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Resilient Journey...

SQL
Analytics — —

Flexible Query Processing (FQP) on a Reconfigurable Computing Fabric

FPGA Acceleration: FQP (Flexible Query Processor)
[VLDB’10, ICDE’12, VLDB’13, ICDE’15, SIGMOD Record’15, ICDE’16, USENIX ATC’16, ICDCS’17, ICDE'18, TKDE'19]
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Resilient Journey...

V\/ V\/
V\/ V\ —~
v v

SOL SOL
Transactions Analytics

High-dimensional Indexing: (e.g., BE-Tree, BE-topK)
[SIGMOD’11, ICDE’12, TODS’13, ICDCS’13, ICDE’14, ICDCS’17, Middleware'17]
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Resilient Journey...
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Transactions Analytics

~ Concurrency Control Protocols: (e.g., 2VCC, QueCC - Best Paper Award)
[VLDB’13,VLDB’14, VLDBJ’16, Middleware’16, TDKE’15, SIGMOD’15, ICDE’16, Middleware'18]
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Resilient Journey...

QueCC: Queue-Oriented Planning and
Execution Architecture

. = (=
- SQL saL
Transactions Analytics

~ Concurrency Control Protocols: (e.g., 2VCC, QueCC - Best Paper Award)
[VLDB’13,VLDB’14, VLDBJ’16, Middleware’16, TDKE’15, SIGMOD’15, ICDE’16, Middleware'18]
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" Concurrency Protocols | |

Resilient Journey...

SQL
Transactions

HTAP: Unifying Storage Layer
(Lineage-based Storage Architecture) |

K__ )
—
N—

SOL
Analytics

HTAP Column-store: L-Store (Lineage-based Data Store)

[VLDB’12, ICDE’14, ICDCS’16, EDBT’18, TKDE’20 (2x) 34 filed US patents]
Graphs on SQL: (e.g., GRFusion) [SIGMOD’18, EDBT’18] 7



Concurrency Protocols

Resilient Journey...

Agreement Protocols T'

SQL
Transactions

(Lineage-based Storage Architecture)

K__
—
R——

SOL
Analytics

HTAP: Unifying Storage Layer

h
F

Agreement Protocols: (e.g., EasyCommit, Q-Store)
[EDBT’20, EDBT’18, DAPD’19]
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Resilient Journey...

Resilient Consensus Protocols |

Agreement Protocols 7'

HTAP: Unifying Storage Layer h
(Lineage-based Storage Architecture) |

|

SOL SOL
Transactions Analytics

Consensus Protocols: (e.g., GeoBFT, PoE, RCC, ByShard, RingBFT, Delayed Replication, CSP, Blockplane)
[VLDB’21, ICDE’21, EDTB’21, VLDB’20, ICDCS’20, ICDT’20, DISC'19 (2x), SC’19, ICDE'19, arXiv'19 (8x)]
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Permissioned Blockchain Through the Looking Glass [ICDCS'20]

Expolab

Creativity Unfolded

;" Query Optimization & Evaluation
Database Stack
Concurrency Control Protocols

C Waif-free BFT [DISC’19] )

C Resilient Concurrent Consensus [ICDE’21]

Analytics

(Read-only)

Relational Operators

Files and Access Methods

Buffer Management

Disk Space Management

Storage

Resilient Replication

@ ResilientDB
Security, Privacy Reloaded

(Delayed Replication [ICDT’ZO])

( Proof-of-Execution [EDBT’21] )

ByShard [VLDB'21]




1 1 ] Q '1

1 0 { | ) 1 ] ) > > :
V 9 k > b o = P . p y ) ) J
é}@ MORGAN &CLAYPOOL PUBLISHERS 6% MORGAN &CLAYPOOL PUBLISHERS

Fault-Tolerant Transaction
Distributed Processing on
Transactions on Modern Hardware
Blockchain

SynNTHESIS I.LECTURES ON DAa14 MANAGEMENT

Transaction Processing on Modern Hardware.
Synthesis Lectures on Data Management, Morgan & Claypool Publishers 2019

Fault-Tolerant Distributed Transactions on Blockchain.
Synthesis Lectures on Data Management, Morgan & Claypool Publishers 2021

Expolab UCDAVIS

Creativity Unfolded



Advancements TV With Ted Danson - CNBC, CityAM, Medium, Yahoo!
Finance, Market Insider, CoinDesk, Crypto Media, Davis Enterprise, Times
Union, WBOC TV/Radio

Books

Transaction Processing on Modern Hardware.
Synthesis Lectures on Data Management, Morgan & Claypool Publishers 2019

Fault-Tolerant Distributed Transactions on Blockchain.
Synthesis Lectures on Data Management, Morgan & Claypool Publishers 2021

Expolab UCDAVIS

Creativity Unfolded



Quantifiable Resiliency
(Graduate Student Experiments)



Aloha Lake, Desolation Wilderness

15 Miles Long
2,500 Feet Elevation Gain
(8,700 Feet at Summit)



Tomales Point Trail, Point Reyes National Seashore

9.4 Miles Long
1,579 Feet Elevation Gain
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Non-Quantifiable Resiliency



Proof-of-Execution: Reaching Consensus
Through Fault-Tolerant Speculation [EDBT’21]

Out-of-Order message processing to reduce replica idleness
Speculative Execution with revertible/divergent replicas &
eager/irrevertible client commit

introducing linear message complexity

PBFT Protocol PoE Protocol
c C
P P
R " 7
R2 Ro \ /
R3 R3
Propose Prepare Commit Inform Propose Prepare | Inform

- Execute 1
xecute T (Speculatively)
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Proof-of-Execution: Reaching Consensus
Through Fault-Tolerant Sneculation [EDBT’21]

PoE Protocol

i =

N AN 7

Propose Prepare | Inform

Execute T
(Speculatively)

Linear PoE Protocol

b |7
g \*N

Propose Prepare Certify | Inform

Execute 7
(Speculatively)



Throughput (txn/s)

Proof-of-Execution: Reaching Consensus
Through Fault-Tolerant Speculation [EDBT’21]

—o— POE = PBFT + SBFT —~ HOTSTUFF + ZYZZYVA

10

Latency (s)

4 16 32 64 91 4 16 32 64 91
Number of replicas (n) Number of replicas (n)

PoE scales heyond 91 replicas, in presence
of failures, outperforms PBFT up to 43%

19



RGG: Resilient Concurrent Gonsensus
Paradigm [ICDE’21]

Concurrent BCA Ordering Execution
T15>BCA—> (T0)co —
7 BCA—>(11)¢, —| order execute
.QT) < 1.>Cl - 1y

requests | requests

Brief Announcement: Revisiting Consensus Protocols through Wait-free Parallelization. DISC 2019 20



RGG: Resilient Concurrent Gonsensus

Paradigm [ICDE’21]

—--RCC,, = RCC¢,1+RCCg3—+ PBFT + ZYZZYVA = SBFT <+ HOTSTUFF
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300,000 txns/s

Brief Announcement: Revisiting Consensus Protocols through Wait-free Parallelization. DISC 2019

~-RCC-P= RCC-Z—+RCC-S
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Throughput (txn/s)

4 16 32 64
Number of replicas (n)

Throughput up to 400,000 txns/s

(without failures)



GeoBFT: Globhal Scale Resilient
GConsensus [VLDB’20]

A meta-protocol, locally running any BFT in parallel and independently
Global ordering provably requires only linear communication
Provably sufficient for primary to send a certificate to at most f+1 replicas,

malicious primary is detectable and replaceable

C1
\
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PCl — - C>§
Rl,l Consensus : g
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2 R272 o \ w,
| R2;3 3
~ s . . e —— N Hf—/
Local Local Global Local Local
Request Replication  Sharing Sharing Inform

(Synch) (Synch)
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GeoBFT: Global Scale Resilient
Gonsensus [VLDB’20]

—o— GEOBFT = PBFT e ZYZZYVA + HOTSTUFF —+ STEWARD

.10 .10
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0 0
| | | |

1 2 3 4 3 6 4 7 10 12 15
Number of clusters Number of replicas (per cluster)
GeoBFT easily scales across 6 countries in GeoBFT scales a permissioned blockchain
4 continents due to GeoBFT protocol. up to 60 replicas globally.

Brief Announcement: The Fault-Tolerant Cluster-sending Problem. DISC 2019 23



The Fault-Tolerant Cluster-Sending
Problem [DISC’19]

formalizing the problem of sending a message from one Byzantine cluster to
another Byzantine cluster in a reliable manner,
establishing lower bounds on the complexity
of this problem under crash failures and Byzantine failures

Cluster Cluster Cluster
(All Data) (European Data) (American Data)
Ri{ «<—> R9 FE{ «<—> E9 Al «<—> A9
0 0 o A ' Cluster Sending | 4 1
< >
(coordination)

v v v V[ gl v
R3 «<—> Ry E3 «<—> E4 Ag «—> Ay
A A A A
Requests Requests Requests Requests

(All Data) (European Data) (Mixed Data) (American Data)

Brief Announcement: The Fault-Tolerant Cluster-sending Problem. DISC 2019 24



The Fault-Tolerant Cluster-Sending
Problem [DISC’19]

formalizing the problem of sending a message from one Byzantine cluster to
another Byzantine cluster in a reliable manner,
establishing lower bounds on the complexity
of this problem under crash failures and Byzantine failures

(linear in the size of clusters)
Ci: [- R}I’Q -R%,s Rye RL7 Ris ]
- @A I

“ Protocol System Robustness Messages Message size
Z || RB-bcs Omit ne, > 2f¢,, nc, > fc, (fcl + 1) : (fc2 + 1) 0(“’0”)
._qg‘) RB-brs  Byzantine, RS ng, > 2f¢,, ne, > fe, (2fe, +1)- (fe, +1) O(||v])
'_C'; RB-bcs Byzantine, RS n¢, > 2f¢,, n¢, > fc, (fe, +1) - (fe, +1) O(|[v|| + fe,)
g || RB-bcs  Byzantine, CS n¢, > 2f¢,, ne, > fe, (fe, +1) - (fe, +1) O(||v])
PBS-bcs Omit ne, > 3fe,, ne, > 3fe, O(max(ne,,ng,)) (optimal)  O(||v]|)
§ PBS-brs Byzantine, RS ng¢, > 4f¢,, n¢, > 4fc, O(max(ng,,nc,)) (optimal) O(||v]|)
£ || PBS-bcs  Byzantine, RS n¢, > 3f¢,, n¢, > 3fe, O(max(nc,,nc;)) O(|[v]| + fe,)
PBS-bcs Byzantine, CS ng¢, > 3f,, ne, > 3fe, O(max(ng,,nc,)) (optimal) O(||v]|)

Brief Announcement: The Fault-Tolerant Cluster-sending Problem. DISC 2019 25



Byzantine Cluster-Sending in Expected
Constant Communication [arXiv’21]

formalizing the problem of probabilistically sending a message from one
Byzantine cluster to another Byzantine cluster in a reliable manner,
establishing lower bounds on the complexity
of this problem under crash failures and Byzantine failures
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Y v .
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Protocol Robustness Message Steps 0. U.
(expected) (worst)
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GEOBFT [12] ne, =ng, > 3maX(fC1,fcz) fc2 + 1% Q(fcl ncz) X v
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Byzantine Cluster-Sending in Expected
Constant Communication [arXiv’21]

formalizing the problem of probabilistically sending a message from one
Byzantine cluster to another Byzantine cluster in a reliable manner,
establishing lower bounds on the complexity
of this problem under crash failures and Byzantine failures
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Protocol Robustness Message Steps 0. U.
(expected) (worst)
PBS-cs [13] |min(ng,,ne,) > fe, + fe, fo, +fc, +1 v X
PBS-cs [13] |n¢, > 3fc,, ne, > 3fe, max(nc, , ne, ) v X
GEOBFT [12] ne, =ng, > 3maX(fC1,fcz) fc2 + 1% Q(fcl ncz) X v
. Pprcs ne, > 2f017 ne, > 2f02 4 (fcl - 1)(fc2 =F 1) X v
:%).. Prcs ne, > 3¢, ne, > 3fc, 2% (fC1 + 1)(fc2 + 1) X v
A | PLcs min(ncl,nCQ) > fcl SR ch 4 fcl R fc2 +1 v Vv
ﬁ PLcs min(ncl,n@) > 2(f61 + fc2) 2% fC1 + fc2 +1 v Vv
= PLcs ne, > 3fe,, ne, > 3fc, 3 max(neg,,ne,) |V
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RingBFT: Resilient Consensus Over
Sharded Ring Topology [arXiv’21]

A meta-protocol adhering to the ring order, and follow the principle of
process, forward, and re-transmit
Guarantees consensus for each cross-shard transaction in

Sustaining over 1,200,000 transactions per second when deployed globally spanning ten
countries, fifteen regions, nearly 500 replicas.
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ByShard: Sharding in a Byzantine
Environment [VLDB’21]

Processing multi-shard transaction via the orchestrate-execute model
Processing is broken down into three types of shard-steps: vote, commit, and abort
Each shard-step is performed via one consensus step
Steps are communicated via cluster-sending

Linear Centralized

Distributed

G 7N

Vote Vote Vote Vote Commit S Root Vote Vote Decide Commit S Root Vote Vote Commit
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Coordination-Free Byzantine Replication With
Minimal Communication Gosts [ICDT’20]

formalizing the Byzantine learner problem to support efficient
analytics for blockchain applications

introducing the delayed-replication algorithm,

utilizing information dispersal techniques,

giving rise to a coordination-free, push-based, minimal communication protocol

4 R
r ~ ]Q Analytics
-
Updates — /4.—)¢ Data Provenance
: : >
(e.g., write transactions) .‘ — \)0 Machine Learning
Qv \
- +— L Visualization
N J

Malicious Read-only workloads
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Coordination-Free Byzantine Replication With
Minimal Communication Gosts [ICDT’20]

formalizing the Byzantine learner problem to support efficient
analytics for blockchain applications

introducing the delayed-replication algorithm,

utilizing information dispersal techniques,

giving rise to a coordination-free, push-based, minimal communication protocol

Update decision —
1 2 3 4

- \
N\ NN
DN AN

e - Learned| - R Learned
oS Jn [0 : 4] BN Jn[4: 8
L L o

hd hd hd
No dispersal First 4 update decisions Second 4 update decisions

6 7 8 9 10 11 12

System  Checksum Complexity for the learner

Data sent per replica Data received Decode steps
b=0 None O(s/g) O(s(n/g)) u/n

b<g  Simple O(s/g) O(s(n/g)) (5%") (u/m)
b<g  Tree O(s/g + (u/n)log(n))  O(s(n/g) + ulog(n)) u/n
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Permissioned Blockchain Through the Looking Glass:
Architectural and Implementation Lessons Learned [ICDCS’20]

Single-threaded Monolithic Design
Out-of-ordering Consensus Communication
De-coupled Ordering and Execution
Off-Chain Memory Management
Expensive Cryptographic Practices (DS vs. MAC)
Smart Contracts Code Generation (Pre-compilation)

4 N N L. N
Transport layer Crypto layer Parallel pipelined consensus layer
Worker | )
[ Input | . CLE __thread | gmart Contract
thread it execution
T || hessase VMAC Batching thread
Input queues Message thread
thread validation [l Transaction AN /
RSA and model _— Vs B
m batching Signing
thread Replica thread Smart Contract
message ED2 execution
E}):Iltpgt queues Cht;locjtpa:)lint thread
ea
SHA256 = J
o AN AN J
é Storage layer Memory pool )
Chain management :
Integrated Integrated Transaction Message
@ ResilientD8 [ @c—o@c—o@c—o@c—o@} [ SQLight ] [LevelDB pool pool
S - J

32
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Permissioned Blockchain Through the Looking Glass:
Architectural and Implementation Lessons Learned [ICDCS’20]

Single-threaded Monolithic Design

Out-of-ordering Consensus Communication

De-coupled Ordering and Execution
Off-Chain Memory Management

Expensive Cryptographic Practices (DS vs. MAC)
Smart Contracts Code Generation (Pre-compilation)

Network

Messages
from clients
and replicas

@ ResilientDB
Security, Privacy Reloaded

v

Input

X

—

SR

—

=X

Clients
requests

>

Prepare
and commit

Batch creation

=R

Network

7

Worker

N .

Checkpoint
2

Execute

=X

Multi-Threaded Deep Pipeline

Output

%_

x_

Messages
to clients
and replicas

MM I
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Permissioned Blockchain Through the Looking Glass:
Architectural and Implementation Lessons Learned [ICDCS’20]

Single-threaded Monolithic Design
Out-of-ordering Consensus Communication
De-coupled Ordering and Execution
Off-Chain Memory Management
Expensive Cryptographic Practices (DS vs. MAC)
Smart Contracts Code Generation (Pre-compilation)

1751
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wn
et

[y
N
vl

Throughput (KTxns/s)
9 =
N —

N
<

Number of Replicas

@ . Can a well-crafted system based on a
IResilientDB classical BFT protocol outperform a modern protocol? 34
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Revisit Resiliency
(Graduate Student Experiment Continues)



Mount Tallac, Lake Tahoe
12.1 Miles Long
3,931 Feet Elevation Gain
(9,738 Feet at Summit)




Fostering Resiliency

(Offering Stress Management and Well-Being Gourses at UG Davis)

L~ SN ey
: 1‘ ‘11‘5
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Spring 2020
ECS 298 (CRN 66553):
Graduate Survival Kit

Learn the foundation & working
knowledge of stress reduction
based on a unique heart-centered
meditation practice referred to as
lamarkoz®.

Rcfeaesc Tension
Therease Focus

The M.T.O. Tamarkoz® method is
the art of self-knowiedge through
concentration and meditation.

Days: Wednesdays
Time: 7:00 pm - 8:00 pm
Location: Zoom (Live Online Class)

Computer Science Department Dress Code:
Loose comfortable clothing,

UC DAVIS sweat shirts and pants with socks.

UNIVERSITY OF CALIFORNIA mio

INSTRUCTORS:
Mohammad Sadoghi, Ph.D.
Nasim Bahadorani, DrPH.

BE BALANCED

Spring 2020
Days:
Thursdays

Time:
7:00 pm - 8:00 pm

Location:
Zoom

CRN:
57877

INSTRUCTORS:

NMohammad Sadoghi, Ph.D.
Nasim Bahadorani, DrPH.

X4 msadoghi@ucdavis.edu

Becoming an

EXTRAORDINARY
Human

No one wants to be ordinary. This course
focuses on the personal development of the
characteristics of human beings deemed
extraordinary. Outcomes include enhanced
concentration for higher-level cognition,
increased capacity to handle stress,
development of increased self-confidence,
increased mastery of emotional and mental
processes, development of physical awareness
and control, and development of positive
personal characteristics. Physical activities
include movements and visualizations.

Computer Science Department

UCDAVIS

UNIVERSITY OF CALIFORNIA

& THE CALIFORNIA AGGIE

Seminar spotlight: “Becoming an Extraordinary Human”
The California Aggie, April 6, 2020

First- Seminar (FYS):
Under at’late Survival

v
1B

Learn the foundation & working
knowledge of stress reducti
based on a unique heart-cente
meditation method referred to
Tamarkoz®.

The M.T.O. Tama”&z‘m method is

the art of self-knowledge througi
concentration and meditation..

Spring
Time:
Tuesdays
from
7:00pm-8:00pm

RE BAI ANCED

(Refeme ({Ven\;si‘(m

UCDAVIS

UNIVERSITY OF CALIFORNIA

INSTRUCTORS:
Mohammad Sadoghi, Ph.D.
Nasim Bahadorani, DrPH.

Dress Code: Loose comfortable clothing,
sweat shirts and pants with socks.

M.T0.

amarkez:

BE BALANCED

37


http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
http://tamarkoz.org/
https://theaggie.org/2020/04/06/seminar-spotlight-becoming-an-extraordinary-human/

Expolab ResilientD8

Creativity Unfolded Security, Privacy Reloaded
Fault-Tolerant Transaction
Distributed Processing on
Transactions on Modern Hardware
Blockchain

Mohammad Sadoghi
Spyros Blanas

FOR COMPLETE REFERENCES

we . Google RG

<

Scholar


https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://expolab.org
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://dblp.uni-trier.de/pers/hd/s/Sadoghi:Mohammad
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://scholar.google.ca/citations?user=Lx9fbJoAAAAJ
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://www.researchgate.net/profile/Mohammad_Sadoghi
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/
https://resilientdb.com/

