9VLRPikeXx3lKuVJHBmwC/ZAHtjgFFTABaiCGsDgATyBF/BqPBrPxpvxPm6dMyYzO+APjI9v28OX4A==</latexit>

P2 = (x
0(1)
L , x

0(1)
R )

<latexit sha1_base64="cjXe0wAA2loRfooy0q1925yU4+g=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkWom5KIjy4LblxWsQ9IY5lMJ+3QyUyYmYgl5DPcuFDErV/jzr9x2mahrQcuHM65l3vvCWJGlXacb6uwsrq2vlHcLG1t7+zulfcP2kokEpMWFkzIboAUYZSTlqaakW4sCYoCRjrB+Hrqdx6JVFTwez2JiR+hIachxUgbyXvqp3fZQ1p1T7N+ueLUnBnsZeLmpAI5mv3yV28gcBIRrjFDSnmuE2s/RVJTzEhW6iWKxAiP0ZB4hnIUEeWns5Mz+8QoAzsU0hTX9kz9PZGiSKlJFJjOCOmRWvSm4n+el+iw7qeUx4kmHM8XhQmztbCn/9sDKgnWbGIIwpKaW208QhJhbVIqmRDcxZeXSfus5l7WLm7PK416HkcRjuAYquDCFTTgBprQAgwCnuEV3ixtvVjv1se8tWDlM4fwB9bnD712kOE=</latexit>

x
(1)
R

<latexit sha1_base64="lmIAM/0+bifzi7mC3ftCICGX0dU=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0Wom5KIjy4Lbly4qGAfkMYymU7aoZNMmLkRS8hnuHGhiFu/xp1/47TNQlsPXDiccy/33uPHgmuw7W+rsLK6tr5R3Cxtbe/s7pX3D9paJoqyFpVCqq5PNBM8Yi3gIFg3VoyEvmAdf3w99TuPTGkuo3uYxMwLyTDiAacEjOQ+9dPb7CGtOqdZv1yxa/YMeJk4OamgHM1++as3kDQJWQRUEK1dx47BS4kCTgXLSr1Es5jQMRky19CIhEx76ezkDJ8YZYADqUxFgGfq74mUhFpPQt90hgRGetGbiv95bgJB3Ut5FCfAIjpfFCQCg8TT//GAK0ZBTAwhVHFzK6YjoggFk1LJhOAsvrxM2mc157J2cXdeadTzOIroCB2jKnLQFWqgG9RELUSRRM/oFb1ZYL1Y79bHvLVg5TOH6A+szx+0NJDb</latexit>

x
(1)
L

<latexit sha1_base64="Qsw3iygl9fSnC3qs3noxlMr4iwE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Wom5KIjy4LblxWsQ9oY5lMp+3QySTM3BRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+JHgGhzn2yqsrW9sbhW3Szu7e/sH9uFRS4exoqxJQxGqjk80E1yyJnAQrBMpRgJfsLY/uc389pQpzUP5CLOIeQEZST7klICR+rbdCwiMAZKH9CmpuOdp3y47VWcOvErcnJRRjkbf/uoNQhoHTAIVROuu60TgJUQBp4KlpV6sWUTohIxY11BJAqa9ZJ48xWdGGeBhqMyTgOfq742EBFrPAt9MZjn1speJ/3ndGIY1L+EyioFJujg0jAWGEGc14AFXjIKYGUKo4iYrpmOiCAVTVsmU4C5/eZW0LqrudfXq/rJcr+V1FNEJOkUV5KIbVEd3qIGaiKIpekav6M1KrBfr3fpYjBasfOcY/YH1+QM0IZNb</latexit>

R(1)

<latexit sha1_base64="NKPtframASeDBog/ZXIaTEUyXQc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1U5Lio8uCG5dV7APaWCbTSTt0MgkzN4US+iduXCji1j9x5984abPQ1gMDh3Pu5Z45fiy4Bsf5ttbWNza3tgs7xd29/YND++i4paNEUdakkYhUxyeaCS5ZEzgI1okVI6EvWNsf32Z+e8KU5pF8hGnMvJAMJQ84JWCkvm33QgIjgPRh9pSWqxezvl1yKs4ceJW4OSmhHI2+/dUbRDQJmQQqiNZd14nBS4kCTgWbFXuJZjGhYzJkXUMlCZn20nnyGT43ygAHkTJPAp6rvzdSEmo9DX0zmeXUy14m/ud1EwhqXsplnACTdHEoSASGCGc14AFXjIKYGkKo4iYrpiOiCAVTVtGU4C5/eZW0qhX3unJ1f1mq1/I6CugUnaEyctENqqM71EBNRNEEPaNX9Gal1ov1bn0sRtesfOcE/YH1+QM1p5Nc</latexit>

R(2)

<latexit sha1_base64="PdRIvI1PbjZkhK8dVzZKRh6lIDA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxKfXRbcuKxiH9DGMplO26GTSZi5KZSQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98zxI8E1OM63tbK6tr6xWdgqbu/s7u3bB4dNHcaKsgYNRajaPtFMcMkawEGwdqQYCXzBWv74NvNbE6Y0D+UjTCPmBWQo+YBTAkbq2XY3IDACSB7Sp6R8cZb27JJTcWbAy8TNSQnlqPfsr24/pHHAJFBBtO64TgReQhRwKlha7MaaRYSOyZB1DJUkYNpLZslTfGqUPh6EyjwJeKb+3khIoPU08M1kllMvepn4n9eJYVD1Ei6jGJik80ODWGAIcVYD7nPFKIipIYQqbrJiOiKKUDBlFU0J7uKXl0nzvOJeV67uL0u1al5HAR2jE1RGLrpBNXSH6qiBKJqgZ/SK3qzEerHerY/56IqV7xyhP7A+fwA3LZNd</latexit>

R(3)

<latexit sha1_base64="dXWmJCcKVdHcEB6NJAKifaF1Uu8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxKp2mXBjcsq9gFtLJPppB06mYSZm0IJ/RM3LhRx65+482+ctFlo64GBwzn3cs8cPxZcg+N8W2vrG5tb24Wd4u7e/sGhfXTc0lGiKGvSSESq4xPNBJesCRwE68SKkdAXrO2PbzO/PWFK80g+wjRmXkiGkgecEjBS37Z7IYERQPowe0rL1YtZ3y45FWcOvErcnJRQjkbf/uoNIpqETAIVROuu68TgpUQBp4LNir1Es5jQMRmyrqGShEx76Tz5DJ8bZYCDSJknAc/V3xspCbWehr6ZzHLqZS8T//O6CQQ1L+UyToBJujgUJAJDhLMa8IArRkFMDSFUcZMV0xFRhIIpq2hKcJe/vEpalxX3unJ1Xy3Va3kdBXSKzlAZuegG1dEdaqAmomiCntErerNS68V6tz4Wo2tWvnOC/sD6/AE4s5Ne</latexit>

R(4)

<latexit sha1_base64="Hf0+2q+jujepgI47oQCLNgL1hIo=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHihswYVJYkblyikUcCI+mUAg2dR9o7GjLOp7hxoTFu/RJ3/o0dmIWCJ2lycs69uafHDQVXYFnfRm5ldW19I79Z2Nre2d0zi/stFUSSsiYNRCA7LlFMcJ81gYNgnVAy4rmCtd3JVeq3H5hUPPDvYBoyxyMjnw85JaClvlnseQTGAPHtSXIfl6unSd8sWRVrBrxM7IyUUIZG3/zqDQIaecwHKohSXdsKwYmJBE4FSwq9SLGQ0AkZsa6mPvGYcuJZ9AQfa2WAh4HUzwc8U39vxMRTauq5ejINqha9VPzP60YwrDkx98MImE/nh4aRwBDgtAc84JJREFNNCJVcZ8V0TCShoNsq6BLsxS8vk9ZZxb6onN9US/VaVkceHaIjVEY2ukR1dI0aqIkoekTP6BW9GU/Gi/FufMxHc0a2c4D+wPj8AZ28k48=</latexit>

R0
(4)

<latexit sha1_base64="h9ra+dBxxnF6YI45U7T3hcAw8nk=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHihsz4ZEnixiUaeSQwkk7pQEPnkfaOhozzKW5caIxbv8Sdf2MHWCh4kiYn59ybe3rcSHAFlvVt5JaWV1bX8uuFjc2t7R2zuNtUYSwpa9BQhLLtEsUED1gDOAjWjiQjvitYyx1dZX7rgUnFw+AOxhFzfDIIuMcpAS31zGLXJzAESG6P0vukfHqc9sySVbEmwIvEnpESmqHeM7+6/ZDGPguACqJUx7YicBIigVPB0kI3ViwidEQGrKNpQHymnGQSPcWHWuljL5T6BYAn6u+NhPhKjX1XT2ZB1byXif95nRi8qpPwIIqBBXR6yIsFhhBnPeA+l4yCGGtCqOQ6K6ZDIgkF3VZBl2DPf3mRNE8q9kXl/OasVKvO6sijfXSAyshGl6iGrlEdNRBFj+gZvaI348l4Md6Nj+lozpjt7KE/MD5/AJw2k44=</latexit>

R0
(3)

<latexit sha1_base64="LLaGgdlZh+VckDUPmq28EhnzC4g=">AAAB+nicbVDJTsMwFHRYS9lSOHKxqBDlUiWIpcdKXDgWRBepDZXjOq1VZ5H9AqpCPoULBxDiypdw429w2hygZSRLo5n39MbjRoIrsKxvY2l5ZXVtvbBR3Nza3tk1S3stFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3xVea3H5hUPAzuYBIxxyfDgHucEtBS3yz1fAIjgOT2OL1PKvZJ2jfLVtWaAi8SOydllKPRN796g5DGPguACqJU17YicBIigVPB0mIvViwidEyGrKtpQHymnGQaPcVHWhlgL5T6BYCn6u+NhPhKTXxXT2ZB1byXif953Ri8mpPwIIqBBXR2yIsFhhBnPeABl4yCmGhCqOQ6K6YjIgkF3VZRl2DPf3mRtE6r9kX1/OasXK/ldRTQATpEFWSjS1RH16iBmoiiR/SMXtGb8WS8GO/Gx2x0ych39tEfGJ8/mSqTjA==</latexit>

R0
(1)

<latexit sha1_base64="hlBT+HuEmsDSNyb+Grt6iDuAUxA=">AAAB+nicbVDLTgIxFO3gC/E16NJNIzHihswQHyxJ3LhEI48ERtIpBRo6j7R3NGScT3HjQmPc+iXu/Bs7MAsFT9Lk5Jx7c0+PGwquwLK+jdzK6tr6Rn6zsLW9s7tnFvdbKogkZU0aiEB2XKKY4D5rAgfBOqFkxHMFa7uTq9RvPzCpeODfwTRkjkdGPh9ySkBLfbPY8wiMAeLbk+Q+LldPk75ZsirWDHiZ2BkpoQyNvvnVGwQ08pgPVBClurYVghMTCZwKlhR6kWIhoRMyYl1NfeIx5cSz6Ak+1soADwOpnw94pv7eiImn1NRz9WQaVC16qfif141gWHNi7ocRMJ/ODw0jgSHAaQ94wCWjIKaaECq5zorpmEhCQbdV0CXYi19eJq1qxb6onN+cleq1rI48OkRHqIxsdInq6Bo1UBNR9Iie0St6M56MF+Pd+JiP5oxs5wD9gfH5A5qwk40=</latexit>

R0
(2)

<latexit sha1_base64="PkmBNS8ehefwY44i6GGgWgZq76U=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAh1U5Lio8uCGxcuKtgHpLFMppN26CQTZm7EEvIZblwo4tavceffOG2z0NYDFw7n3Mu99/ix4Bps+9taWV1b39gsbBW3d3b39ksHh20tE0VZi0ohVdcnmgkesRZwEKwbK0ZCX7COP76e+p1HpjSX0T1MYuaFZBjxgFMCRnKf+ult9pBWamdZv1S2q/YMeJk4OSmjHM1+6as3kDQJWQRUEK1dx47BS4kCTgXLir1Es5jQMRky19CIhEx76ezkDJ8aZYADqUxFgGfq74mUhFpPQt90hgRGetGbiv95bgJB3Ut5FCfAIjpfFCQCg8TT//GAK0ZBTAwhVHFzK6YjoggFk1LRhOAsvrxM2rWqc1m9uDsvN+p5HAV0jE5QBTnoCjXQDWqiFqJIomf0it4ssF6sd+tj3rpi5TNH6A+szx+1upDc</latexit>

x
(2)
L

<latexit sha1_base64="9PkQKlP+53dxCqQ8JylFxy9C+oA=">AAAB8nicbVDLSsNAFJ34rPVVdelmsAh1U5Lio8uCG5dV7APSWCbTSTt0kgkzN2IJ+Qw3LhRx69e482+ctllo64ELh3Pu5d57/FhwDbb9ba2srq1vbBa2its7u3v7pYPDtpaJoqxFpZCq6xPNBI9YCzgI1o0VI6EvWMcfX0/9ziNTmsvoHiYx80IyjHjAKQEjuU/99C57SCu1s6xfKttVewa8TJyclFGOZr/01RtImoQsAiqI1q5jx+ClRAGngmXFXqJZTOiYDJlraERCpr10dnKGT40ywIFUpiLAM/X3REpCrSehbzpDAiO96E3F/zw3gaDupTyKE2ARnS8KEoFB4un/eMAVoyAmhhCquLkV0xFRhIJJqWhCcBZfXibtWtW5rF7cnpcb9TyOAjpGJ6iCHHSFGugGNVELUSTRM3pFbxZYL9a79TFvXbHymSP0B9bnD778kOI=</latexit>

x
(2)
R

<latexit sha1_base64="ljcCMBN9h3F7+r/KaqkU+ttrY5U=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiQ+uyy4ceGign1AGstkOmmHTiZhZiKWkM9w40IRt36NO//GaZuFth64cDjnXu69x485U9q2v62l5ZXVtfXCRnFza3tnt7S331JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7qe+O1HKhWLxL0ex9QL8UCwgBGsjeQ+9dLb7CGtnJ1kvVLZrtpToEXi5KQMORq90le3H5EkpEITjpVyHTvWXoqlZoTTrNhNFI0xGeEBdQ0VOKTKS6cnZ+jYKH0URNKU0Giq/p5IcajUOPRNZ4j1UM17E/E/z010UPNSJuJEU0Fmi4KEIx2hyf+ozyQlmo8NwUQycysiQywx0SalognBmX95kbROq85l9eLuvFyv5XEU4BCOoAIOXEEdbqABTSAQwTO8wpulrRfr3fqYtS5Z+cwB/IH1+QO3QJDd</latexit>

x
(3)
L

<latexit sha1_base64="bV3/dTP2keavdMnmNL6inbZulvc=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiQ+uyy4cVnFPiCNZTKdtEMnmTAzEUvIZ7hxoYhbv8adf+O0zUJbD1w4nHMv997jx5wpbdvf1tLyyuraemGjuLm1vbNb2ttvKZFIQptEcCE7PlaUs4g2NdOcdmJJcehz2vZH1xO//UilYiK61+OYeiEeRCxgBGsjuU+99C57SCtnJ1mvVLar9hRokTg5KUOORq/01e0LkoQ00oRjpVzHjrWXYqkZ4TQrdhNFY0xGeEBdQyMcUuWl05MzdGyUPgqENBVpNFV/T6Q4VGoc+qYzxHqo5r2J+J/nJjqoeSmL4kTTiMwWBQlHWqDJ/6jPJCWajw3BRDJzKyJDLDHRJqWiCcGZf3mRtE6rzmX14va8XK/lcRTgEI6gAg5cQR1uoAFNICDgGV7hzdLWi/Vufcxal6x85gD+wPr8AcCCkOM=</latexit>

x
(3)
R

<latexit sha1_base64="ljcCMBN9h3F7+r/KaqkU+ttrY5U=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiQ+uyy4ceGign1AGstkOmmHTiZhZiKWkM9w40IRt36NO//GaZuFth64cDjnXu69x485U9q2v62l5ZXVtfXCRnFza3tnt7S331JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7qe+O1HKhWLxL0ex9QL8UCwgBGsjeQ+9dLb7CGtnJ1kvVLZrtpToEXi5KQMORq90le3H5EkpEITjpVyHTvWXoqlZoTTrNhNFI0xGeEBdQ0VOKTKS6cnZ+jYKH0URNKU0Giq/p5IcajUOPRNZ4j1UM17E/E/z010UPNSJuJEU0Fmi4KEIx2hyf+ozyQlmo8NwUQycysiQywx0SalognBmX95kbROq85l9eLuvFyv5XEU4BCOoAIOXEEdbqABTSAQwTO8wpulrRfr3fqYtS5Z+cwB/IH1+QO3QJDd</latexit>

x
(3)
L

<latexit sha1_base64="bV3/dTP2keavdMnmNL6inbZulvc=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBHqpiQ+uyy4cVnFPiCNZTKdtEMnmTAzEUvIZ7hxoYhbv8adf+O0zUJbD1w4nHMv997jx5wpbdvf1tLyyuraemGjuLm1vbNb2ttvKZFIQptEcCE7PlaUs4g2NdOcdmJJcehz2vZH1xO//UilYiK61+OYeiEeRCxgBGsjuU+99C57SCtnJ1mvVLar9hRokTg5KUOORq/01e0LkoQ00oRjpVzHjrWXYqkZ4TQrdhNFY0xGeEBdQyMcUuWl05MzdGyUPgqENBVpNFV/T6Q4VGoc+qYzxHqo5r2J+J/nJjqoeSmL4kTTiMwWBQlHWqDJ/6jPJCWajw3BRDJzKyJDLDHRJqWiCcGZf3mRtE6rzmX14va8XK/lcRTgEI6gAg5cQR1uoAFNICDgGV7hzdLWi/Vufcxal6x85gD+wPr8AcCCkOM=</latexit>

x
(3)
R

<latexit sha1_base64="goAd7uFFLoTCavHI+eKMSxeDEc8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0mkao8FLx48VLAfkMay2W7apZtN2N2IJeRnePGgiFd/jTf/jds2B219MPB4b4aZeX7MmdK2/W2trK6tb2wWtorbO7t7+6WDw7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/PH11O88UqlYJO71JKZeiIeCBYxgbST3qZ/eZg9ppXaW9Utlu2rPgJaJk5My5Gj2S1+9QUSSkApNOFbKdexYeymWmhFOs2IvUTTGZIyH1DVU4JAqL52dnKFTowxQEElTQqOZ+nsixaFSk9A3nSHWI7XoTcX/PDfRQd1LmYgTTQWZLwoSjnSEpv+jAZOUaD4xBBPJzK2IjLDERJuUiiYEZ/HlZdI+rzqX1Yu7WrlRz+MowDGcQAUcuIIG3EATWkAggmd4hTdLWy/Wu/Uxb12x8pkj+APr8we4xpDe</latexit>

x
(4)
L

<latexit sha1_base64="EJ1j0rYgkfYJvPrASq2V+vsBfGI=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0mkao8FLx6r2A9IY9lsN+3STTbsTsQS8jO8eFDEq7/Gm//GbZuDtj4YeLw3w8w8PxZcg21/Wyura+sbm4Wt4vbO7t5+6eCwrWWiKGtRKaTq+kQzwSPWAg6CdWPFSOgL1vHH11O/88iU5jK6h0nMvJAMIx5wSsBI7lM/vcse0krtLOuXynbVngEvEycnZZSj2S999QaSJiGLgAqitevYMXgpUcCpYFmxl2gWEzomQ+YaGpGQaS+dnZzhU6MMcCCVqQjwTP09kZJQ60nom86QwEgvelPxP89NIKh7KY/iBFhE54uCRGCQePo/HnDFKIiJIYQqbm7FdEQUoWBSKpoQnMWXl0n7vOpcVi9ua+VGPY+jgI7RCaogB12hBrpBTdRCFEn0jF7RmwXWi/VufcxbV6x85gj9gfX5A8IIkOQ=</latexit>

x
(4)
R

<latexit sha1_base64="nD1E2T9ekgRAXfNSsKOssqaLFx4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXqvZY8OKxov2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rSeqNJPi3oxj6kd4IFjICDZWat49pGfepFcsuWV3BrRMvIyUIEO9V/zq9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7aezayfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dJTFj1UybixFBB5ovChCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUMGG4C2+vEya52XvsnxxWynVqlkceTiCYzgFD66gBjdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDAQqOvQ==</latexit>

S�1

<latexit sha1_base64="nJjxFCRc577dZqAE1EruN0S0IYY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaND44kXjxClEcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/b5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1Y8SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77p8Vb8sVStZHHk4gVM4Bw9uoAp3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8Aa5jjNc=</latexit>

S

<latexit sha1_base64="S24spvjD3xIhb/ycHOyyDgVi7m4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBaxXkoiVXssePHgoYL9gDaWzXbTLt1swu5GLCF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMizpS27W8rt7K6tr6R3yxsbe/s7hX3D1oqjCWhTRLyUHY8rChngjY105x2Iklx4HHa9sbXU7/9SKViobjXk4i6AR4K5jOCtZF6T/3kNn1ITsvVs7RfLNkVewa0TJyMlCBDo1/86g1CEgdUaMKxUl3HjrSbYKkZ4TQt9GJFI0zGeEi7hgocUOUms5tTdGKUAfJDaUpoNFN/TyQ4UGoSeKYzwHqkFr2p+J/XjbVfcxMmolhTQeaL/JgjHaJpAGjAJCWaTwzBRDJzKyIjLDHRJqaCCcFZfHmZtM4rzmXl4q5aqteyOPJwBMdQBgeuoA430IAmEIjgGV7hzYqtF+vd+pi35qxs5hD+wPr8ARx5kQ8=</latexit>

x
0(4)
L

<latexit sha1_base64="QJ9lGYyREGncz+gn3OLj8KCm7Kk=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmLEC2kNKkcSLx7RyEcClWyXLWzYbpvdrZE0/RtePGiMV/+MN/+NC/Sg4EsmeXlvJjPzvIgzpW3728qtrK6tb+Q3C1vbO7t7xf2DlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98fXUbz9SqVgo7vUkom6Ah4L5jGBtpN5TP7lLH5LTcvUs7RdLdsWeAS0TJyMlyNDoF796g5DEARWacKxU17Ej7SZYakY4TQu9WNEIkzEe0q6hAgdUucns5hSdGGWA/FCaEhrN1N8TCQ6UmgSe6QywHqlFbyr+53Vj7dfchIko1lSQ+SI/5kiHaBoAGjBJieYTQzCRzNyKyAhLTLSJqWBCcBZfXiat84pzWbm4rZbqtSyOPBzBMZTBgSuoww00oAkEIniGV3izYuvFerc+5q05K5s5hD+wPn8AJcGRFQ==</latexit>

x
0(4)
R

<latexit sha1_base64="5I+SdwcsLR4aUX1hC/AuU3z+WNg=">AAAB83icbVC7TsNAEFyHVwivACXNiQgRmsjmmTISDQVFkMhDSkx0vpyTU85n6+6MiCz/Bg0FCNHyM3T8DZfEBSSMtNJoZle7O17EmdK2/W3llpZXVtfy64WNza3tneLuXlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3uh64rceqVQsFPd6HFE3wAPBfEawNlL3qZfcpg/JcfnsJO0VS3bFngItEicjJchQ7xW/uv2QxAEVmnCsVMexI+0mWGpGOE0L3VjRCJMRHtCOoQIHVLnJ9OYUHRmlj/xQmhIaTdXfEwkOlBoHnukMsB6qeW8i/ud1Yu1X3YSJKNZUkNkiP+ZIh2gSAOozSYnmY0MwkczcisgQS0y0ialgQnDmX14kzdOKc1m5uDsv1apZHHk4gEMogwNXUIMbqEMDCETwDK/wZsXWi/Vufcxac1Y2sw9/YH3+ABrzkQ4=</latexit>

x
0(3)
L

<latexit sha1_base64="B0+NoFlKSNFlS3qpnEHHIC90MOA=">AAAB83icbVDLTsJAFL3FF+ILdelmIjHihrQ+WZK4cYlGHglUMh2mMGE6bWamRtL0N9y40Bi3/ow7/8YBulDwJDc5Oefe3HuPF3GmtG1/W7ml5ZXVtfx6YWNza3unuLvXVGEsCW2QkIey7WFFORO0oZnmtB1JigOP05Y3up74rUcqFQvFvR5H1A3wQDCfEayN1H3qJXfpQ3JcPjtJe8WSXbGnQIvEyUgJMtR7xa9uPyRxQIUmHCvVcexIuwmWmhFO00I3VjTCZIQHtGOowAFVbjK9OUVHRukjP5SmhEZT9fdEggOlxoFnOgOsh2rem4j/eZ1Y+1U3YSKKNRVktsiPOdIhmgSA+kxSovnYEEwkM7ciMsQSE21iKpgQnPmXF0nztOJcVi5uz0u1ahZHHg7gEMrgwBXU4Abq0AACETzDK7xZsfVivVsfs9aclc3swx9Ynz8kO5EU</latexit>

x
0(3)
R

<latexit sha1_base64="5I+SdwcsLR4aUX1hC/AuU3z+WNg=">AAAB83icbVC7TsNAEFyHVwivACXNiQgRmsjmmTISDQVFkMhDSkx0vpyTU85n6+6MiCz/Bg0FCNHyM3T8DZfEBSSMtNJoZle7O17EmdK2/W3llpZXVtfy64WNza3tneLuXlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3uh64rceqVQsFPd6HFE3wAPBfEawNlL3qZfcpg/JcfnsJO0VS3bFngItEicjJchQ7xW/uv2QxAEVmnCsVMexI+0mWGpGOE0L3VjRCJMRHtCOoQIHVLnJ9OYUHRmlj/xQmhIaTdXfEwkOlBoHnukMsB6qeW8i/ud1Yu1X3YSJKNZUkNkiP+ZIh2gSAOozSYnmY0MwkczcisgQS0y0ialgQnDmX14kzdOKc1m5uDsv1apZHHk4gEMogwNXUIMbqEMDCETwDK/wZsXWi/Vufcxac1Y2sw9/YH3+ABrzkQ4=</latexit>

x
0(3)
L

<latexit sha1_base64="B0+NoFlKSNFlS3qpnEHHIC90MOA=">AAAB83icbVDLTsJAFL3FF+ILdelmIjHihrQ+WZK4cYlGHglUMh2mMGE6bWamRtL0N9y40Bi3/ow7/8YBulDwJDc5Oefe3HuPF3GmtG1/W7ml5ZXVtfx6YWNza3unuLvXVGEsCW2QkIey7WFFORO0oZnmtB1JigOP05Y3up74rUcqFQvFvR5H1A3wQDCfEayN1H3qJXfpQ3JcPjtJe8WSXbGnQIvEyUgJMtR7xa9uPyRxQIUmHCvVcexIuwmWmhFO00I3VjTCZIQHtGOowAFVbjK9OUVHRukjP5SmhEZT9fdEggOlxoFnOgOsh2rem4j/eZ1Y+1U3YSKKNRVktsiPOdIhmgSA+kxSovnYEEwkM7ciMsQSE21iKpgQnPmXF0nztOJcVi5uz0u1ahZHHg7gEMrgwBXU4Abq0AACETzDK7xZsfVivVsfs9aclc3swx9Ynz8kO5EU</latexit>

x
0(3)
R

<latexit sha1_base64="ZyhKppOiow1Vg0aANxkFYZNISTw=">AAAB83icbVDLSsNAFL2pr1pfVZduBotYNyUpProsuHHhooJ9QBvLZDpph04mYWYilpDfcONCEbf+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ipMJaENknIQ9nxsKKcCdrUTHPaiSTFgcdp2xtfT/32I5WKheJeTyLqBngomM8I1kbqPfWT2/QhOS1Xz9J+sWRX7BnQMnEyUoIMjX7xqzcISRxQoQnHSnUdO9JugqVmhNO00IsVjTAZ4yHtGipwQJWbzG5O0YlRBsgPpSmh0Uz9PZHgQKlJ4JnOAOuRWvSm4n9eN9Z+zU2YiGJNBZkv8mOOdIimAaABk5RoPjEEE8nMrYiMsMREm5gKJgRn8eVl0qpWnMvKxd15qV7L4sjDERxDGRy4gjrcQAOaQCCCZ3iFNyu2Xqx362PemrOymUP4A+vzBxltkQ0=</latexit>

x
0(2)
L

<latexit sha1_base64="uwhr81pKGzEbJwVX88U5dEu5k0k=">AAAB83icbVDLTsJAFL3FF+ILdelmIjHihrTEB0sSNy7RyCOBSqbDFCZMp83M1Eia/oYbFxrj1p9x5984QBcKnuQmJ+fcm3vv8SLOlLbtbyu3srq2vpHfLGxt7+zuFfcPWiqMJaFNEvJQdjysKGeCNjXTnHYiSXHgcdr2xtdTv/1IpWKhuNeTiLoBHgrmM4K1kXpP/eQufUhOy9WztF8s2RV7BrRMnIyUIEOjX/zqDUISB1RowrFSXceOtJtgqRnhNC30YkUjTMZ4SLuGChxQ5Sazm1N0YpQB8kNpSmg0U39PJDhQahJ4pjPAeqQWvan4n9eNtV9zEyaiWFNB5ov8mCMdomkAaMAkJZpPDMFEMnMrIiMsMdEmpoIJwVl8eZm0qhXnsnJxe16q17I48nAEx1AGB66gDjfQgCYQiOAZXuHNiq0X6936mLfmrGzmEP7A+vwBIrWREw==</latexit>

x
0(2)
R

<latexit sha1_base64="zlV3u2g67iTRGVEaBHl3o4Qez+E=">AAAB83icbVDLSsNAFL2pr1pfVZduBotYNyUpProsuHHhooJ9QBvLZDpph04mYWYilpDfcONCEbf+jDv/xmmbhbYeuHA4517uvceLOFPatr+t3Mrq2vpGfrOwtb2zu1fcP2ipMJaENknIQ9nxsKKcCdrUTHPaiSTFgcdp2xtfT/32I5WKheJeTyLqBngomM8I1kbqPfWT2/QhOS07Z2m/WLIr9gxomTgZKUGGRr/41RuEJA6o0IRjpbqOHWk3wVIzwmla6MWKRpiM8ZB2DRU4oMpNZjen6MQoA+SH0pTQaKb+nkhwoNQk8ExngPVILXpT8T+vG2u/5iZMRLGmgswX+TFHOkTTANCASUo0nxiCiWTmVkRGWGKiTUwFE4Kz+PIyaVUrzmXl4u68VK9lceThCI6hDA5cQR1uoAFNIBDBM7zCmxVbL9a79TFvzVnZzCH8gfX5AxfnkQw=</latexit>

x
0(1)
L
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S
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S

<latexit sha1_base64="nJjxFCRc577dZqAE1EruN0S0IYY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaND44kXjxClEcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/b5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1Y8SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77p8Vb8sVStZHHk4gVM4Bw9uoAp3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8Aa5jjNc=</latexit>
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<latexit sha1_base64="nD1E2T9ekgRAXfNSsKOssqaLFx4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXqvZY8OKxov2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rSeqNJPi3oxj6kd4IFjICDZWat49pGfepFcsuWV3BrRMvIyUIEO9V/zq9iVJIioM4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWChxR7aezayfoxCp9FEplSxg0U39PpDjSehwFtjPCZqgXvan4n9dJTFj1UybixFBB5ovChCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUMGG4C2+vEya52XvsnxxWynVqlkceTiCYzgFD66gBjdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDAQqOvQ==</latexit>
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Fig. 6. The 4+4 rounds key recovery attack of SCARF.

Preparation phase. Based on Lemma 2 and Corollary 1, if we know the input
and output of G (up to some guessed keys), we can construct the linear system
of equations with the key bits involved as the variables. For the 4 + 4 rounds

of SCARF, we first choose the G of R′(3) round as the target. When x
(3)
L = 0 and

x
(3)
R ̸= 0 are known, we can know the value of x

(4)
L as well as x′(4)

L
8. Selecting the

value of (x
(3)
L , x

(3)
R ) = (0, a) where a ∈ F10

2 involves creating a set of precomputed
values that help in predicting the intermediate states via encryption for the input

8 Note that our attack is on the first 4 rounds of EK,T , so k
(4)
6 = k′(4)

6 according to
the tweakey schedule. If we attack the last 4 rounds of EK,T , we need to guess 6 bits

more for k
(4)
6 ⊕ k′(4)

6 to obtain x′(4)
L .



and decryption for the output. Concretely, we construct the full codebook of the
plaintext pairs (P1, P2) ∈ F10

2 × F10
2 such that E−1

K,T ′ ◦ EK,T (P1) = P2, or more

compactly, ẼK,T,T ′(P1) = P2. Note that, given that each pair of (P1, P2) is
uniquely determined, we will have the full codebook of size 210.

Assume that we have guessed a value for K(1), for any (x
(3)
L , x

(3)
R ), we are able

to decrypt it to obtain (x
(2)
L , x

(2)
R ) and (x

(1)
L , x

(1)
R ) = P1 using the sub-tweakeys

derived from K(1). Then, we can obtain the P2 corresponding to the P1 from the
pre-computed table. Finally, we can encrypt P2 using the sub-tweakeys again to

obtain (x′(3)
L , x′(3)

R ) (see Figure 6). Using this technique, as long as we start from

(x
(3)
L , x

(3)
R ) and guess a K(1), we can peel off the outer two rounds and focus on

the inner 2 + 2 rounds.

Key recovery phase. Now we introduce the 4 + 4 rounds key recovery attack on
ẼK,T,T ′(P1) = P2 in the single-tweak setting. Note that in Step 4 and Step 5,
the filters used are labeled as Filter 1 and Filter 2 in Figure 6, respectively.

1. Let (x
(3)
L , x

(3)
R ) = (0, a) where a ∈ F5

2. For each K(1) ∈ F60
2 and (x

(3)
L , x

(3)
R )

guess, we compute the corresponding (x
′(3)
L , x

′(3)
R ).

2. Encrypt and decrypt (x
(3)
L , x

(3)
R ) forward by 2 + 1 rounds, i.e., the third and

fourth round of ET , denoted by R(3) and R(4), and the fourth round of E−1
T ′ ,

denoted by R′(4). The left input of R′(4), i.e., x′(4)
L , can be obtained as follows:

(a) As x
(3)
L = 0, we must have x

(4)
L = x

(3)
R .

(b) The left output of R(4) is then S(x
(3)
R ) ⊕ k

(4)
6 and the left output of the

Sbox of R′(4) is S(x(3)
R )⊕δ where δ = k

(4)
6 ⊕k

′(4)
6 . Given that T, T ′,K(1) are

known, we know that δ = k
(4)
6 ⊕ k

′(4)
6 =

∑
(SL(T ⊕K(1)))⊕∑(SL(T ′⊕

K(1))) 9.

(c) At the output of R′(3), we get x
′(4)
L = S−1(S(x

(3)
R )⊕ δ).

(d) Lastly, since we have the value for x
′(3)
R , the output of G in R′(3) is

x
′(3)
R ⊕ S−1(S(x

(3)
R )⊕ δ).

3. At this point, we have obtained all the inputs and outputs for G for R′(3)

except for the 25 bits sub-tweakey. When x
′(3)
L is non-zero, 5 out of the

25-bit sub-tweakey information (i.e., k
′(3)
i ∀ i ∈ {1, ..., 5}) can be obtained

according to Lemma 2. Naturally, as stated in Corollary 1, if we add more
of such equations, we can retrieve the full 25-bit sub-tweakey.

4. When we have the right key guess of K(1), the system must be consistent and
when we have the wrong key guess, the linear system will be inconsistent
with a high probability. As discussed in Section 3.2, the probability of a
random linear system being consistent is bounded by

Pr[C] ≤ 2−E(e) ≤ 2−
∑n

p=1[(m−p)·(
∏p

i=1(1−2i−1−m)2(p−m)×(n−p))].

9 This scenario assumes that we are attacking the first 4 rounds of SCARF, where δ is
known. However, we also acknowledge that if the attack is to be applied to round 5
to 8 instead, then δ will not be known due to the structure of the key schedule and
would have to be guessed, adding an additional 25 time complexity to this step.



For instance, when m = 16 (i.e., we construct 16 equations on the 5 bit sub-

tweakey of k
′(3)
i ∀ i ∈ {1, ..., 5} by choosing 16 different (x

(3)
L , x

(3)
R ) states),

and n = 5, we have
Pr[C] ≤ 2−10.998.

Note that in total, we have 5 different system of linear equations, each rep-
resented by a constraint in Equation (2). Hence, the capability of the filter

on R′(3) is bounded by

Pr[C] ≤ 2−5·E(e) ≤ 2−5×10.998 = 2−54.99.

This means that after this filtering step, only 260−54.99 = 25.01 K(1) guesses
will survive.

5. Now, we will shift our attention to find the sub-tweakeys related to R′(4). We

will first guess k
(3)
6 ∈ F5

2. Together with the remaining keys from the previous
step, we now have 210.01 key candidates. Since K(1) is known (guessed), we

will be able to obtain a corresponding guess for k′(3)6 once we have a guess

for k
(3)
6 . First, we choose a pair of (x

(3)
L , x

(3)
R ) such that G(x

(3)
L ) = x

(3)
R

10.
This ensures that the input value to G in R(4) will be zero. XORing it with

S−1(x
′(3)
L ⊕k

′(3)
6 ), we can obtain the output value of G in R′(4). Next, we also

observe that the input to R′(4) can be computed using G(x
′(3)
L , k′(3))⊕ x

′(3)
R .

Using a similar technique in Step 4, we can select 16 pairs of (x
(3)
L , x

(3)
R )

to construct another filter with filtering capability of 2−54.99. As we only
have 210.01 key candidates left, the probability that a wrong key that passes
the filter is 2−44.98. After completing the above steps, we should be able to
recover a total of 90 bits of key information:
– 60 bits of K(1)

– 5 bits of k
(3)
6

– 5 bits of k
′(4)
i ∀ i ∈ {1, ..., 5}

6. The remaining 30 bits of key information can be exhaustively searched.

Complexity analysis. The MitM-based key recovery attack on 4+4 rounds
of SCARF will recover 60 bits of K(1) and 60 bits of K(2). The data complexity
is pretty straightforward; we need the full codebook, i.e. 210 pairs of (P1, P2).
As for the time complexity, we have to first discuss about the relative cost of
checking the consistency of a linear system compared to a SCARF round function.
According to [7, Proposition 1], Gaussian Elimination over F2 requires

m · n2 + n2 − n

operations. For m = 16 and n = 5, the total number of bitwise operations
required is 420. On the other hand, in the SCARF round function, the current data
of left branch going through G function requires 6 AND and 5 XOR operations
acting on 5-bit data, and then is XORed with the right branch. Thus to calculate

10 We can always find such a pair as we have the entire codebook of (x
(3)
L , x

(3)
R ).



the newer right branch, it requires 5 × 6 × 2 = 60 bit operations. While for
calculating the newer left branch, the current data of left branch first XORs
with a sub-tweakey and then goes through S. As S contains 4 OR, 2 AND
and 1 XOR bit operations (as the NOT gates are much cheaper in terms of
latency, we do not consider them here), finally, one SCARF round needs in total
60+5× (1+4+2+1) = 100 bit operations. Therefore, we approximate the cost
of checking the consistency of a linear system with 16 equations and 5 variables
to be 4.2 SCARF encryption rounds.

The time complexity is composed of the following four parts,

1. Generating the full codebook will require 210×2 4-round SCARF encryptions.
2. For the first filter, we have to check for each of the 260 keys of K(1). First, we

have to obtain the inputs and outputs of G in R′(3). This costs two sboxes and
three 5-bit XOR operations which is less than 2 SCARF encryption rounds.
Next, there are actually 5 sub-filters (corresponding to the 5 different linear
system). We will only check if a key passes the second sub-filter if it passes
the first one. Thus the cost is about

(2+4.2)× (260+260−10.99+260−10.99×2+260−10.99×3+260−10.99×4) ≈ 262.63

SCARF rounds or 260.63 4-round SCARF encryption.
3. At this point, we are expecting about 25.01 keys that pass the filter. For filter

2, we will need to guess k
(3)
6 , and check for each of the remaining keys:

4.2× (25.01 × 25)

4. The time complexity of the final exhaustive search of the remaining 30 key
bits is 230.

In total, we can see that the majority of the time is spent on the first filter.
We approximate the time complexity to be about the same as performing 260.63

4-round SCARF encryptions 11.

Experimental verification. We have conducted experiments on our key-recovery
attacks to validate the effectiveness of our attack; the source code is available at
https://gitfront.io/r/user-9335734/nRTZjZpB2EPd/SCARF. The main steps
in the attack, that is, steps 1 to 4 of the key recovery phase, have been experi-
mentally verified. To ensure that the experiments are computationally feasible,
we only attempted to recover the eight least significant bits of K(1), and the
remaining 52 bits are assumed to be known.

Experiment Analysis. According to the discussion in step 4 of the key re-
covery phase, the theoretical probability of Pr[C] ≤ 2−10.998 when m = 16.
Therefore, on average, a wrong key will survive in a single trial with a proba-
bility of at most (28 − 1) × 2−10.998 ≈ 0.125. Thus, the theoretical probability

11 In the case where we are attacking from round 5 to 8, then 265.63 4-round SCARF

encryptions will be required.

https://gitfront.io/r/user-9335734/nRTZjZpB2EPd/SCARF


of successfully recovering the correct key is at least 0.875. In our experiment,
using 10,000 trials, we succeeded in recovering the keys with a probability of
about 89.3%. The results show our experimental results basically agree with the
theoretical analysis.

3.4 Key-recovery Attack under Security Requirement 1

Our attack actually works under the Security Requirement 1 with some rela-
tively cheap online precomputations. Recall that our attack requires the whole
codebook for ẼT1,T2 , i.e., given all P ∈ F10

2 , we need to know C = ẼT1,T2(P ).
According to Security Requirement 1, we can know ET1(P1) = ET2(P2) when it
occurs. Thus, we can construct the codebook as follows,

1. Initialize a table T ;
2. Choose any T1, T2;
3. For each (P1, P2) ∈ F10

2 × F10
2 , ask the oracle to see if ET1(P1) = ET2(P2)

occurs;
4. If a collision occurs, set T [P1] = P2.

The table T is then the codebook. The precomputation costs 221 SCARF encryp-
tions, and thus it is negligible compared to our main attack.

4 Conclusion

In this paper, we give a key-recovery attack on 4+4 rounds of SCARF under the
single tweak setting. Our attack shows that an MitM attack can recover 120 key
bits with 260.63 SCARF encryptions. Under the single-tweak setting, our attack
works for both Security Requirements 1 and 2 that are given by the designers.
We believe our attack is crucial for a deeper understanding for designing ciphers
that are unconventional like SCARF.

Acknowledgements. Firstly, we would like to express our sincere thanks to
the organizers of ASK 2023, the 10th Asian Workshop on Symmetric Key Cryp-
tography, where this collaboration was initiated. We also appreciate the valuable
contributions of Mohamed Rachidi and Zhang Jianing, who actively participated
in discussions during ASK 2023 but chose not to continue thereafter. Finally, we
extend our gratitude to Yosuke Todo, whose insights helped us realize that we
could extend our attack to work under Security Requirement 1 (see Section 3.4).

References

1. E. Biham, A. Biryukov, and A. Shamir. Cryptanalysis of skipjack reduced to 31
rounds using impossible differentials. In J. Stern, editor, Advances in Cryptology
- EUROCRYPT ’99, International Conference on the Theory and Application of
Cryptographic Techniques, Prague, Czech Republic, May 2-6, 1999, Proceeding,
volume 1592 of Lecture Notes in Computer Science, pages 12–23. Springer, 1999.



2. E. Biham and A. Shamir. Differential cryptanalysis of des-like cryptosystems.
In A. Menezes and S. A. Vanstone, editors, Advances in Cryptology - CRYPTO
’90, 10th Annual International Cryptology Conference, Santa Barbara, California,
USA, August 11-15, 1990, Proceedings, volume 537 of Lecture Notes in Computer
Science, pages 2–21. Springer, 1990.
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