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int a =1
int b = 0;

int out 1;
int out 2;

out 1 = ~(a & b);
out 2 = out 1 & b;



int a =1

int b = 0;
Compiler

int out 1;

int out 2;

out 1 = ~(a & b);
out 2 = out 1 & b;



int a = 1;
int b = 0;

Compiler
int out_1; '
int out_2;
out 1 = ~(a & b);

Out 2 = out_ 1 & b;
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out
Oout__

mov
mov
and
not
mov

not
and
mov

.long 1
.zero 4

1: .zero 4
2: .zero 4

eaxXx, DWORD PTR a[rip]
edx, eax

edx, DWORD PTR b[rip]

edx

DWORD PTR out 1[rip], edx

eax
eaxXx, DWORD PTR b[rip]
DWORD PTR out 2[rip], eax



.long 1
.zZzero 4

out 1: .zero 4
Out _2: .zero 4

mov
mov
and
not
mov

not

and
mov
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eaxXx, DWORD PTR a[rip]
edx, eax

edx, DWORD PTR b[rip]

edx

DWORD PTR out 1[rip], edx

eax

eax, DWORD PTR b[rip]
DWORD PTR out 2[rip], eax
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out
Out_

mov
mov
and
not
mov

not
and
mov

.long 1
.zero 4

1: .zero 4
2: .zero 4

eaxXx, DWORD PTR a[rip]
edx, eax

edx, DWORD PTR b[rip]

edx

DWORD PTR out 1[rip], edx

eax
eax, DWORD PTR b[rip]
DWORD PTR out 2[rip], eax
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a: .long 1

mov eay, .. RAM
b: .zero 4 - mov edx
out_1: .zero 4 0x000001
Out _2: .zero 4 0x000000
0x000000
mov eax, DWORD PTR a[rip] (0040101001010

mov edx, eax

and edx, DWORD PTR b[rip]

not edx

mov DWORD PTR out 1[rip], edx

not eax
and eax, DWORD PTR b[rip]
mov DWORD PTR out 2[rip], eax
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a: .long 1
b: .zero 4

out 1: .zero 4
Out _2: .zero 4
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0x000001
0x000000
0x000000
0x000000

RAM

Code section
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out
Out_

mov
mov
and
not
mov

not
and
mov

.long 1
.zero 4

1: .zero 4
2: .zero 4

eaxXx, DWORD PTR a[rip]
edx, eax

edx, DWORD PTR b[rip]

edx

DWORD PTR out 1[rip], edx

eax
eax, DWORD PTR b[rip]
DWORD PTR out 2[rip], eax
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mov eax, ..
mov edx

RAM

Data section
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out
Out_

mov
mov
and
not
mov

not
and
mov

mov eay, ..

. ZEr mov edx

1: ro 4 0x000001

2: %\ 0x000000
eax, DWORD PTR a[rip

edx, eax

edx, DWORD PTR b[rip]
edx

DWORD PTR out 1[rip], edx

0x000000

eax
eax, DWORD PTR b[rip]
DWORD PTR out 2[rip], eax
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out
Out_

mov
mov
and
not
mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx
1: .zero 4 0x000001
2. .zero 4 (0)1(0]0]0]0[0]0]
(0)(0]0]0]0]0]0]
eax, DWORD PTR a[rip] 0x000000
edx, eax Registers
edx, DWORD PTR b[rip]
edx A
DWORD PTR out_1[rip], edx
D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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out
Out_

> MOV

mov
and
not
mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx
1: .zero 4 0x000001
2. .zero 4 (0)1(0]0]0]0[0]0]
(0)(0]0]0]0]0]0]
eax, DWORD PTR a[rip] 0x000000
edx, eax Registers
edx, DWORD PTR b[rip]
edx A
DWORD PTR out_1[rip], edx
D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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out
Out_

> MOV

mov
and
not
mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx
1: .zero 4 0x000001
2: .zero 4 0x000000
0x000000
eax, DWORD PTR a[rip] 0x000000
edx, eax . Registers
edx, DWORD PTR b[rip]
edx 0x000001 A
DWORD PTR out _1[rip], edx
D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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mov

and
not
mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx
1: .zero 4 0x000001
2. .zero 4 (0)1(0]0]0]0[0]0]
(0)(0]0]0]0]0]0]
eax, DWORD PTR a[rip] 0x000000
edx, eax Registers
edx, DWORD PTR b[rip]
edx A
DWORD PTR out_1[rip], edx
D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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out
Out_

mov

and
not
mov

not
and
mov

.long 1

mov eax, ..
.zero 4 mov edx

1: .zero 4 0x000001

2. .zero 4 0x000000

0x000000

eax, DWORD PTR a[rip] 0x000000

edx, eax

edx, DWORD PTR b[rip]

edx 0x000001

DWORD PTR out 1[rip], edx
0x000001
eax

DWORD PTR out 2[rip], eax
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RAM

Registers

17



out
Out_

mov
mov

——p aNd

not
mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx
1: .zero 4 0x000001
2: .zero 4 0x000000
0x000000
eax, DWORD PTR a[rip] 0x000000
edx, eax . Registers
edx, DWORD PTR b[rip]
edx 0x000001 A
DWORD PTR out 1[rip], edx
0x000001 D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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out
Out_

mov
mov

=) and

not
mov

not
and
mov

.long 1

mov eay, .. RAM
.zero 4 mov edx
1: .zero 4 =] 0x000001
2. .zero 4 le] 0x000000
out 1 ge)q{elee]e[e[o
eax, DWORD PTR a[rip] ia#d  0x000000

edx, eax |
edx, DWORD PTR b[rip] AND Registers
oo A
DWORD PTR out_1[rip], edx

>
eax
eax, DWORD PTR b[rip] o

DWORD PTR out 2[rip], eax
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out
Out_

mov
mov

—)p and

not
mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx

1: .zero 4 ] 0x000001
2: .zero 4 e 0x000000
out 1 ey{ee[e[e[e]e

eax, DWORD PTR a[rip] ia#d  0x000000

edx, eax '
Registers

edx, DWORD PTR b[rip] AND

edx 0x000)001 A

DWORD PTR out _1[rip], edx
0x000001 D

eax

eax, DWORD PTR b[rip]

DWORD PTR out 2[rip], eax

PC
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out
Out_

mov
mov

—)p and

not
mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx

1: .zero 4 ] 0x000001
2: .zero 4 e 0x000000
out 1 ey{ee[e[e[e]e

eax, DWORD PTR a[rip] ia#d  0x000000

edx, eax '
Registers

edx, DWORD PTR b[rip] AN

edx 0x000)001 A

DWORD PTR out _1[rip], edx
0x000000 D

eax

eax, DWORD PTR b[rip]

DWORD PTR out 2[rip], eax

PC
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out
Out_

mov
mov
and

—)p NOT

mov

not
and
mov

.long 1 mov eax, .. RAM

.Zzero 4 mov edx
1: .zero 4 0x000001
2: .zero 4 0x000000
(0)7(0]0]0]0]0]0)
eax, DWORD PTR a[rip] 0x000000
edx, eax . Registers
edx, DWORD PTR b[rip]
edx 0x000001 A
DWORD PTR out 1[rip], edx
0x000000 D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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out
Out_

mov
mov
and

—)p NOT

mov

not
and
mov

.long 1

mov eax, ..
.zero 4 mov edx

1: .zero 4 0x000001

2. .zero 4 0x000000

0x000000

eax, DWORD PTR a[rip] 0x000000

edx, eax

edx, DWORD PTR b[rip] NOT

edx Ox( 00001

DWORD PTR out 1[rip], edx
0x000000

eax

eax, DWORD PTR b[rip]

DWORD PTR out 2[rip], eax
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out
Out_

mov
mov
and

—)p NOT

mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx

1: .zero 4 0x000001
2: .zero 4 0x000000
0x000000

eax, DWORD PTR a[rip] 0x000000

edx, eax '
Registers

edx, DWORD PTR b[rip] NOT

edx 0x( 00001 A

DWORD PTR out _1[rip], edx
Ox111111 D

eax

eax, DWORD PTR b[rip]

DWORD PTR out 2[rip], eax

PC
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out
Out_

mov
mov
and
not

— mov

not
and
mov

.long 1 mov eax, .. RAM

.Zzero 4 mov edx
1: .zero 4 0x000001
2: .zero 4 [0)%01010]010)0)
0x000000
eax, DWORD PTR a[rip] 0x000000
edx, eax . Registers
edx, DWORD PTR b[rip]
edx 0x000001 A
DWORD PTR out 1[rip], edx
Ox111111 D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 25



out
Out_

mov
mov
and
not

— mov

not
and
mov

.long 1 mov eax, .. RAM

.zero 4 mov edx
1: .zero 4 0x000001
2: .zero 4 (0)(0]0[0]0]0]0)
Ox111111
eax, DWORD PTR a[rip] Ix000000
edx, eax . Registers
edx, DWORD PTR b[rip]
edx 0x000001 A
DWORD PTR out _1[rip], edx
Ox111111 D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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out
Out_

mov
mov
and
not
mov

—fp NOt

and
mov

.long 1 mov eax, .. RAM

-zero 4 mov edx
1: .zero 4 0x000001
2: .zero 4 [0)%01010]010)0)
0x111111
eax, DWORD PTR a[rip] 0x000000
edx, eax . Registers
edx, DWORD PTR b[rip]
edx 0x111110 A
DWORD PTR out 1[rip], edx
Ox111111 D
eax
eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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out
Out_

mov
mov
and
not
mov

not

) and

mov

.long 1 mov eax, .. RAM

.zero 4 mov edx
1: .zero 4 0x000001
2: .zero 4 0x000000

Ox111111

eax, DWORD PTR a[rip] 0x000000
edx, eax . Registers
edx, DWORD PTR b[rip]
edx 0x000000 A

DWORD PTR out 1[rip], edx
O0x111111 D
eax

eax, DWORD PTR b[rip] PC

DWORD PTR out 2[rip], eax
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a: .long 1

mov eay, .. RAM
b: .zero 4 mov edx
out_1: .zero 4 0x000001
Out _2: .zero 4 0x000000
0Ox111111
mov eax, DWORD PTR a[rip] 0x000000

mov edx, eax
and edx, DWORD PTR b[rip]

not edx 0%0100101000) A
mov DWORD PTR out 1[rip], edx

Registers

Ox111111 D
not eax

and eax, DWORD PTR b[rip] PC

=p Mov DWORD PTR out_2[rip], eax
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A Program
“A sequence of instructions
given to a CPU to get a result”



int a =1
int b = 0;

int out 1;
int out 2;

out 1 = ~(a & b);
out 2 = out 1 & b;



input a, b, clk;

int a = 1; output r_outl, r out2;
int b = 0; reg r_outl, r_out2;

int out_1; wire outl,

int out 2; wire out2;

out 1 = ~(a & b); assign outl = ~(a & b);
out 2 = out 1 & b; assign out2 = outl & b;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end



out 1
out 2

© 2020 Cisco and/or its

Some declarations

= ~(a & b);
= out_1 & b;
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input a, b, clk;
output r_outl, r_out2;
reg r_outl, r out2;

wire outl,
wire out2;

assign outl = ~(a & b);
assign out2 = outl & b;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end

33



Some declarations

out 1 = ~(a & b); assign outl = ~(a & b);
out 2 = out 1 & b; assign out2 = outl & b;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end
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input a, b, clk;

int a = 1; output r_outl, r out2;
int b = 9; reg r_outl, r_out2;
int out 1; wire outl,

int out_2; Dothe calculation  wire out2;

assign outl = ~(a & b);
assign out2 = outl & b;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidentia
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input a, b, clk;

int a = 1; output r_outl, r out2;
int b = 9; reg r_outl, r_out2;
int out 1; wire outl,

int out_2; Dothe calculation  wire out2;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;

end
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input a, b, clk;

int a = 1; output r_outl, r out2;
int b = 9; reg r_outl, r_out2;

int out 1; wire outl,

int out 2; wire out2;

out 1 = ~(a & b); assign outl = ~(a & b);
out 2 = out 1 & b; assign out2 = outl & b;

Hmm....
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Lifting the lid on FPGASs
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Bitwise NOT
(™)
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Bitwise NOT
(™)

A |Out

0 1
1 0

Truth table
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Bitwise NOT
(™)

A |Out

0 1
1 0

A4D07 Out Circuit symbol
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Bitwise NOT Bitwise AND
(™) (&)

A |Out A B EUt

0 1
1 0

_ O = O
R = OO
R O OO

AADQ— out
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Bitwise NOT

(™)

A [Out
0 1
1 0

AADQ— out
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Bitwise AND
(&)

ABEut

O O 0
1 O 0
0 1 0
1 1 1
A
B
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Bitwise NOT Bitwise AND Bitwise OR

(™) (&) (1)

A [Out A B Eut A B Eut
0 1 0O O 0 0O O 0
1 0 1 O 0 1 O 1

0 1 0 0 1 1
1 1 1 1 1 1

A— >0 ow D)o ) Do
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Bitwise NOT Bitwise AND Bitwise OR

(™) (&) (1)
A |Out A B Eut A B Eut
0 1

1 0

0 O 0
1 0 0
0 1 0
1 1 1

R O Kk O
_ =L OO
=)

A

r—>0— ou ) D ow
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Truth Table

ABEut

_ O - O
R = OO
R O O O
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Truth Table
A B Out
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Truth Table
A B Out
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Truth Table

ABEut
O | O
loo




sco and/or its

affiliates. All rights reserve Cisco Confidentia

Truth Table

ABEut
Ol Q
1 0
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Truth Table

ABEut

x 0 0
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Truth Table

ABEut

x 0 0

\ “x”lcould beOor1l

X
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Truth Table

ABEut

= O O

X
1

1

0
0
1
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Truth Table
A B
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Truth Table

ABEut
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Truth Table

ABEut

1
X
1

\ IIX”

0
1

couldbeOor1l
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. Truth Table

ﬂ"“t A B Dut

B 1 g Output matches x

\ (IX”

couldbeOor1l
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Truth Table

ABEut
x O 0
x 1 X
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Truth Table

ASEut

x 0 | O
x 1 | x
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Truth Table

ASEut

x 0 | O
x 1 | x
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Truth Table

ASEut

x 0 | O
x 1 | x
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Truth Table

ASEut

x 0 | O
x 1 | x
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Truth Tables

Outl A S Outl B S Out2

0 y
X y

S

A
XAEA} X
| X
VAET
B

~ O

0 0
1

X
Out2
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Truth Tables

A
ﬁ X@J — A S Eutl B S Out2

x 0 0 0 0
1 1

l . X y
Y Out2
y 0

X

y
y
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Truth Tables

Outl A S Outl B S Out2

0 y
X y

S

A
XAE?B X
| X
VAET
B

- O

0 0
1

X
Out2
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Truth Tables

Out2

A
X

# !4 }—X Outl
y 497
B
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Truth Tables

Outl

Out2

A

X ff 3 X
|

-

B
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Truth Tables
i Outl S A (B | Outl ut2
1

A
X f }
3 X
| 0 x y 0 0
1
¥
y y
B

X y X y
Out2
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Truth Table
S AB| 0102

0 0

0
1 X Y

Xy
Xy
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Truth Table

s Ne =0 o S A B|0102
1

Oxy(10
1 x vy O0v vy

N N
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Truth Table
S AB| 0102

0
D

)

L]

0O x vy
1 x vy

Y
Nt
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Truth Table
S AB| 0102

Oxyi
Xy

1 0 Yy
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Truth Table

SAB

ut

> >

X X

o

Out
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Truth Table

S A B Qut
S PR
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Truth Table

S AB Qut
Out I(l)iz I
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—— Out

Truth Table

SAB

Out
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0

Out

Truth Table

SAB

Out

0O x vy
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Out

Truth Table
S A B |Out

0O x vy
1 x vy
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Multiplexer (MUX):

“Different inputs are selected(or
routed) to a common output
based on a selector”
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>
I
=

Truth Table

Sy S, Eut

0 O

Out

N/

< N X =

1 0
1 1
0 1
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S, S,

—— Out
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| Truth Table

S; S, Eut

out 0 0 |w
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Truth Table

S; S, Eut

0O 0 | w
1 0 | x




S, S,

| Truth Table

S; S, Eut

out 0 0 |w
C=y 1 O X
0 1 Yy
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S, S,

| Truth Table

S; S, Eut

0 O

Out

N < X S

1 0
0 1
1 1

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidentia



| Truth Table

- \ S, S, Out
|

‘ 0 O

N < X S

\ ¥
B C D 0 1
1 1
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| Truth Table

- \ S, S, Out

0 O

N < X =

1 0
0 1
1 1

/

1 bit of memory
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Truth Table

S; S, Eut

0 O

R O O O

1 0
0 1
1 1
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Truth Table

S; S, Eut

0 O

R O O O

1
0
1

_ RO

AND Gate



Truth Table

S; S, Eut

0O O

= = O

1 O
0 1
1 1
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Truth Table

S: S, Eut

0

1
0
1

0

0
1
1

= = O

OR Gate



Truth Table

S; S, Eut

0O O

Or rF

1 O
0 1
1 1




DOPo-
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Programable Gate:
“different constants

can implement any logical
function with 2 inputs”
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Field Programable Gate Array:
“An array of programmable gates

that can be updated in the field”
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Bitsteam / Bitfile
“A file containing the stream of

bits, required to program the
array of LUTs and routing into any
circuit”
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Combinational Circuit:

“Any circuit composed of only logical

‘gates.”
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Glitching:

“Intermediate outputs while
circuit to stabilizes to a final
output over time”
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Clock
“A source of pulses at regular
intervals.”



Clock

“A source of pulses at regular
intervals. The clock speed is
measured in Hz”
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Flip-Flop Operation
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Flip-Flop Operation
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Flip-Flop Operation
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Flip-Flop Operation
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Flip-Flop Operation
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Flip-Flop Operation
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Synchronous Circuit:
“Outputs are sampled or
‘registered’ at intervals
determined by a clock signa
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Putting all the pieces together
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Xilinx Ultrascale+ FPGA Logic Slice




UltraScale+ FPGAS
Product Tables and

Product Selection Guide

VU7pP

Device Name VU3P VU5P
System Logic Cells (K) 862 1,314 1,724 2,586 2,835 3,780
CLB Flip-Flops (K) 788 1,201 1,576 2,364 2,592 3,456
CLB LUTSs (K) 394 601 788 1,182 1,296 1,728
Max. Dist. RAM (Mb) 12.0 18.3 24.1 36.1 36.2 48.3
Total Block RAM (Mb) 253 36.0 50.6 75.9 70.9 94.5
UltraRAM (Mb) 90.0 132.2 180.0 270.0 270.0 360.0
DSP Slices 2,280 3,474 4,560 6,840 9,216 12,288
Peak INT8 DSP (TOP/s) 7.1 10.8 14.2 213 28.7 38.3
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gen4 x8 / cCIX™¥) - - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = =
Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

VU7pP

Device Name VU3P VU5P
System Logic Cells (K) 862 1,314 1,724 2,586 2,835 3,780
CLB Flip-Flops (K) 788 1,201 1,576 2,364 2,592 3,456
CLB LUTS (K) 394 601 788 1,182 1,296 1,728
Viax. Dist. RAM (MDb) 170 183 7TT 36.1 36.2 78.3
Total Block RAM (Mb) 253 36.0 50.6 75.9 70.9 94.5
UltraRAM (Mb) 90.0 132.2 180.0 270.0 270.0 360.0
DSP Slices 2,280 3,474 4,560 6,840 9,216 12,288
Peak INT8 DSP (TOP/s) 7.1 10.8 14.2 213 28.7 38.3
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gen4 x8 / cCIX™¥) - - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = =
Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



Xilinx Ultrascale+ FPGA Logic Slice
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UltraScale+ FPGAS
Product Tables and

AVA

x\\_\\aﬁ T EX |

Product Selection Guide

Device Name VU3P
System Logic Cells (K) 862 1,314 1,724
CLB Flip-Flops (K 788 1,201 1,576
CLB LU@ 394 601 788
Max. Dist. RAM (Mb) 12.0 18.3 24.1
Total Block RAM (Mb) 25.3 36.0 50.6
UltraRAM (Mb) 90.0 132.2 180.0
DSP Slices 2,280 3,474 4,560
Peak INT8 DSP (TOP/s) 7.1 10.8 14.2 .
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gen4 x8 / cCIX™¥) - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = -
Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

N*_Y EX
VIR =2 , ~
Device Name VU3P VU13P VU19P
System Logic Cells (K) 862 1,314 1,724 2,586 2,835 3,780 8,938
CLB Flip-Elops (K) 788 1,201 1,576 2.364 2.592 3,456 8172
cui LUTSs (K) 394,000 601,000 788,000 1,182,000 1,296,000 1,728,000 4,086,000
Max. Dist. RAM (MDb) 12.0 18.5 24.1 36.1 36.2 48.5 58.4
Total Block RAM (Mb) 253 36.0 50.6 75.9 70.9 94.5 75.9
UltraRAM (Mb) 90.0 132.2 180.0 270.0 270.0 360.0 90.0
DSP Slices 2,280 3,474 4,560 6,840 9,216 12,288 3,840
Peak INT8 DSP (TOP/s) 7.1 10.8 14.2 213 28.7 38.3 10.4
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gen4 x8 / cCIX™¥) - - - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = =
Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2

Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

oy \\=

Device Name

System Logic Cells (K) 862 1,314
CLB Flip-Flops (K) 788 1,201
CLB LUTs (K) 394 601
Max. Dist. RAM (Mb) 12.0 18.3
Total Block RAM (Mb) 25.3 36.0
UltraRAM (Mb) 90.0 132.2
DSP Slices 2,280 3,474
Peak INT8 DSP (TOP/s) 7.1 10.8
PCle® Gen3 x16 2 4
PCle Gen3 x16/Gen4 x8 / cCIXxY - -
150G Interlaken 3 4
100G Ethernet w/ KR4 RS-FEC 3 4
Max. Single-Ended HP 1/Os 520 832
Max. Single-Ended HD 1/Os 0 0
GTY 32.75Gb/s Transceivers 40 80
GTM 58Gb/s PAM4 Transceivers - -
100G / 50G KP4 FEC = =
Extended®? -1-2-2L-3 -1-2-2L-3

Industrial -1-2 -1-2

1,724
1,576
788
24.1
50.6
180.0
4,560
14.2

-1-2-2L-3

-1-2

2,586 2,835 3,780

o 2,592 3,
@ >1M LUTs!!
3@.2 3 o o
75.9 70.9 94.5
270.0 270.0 360.0
6,840 9,216 12,288
21.3 28.7 38.3
6 3 4
9 6 8
9 9 12
832 624 832
0 0 0
120 96 128
-1-2-2L-3 -1-2-2L-3 -1-2-2L-3
-1-2 -1-2 -1-2
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UltraScale+ FPGAS
Product Tables and Product Selection Guide

YRTEX:

Device Name VU3P

System Logic Cells (K)} 862 1,314 1,724 2,586 2,835 3,780
CLB Flip-Flops (K) 788 1,201 1,576 2,364 2,592 3,456
CLB LUTSs (K) 394 601 788 1,182 1,296 1,728
Max. Dist. RAM (Mb) 12.0 18.3 24.1 36.1 36.2 48.3
Total Block RAM (Mb) 25.3 36.0 50.6 75.9? 70.9 94.5
UltraRAM (Mb) 90.0 132.2 180.0 270.0 270.0 360.0
DSP Slices 2,280 3,474 4,560 ,840@ 9,216 12,288
Peak INT8 DSP (TOP/s) 7.1 10.8 14.2 21.3 28.7 38.3
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gen4 x8 / cCIX™ - - - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80

GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = =

Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

Device Name

System Logic Cells (K)

CLB Flip-Flops (K)

CLB LUTs (K)

Max. Dist. RAM (Mb)

Total Block RAM (Mb)
UltraRAM (Mb)

DSP Slices

Peak INT8 DSP (TOP/s)

PCle® Gen3 x16

PCle Gen3 x16/Gen4 x8 / cCIX™¥)
150G Interlaken

100G Ethernet w/ KR4 RS-FEC
Max. Single-Ended HP 1/Os
Max. Single-Ended HD 1/Os

GTY 32.75Gb/s Transceivers
GTM 58Gb/s PAM4 Transceivers
100G / 50G KP4 FEC

Extended®

Industrial

VU7pP

VU3P VU5P
862 1,314 1,724 2,586 2,835 3,780
788 1,201 1,576 2,364 2,592 3,456
394 601 788 1,182 1,296 1,728
12.0 18.3 24.1 36.1 36.2 48.3
253 36.0 50.6 75.9 /0.9 94.5
90.0 132.2 180.0 )
2,280 3,474 4,560 0
7.1 10.8 14.2 ;
2 4 4
- - - - o
3 4 6 9 6 8 0
3 4 6 9 9 12 0
520 832 832 832 624 832 1,976
0 0 0 0 0 0 96
40 80 80 120 96 128 80
-1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
-1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

K\ 862 1,314 1,724 2,586 2,835 3,780
ps (K) 788 1,201 1,576 2,364 2,592 3,456
CLB LUTSs (K) 394 601 788 1,182 1,296 1,728
ist. RAM (Mb) 12.0 18.3 24.1 36.1 36.2 48.3
% )
nJy 0
s 4 TNPUL LUTS ,
PCle® Gen?
PCle Gen3 x16/Gen4 x8 / CLIA" - - - - - - o
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = =
Extended®? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3
Industrial

1-2 1-2 1-2

-1-2

-1-2 -1-2

-1-2



UltraScale+ FPGAS
Product Tables and Product Selection Guide

YRTEX:

Device Name VU3P

System Logic Cells (K 862 1,314 1,724

CLB Flip-Flops (K 788 1,201 1,576

CLB LUTSs (K 394 01 788

Max. Dist. RAM (Mb) 12.0 18.3 24.1

Total Block RAM (Mb) 25.3 36.0 50.6

UltraRAM (Mb) 90.0 132.2 180.0

DSP Slices 2,280 3,474 4,560

Peak INT8 DSP (TOP/s) 7.1 10.8 14.2
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gen4 x8 / cCIX™¥) - - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0

Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = -
Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2

Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



Xilinx Ultrascale+ FPGA Logic Slice




UltraScale+ FPGASs
Product Tables and Product Selection Guide

VU7pP

Device Name VU3P VU5P

System Logic Cells (K) 862 1,314 1,724 2,586

CLB Flip-Flops (K) 788 1,201 1,576 2,364

CLB LUTSs (K) 394 601 788 1,182

Max. Dist. RAM (Mb) 170 183 20T 36.1

Total Block RAM (Mb) 25.3 36.0 50.6 75.9

UltraRAM (Mb) 90.0 132.2 180.0 270.0

DSP Slices 2,280 3,474 4,560 840

Peak INT8 DSP (TOP/s) 7.1 10.8 14.2
PCle® Gen3 x16 2 4 4 3 4 0
PCle Gen3 x16/Gen4 x8 / CCIXY - - - - - 8
150G Interlaken| 3 4 6 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = - -
Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2

Industriall _1-2 -1-2 _1-2 _1-2 -1-2 -1-2 =
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|3

2 input LUT:
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- BN B<

J
[\
2 input LUT:

—1x 4-way mux

+ 4x 1bit memory



_7|\—/ \

i \V A
opD OB

2 input LUT:
—1x 4-way mux  + 4x 1bit memory
—  3x 2-way mux + 4x 1bit memory

- BN B<
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- BN B<

2 input LUT:

—1x 4-way mux  + 4x 1bit memory
—  3x 2-way mux + 4x 1bit memory
- 3x4gates  +4x 1 bit memory

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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[\

{ \7 \
2 input LUT:

—1x 4-way mux  + 4x 1bit memory

3x 2-way mux + 4x 1bit memory
3x 4 gates  +4x 1 bit memory
3x( 7 ) +4x (4 ) transistors

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential




' [\
T a

L~

Do oo

2 input LUT:
- 37 transistors!

- BN B<
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2 logic gate circuit

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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2 logic gate circuit
- 2X 2 input LUTs



2 logic gate circuit
- 2x 2 input LUTs
- 11 programmable connections

© 2020 Cisco and/or its affiliates. All rights reserved . Cisco Confident ial



2 logic gate circuit
- 2x 2 input LUTs +11 connections
- 2x 37 + 11x4 transistors!!!



2 logic gate circuit
-118 transistors



FPGA
- ~118 transistors

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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FPGA
- ~118 transistors
: FuIIy flexible!

© 2020 Cisco and /or its affiliates. All rights reserved . Cisco Confidential



v >

o o
: 1 )—
FPGA Direct “hard” (ASIC)
- ~118 transistors - ~4 transistors!!!

- Fully flexible! - fixed config

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential



FPGAs:
“Offer high flexibility in exchange
for low efficiency”



UltraScale+ FPGAS
Product Tables and Product Selection Guide

Device Name

System Logic Cells (K)
CLB Flip-Flops (K)
CLB LUTs (K)

VU7pP

Max. Dist. RAM (Mb)

Total Block RAM (Mb)
UltraRAM (Mb)

DSP Slices

Peak INT8 DSP (TOP/s)

PCle® Gen3 x16

PCle Gen3 x16/Gen4 x8 / cCIx)
150G Interlaken

100G Ethernet w/ KR4 RS-FEC
Max. Single-Ended HP 1/Os
Max. Single-Ended HD 1/Os

GTY 32.75Gb/s Transceivers
GTM 58Gb/s PAM4 Transceivers
100G / 50G KP4 FEC

Extended®

Industrial

VU3P VU5P
862 1,314 1,724 2,586 2,835 3,780
788 1,201 1,576 2,364 2,592 3,456
394 601 788 1,182 1,296 1,728
12.0 18.3 24.1 36.1 36.2 48.3
25.3 36.0 50.6 75.9 70.9 94.5
90.0 132.2 180.0 270.0 270.0 360.0
2,280 3,474 4,560 6,840 9,216 12,288
7.1 10.8 14.2 21.3 28.7 38.3
2 4 4 6 3 4 0
- - - - 8
3 4 6 9 6 8 0
3 4 6 9 9 12 0
520 832 832 832 624 832 1,976
0 0 0 0 0 0 96
40 80 80 120 96 128 80
-1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
| 1-2 1-2 1-2 1-2 1-2 1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

Device Name

System Logic Cells (K)
CLB Flip-Flops (K)
CLB LUTs (K)

VU3P

VU5P VU13P

Max. Dist. RAM (Mb)

Total Block RAM (Mb)
UltraRAM (Mb)

DSP Slices

Peak INT8 DSP (TOP/s)

PCle® Gen3 x16

PCle Gen3 x16/Gen4 x8 / cCIx)
150G Interlaken

100G Ethernet w/ KR4 RS-FEC
Max. Single-Ended HP 1/Os
Max. Single-Ended HD 1/Os

GTY 32.75Gb/s Transceivers
GTM 58Gb/s PAM4 Transceivers
100G / 50G KP4 FEC

Extended®

Industrial

862 1,314 1,724 2,586 2,835 3,780
788 1,201 1,576 2,364 2,592 3,456
394 601 788 1,182 1,296 1,728
Efficient “hard” function implementations
2,25V 3,4/4 4,50U b,34U 9,210 12,255 3,54V
7.1 10.8 14.2 21.3 28.7 38.3 10.4
2 4 4 6 3 4 0
- - - - 8
3 4 6 9 6 8 0
3 4 6 9 9 12 0
520 832 832 832 624 832 1,976
0 0 0 0 0 0 96
40 80 80 120 96 128 80
-1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
| 1-2 1-2 1-2 1-2 1-2 1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

Dewce Name VU3PpP VU7P VU13P

System Logic Cells (K) 862 1,314 1,724 2,835 3,780
CLB Flip-Flops (K) 788 1,201 1,576 2,592 3,456
CLB LUTs (K) 394 601 788 1,296 1,728
Max. Dist. RAM (Mb) 1
Total Block RAM (Mb) D ff t typ /d ty f y ( RA M ) )
UltraRAN (Vi) ITrreren es/aensity or memaor ,
DSP Slices 2,280 3,4/4 4,56V b,34U 9,216 12,288 3,840
Peak INT8 DSP (TOP/s) 7.1 10.8 14.2 21.3 28.7 38.3 10.4
PCle® Gen3 x16 2 4 4 6 3 4 0
PCle Gen3 x16/Gen4 x8 / cCIXxY - - - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80
GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = =
Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2

Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

N2

Device Name VU3P

System Logic Cells (K) 862 1,314 1,724
CLB Flip-Flops (K) 788 1,201 1,576
CLB LUTs (K) 394 601 788
Max. Dist. RAM (Mb) 12.0 18.3 24.1
Total Block RAM (Mb) 25.3 36.0 50.6
UltraRAM (Mb) 0
DSP Slices D d H d h f : 10
Peak INT8 DSP (TOP/s) edlicated math tunctions 4
PCle® Gen3 x16 - . . - - . -
PCle Gen3 x16/Gen4 x8 / cCIXxY - - - - - 8
150G Interlaken 3 4 6 9 6 8 0
100G Ethernet w/ KR4 RS-FEC 3 4 6 9 9 12 0
Max. Single-Ended HP 1/Os 520 832 832 832 624 832 1,976
Max. Single-Ended HD 1/Os 0 0 0 0 0 0 96
GTY 32.75Gb/s Transceivers 40 80 80 120 96 128 80

GTM 58Gb/s PAMA4 Transceivers - - - - - - -
100G / 50G KP4 FEC = = = = = = =

Extended? -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2
Industrial -1-2 -1-2 -1-2 -1-2 -1-2 -1-2 -



UltraScale+ FPGAS
Product Tables and Product Selection Guide

Device Name
System Logic Cells (K)
CLB Flip-Flops (K)
CLB LUTs (K)
Max. Dist. RAM (Mb)
Total Block RAM (Mb)
UltraRAM (Mb)
DSP Slices
Peak INT8 DSP (TOP/s)
PCle® Gen3 x1
PCle Gen3 x16/Gen4 x8 / cCIX"
150G Interlaken
100G Ethernet w/ KR4 RS-FE
Max. Single-Ended HP 1/Os
Max. Single-Ended HD 1/Os
GTY 32.75Gb/s Transceivers
GTM 58Gb/s PAM4 Transceivers
100G / 50G KP4 FE
Extended®
Industrial

862 1,314 1,724 2,586 2,835 3,780
788 1,201 1,576 2,364 2,592 3,456
394 601 788 1,182 1,296 1,728
12.0 18.3 24.1 36.1 36.2 48.3
25.3 36.0 50.6 75.9 70.9 94.5
90.0 132.2 180.0 270.0 270.0 360.0
2,280 3,474 4,560 6,840 9,216 12,288
7.1 10.8 14.2 213 28.7 38.3
2 4 4 6 3 4 0
- - - - - - 8
3 4 6 9 6 8 0
External connectivity (PCle, Ethernet, GPIO)
-1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2

1-2 1-2 1-2 1-2 1-2 12 -



But how.do you configure ansFPGA ?
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Verilog HDL Code Example

input A, B, clk;
output r outl, r out2;
reg r outl, r outZ;

wire outl, out2;
assign outl = ~(A & B);
assign out2 = outl & B;

always @ (posedge clk)
begin

r outl <= outl;

r out2 <= out2;
end



Verilog HDL Code Example

\ define the circuit inputs

input A, B, clk;

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidentia
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Clk

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential

define the circuit inputs

226



Verilog HDL Code Example

input A, B, clk;
output r outl, r out2;

\ define the circuit outputs

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidentia
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A r_out;

define the circuit outputs

r_out,

Clk

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 228



Verilog HDL Code Example

input A, B, clk;
output r outl, r out2;
reg r outl, r out2;

\

define output registers (flip-flops)

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidentia
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A —

rUtl
rUtz
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define output registers (flip-flops)

Clk




Verilog HDL Code Example

input A, B, clk;
output r outl, r outZ2;
reg r outl, r outZ;

define internal wires
wire outl, out2; ‘f/’



r_out;

A — out,

define internal wires

out, r_out,

Clk
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Verilog HDL Code Example

input A, B, clk;
output r outl, r outZ2;
reg r outl, r outZ;

wire outl, out?2;

assign outl = ~(A & B);
assign out2 = outl & B;

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential

/

define circuit logic

233



A _ out,
define circuit logic

V
__\ out,
__J

Clk
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Verilog HDL Code Example

input A, B, clk;
output r outl, r out2;
reg r outl, r outZ;

wire outl, out2;
assign outl = ~(A & B);
assign out2 = outl & B;

always @ ( clk)
N define register clocking



out,

Clk

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential

P define register clocking
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Verilog HDL Code Example

input A, B, clk;
output r outl, r out2;
reg r outl, r outZ;

wire outl, out2;
assign outl = ~(A & B);
assign out2 = outl & B;

always @ (posedge clk)

\ specify clock type



Flip-Flop Operation

D I | I | I Glitching input

Glitch free output!




Verilog HDL Code Example

input A, B, clk;
output r outl, r out2;
reg r outl, r outZ;

wire outl, out2;
assign outl = ~(A & B);
assign out2 = outl & B;

always @ (posedge clk)
begin
r outl <= outl;

r_out2 <= out2; \Connect combinational

end logic to sequential logic

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential



Clk
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RTL — Register Transfer Level
“A description of the logical
circuit that transfers data

between registers”



Synthesis:
“Convert HDL code (Verilog) into
circuit description (netlist)”



lons
result”
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Clk
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Placement and Routing:
“Place logic elements onto the
array and route connections
between them”



ERIAEa

Tin
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Place and Route is NP-Hard
With just 9 LUTs, there are 36

different ways to lay out the
‘'same circuit

= N | ;.



Place and Route is NP-Hard
With just 9 LUTs, there are 36
different ways to lay out the

same circuit — real FPGAs can
have 2M+ LUTS!!



ad %

' o
A_‘h‘ﬁ“ - !".,

Placement uses random-allocations and
successive refinement to try to find good
placement solutions

’. ® |
PV '|

| yu% |



The same HDL code can create totaIIy
different placements.
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Time delay

Clk
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STTT
)

ERIAEa
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Target Clock Speed (clock period)

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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= I = | ma |
Timing Closure “meeting timing”

“The delay through logic and routing
must not exceed the clock period.

If it does there is too much logic squeezed between flip-flops, or too long
routing paths across the chip (or both)”
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Summary

Program
int a = 1;
int b = 9;
int out_1;
int out_2;
out_1 = ~(a & b);
out_2 = out_1 & b;



Summary
Program

int a =
int b =
int out
int

+

out_.

© 2020 Cisco and/or its affiliates. All rights reserved.

1
6 Compiler
2

out_
out_1 = ~(a & b);
2 = out_1 & b; —

Cisco Confidential

Machine Code

a:
b:

.long 1
.zero 4

out_1: .zero 4
out_2: .zero 4

mov
mov
and
not
mov

eax, DWORD PTR a[rip]
edx, eax

edx, DWORD PTR b[rip]
edx

DWORD PTR out_1[rip],

265



Summary

Program

int a = 1; .

int b = 0; |

int out_1; Compl er
int out_2;

out_1 = ~(a & b);

out 2 = out 1 & b; R

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential

Machine Code

a: .
b:
out_
out_
mov
mov
and
not
mov

long 1

.zero 4

1: .zero 4

2: .zero 4

eax, DWORD PTR a[rip]
edx, eax

edx, DWORD PTR b[rip]
edx

DWORD PTR out_1[rip],

Execute

>

CPU/GPU

=

0x111111

M
A
[

RA
0x000001

D
PC

266



Summary

Software programming: Executing a sequence
of predefined instructions



Summary

RTL

input A, B, clk;
output r_outl, r_out2;
reg r_outl, r_out2;

wire outl, out2;
assign outl = ~(A & B);
assign out2 = outl & B;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end



Summary

RTL Netlist

input A, B, clk; r]
output ;‘_oatl, r"_outZ; Synt °

reg r_outl, r_out2; -

wire outl, out2;
assign outl = ~(A & BY; _ -.-

assign out2 = outl & B;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential

269



Summary

RTL Netlist

input A, B, clk; r]
output ;_oatl, ;'_outZ; Synt °

reg r_outl, r_out2; -
wire outl, out2;
assign out1 - ~(a & 5); D -
assign out2 = outl & B;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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Summary

RTL Netlist Bitstream

e s Synth., Place & Timing
Closure

reg r_outl, r_out2; - Route
- 1
wire outl, out2; o o
assign out1 - ~(a e 5); I -.- — MM E—

assign out2 = outl & B; H:: H::

always @(posedge clk)
begin

r_outl <= outl;
r_out2 <= out2;
end

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 271



Summary

RTL Netlist

input A, B, clk; r]
output ;‘_oatl, ;'_outz; Synt *

reg r_outl, r_out2; -

wire outl, out2;
assign outl = ~(a & 5); ) =

assign out2 = outl & B;

always @(posedge clk)
begin
r_outl <= outl;
r_out2 <= out2;
end

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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Route
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Timing
Closure
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Summary

RTL Netlist

input A, B, clk; r]
output r_outl, r_out2; Synt .
reg r_outl, r_out2;
wire outl, out2;
assign outl - ~(a & 5); )
assign out2 = outl & B;
always @(posedge clk)
begin

r_outl <= outl;

r_out2 <= o
end

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential

Place &
Route

——

Timing
Closure
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Summary

RTL Netlist Bitstream
input A, B, clk; Synth Place & Tlmlng Conﬁguration

output r_outl, r_out2;

reg r_outl, r_out2; = RO ute

wire outl, out2;

assign outl = ~(a 8 5); ) = E—
assign out2 = outl & B;

Closure .

] 4 ]
0 ] 0

always @(posedge clk) u m
begin = H H

r_outl <= outl;
r_out2 <= o
end

© 2020 Cisco and/or its affiliates. All rights reserved. Cisco Confidential 274



Summary

Software programming: Executing a sequence
of predefined instructions

RTL Netlist Bitstream
. Configuration
s B e, Synth. Place & Timing &

reg r_outl, r_out2; - Route Closure J ﬂ v
secign ovt1 - (a8 ); | g — ‘: H =

assign out2 = outl & B;

always @(posedge clk)
begin

r_outl <= ou
r_out2 <= o



Summary

Software programming: Executinga sequence
of predefined instructions

FPGA “programming”: Specifying the digital
logic circuit to be implemented



One more thing...



Firmware Development Kit (FDK)

Integrated FPGA development environment optimized
for low latency applications on Nexus SmartNIC and

Nexus 3550-F swithces.



Firmware Development Kit (FDK)

1. FDK-PE Performance Edition

Optimized for Ultra Low latency applications (e.g. HFT)



Firmware Development Kit (FDK)

1. FDK-PE Performance Edition

Optimized for Ultra Low latency applications (e.g. HFT)

Freely available ULL optimized (2hr operation limit)



Firmware Development Kit (FDK)

1. FDK-PE Performance Edition

Optimized for Ultra Low latency applications (e.g. HFT)

Freely available ULL optimized (2hr operation limit)

3. FDK-FE - Free Edition

Optimized for network acceleration. Freely available.



Firmware Development Kit (FDK)

1.

FDK-PE Performance Edition

Optimized for Ultra Low latency applications (e.g. HFT)

Freely available ULL optimized (2hr operation limit)
Y

FDK-FE — Free Edition N i
7T

Optimized for network acceleration. Freely available.



Tick the box or speak to our

sales team to find out more!
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