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PERSPECTIVE

http://www.extremetech.com/wp-content/uploads/2012/02/CPU-Scaling.jpg
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HARDWARE TRENDS

• Sequential Processing
• Implementation on Software
• Execution non deterministicCPUs
• Limited Parallel Processing
• Implementation on Software
• Execution fast

GPUs
• Massive Parallel Processing
• Implementation on Hardware
• Extremely fast execution

FPGAs
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STORAGE LAYOUTS
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STORAGE LAYOUTS- BITWEAVING

Horizontal Vertical
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H1 0 0 0 1 0 0 1 1

H2 0 1 1 0 0 1 0 0

H3 0 0 0 1 0 1 0 0

Q´1 0 1 0 0 0 1 0 0

H4 0 1 1 0 0 1 1 0

Horizontal 
BitWeaving layout 

of Inverse 3

Horizontal 
BitWeaving Layouts 
of the given column 

codes

Q1 0 0 1 1 0 0 1 1
Horizontal 
BitWeaving 
Layout of 3

HORIZONTAL BITWEAVING (INSTRUCTION EVALUATION)

C1 0 0 1

C2 0 1 1

C3 1 1 0

C4 1 0 0

C5 0 0 1

C6 1 0 0

C7 1 1 0

C8 1 1 0

3 < Ci ?

COLUMN CODES
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HORIZONTAL BITWEAVING (INSTRUCTION EVALUATION)

H1 0 0 0 1 0 0 1 1

Q´1 0 1 0 0 0 1 0 0

S1 0 1 0 1 0 1 1 1

H2 0 1 1 0 0 1 0 0

Q´1 0 1 0 0 0 1 0 0

S2 1 0 1 0 1 0 0 0

H3 0 0 0 1 0 1 0 0

Q´1 0 1 0 0 0 1 0 0

S3 0 1 0 1 1 0 0 0

H4 0 1 1 0 0 1 1 0

Q´1 0 1 0 0 0 1 0 0

S4 1 0 1 0 1 0 1 0
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PIPELINE CUSTOM HARDWARE 
(HORIZONTAL BITWEAVING)

2'b01: begin
if(S_AXIS_TVALID == 1)begin

Q <= S_AXIS_TDATA; 
state1<= 2;
Read_Input <= 1;   

end else
state1<= 1;

end

if(Read_Input == 1 && S_AXIS_TVALID == 1 
&& state1==2)begin

H  <= S_AXIS_TDATA;
Process_equal1 <= 1;

end else begin
Process_equal1 <= 0;

end

Q <= Q ^ 32'hffffffff; if(Process_equal1 == 1)begin
S <= H + Q;
Process_equal2 <= 1;

end else begin
Process_equal2 <= 0;

end

if(Process_equal2 == 1)begin
sum <= sum + S[31]+S[27]+S[23]+S[19]+S[15]+S[11]+S[7]+S[3];                 
N1 <= N1+1;

end 
if(N==N1 && N!=0)begin 

Write_Output <= 1;
end else begin 

Write_Output <= 0; 
end
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VERTICAL BITWEAVING (INSTRUCTION EVALUATION)

1

3

6

4

1

4

6

6

Ci 

0 0 1 1 0 1 1 1 V1

0 1 1 0 0 0 1 1 V2

1 1 0 0 1 0 0 0 V3

Vertical 
BitWeaving 

Layouts of the 
given column 

codes

0 0 0 0 0 0 0 0 Q1

1 1 1 1 1 1 1 1 Q2

1 1 1 1 1 1 1 1 Q3

COLUMN CODES
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VERTICAL BITWEAVING (INSTRUCTION EVALUATION)

V1 0 0 1 1 0 1 1 1

Q1 0 0 0 0 0 0 0 0

X1 0 0 1 1 0 1 1 1

V2 0 1 1 0 0 0 1 1

Q2 1 1 1 1 1 1 1 1

X2 1 0 0 1 1 1 0 0

V3 1 1 0 0 1 0 0 0

Q3 1 1 1 1 1 1 1 1

X3 0 0 1 1 0 1 1 1
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VERTICAL BITWEAVING (INSTRUCTION EVALUATION)

X1 0 0 1 1 0 1 1 1

X2 1 0 0 1 1 1 0 0

1 0 1 1 1 1 1 1

X3 0 0 1 1 0 1 1 1

1

3

6

4

1

4

6

6

Ci 



13

PIPELINE CUSTOM HARDWARE 
(VERTICAL BITWEAVING)

3'b001:begin
if(S_AXIS_TVALID == 1)begin

Q[1] <= S_AXIS_TDATA;
state1<= 2;

end else begin
state1<= 1;

end      
end

if(N==0)begin
X <= (Q[N] ^ V);

end else begin
X <= X | (Q[N] ^ V);

end

3'b010:begin
if(S_AXIS_TVALID == 1)begin

Q[2] <= S_AXIS_TDATA;
state1<= 3;

end else begin
state1<= 2;

end      
end

3'b011:begin
if(S_AXIS_TVALID == 1)begin

Q[3] <= S_AXIS_TDATA;
state1<= 4;

end else begin
state1<= 3;

end      
end

if(Read_Input == 1 && S_AXIS_TVALID == 1 &&

state1 == 4)begin
V  <= S_AXIS_TDATA;
Process_equal <= 1;

end else begin
Process_equal <= 0;

end

X <= X ^ 32'hffffffff;
sum <= sum + X[0]+ X[1]+ X[2] + 
X[3]+ X[4]+ X[5]+ X[6]+ X[7]+ X[8]+ 
X[9]+ X[10]+ X[11]+ X[12] + X[13]+ 
X[14]+ X15]+ X[16]+ X[17]+ X[18]+ 
X[19]+ X[20]+ X[21]+ X[22] + 
ver_or1[23]+ X[24]+ X[25]+ X[26]+ 
X[27]+ X[28]+ X[29]+X[30] +X[31];
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Zynq ZedBoard

www.xilinx.com
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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

AXI DMA: 
Read/Write the data from/to 

DDR memory and transfers to 
Custom IP via AXIS interface.

DDR3 Memory 
Controller

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

•
•
•

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

•
•
•

Custom IP: Perform 
specific Query 

Operation and send 
the result to AXI DMA

Processing System (PS) Programming Logic (PL)
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Multiple Custom IPs Performance (Linear Layout) on 
Zynq ZedBoard
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Multiple Custom IPs Performance (Horizontal Layout) on 
Zynq ZedBoard
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Multiple Custom IPs Performance (Vertical Layout) on 
Zynq ZedBoard
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Zynq Ultrascale+

www.xilinx.com
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Zynq Ultrascale+: Hardware Design

ARM Core: specifies 

the location in DDR4 
memory for the data 

needs to be 
processed and send 

command to AXI
DMA

AXI DMA: 
Read/Write the data from/to 

DDR memory and transfers to 
Custom IP via AXIS interface.

DDR4 Memory 
Controller

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

Custom IP: Perform 
specific Query 

Operation and send 
the result to AXI DMA

Processing System (PS)

Programming Logic (PL)

•
•
•

AXI DMA: 
Read/Write the data from/to 

DDR memory and transfers to 
Custom IP via AXIS interface.

AXI DMA: 
Read/Write the data from/to 

DDR memory and transfers to 
Custom IP via AXIS interface.
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Zynq Zedboard vs. Zynq Ultrascale+
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Zynq Zedboard vs. Zynq Ultrascale+ (Power)

1.714 1.737 1.778 1.833 1.938

4.659 4.798
4.996

5.383

6.483

1IP 2IP 4IP 8IP 16IP

Zedboard Ultrascale+
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Submitted Paper and Future Works

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

 Thinking about new compact storage layout.

 Thinking about high level query operations.

 “Demystifying FPGAs”
- Venue : ADMS 2017.

- Demystifying 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. 

Taking break from 
It4bi-DC for Cfaed
Orchestration Path 

at TUD for one year.
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Courses
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Tentative Publications









