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Abstract—Emerging non-volatile memory (NVM) technologies
with computation capabilities can be effectively leveraged for
computing tasks on resource-constrained Internet of Things (IoT)
nodes. Redox-based Resistive RAM (ReRAM) is a promising
NVM technology due to its high density, low leakage power
and ability to perform functionally complete set of Boolean
operations. The secure transmission of IoT sensory data is of
paramount importance to guard confidentiality and authentic-
ity. However, encryption and authentication requires additional
computing resources leading to significant performance overhead.
An alternative approach, as explored in this current manuscript,
is to use the in-memory computing capability of ReRAM.
In particular, we study ReRAM based in-memory computing
architecture for round function of cryptographic hash algorithm
known as SHA-3 or Keccak. Our carefully done mapping
reveals a bit/word-serial architecture for SHA-3. In that respect,
the estimated throughput for ReRAM-based implementation is
comparable to a highly optimized, bit-serial, lightweight CMOS
realization.

Index Terms—ReRAM, In-memory computing, SHA-3, Keccak

I. INTRODUCTION

In-Memory Computing (IMC) architectures have gained seri-
ous research attention in recent times, thanks to their unique
features like, high degree of parallelism, minimal data move-
ment and often the availability of dual operational modes of
storage and computing. This trend indeed offers a significant
leap from Von Neumann computing. Further motivation to
explore such IMC architectures happen due to the promise
of massive energy-efficiency gain [1], native realization of
neural network architectures [2], multi-state storage and cor-
responding modular arithmetic realization [3] and intuitive,
low-overhead general-purpose, programmable IMC architec-
tures [4], [5]. Such realizations also receive strong support
from the synthesis and design automation research commu-
nity [6], [7].

However, despite such wide range of studies, there has
been little work in exploring the mapping of applications
that undoubtedly stand to benefit from IMC. Take security-
oriented applications for example. So far, only the mapping of
a lightweight block cipher has been reported for PLiM [4]. In
contrast, due to the rise of ubiquitous sensing and computing,
lightweight cryptographic primitives are being developed on
regular basis with exciting new research on their ultra-light
implementations [8], [9]. This forms the core motivation of
this paper.

We take a particular look into the authentication primitives
that are standardized in form of Secure Hash Algorithm (SHA)
functions. The mapping of standard arithmetic and numerical
linear algebra circuits on IMC have been explored in recent
past. In that context, it is trivial to follow that for ReRAM
based IMC, the delay of realizing N-bit adders will limit
the performance of adder-based cryptographic primitives like
SHA-1 and SHA-2. Keccak or SHA-3, on the other hand,
is based on sponge construction family with ABSORB and
SQUEEZE phases. The basic block of Keccak, Keccak-f , the
round function, consists of four states. The basic operations on
these states are XORing, rotation and permutation which can
be effectively realized using ReRAMs, as we will be explain-
ing later in this manuscript. We use ReRAM based VLIW
Architecture for in-Memory comPuting (ReVAMP) [5] for
realizing the SHA-3 primitive round function. The ReVAMP
architecture allows harnessing bit-level parallelism while at the
same time having a low memory footprint.

II. PRELIMINARIES

In this section, we present an in-depth description of the
ReVAMP in-memory computing architecture, followed by a
brief introduction to the SHA-3 algorithm.

A. ReVAMP architecture for In-Memory Computing

In this subsection, we present a brief description of the
ReVAMP, introduced in [5]. The architecture, presented in
Figure 1, utilizes two ReRAM crossbar memories with light
weight peripheral circuitry. A ReRAM crossbar memory con-
sists of multiple 1S1R ReRAM devices [10], arranged in
the form of a crossbar [11]. A V/2 scheme is used for
programming the ReRAM array. Unselected lines are kept to
ground. In a readout phase, the presence of a 5 µA current is
considered as logic 1 while absence of current is interpreted
as logic 0. Like conventional RAM arrays, ReRAM memories
are accessed as wD-bit wide words.

One of the memory arrays is used as instruction mem-
ory (IM). The IM is used as regular memory, with the
program counter (PC) being used to access the next instruction.
The other array is used as data storage and computation
memory (DCM). In the DCM, in-memory computation using
ReRAM devices takes place.

Each ReRAM device has two input terminals, namely the
wordline wl and bitline bl. The internal resistive state Z of the
ReRAM acts as a third input and stored bit. The next state of
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Fig. 1: ReVAMP architecture [5]

the device Zn can be expressed as Boolean majority function
with three inputs, with the bitline input inverted, as shown in
following equation.

Zn =M3(Z,wl, bl)

This forms the fundamental logic operation that can be realized
using ReRAM devices. Using the intrinsic function Zn, inver-
sion operation can be realized. Since majority and inversion
operation form a functionally complete set, any Boolean
function can be realized using the Zn.

Read wl

Apply wl s ws wb (v valwD−1) . . . (v val0)

Fig. 2: ReVAMP instruction set

The ReVAMP architecture supports two instructions —
Read and Apply, with the format shown in Fig. 2. The
architecture has a three-stage pipeline with IF, ID and EX
stages.

Read instruction reads a specified word, wl from the DCM
and stores it in the Data Memory Register (DMR). The read
out word, available in the DMR, can be used as input by the
next instruction.

The Apply instruction is used for computation in the DCM.
The address wl specifies the word in the DCM that will be
computed upon. A bit flag s chooses whether the inputs will
be from primary input register (PIR) or DMR. Two-bit flag ws
is used to select the wordline input – 11 selects ‘1’, 10 selects
‘0’, 00 selects wb bit within the chosen data source for use
as wordline input while 01 is an invalid value for ws. Pairs
(v, val) pairs are used to specify individual bitline inputs. Bit
flag v indicates if the input is NOP or a valid input. Similar
to wb, bits val specifies the bit within the chosen data source
for use as bitline input.

A preliminary introduction of the SHA-3 algorithm is
presented in the next subsection. We will use the ReVAMP
instructions for in-memory implmentation of SHA-3.

B. SHA-3 Algorithm

SHA-3 also known as Keccak is based on sponge con-
struction function [12]. Sponge construction function takes
arbitrary length of input and produces the fixed length outputs.

The Keccak algorithm uses the permutation block known as
Keccak-f as its core operation. The Keccak-f block operates
on the fixed number of b bits which is the width of the
permutation or bit state. We can use b = 25, 50, 100, 200,
400, 800 or 1600 for implementing Keccak-f function. In
this paper, we are implementing Keccak-f with default size
b = 1600.

The Keccak-f round function consists of 5-steps with logic
operations and bit-wise permutations. Each message block is
operated upon by 24 rounds. The entries of input and output
of Keccak-f round function are 5 × 5 matrices with each
entry size is 64-bits. Fig. 3 shows the computations involed
in Keccak-f round function. A and RC (round constant) are
inputs. The size of A is 5×5 matrix. The each round function
has 5 steps known as THETA, RHO, PI, CHI and IOTA.
Operators ⊕, ≪, ∧ and a represents the Boolean bit wise
XOR, Rotate, AND and NOT operations. Variables i and j
represents the matrix index and operations on i and j are in
modulo 5. In RHO step, r[i, j] represents the rotation matrix
and A is rotated according to the r matrix values. The RC
is XORed with A in IOTA step and RC is different for each
round. The round and rotation constants are given in [13], [14].

Round[b](A,RC)

THETA Step
C[i] = A[i,0]⊕A[i,1]⊕A[i,2]⊕A[i,3]⊕A[i,4] ∀i in 0. . . 4
D[i] = C[i-1]⊕(C[i+1] ≪ 1) ∀i in 0. . . 4
A[i,j] = A[i,j]⊕D[i] ∀(i,j) in (0. . . 4,0. . . 4)
RHO and PI Step
B[j,2i+3j] = A[i,j]≪ r[i,j] ∀(i,j) in (0. . . 4,0. . . 4)
CHI Step
A[i,j] = B[i,j]⊕((B[i+1,j])∧B[i+2,j])

∀(i,j) in (0. . . 4,0. . . 4)
IOTA Step
A[0,0] = A[0, 0]⊕RC
return A

Fig. 3: Round Function of Keccak-f

Keccak algorithm has absorb and squeeze phases. Initially,
the message is divided into blocks of size r = 1088 bits (for
state size b = 1600 bits). During the absorb phase, message
blocks are XORed with the first r bits of the state (which is



initially zero) and followed by a single permutation Keccak-
f . After complete absorption of whole message, algorithm
switches to squeeze phase. In squeeze phase, the first r bits
are output iteratively (again followed by a single permutation
Keccak-f ). The output is truncated to 256-bit hash value.

In the next section, we present the ReVAMP mapping of
THETA, RHO, PI, CHI and IOTA stages of the Keccak-f
function.

III. SHA-3 IMPLEMENTATION ON THE REVAMP
ARCHITECTURE

In this section, we present the implementation details of SHA-
3 on the ReVAMP architecture. For the implementation, we
assume word length wD to be 64. The DCM can be logically
partitioned into three logical partitions, as shown in Fig. 4. The
SHA-3 state partition, is 25 words long and holds the state of
SHA-3. The computation memory partition is 7 words long
and used for intermediate computations such as 5-input XOR,
shift operations, etc. The Unshifted XOR (UX) partition holds
two inverted copies of results of the 5-input XOR operations
performed in Theta and is 10 word long. This partition is also
used during CHI. We represent ith word as wi and the kth bit
in the word as wk.

SHA-3 state

Computation 
memory 

Unshifted 
XOR (UX)

0

24

33

43

063

Fig. 4: DCM layout
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`1’ 0 0 ... 0

w63 w62 ... w0

w63 w62 w0

w63 w62 w0

w63 w62 ... w0

(a)

(b)

(c)

Fig. 5: Loading a word into
DCM

Loading state into DCM : SHA-3 has a 1600-bit state,
composed of 25 words, each of 64 bit length. The state is
loaded into the SHA-3 state partition of the DCM, one word
at a time. The word wi, available in the PIR, is loaded into
the DCM by using an Apply instruction. This loads the words
in inverted form, as shown in Fig. 5 (a). In the next cycle,
the inverted word is read out using Read instruction, which
stores it in the DMR. Another Apply instruction is used to
load the word in non-inverted form, by selecting writing the
contents of the DMR. The temporary memory location 25 is
reset using an Apply instruction and the process is repeated to
load the next word. A reset operation is equivalent to Apply
instruction with wordline input ‘0’ and all the bitline inputs set

to ‘1’. The sequence of instructions for loading the ith word
is presented below and the corresponding changes in DCM is
shown in Fig. 5.

Apply 25 0 11 1 (1 63) (1 62) ... (1 0)
Read 25
Apply i 1 11 1 (1 63) (1 62) ... (1 0)

Each load operation to load a single word requires 4 instruc-
tions. Therefore, 100 cycles are required to load the entire
SHA-3 state.

A. Computation of THETA

5-input XOR : We first show how a 2-input XOR can be
realized. Let us visualize the steps for 2-bit inputs as shown
in Figure 6. It should be noted that as long as the number of
bits in the inputs is less than or equal to the word length, the
delay incurred would be identical.

Step 1 Step 2 Step 3 Step 4
0 0 ‘1’ 0 0 a1 a0 ‘0’ a1 a0

0 0 0 0 ‘1’ 0 0 a1 a0

‘1’ 0 0 a1 a0 a1 a0 a1 a0

a1 a0 a1 a0 a1 a0 b1 b0

Step 5 Step 6
a1.b1 a0.b0 ‘1’ a1.b1 a0.b0 a1 ⊕ b1 a0 ⊕ b0

‘1’ a1 a0 a1 + b1 a0 + b0 a1 + b1 a0 + b0

a1 a0 a1 a0 a1 a0

b1 b0 a1 + b1 a0 + b0

Fig. 6: 2-input XOR computation
Step 1 : Word a is read out and loaded into the memory in
inverted form.
Step 2 : a is read out and written to the memory using Apply
instruction to store a.
Step 3 : Similar to step 2, another copy of a is created.
Step 4 : The input b is read out and ANDed with
a, by applying ‘0’ as wordline input. This is because
M3(a, 0, b) = a.b.
Step 5 : In this step, the input b is read out and ORed with
a, by applying ‘1’ as wordline input, as M3(a, 1, b) = a+ b.
Step 6 : The result of step 5 is read out and ORed with result
of Step 4 to compute XOR of a and b.

a⊕ b = a.b+ a.b = a.b+ a+ b

Each step involves a Read followed by an Apply instruction,
hence requires 2 cycles to be executed. The computation of
the 5-input XOR is performed in the Computation memory
partition of the DCM. As evident from the steps to compute
XOR of 2-inputs, two copies of one input are required for
computation. In-order to compute XOR of 4-inputs say a, b,
c and d, two copies of a ⊕ b can be computed, followed
by separately computing c ⊕ d. Using the procedure for
computation of 2-input XORs, these intermediate XOR terms
can be XORed to complete computation of the 4-input XOR.
Thereafter, words except the one holding the 4-input XOR
result are reset to 0. A copy of the 4-input XOR result is



created and XORed with the fifth input e using the 2-input
XOR steps. The intermediate states of computation are shown
in Fig. 7

We deduce the number of cycles required to complete the
5-input XOR computation. Two cycles are required to make
an inverted copy of the first input a. Six cycles are required to
make three non-inverted copies of the a. Six cycles are needed
to compute the intermediate terms and four cycles to complete
computation of two copies of a⊕ b. For computation of c⊕d,
twelve cycles are required. Six additional cycles are needed to
compute a⊕b⊕c⊕d. To reset the words except the word with
the result, six cycles are needed. To compute the XOR of e
with intermediate result, ten cycles are required. Three cycles
are required to reset the words in the working memory to allow
computation of the next 5-input XOR to start. Therefore, 55
cycles are required to compute 5-input XOR. We account for
the delay to copy the result of the XOR to other memory
location while performing circular shift with XOR.
Fused circular shift with XOR : From the previous stage,
two copies of 5-input XOR result is read out and written to the
UX partition of the DCM, in inverted form. One more copy of
the result is also written in inverted form. Once the previous
stage terminates, one of the inverted copies is read out and
written in shifted form in Computation memory partition. The
Apply instruction shown below is used to realise the circular
shift operation by 1-position.

Apply i 1 11 1 (1 62) (1 61) ... (1 0) (1 63)

XOR operation of the shifted (si) and non-shifted (ri)
results can be performed.

mi = si ⊕ r(i+1)%5, 0 ≤ i ≤ 4 (1)

The computation of each mi requires six clock cycles To
perform fused circular shift with XOR of the five results from
the previous stage, 30 cycles would be required to complete
loading of the inverted results and shifted non-inverted results,
followed by 30 cycles to compute the five mi terms. Addition-
ally, 5 cycles are needed to reset the Computation memory
partition holding the si terms. Thus, the fused circular shift
with XOR requires 65 cycles in total.
2-input XOR to update word : This stage involves XORing
each word wi in the SHA-3 state with the proper mj terms,
as per the algorithm shown in Fig. 3. We compute XNOR of
wi with proper mj term in the Compute memory partition,
using the operations shown in Fig. 8. Once the XNOR has
been computed, the original location in SHA-3 state partition
where word wi is present, is reset. Then, the newly computed
result is written to that location using Apply instructions,
thereby storing it in non-inverted form. Additionally, two
cycles are needed to reset the Compute memory locations
before updating the next state word begins. Each word update
requires 15 cycles and thereby the entire state update requires
375 cycles.

B. RHO with PI
We merge the RHO stage with PI stage. Let ki denote the
inverted output of RHO stage for SHA-3 state word wi.

Cycle 8 Cycle 14
0 0 a1 a0 a1.b1 a0.b0

0 0 a1 a0 a1.b1 a0.b0

0 0 a1 a0 a1 + b1 a0 + b0

0 0 0 0 0 0
0 0 0 0 0 0
0 0 a1 a0 a1 a0

0 0 0 0 0 0

Cycle 24 Cycle 30 Cycle 32
a1 ⊕ b1 a0 ⊕ b0 a1 ⊕ b1 a0 ⊕ b0 a1 ⊕ b1.(c1 ⊕ d1) a0 ⊕ b0.(c1 ⊕ d1)
a1 ⊕ b1 a0 ⊕ b0 a1 ⊕ b1 a0 ⊕ b0 a1 ⊕ b1 a0 ⊕ b0
a1 + b1 a0 + b0 a1 + b1 a0 + b0 a1 + b1 a0 + b0

c c c1 ⊕ d1 c0 ⊕ d0 c1 ⊕ d1 c0 ⊕ d0
c c c1 + d1 c0 + d0 c1 + d1 c0 + d0

a1 a0 a1 a0 a1 a0

c1 c0 c1 c0 c1 c0
Cycle 34 Cycle 36

a1 ⊕ b1.(c1 ⊕ d1) a0 ⊕ b0.(c1 ⊕ d1) a1 ⊕ b1 ⊕ c1 ⊕ d1 a0 ⊕ b0 ⊕ c0 ⊕ d0
a1 ⊕ b1 + (c1 ⊕ d1) a0 ⊕ b0 + (c1 ⊕ d1) a1 ⊕ b1 + (c1 ⊕ d1) a0 ⊕ b0 + (c1 ⊕ d1)

a1 + b1 a0 + b0 a1 + b1 a0 + b0

c1 ⊕ d1 c0 ⊕ d0 c1 ⊕ d1 c0 ⊕ d0
c1 + d1 c0 + d0 c1 + d1 c0 + d0

a1 a0 a1 a0

c1 c0 c1 c0

Cycle 42 Cycle 46
a1 ⊕ b1 ⊕ c1 ⊕ d1 a0 ⊕ b0 ⊕ c0 ⊕ d0 a1 ⊕ b1 ⊕ c1 ⊕ d1 a0 ⊕ b0 ⊕ c0 ⊕ d0

0 0 a1 ⊕ b1 ⊕ c1 ⊕ d1 a0 ⊕ b0 ⊕ c0 ⊕ d0
0 0 0 0
0 0 0 0
0 0 a1 ⊕ b1 ⊕ c1 ⊕ d1 a0 ⊕ b0 ⊕ c0 ⊕ d0
0 0 0 0
0 0 0 0

Cycle 50 Cycle 52
(a1 ⊕ b1 ⊕ c1 ⊕ d1).e1 (a0 ⊕ b0 ⊕ c0 ⊕ d0).e0 a1 ⊕ b1 ⊕ c1 ⊕ d1 ⊕ e1 a0 ⊕ b0 ⊕ c0 ⊕ d0 ⊕ e0

(a1 ⊕ b1 ⊕ c1 ⊕ d1) + .e1 (a0 ⊕ b0 ⊕ c0 ⊕ d0) + .e0 (a1 ⊕ b1 ⊕ c1 ⊕ d1) + .e1 (a0 ⊕ b0 ⊕ c0 ⊕ d0) + .e0

0 0 0 0
0 0 0 0

a1 ⊕ b1 ⊕ c1 ⊕ d1 a0 ⊕ b0 ⊕ c0 ⊕ d0 a1 ⊕ b1 ⊕ c1 ⊕ d1 a0 ⊕ b0 ⊕ c0 ⊕ d0
0 0 0 0
0 0 0 0

Fig. 7: Intermediate states of computation of 5-input XOR
Step 1 Step 2 Step 3

‘1’ 0 0 a1 a0 ‘0’ a1 a0

0 0 ‘1’ 0 0 ‘1’ a1 a0

a1 a0 a1 a0 b1 b0

Step 4 Step 5
‘1’ a1.b1 a0.b0 ‘1’ a1.b1 a0.b0 a1 � b1 a0 � b0

a1 a0 a1 + b1 a0 + b0 a1 + b1 a0 + b0

b1 b0 a1 + b1 a0 + b0

Fig. 8: Computing XNOR of two-inputs
The word wi is read out and the RHO output is written to
a temporary location in the Computation memory partition.
The new location j in SHA-3 state partition where ith word
will be written to is then read out and the shifted value is
written to another temporary location. The jth word location
in Computation memory is reset and the shifted word ki is
written to that location. The temporary location holding ki is
reset. This process is repeated till all the words have been
shifted and written to their new locations. The computation of
RHO with PI is visually shown in Fig. 9.

Using the proposed steps, each word effectively requires 4
steps, two steps require Read and Apply instructions while
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other two steps are reset operations, hence requires 6 cycles
each. Therefore, this stage will require 150 cycles in total.

C. CHI

The CHI stage of the algorithm effectively partitions the SHA-
3 state into 5 sets, each with 5 words. The updated word ui

can expressed as
ui = wi � wj .wk

Each word is read out and stored in inverted form in three
locations — two in UX partition and one in Computation
memory partition. One of the inverted copies of wk is read out
from UX partition and ANDed with wj in the Computation
memory partition. Similarly, the remaining AND terms are
computed for each word in the set. Then XNOR term is
computed in the UX partition for each word in the set. The
word locations in the SHA-3 state partition are reset and the
XNOR results are written to store the updated word ui. The
UX partition and Computation memory partition are reset to
update the next set of 5 words. Intermediate steps of the CHI
stage are shown in Fig. 10. To update a set of 5 words,
85 cycles are needed with 15 additional cycles to reset the
temporary result locations. 500 cycles are needed to complete
this stage.

D. IOTA

The IOTA stage involves computation of a single XOR with
two inputs which requires 12 cycles with 2 additional cycles
to reset locations used for computation.

This completes the implementation details of the SHA-3
round implementation. In the next section, we present the
estimates of the throughput and present comparison against
existing implementations.

IV. EXPERIMENTAL RESULTS

The number of instructions required to complete each stage of
SHA-3 round is shown in Table I. Each instruction effectively
takes one cycle to get executed, except the first instruction
which would require 3 cycles. Therefore, each round requires
1261 clocks cycles to complete execution for state size 1600
bits. The Eq. 2 used for calculation of throughput.

Throughput =
Blocksize

Latency
× Frequency (2)

Where Blocksize is the length of message block (Blocksize
is 1088 for SHA-3 state size b = 1600 bits) and Latency is
number of clock cycles required for processing single message
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Fig. 10: Computation of CHI

block. Table I shows the number of instructions required
in each stage and the overall implementation requires 1309
instructions. For processing single message block, 24 rounds
are required. The latency for the proposed ReRAM based
SHA-3 implementation is 27918 (=1261 + 23×1159). This is
because only for the first round, initial state has to be loaded.
For the rest of the rounds, the initial state is the final state from
the previous round and hence does not require the Loading
State stage. To estimate the performance, we assume mature
ReRAM technology with 1 ns access time, based on [15]. The
effective throughput of the implementation is 38.97 Mbps.
From the perspective of area in terms of ReRAM devices
required, the proposed implementation requires 43 words only,



TABLE I: SHA-3 round implementation details

Operation #Instructions
Loading State 100
5-input XOR 55
Fused Circular Shift with XOR 65
2-input XOR to update state 375
RHO with PI 150
CHI 500
IOTA 14
Total 1259

each of 64-bit length for computation. Assuming the DCM
to be addressed by 6 bits (26 > 43), each Apply instruction
requires at 465 bits and we assume that the Read instruction
is padded with 0s to make it of the same length as the Apply
instruction. The proposed implementation requires ≈ 80 KB of
memory for storing the instructions, considering 32-bit aligned
memory access.

TABLE II: SHA-3 implementation Summary

Impl. Tech. f Area #Rounds Latency Tput.

(MHz) (cycles) (Mbps)

[16] Virtex 4 143 2.02k slices 24 25 6070

[17] Virtex 5 122 1.4k slices 24 25 4800

[16] 90nm 455 10.5 KGE 24 25 19320

[18] 180nm 488 56.31 KGE 24 25 21230

V1 [19] 130nm 1 5.52 KGE 24 10.7k 0.044

V2 [19] 130nm 1 5.9 KGE 24 7.4k 0.064

Proposed ReVAMP 103 24 27.92k 38.97

Even though comparison of implementation across various
technology nodes is difficult, we present a brief overview of
the existing implementations. In [16] and [17], fast single cycle
implementation based on FPGA is presented. For ASIC, [16]
and [18] presented single cycle implementation with maxi-
mum throughput of about 21 Gbps. P. Pessl et al. presented bit-
serial implmentation ASIC implementation, targeted towards
RFID applications [19] . The proposed SHA-3 implementation
harnesses bit-level parallelism and has latency similar to [19],
but allows a much higher clock frequency. In addition, the
proposed implementation has a very low memory footprint
with a light-weight controller that makes it a suitable appli-
cation for resource-constrained IoT nodes. Table II presents a
summary of the various existing implementations along with
the proposed implementation.

The current implementation is natively word-serial in nature.
By increasing word length wD, overall latency can be reduced.
However, that would come at an expense of increased periph-
eral circuitry and increased width of the instruction memory.
Therefore, the proposed implementation cannot be optimized
to achieve latency close to fast ASIC implementations such
as [16] and [18].

V. CONCLUSION

SHA-3 is a member of the Secure Hash Algorithm family,
released by NIST. We introduced a general purpose in-memory

computing architecture based on ReRAMs and presented a
novel implementation of SHA-3 targeted towards that archi-
tecture. The proposed implementation has a very low memory
footprint for computation (2.6875 Kb) along with an instruc-
tion memory of about 80 KB.
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