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ABSTRACT

Since 2005, processor designers have increased core counts K ex-
ploit Moore's Law scaling . rather than focusing on single-core per-
formance. The fxihire of Dennard scaling. to which the shift %o mul
tcore parts is parsally = response, may soon limit multcore scaling
just as single-core scaling has been custaiked. This paper models

Microsoft Research

tare. and compiler advances. Moore's Law. coupled with Dennard
scaling [11] has resulied in conunensur e expanential perf armance
incresses. The recem shift 1o mulixcore designs has simed % in

crease the number of cores along with Iransisor Count inoresses,
and continue the propartional scaling of performance. As a re

sul, architecture rese archers have started focusing on 100-core and
1000-core chins and related research topics and called for chanses
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» Sequential Processing

< P U S « Implementation on Software

e Execution non deterministic

Limited Parallel Processing
Implementation on Software
o Execution fast

Massive Parallel Processing
Implementation on Hardware
Extremely fast execution

FPGAS
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PROCESSOR SIZE: 64 BiTS, DATA Size: 7 BITS

Idea: Multiple
data can be
assigned

Wastage
of Space

MuLn DaTa

BitWeaving Concept:
Intra Cycle Data
Parallelism
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STORAGE LAYOUTS- BITWEAVING
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Ref: Yinan Li and Jignesh M. Patel, BitWeaving: fast scans for main memory data processing. Proceedings of the ACM SIGMOD
International Conference on Management of Data 2013, NY, USA, pp.289-300.
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HORIZONTAL BITWEAVING (INSTRUCTION EVALUATION) éDresden Database
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HORIZONTAL BITWEAVING (INSTRUCTION EVALUATION) éDresden Database
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PIPELINE CUSTOM HARDWARE
(HORIZONTAL BITWEAVING)

if(Read_Input == 1 && S_AXIS_TVALID ==
&& statel==2)begin

2'b01: begin

if(S_AXIS_TVALID == 1)begin
Q <= S_AXIS_TDATA;

statel<= 2;
Read_Input <= 1;

end else

end

statel<=1;
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H <= S_AXIS_TDATA;
Process_equall <= 1;

end else begin

Process_equall <= 0O;

end

©

Pipeline Stages
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Q <= Q A 32'hffffffff;

end

if(Process_equall == 1)begin

S<=H+ Q;

Process_equal2 <= 1;
end else begin

Process_equal

S\

Read: Q, Inverse: Q,
Read: H, X i Read: H, Read: H;
A
Addition: Addition: /
S;=H+Q S;=H+Q

=/ /

if(Process_equal2 == 1)begin
sum <= sum + S[31]+S[27]+S[23]+S[19]+S[15]+S[11]+S[7]+SI[3];
N1 <= N1+1;
end
if(N==N1 && N!=0)begin
Write_Output <= 1;
effd else begin
Write_Output <= 0;
end

Update query result by‘(de/ate query result by

adding all the

Delimiter Bits in S;

adding all the
Delimiter Bits in S,

Update query result
by adding all the
Delimiter Bits in S,

Write: Query
result

Clocks ——




VERTICAL BITWEAVING (INSTRUCTION EVALUATION)
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VERTICAL BITWEAVING (INSTRUCTION EVALUATION) 6
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VERTICAL BITWEAVING (INSTRUCTION EVALUATION)
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PIPELINE CUSTOM HARDWARE
(VERTICAL BITWEAVING)
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if(Read_Input == 1 && S_AXIS_TVALID == 1 &&
statel == 4)begin

V <= S_AXIS_TDATA;

Process_equal <= 1;

3'b011:begin
if(S_AXIS_TVALID == 1)begin
Q[3] <= S_AXIS_TDATA;

statel<=4; )
end else begin end else begin
statel<= 3: Process_equal <= 0;
end ‘ end
end
if(N==0)begin
/ / X <= (QIN] A V); X <= X A 32hfffffff;
s end el;e be)%'ln(O[N] " sum <= sum + X[0]+ X[1]+ X[2] +
Read: Read: Q, 1 Q; <= : X[31+ X[41+ X[5]+ X[6]+ X[7]+ X[8]+
I Q Q )KG/Q’ | -end X[9]+ X[101+ X[11]+ X[12] + X[13]+
X[141+ X151+ X[16]+ X[17]+ X[18]+
Read: V, Read: V, Read: V, / / X[19]+ X[20]+ X[21]+ X[22] +
7 ver_orl[23]+ X[241+ X[25]+ X[26]+
gn Perform Perform Arform X[271+ X[28]+ X[291+X[30] +X[31];
7 Exclusive-OR: Exclusive-OR® | Exclusive-OR: X /
,g X;=Vi®Q X=V0Q X;=V;0Q;
[+
E- Perform OR: v Perform OR: PerformOR: | Count the Write:
0=X,|0 0=X,|0 0=X;|O | number of 0 | Query
result O
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/Zynq ZedBoard: Hardware Design

( ARM Core: specifies\
the location in DDR3
memory for the data
needs to be
processed and send
command to AXI

.

DMA

DDR3 Memory
Controller

Processing System (PS)

TECHNISCHE
UNIVERSITAT
DRESDEN

AN

AXI DMA:
Read/Write the data from/to
DDR memory and transfers to
Custom IP via AXIS interface.

N

AXI DMA:;
Read/Write the data from/to
DDR memory and transfers to
Custom IP via AXIS interface.

N

AXI DMA:
Read/Write the data from/to
DDR memory and transfers to
Custom IP via AXIS interface.

N
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Custom IP: Perform
specific Query
Operation and send
he result to AXI DMA

Custom IP: Perform
specific Query
Operation and send
the result to AXI DMA

Custom IP: Perform
specific Query
Operation and send
the result to AXI DMA




Multiple Custom IPs Performance (Linear Layout) on 2\ Dresden Database
Zynq ZedBoard »swemscroup
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Multiple Custom IPs Performance
/Zynq ZedBoard
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Multiple Custom IPs Performance (Vertical Layout) on

/Zynq ZedBoard
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Zynq Ultrascale+
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/Zynq Ultrascale+: Hardware Design »Dfesden Database

Processing System (PS)

AXI DMA: N Custom IP: Perform
( ARM Core: specifies | Read/Write the data from/to 5 spe?ﬁc QL:jery g
the location in DDR4 | DDR memory and transfers to peration and sen
; ; he result to AXI DMA
memory for the data Custom IP via AXIS interface.
needs to be \
processed and send \ AXI DMA: Custom IP: Perform
command to AXI Read/Write the data from/to speqﬂc Query
DMA j \ DDR memory and transfers to Operation and send
Custom IP via AXIS interface. the result to AXI DMA

N

AXI DMA:
Read/Write the data from/to
DDR memory and transfers to
Custom IP via AXIS interface.

Custom IP: Perform
specific Query
Operation and send
the result to AXI DMA
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Zynq Zedboard vs. Zynqg Ultrascale+ (Power)
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Submitted Paper and Future Works ’Py;gnig’suf;'?atabase

= "Demystifying FPGAS”
- Venue : ADMS 2017.

- Demuystifying FPGAs parallelism characteristics using custom hardware for
query acceleration.

- This paper gives an overview of FPGAs parallelism behavior to accelerate
query by running replicate custom hardware in parallel and investigate the
reason of get saturate at a certain level.

» Working on scalability of compact storage layouts based hardware designs on
Zynq Ultrascale+ Board.

= Thinking about hew compact storage layout.
= Thinking about high level query operations.
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Activity Place/Organised by | ECTS | General/Project course Status
Forelgn Language Completed, Win-
(German) AR 22 General ter 2016,/2017
'Transactional Infoermaiilon Completed, ¥Win-
SVatent I'UD 6 General ter 2016/2017
Big Data Management on Completed, Win-
1I‘,t}s‘:.;orilern Haédf{/are . i 2 Genaral :é?r 2013/%01?
riting and Reviewing o TUD anned, Summer
Sclentific Papers {AAT 5 Genetsl 2017
Forelgn Language Flanned, Winter
(Danish) AAU 2.5 Ceneral D018/2010
Introduction to the Fhd FPlanned, Winter
Study AAU 1 General 2018/2010
Zspects of Advanced Planned, Bummer
Aaiiobis AAUT 2 General 5018
EBISS Summer School IT4BI 2 Project Planned
TT4BI-DC Doctoral Colloquium IT4RI 3 Project Planned
Conference Attendance TED 4 Project Planned
Offered Seminar TUD/AAU 4 Project Planned

Total ECTS for General Courses = 17

Total ECTS for Project Courses = 13

Grand Total = 30
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Tentative Publications ’Dregde” Database

» DEMYSTIFYING FPGAS.

AIMED CONFERENCE: INTERNATIONAL WORKSHOP ON ACCELERATING ANALYTICS AND DATA MANAGEMENT SYSTEMS USING MODERN
PROCESSOR AND STORAGE ARCHITECTURES (ADMS).

SUBMITTED MONTH: JUNE, 2017.

» IMPLEMENTATION AND ANALYSIS OF QUERY PROCESSING CUSTOM HARDWARE ON DIFFERENT TYPES OF FPGAS.
AUTHORS: NUSRAT JAHAN LISA, AKASH KUMAR, TORBEN BACH PEDERSEN, WOLFGANG LEHNER.

AIMED CONFERENCE: INTERNATIONAL WORKSHOP ON BIG DATA MANAGEMENT ON EMERGING HARDWARE (HARDBD).
EXPECTED SUBMISSION MONTH: FEBRUARY, 2018.

» DESIGN AN EFFICIENT QUERY ACCELERATING BIT ENCODING TECHNIQUE FOR FPGAS.

AUTHORS: NUSRAT JAHAN LISA, AKASH KUMAR, TORBEN BACH PEDERSEN, WOLFGANG LEHNER
AIMED CONFERENCE: INTERNATIONAL CONFERENCE ON EXTENDING DATABASE TECHNOLOGY (EDBT).
EXPECTED SUBMISSION MONTH: SEPTEMBER, 2018.

» DEVELOP AN EFFICIENT QUERY ACCELERATING BIT ENCODING TECHNIQUE FOR MODERN HARDWARE.
AUTHORS: NUSRAT JAHAN LISA, AKASH KUMAR, TORBEN BACH PEDERSEN, WOLFGANG LEHNER
AIMED JOURNAL: DISTRIBUTED AND PARALLEL DATABASES, AN INTERNATIONAL JOURNAL.

EXPECTED SUBMISSION MONTH: MARCH, 2019.
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