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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

SQL SQL
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...

| Concurrency Protocols |

SQL
Transactions

K___ )
—
R——

SQL
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

. = (=
| g v\ / | w
| - SQL SQL

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...

HTAP: Unifying Storage Layer

g (Lineage-based Storage Architecture) |
| @
I E |
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§ N ———

SQL SQL
Transactions Analytics

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

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



Resilient Journey...

Agreement Protocols |

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

F

SQL SQL
Transactions Analytics

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

Resilient Consensus Protocols

Agreement Protocols |
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1 SQL SQL
Transactions Analytics

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

%
|

Coﬁsensus Protocols: (e.g., ResilientDB, GeoBFT, PoE, MBFT, Delayed Replication, CSP, Blockplane)
[VLDB’20, ICDCS’20, ICDT’20, DISC'19 (2x), SC’19, ICDE'19, arXiv'19 (6x)]
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é% MORGAN &CLAYPOOL PUBLISHERS

Transaction

Processing on

Modern Hardware

Mohammad Sadoghi
Spyros Blanas

Books | | s
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, to appear 2020

Expolab UCDAVIS

Creativity Unfolded



Press

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, to appear 2020

Expolab UCDAVIS

Creativity Unfolded



ExpoDB Architecture

Smart Contracts / Application Layer /Testbed (YCSB, SYCSB, TPC-C Benchmarks)

PlasticCoin

I I Enable/Disable Secure Transactions

Concurrency Control Protocols
Consensus Protocols (e.g., 2PL, QueCC, 2VCC, DORA, MVCC, Timestamp,
(e.g., GeoBFT, MBET PoE, RingBFT, CSP, PBFT, RBFT, Zyzzyva, H-Store, NoWait, Silo, Foedus, MOCC, TicToc, Cicada)

|
" Steward, HotStuff, Bitcoin-NG, PoWV, Delayed Replication)
‘\

[
“ |
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age/lO Queues

. Commit Protocols:
Crypto Toolkit Logging (e.g., Q-Store, 2PC, 3PC, Calvin, EasyCommit)
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ResilientDB

Security, Privacy Reloaded
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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 [arXiv'19]

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

PoE scales bheyond 32 replicas, in presence
of failures, outperforms PBFT up to 40%




Proof-of-Execution: Reaching Consensus
Through Fault-Tolerant Speculation [arXiv’'19]

Out-of-Order message processing to reduce replica idleness

Speculative Execution with revertible/divergent replicas &
eager/irrevertible client commit

introducing linear message complexity

—
Ry X\E%\:%

propose support certify 1inform

19



MultiBFT: Scaling Blockchain Databases Through
Parallel Resilient Consensus Paradigm [arXiv’19]

Parallel Consensus Unification

Run z parallel PBFT

Execution

Create a secure

Parallel Consensus
~ |

Execute the requests
and reply to clients.

: global order of all
instances.
‘ i the requests.

Unification

Zo —>PBFT
Start .

/5I.1 —>PB.FT |

> (ma1)cy order
_ —>
requests

Execution

execute inform
—> :
requests clients

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

End
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MultiBFT: Scaling Blockchain Databases

Through Parallel Resilient Consensus Paradigm
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Brief Announcement: Revisiting Consensus Protocols through Wait-free Parallelization. DISC 2019 21



GeoBFT: Global Scale Resilient
Blockchain Fabric [VLDB’20]
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GeoBFT: Global Scale Resilient
Blockchain Fabric [VLDB’20]
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ResilientDB 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 [DISG’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
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Brief Announcement: The Fault-Tolerant Cluster-sending Problem. DISC 2019
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The Fault-Tolerant Cluster-Sending
Problem [DISG’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

“ Protocol System Robustness Messages Message size
Z || RB-bcs Omit ne, > 2fe,, ne, > fe, (fcl + 1) : (fc2 + 1) O(“U”)
& || RB-brs  Byzantine, RS n¢, > 2fc,, n¢, > fe, (2fc, + 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¢,, ne, > 3fc, O(max(ng,,nc,)) O(|[[| + 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 CGluster-Sending in Expected
Constant Communication [arXiv’20]

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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Byzantine CGluster-Sending in Expected
Constant Communication [arXiv’20]

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(fcl,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,nc2) > fcl SR ch 4 fC1 R fc2 +1 v Vv
ﬁ PLcs min(ncl,n@) > 2(f61 + fc2) 2% fC1 + fc2 +1 v
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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

( R
r ~ ]Q Analytics
& &
Updates -— é”ﬁ Data Provenance
: : >
(e.g., write transactions) PN .‘ < \)0 Machine Learning
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> »T« d \Q Visualization
- 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 —
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No dispersal First 4 update decisions Second 4 update decisions
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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)

Network Network 175 esilien
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7 | % E 751
é Checkpoint \ é =
é \ g 50
7 2
Number of Replicas
Multi-Threaded Deep Pipeline Can a well-crafted system based on a

classical BFT protocol outperform a modern protocol?
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Revisit Resiliency
(Graduate Student Experiment Continues)
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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®.

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

UCDAVIS

UNIVERSITY OF CALIFORNIA

INSTRUCTORS:

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

Seminar spotlight: “Becoming an Extraordinary Human”

The California Aggie, April 6, 2020

‘{ :

- v

Rcfeasc Tension
Therease Focus

Fostering Resiliency

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

lamarkez: Becoming an

_ Human
Spring 2020

Days:
Thursdays

Time:
7:00 pm - 8:00 pm

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.

Location:
Zoom

CRN:
57877

INSTRUCTORS:

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

X4 msadoghi@ucdavis.edu

Dress Code:
Loose comfortable clothing,
sweat shirts and pants with socks.
1o
'] Computer Science Department

UCDAVIS

UNIVERSITY OF CALIFORNIA

& THE CALIFORNIA AGGIE

-

Reduce Stress

First-y Semmar(FYS)
Under a<¥ate5urvw

Learn the foundation & working
knowledge of stress reduction
based on a unique heart-centel
meditation method referred to &
Tamarkoz®.
The M.T.O. Tama’léz"D method is

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

Spring 20
Time:
Tuesdays
from
7:00pm-8:00pm

RE BAIANCED

(Refca-se ({vm;si‘(m

Lnerease Tocus

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
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Expolab @ResilientDB
Creativity Unfolded Security, Privacy Reloaded
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