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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]

3



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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" Concurrency Protocols |

Journey...

-
N —
N—
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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Journey...

QueCC: Queue-Oriented Planning and
Execution Architecture

" Concurrency Protocols |

>
—
—
——

SQL
Transactions

-
N —

—
N—

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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Journey...

" Concurrency Protocols |

SQL
Transactions

(Lineage-based Storage Architecture)

SQL
Analytics

HTAP: Unifying Storage Layer
%

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



Journey...

Agreement Protocols |

Concurrency Protocols | |

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

s |
—
v
N—

SQL SQL
Transactions Analytics

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

Resilient Consensus Protocols

Agreement Protocols |

Concurrency Protocols

SQL
Transactions

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

|

SQL
Analytics

Consensus Protocols: (e.g., ResilientDB, Blockplane, Blocklite)
[SC'19, ICDE'19, DISC'19 (2x), arXiv'19 (6x)]
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&r}t MORGAN &CLAYPOOL PUBLISHERS

Transaction

Processing on

Modern Hardware

Mohammad Sadoghi
Spyros Blanas

SynTrHESIS LECTURES ON Data MANAGEMENT

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
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Press

Advancements TV With Ted Danson - CNBC, 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

EXPQ UCDAVIS
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ExpoDB Architecture

PlasticCoin

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

Enable/Disable Secure Transactions

EEE

Consensus Protocols

(e.g., GeoBFT, MBET PoE, PBFT, RBFT, Zyzzyva,
, PoW)

Steward, HotStuff, Bitcoin-NG

v

N

9 6 6
Block Creator
(Distributed Ledger)

Crypto Toolkit

Concurrency Control Protocols

(e.g., 2PL, QueCC, 2VCC, DORA, MVCC, Timestamp,
H-Store, NoWait, Silo, Foedus, MOCC, TicToc, Cicada)

I r
Parallel, Pipelined Runtim\

—*III III

Message/lO Queues
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Transaction
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. Commit Protocols:
Logging (e.g., Q-Store, 2PC, 3PC, Calvin, EasyCommit)
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LevelDB
SQLite
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ResilientDB

Coming Soon...



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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4 8 16 32
Number of Replicas

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




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

A wait-free meta-protocol...
Designate multiple replicas as Primaries!
Run multiple parallel consensuses on each replica independently

Parallelized Consensus Ordering Execution
Run a round of m BFT Collect accepted requests .
. : Execute the requests in
instances to accept m client and create an order among
: the created order
requests in parallel. the requests.
Parallel Collect
R decisions Deterministic round execution
Success A -
T, (Ry—p> S(CRy) or F decisions  order execute
/I (R—» S(CRy) or F requests requests
Start </y %) . Failure 3 End
\{ : : decisions sel(.act n.ew r(.eplac.e ]
m(Ry—> S(CRy,) or F _primaries primaries
Unified primary replacement

Brief Announcement: Revisiting Consensus Protocols through Wait-free Parallelization. DISC 2019 19



MultiBFT: Scaling Blockchain Databases

Through Parallel Resilient Consensus Paradigm
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Brief Announcement: Revisiting Consensus Protocols through Wait-free Parallelization. DISC 2019 20



GeoBFT: Global Scale Resilient
Blockchain Fabric [arXiv’'19]

21



GeoBFT: Global Scale Resilient
Blockchain Fabric [arXiv’19]
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Number of Clusters(Regions) Replicas per Cluster
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 22



The Fault-Tolerant Cluster-Sending Problem

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

( Europe America )
g —' '
- > —_ = >
— <
—' g
\ =)
Malicious Crashed
“ Protocol System Robustness Messages Message size
o || RB-bcs  Omit ne, > 2fc,, ne, > fe, (fe, +1)-(fe, +1) O(||v|)
.QE) RB-brs Byzantine, RS n¢, > 2f¢,, n¢, > fe, (2fC1 + 1) : (fC2 + 1) 0(”””)
'_r'-‘: RB-bcs Byzantine, RS ng¢, > 2f¢,, n¢, > fe, (fe, +1) - (fe, +1) O(||v]| + fe,)
g | RB-bcs  Byzantine, CS n¢, > 2fc,, ne, > fe,  (fe, +1) - (fc, + 1) O(||v]|)
PBS-bcs Omit ne, > 3fe,, ne, > 3fe, O(max(ng,,ne,)) (optimal)  O(||v]])
§ PBS-brs Byzantine, RS n¢, > 4f¢, ne, > 4fc, O(max(ng,,nc,)) (optimal) O(||v||)
£ || PBS-bcs Byzantine, RS n¢, > 3f¢,, n¢, > 3fc, O(max(nc,,nc,)) O(||lv]| + fe,)
PBS-bcs Byzantine, CS n¢, > 3f¢,, ne, > 3fc, O(max(ng,,nc,)) (optimal) O(||v||)

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



Permissioned Blockchain Through the Looking Glass:
Architectural and Implementation Lessons Learned [arXiv’'19]

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

Network Network 160
? Client Batch Creation 7 1
Z e Z
é Requests & % é %140_
“@if;ge é >Input &Pézlﬁrsit Output é Me:zage i 120
Clients % & —>| Worker > % % Replicas E 100
> or =
Rm:.d Z . & % R & %, Clients -§°
eplicas % % Execute 11 % S 80
7 | 7 =
7 =~ 7 = w0
é Checkpoint g
7 = Z 40
7 7
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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