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Reminder From Last Year

7~ Report DRC
0 Report design rule checks.
= Use UltraFast Design Methodology for Vivado O
— www.xilinx.com/ultrafast il & S etiodoog: hedke
= Recommendations for Rapid Closure N freesson avas
— HDL: use HDL Language Templates & DRC -‘ M%“EI:ETHEE
— Constraints: Timing Constraint Wizard, DRC Too.s_>Repo:n_g>_;::,rt DRC

— Iterate in Synthesis (converge within 300ps)
= Real problems seen post synthesis (long path...)

= Faster iterations & higher impact

.. 13 levels of logic!
. Improve area, timing, power

— Only then, iterate in next steps
= opt, place, phys opt, route, phys opt

Worst path posf Route: 4.1ns
4 levels of logic
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http://www.xilinx.com/ultrafast

Advanced Synthesis Techniques Overview

= Advantages of C Synthesis over RTL Synthesis

= Advance Synthesis Techniques for Design Closure

= Case Study: design closure at Synthesis level

£ XILINX WIVADQ'



HLS & IP Integrator (IP1) vs. RTL Synthesis

, Design closure
VHDL, Verilog: Actual example:
100k lines q
VHDL-2008, SV:
— RTL AW Traditional Flow
. Sim. System Debug N
Test Bench * 240 people*mo
(driver level) | o 10 people
Minimal test Exhaustive functional O 2years
tests
Verification advantage: e.g. video processing
* RTL: 1 frame per ~5 hours 15x faster
e C++:1frame per second HLS Based Flow
_ * 16 people*mo
esign closur o 7 osle
o 8 month

C++ code

(Sk lines)) C HW System . . .
Bl P&R Debug Faster for derivative designs
Test Bench e (C++reuse
(application) e Scales with parameters
. . S level Deb Device independent
Exhaustive functional tests ystem-level Debug

£ XILINX AVIVADO!
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HLS Automates Micro-architecture Exploration

«— Project specification
while (i++) while (i++)
forj=0..N forj=0..N
y(i) = y(i) + b(j) * x(i-j) y(i) = y(i-j) +b(j) * x(i)
Architecture
choices

x(n)— Z* x(n)
by b,
ORORO
)
Micro-architecture
choices
Algorithmic delay

x(n) L

v
X
=
(on
=
=2
v

il il
olole
LRI e

Fully parallel: N DSP + cascade Fully Folded: 1 DSP (default)
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HLS Micro-Architecture Exploration

while (1)
M3(i) = M1(i-2) * C2
A1(i) = M3(i) + x(i)
M2(i) = M1(i-1) * C1
A2(i) = A1(i) + M2(i)
M1(i) = A2(i) * CO

R C++ Dataflow Graph

¢
Z-l

RTL
Schedule 1: 14 cycles T

Sequential process (CPU model)
Minimal HW Resources: 1 MULT, 1 ADD

i 14 i+l 28
Parallelism within each iteration

ANAZ M1 W
Better performance (~29%) | ‘ ‘ [ v | |

2 MULT, 1 ADD i 10 j+1 20 |+2

Schedule 2: 10 cycles Ve
\

Schedule 3: 9 cycles
Loop pipelining

Best performance (~36%) T M2
2 MULT, 1 ADD i o i+1 18 j+2

& XILINX AVIVADO!
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Vivado Synthesis Flow

Syntax check
Build file hierarchy

Design hierarchy
Unroll loops
Build Logic:

* Arithmetic
* RAM
e  FSM

Boolean logjc

Module generators
RTL Optimizations
Boolean optimization
Technology mapping,

& XILINX
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VHDL, Verilog

VHDL-2008, SystemVerilog
more compact: advanced types...
verification friendly: UVM, SVA...

Analyze

Elaborate

Optimize & Map

\Z

P&R or DCP

=@ top

) clkg

Cross-probing

en - clock_generator
' mgtEngine - mgtTop
) fitEngine - fftTop (ffiTop
) fftInst - bft - aBFT (b
-4 arnd1 - round_1 - aR.
-4l arnd2 - round_2 - aR2 (ro
+\.'h arnd3 - round_3 - aR.3 (ro
-4l arnd4 - round_4 - aR4 (round_4.v
+ 48 ingressLoop.ingressFifo - FifoBuffer (F
-8 egressLoop. egressFifo - FifoBuffer (F
] ngige - or 1200_top (or 1200_top.v) (20
e -wb_conmax_top
+-ix8 usliEngifle - usbf_top {usbf

alutRieg reg[310]

=1
)
=

RTL_ADD
minesOp_i

|& |

31
) [
RTASUB

el
. Q
RTL_REG

Ot StepReg reg|31:0)

il

. Q

RTL_REG
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Architecture-Aware Coding
Priority Encoders

Loops

Clocks & Resets

Directives & Strategies
Case Study




Architecture Aware DSP

= HDL code needs to match DSP hardware (e.g.
— Signage, width of nets, optimal pipelining...

Signed 27 bit

\

LIS

= 4 ]z | ACE
ol B | 48

% [ L X “ ‘ XOR—
-

Verify that DSP are inferred efficiently

= Complex multiplier .
= Squarer (UG901) .
=  Multiply-accumulate .

Use templates &

i FIR (UG579)
Coding style examples:

Large accumulator

& XILINX
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Dynamic pre-adder

DSP4SE2)

module top (clk, A, B, C, ACC);
input c1lk;

input signed [CHM27-1:0] A, B;
input  signed [CW15-1:0] C;
output reg signed [CM48-1:0] ACC:

reqg signed [H27-1:0] A, Bi, ADD;
req signed [H18-1:0] Ci;
reqg sigrned [CM45-1:0] MUL;

always @ (posedge clk) hegin
AT == A;
Bi <= B;
Ci == C;
ADD == A1 + Bi;
MUL <= ADD * Ci;
ACC <= ACC + MUL;
and

Signed arithmetic with pipelining

= Rounding (2015.3)
= XOR (2016.1)

avVIVADO'
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DSP Block Inference Improvements

Squarer: 1 DSP Complex multiplier: 3 DSP
(a—b)? , (a+bi)*(c+di) = ((c-d)*a + §) + ((c+d)*b + S)i
(0 +b)? kZO(“k ~bw) with S=(a-b)*d

LSie O

Wider arithmetic requires more pipelining
e.g. MULT 44x35 requires 4 MULT 27x18 & ADD

A _[ A_[_/'ﬁ‘ /"’ﬁ"‘\\ {/’ﬁ"‘\\ /"’ﬁ"‘\\

[ [
o — B_[_@)D@D@@IZJ?@[P
Pipelined MULT 44x35 in HDL Mapped to 4 DSP Blocks (27x18 MULT)

Verify proper inference for full DSP block performance!
& XILINX AVIVADO'



Architecture-Aware RAM & ROM

RAMB36
= HDL code needs to match BRAM Architecture .
i-> {out
— Registered address (sync read), optional output register o R
a r
— 32K configurations
= Width=1 x Depth=2%>(32K) = 32Kx1 define W 32
= Width=2 x Depth=214(16K) = 16Kx2 detine B0
- module top (clk, addr, D, Q);
o input clk;
= Width=32 x Depth=210 (1K) = 1Kx32 et [ 0] e
— 36K configuration R ] w1 10 3:(}(-{@
= Width=36 x Depth=22° (1K) = 1Kx36 ey © (posedee ol addi]
kegin
= Wider & Deeper Memories <o REM[sdizs /eyn sesd o e
end
— Automatically inferred by Synthesis //2ssign Q = RAM[addr]; //async read <> LUTRAM

Example: single port RAM

Verify that BRAM are inferred efficiently!
& XILINX AVIVADO'
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RAM Decomposition: Example

= 32Kx32 RAM  erine o 15

32kx1 | 4 1Kx32 R
/ 32 | 1Kx32 32
A |
| ’l
32Kx1 1Kx32 A oo
32 | | 1Kx32 —| 32
32x e 32x Ex | C
| 7
v
32Kx1 1Kx32
8-1 MUX
W=1 D=15 W=32 D=10 W=32 D=10
High Performance & Power Low Power & Performance Performance/Power Trade-off
(default w/ timing constraints) UltraScale cascade-MUX Hybrid LUT & UltraScale Cascade
1 level, 32 BRAM active 32 levels, 1 BRAM active 4 levels, 4 BRAM active
(* cascade_height =32 *) ... (* cascade_height =4 *) ...

Verify that BRAM are decomposed efficiently!
& XILINX AVIVADO!
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RAM & ROM Recommendations

BRAMY| BRAM | \ BRAM Reg BRAM
— Reg M Reg Reg

X

Use pipeline Reg No logic in-between No Fanout In same hierarchy!
for performance

BRAM slack<0 BRAM slack>0
e > *----- >
Reg Reg Reg Reg . Reg
<</ —
Run phys_opt to move Reg Add extra pipeline
in & out based on timing for best performance!

Verify that BRAM are pipelined efficiently!
&€ XILINX AVIVADO'
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Beware of Priority Logic

if (cO) g = ao; if (cO) g = a0;
elseif (cl) g = al; if (cl) g = al;
elseif (c2) q = az; if (c2) q = az;
else if (c3) g = a3; if (c3) g = a3;
else if (c4) q = a4; if (c4) q = a4;
else if (c5) g = a5; ... if (c5) g=ab5; ...
Priority encoded logic Removing else’s won’t help!!
=>» long paths

a0 » A5
a2 al el A3
P Y —
a4 a3_\ al cS
c0 c4
cl a0 —\
ab /l/ o2 L c3
] 3 R *
cO

c4 cl

c5

Priority logic will hurt Timing Closure!

£ XILINX AVIVADO/
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Priority Logic with “for” loops

flag = 0;
flag = O; for (i=0; i<31 ; i=i+1)
for (i=0 ; i<31 ; i=i+1) if (c[i]) begin
It (c[i]) flag = 1;
flag = 1, break; //SystemVerilog
end

Same as if...if...if... Same as if...else if...else if...

break won’t help!!

1 1 ]
1 1 i_
1) J 1 J
1 | 1

1 c[31] 1 c[0]
1 c[30] 1 ;_ c[1]
—_— ] c[29] —_— J c[2]
(o J— c[28] 0., . c[3]

c[27] c[4]
.. C[26] -+ C[9]

“break” does not reduce logic!
Best code in this case: flag = | c

£ XILINX Think Simple! AVIVADO'
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Priority Logic with “case” Statement

case (c) In Verilog:
v0: g=a0; CASE (c) //synthesis parallel _case
vl: g=al; (watch for simulation mismatch!)
v2: g=a3; In SystemVerilog:
v3: g=a4; unique case (c) // works with “if” too
v4: g=a5;...

CASE won’t help either! 20

(note: values are variables) ;g’

20 — :
a2 at a2
— C
a3 V2
a4 c==v0 a3
ab L c==vl v3 )
— C——V2 a4
L ] c==v3 c

v4 LA
c==v5 BAD ' GOOD

If conditions are mutually exclusive, make it clear!

Note: please use complete conditions
v full_case (simulation may not match) or default & assign don’t_care

(: XILINX .SV priority (for case & if) a\/l\/ADO‘
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Priority Logic Which Should Not Be!

: 0= (S ==0): case (S)
if (c0) q = ao; 0= ) Automated in most cases... 0:q=a0
else if (c1) g = al: cl=(S==1) Even with registered conditions! -q=a
: ’ c2=(S==2); _ _ l:g=al
else if (C2) q = az, c3 = (S == 3): unique if (CO) 2:qg=a2
else if (c3) q = a3; c4 = (S == 4): in SystemVerilog
else if (c4) g = a4; 1-hot conditions . or.
(here: bi ded) | @ _
else if (C5) q= G ere: binary encode .., q A[S]
al
So.2 S
a0 a2
al Soo
a2 \ \ B a3
a3 \ Soo P a0..7 =
a4 \ 2 E
BN é 202 | ™
as y a0..3 1
— S,5:S0 S 1
. /H 0.2 J )_ Sy _ﬂ
5 | 3"
-% _:\
BAD GOOD ' Goop '3
s :il/[

If conditions are mutually exclusive, do not use a priority logic >

£ XILINX Use “unique if” in SystemVerilog B\/NADO'

ALL PROGRAMMABLE users group



Parallelizing Priority Logic

= When you can’t avoid O(n), you still can!

if c0...c63
64 deep

BAD: N deep

if c32...c63 —;
32 deep
1
0
if c0...c31 — 2 deep
32 deep .y (1094(32))

GOOD: N/2 +1 deep...
or N/4 + 2...
or log(N) recursively

Improve timing even when conditions are not mutually exclusive!

& XILINX
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Beware of Loop Unrolling — Avoid “if”

c=0;
for (i=0 ; i<8 ; i=i+1)
if (a[i])

C =c+1;

G-l

A1 ale]

BAD: area & depth O(N)

—>
Get rid of “if’

a[0]

c=0;
for (i=0 ; i<8 ; i=i+1)
c = c+ali];

c=a[0] +a[l1] +a[2] +
a[3] + a[4] + a[5] +
a[e] + a[7];

—>

a[O] a[7]

O
O

a[6]

a[l]
a[2]
a[3]
al4]
a[d]

GOOD: area & depth log;(N)

“if” in loops can seriously hurt timing!

AAAAAAAAAAAAAAAAAAA
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Beware of Loop Unrolling — Arithmetic’s

Q=0
fori=0to 3
forj=0to 3
Q = Q+A+i+j

Q=0+
A+0+0 + A+0+1 + A+0+2 + A+0+3
A+1+0 + A+1+1 + A+1+2 + A+1+43
A+24+0 + A+2+1 + A+2+42 + A+2+3
A+3+0 + A+3+1 + A+3+2 + A+3+3

BAD: up to 36 N bit adder

Q-=..
=16*A + 48
= A<<4 + 48

A[N-1:4]

E* Q[N-4:0]

48

GOOD: 1 N-3 bit adder

Q=(A+3)<<4

A[N-5:0]

Q[N-1:4]

BETTER: 1 N-4 bit adder

Loops (in general) can hurt timing!
Here: symbolic arithmetic optimization may not happen

& XILINX
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Avoid Gated Clock Transformation

= Very common in ASIC design (low power)
= Consolidate the clocks to minimize clock skew

! low-skew network [~
D Q : (BUFG) D Q
ASIC 1 FPGA CE—I CE
C |
ot _D—> ok : c > clk
|

(latched on ~c)

D Q—I— D Q
¢ —P> clk > clk

BAD: 2 clocks, 1 gated

edged detector

T ad ) [o a

L CE
¢ T clk —> clk

GOOD: 1 clock

Avoid gated clocks — they will hurt timing closure
(will cause clock skew)

£ XILINX AVIVADO!
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Avoid [Async] Resets

= What we recommended

— Reduce the number of “control sets” {clk, rst, ce}

— Avoid Reset / avoid Async Reset

alwaysid (posedge clk or posedge rst)

begin D Q D Q D Q
if(rst)
begin —O| ce —Q| cE CLR
i //din_dlyl == 16'b0;
does this — i 1e-po. > clk > clk > clk
really remove dout <= 16'b0;
end
reset? clee
begin rst
din_dlyl == din;
din_dly2 == din_dlyl;
gﬂut == din_dly2; BAD: Attempt to remove Reset created Enable
en . .
end and Reset is still Async...

Verify that removing Reset did not add Enables

£ XILINX aVIVADO!
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DIRECT _ENABLE/DIRECT RESET

= Guides Synthesis to directly connect net to DFF control pin

— When Synthesis is choosing to not use the reset or enable
— When there are multiple possibilities of enable or set/reset

— D Q
D Q
direct_enable =—> > clk
. <
P> clk
D ’ D Q 1
@ ® direct_reset — R
‘\ ) > clk
. > clk el

~ -
~ -
= —— -

Guide Synthesis to connect a signal to Enable, Reset

& XILINX AVIVADO'
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RTL Synthesis: New Strategies

= Vivado RTL Synthesis has now 8 Strategies

— Each Strategy is a combination of options & directives

— Directives have a specific purpose

= For quick pipe-cleaning iterations
— FLow_RuntimeOptimized

= FOI’ best area A Wivado SmthesiS Defgults Mivado nthesis 2015)
ser Defined Strategies
— Flow_AreaMultThresholdDSP Wivado Strategies
.. . — & Wivado Synthesis Defaults
— Flow AreaOptimized high — & Flow_Area0ptimized_medium
- - — & Flow_AreaMultThreshaoldDSP
= For performa nce — & Flowe_AlternateRoutability
. . — S Flow_PerfOptimized_high
— Vivado_Synthesis_Default — & Flow_PerfThresholdCarny
_ FIow_PerfOptimized_high — f& Flow_RuntimeQptimized
— Flow_PerfThresholdCarry Strategies in Vivado (synthesis options)

= For congested designs
— Flow_AlternateRoutability

= Taking the best of all Strategies can give you 10% better QoR

£ XILINX aVIVADO!
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Case Study

= Problem

— Area explosion & bad timing in a design

= Locating the cause of the issue
— Find offending module & synthesize it Out Of Context
— Look for suspicious operators on Elaborated view (how??)

. E= e e age: of
— Cross-probe to source files ~ = R e oL
ES=-5:9-3-3-3 - -a-u=p:
. e a-a- =HES %lg_;%;;
= Resolution SRSt f R -ceoehc

— Fix the source code and/or use synthesis options

£ XILINX aVIVADO!
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Case Study: Locating the Cause of the Issue

4. Find
u LO O k fo r S u S p i C i O u S O p e rato rs Find objects in the current design or device by filtering Td properties and objects.
— Ctrl-F in Elaborated Schematic Reitrane; o1

— Select suspicious operators (here: MULT, MOD...) = eepetes

. h . PRIMITIVE_TYFE - ||is * | RTL_OPERATOR
— Press F4 to view schematic o
. G-RELATIONAL
Find Results - Cells - find_1 (1) | E-ARITHMETIC
my_buffer_reg[263]¢ - 4 [ ; RTL MOD
s N Marmne Cell ["] Regular expression lanore case Search hierg é----RTL_SUB

0[12:0] T i--RTL_ADD
— | e T o .
N L-RTL_MINUS

RTL_MULT Sch atic (F4) Command: | show_objects -name find_1 [get_cells -hierg
- chematic =J-OTHERS
|  Create a schematic from selected objects. Qpen in anew 2 . B-OTHERS
=I-RTL_REGISTER
. [-FLOP
— Press F7 to cross-probe
my_buffer_reg[263]5
10[7:
12:0] 36 if (rising edge({clk)) then
I1[4: 37 for i in 0 to 23 loop
Go To Source F7 — 38 my buffer((cnt*24+i) MOD 264) «= inp(i):
RTL_MULT
Go To Definition ~ Shift+F7 39 end loop:
0 & i £
Expand Cone Il end 1%;

£ XILINX aVIVADO!
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Case Study: More Useful / Fun Tips

Double Click to expand paths

my_buffer_reg[263]4_i
my_buffer_reg[263]5_i

10[7:0 - - - my_buffer_reqg[263]
e 0[12:0] 10[30:0] o[31:0]
I [ v=x"00000001" Il[31:qlﬂ + '
RTL_MULT
RTL_ADD G l RTL_ADD
s —_
'T
Go back & forth R Freviom
Previous schematic.

Cross-probe from HDL to schematic!!! (RTL or gate)

my_buffer_reg[263]4_i

RTL Netiist _ O e g3
for i in 0 to 23 lCCP V=X"00000001" I1[31:0 v
[
my_bu:‘:‘er{{-:nt*24+':i_.g MCOD 264) <= inp(i); 'ﬁ' il . RTL_ADD
W
Select teXt .ﬂ'-vFind in Files... Ctrl+Shift+F il my_buffer_req[263]4_i__ 0 (RTL_! :.:.2:_. — my_buffer_reg[263]4_i__3
Replace in Files Ctrl+5hift+R L) my_buffer_reg[263]41_1 -h__ S B43, v=x"00000002" 11[31:01} ¥ =
. . rl+5hift+ . ;
& right-click (i my_buffer_reg[263]4_i__2 (RTL_SUB43] —_—
Change Font Style. .. gl my_buffer_reg[263]4 i 3[RTL ADD21)
Select 23 cells _ -[ill my_buffer_req[263]4_i__4 (RTL_MOD21] Press F4 oagay A7
o -[ill my_buffer_req[263]4_i_ 5 (RTL 3) e (- L1
-Li] my_buffer_reg[263]4_i_ 6 (RTL_SLE43) -
SNl my_buffer_reg[263]4_i_ 7 (RTL_ADDZ21) -
il mw huffer real?63]4 § /BT MOG21 my_buffer_reg[263}4_i__11
105304}( R or31:0]

£ XILINX aVIVADO'
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Case Study: Analysis of QoR Issue

= Should this code generate arithmetic’s?

my_buffer_re

.. 10[30:0] .
471000 LUT V=X"00000015" [1[310_1_{39[31'0]
"t burter ((ener2es RTL_ADD

my_buffer({cnt*24+i) MOD 264) <= inp(i); 71000 CARRY4 my_buffer re

end loop; R R 1k DFF ... 10[30:0] ol350]
\ \ V=X"00000016" [1[31:@{ + '

array(263..0) of std_logic_vector(3..0) RTEARD

my_buffer_reg[263]5_i

10[7:0 my_buffer_re
array(23..0) of std_logic_vector(3..0) nagy] ¢ U 10[30:0] o[31:0]
V=X"00000017" I1[3 liq]_{ +
|n:'.|:11: : in natural range 0 to 1U;| RTLMOLT RTL_ADD

— cnt (values: 0..10) * 24 + i (values: 0..23) =» 264 constants
— No MULT, ADD, or MOD necessary!
= How to fix it?

Please propose a code change to improve QoR...

& XILINX AVIVADO!

ALL PROGRAMMABLE users group



Case Study: Resolution

Original Code Solution

|cnt : in natural range 0 to 10;

for 1 in 0 to 23 loop

ca3e cnt is

when 0 => my buffer(0*24+41i) <= inp(i);

for i in 0 to 23 loop when 1 => my buffer(l*24+4i) <= inp({i):
my buffer((cnt*24+i) MOD 264) «= inp(i): when 2 =r my_buffer(2*24+i) <= inp{i}):
end loop; when 3 =r my buffer(3*24+i) <= inp{i);
when 4 =r my_buffer(4*24+i) <= inp({i);

when 5 => my_buffer(3*24+i) <= inp(i);

47,000 LUT 11 LUT when & =» my buffer(6*24+i) <= inp(i);

when 7 => my _buffer(7*24+1i) <= inp(i);

71000 CARRY4 0 CARRY4 when & => my_buffer(&*24+i) <= inp(i};

1k DFF 1k DFF when 9 => my buffer(9*24+i) <= inp(i):

when 10 =»> my_buffer(l10*24+i) <= inp(i):
when others => null;
end case;
end loop;

my_buffer_reg[79][3:0]

buffer(79] i —+c my_buffer[79][3:0]_OBUF_inst
: A[3:0] © CE Q L 0
D
:‘: RTL_ROM OBUF
inpl7173:0 =
e inp(7](3:0 > RTL_REG

#1 timing closure technique: careful analysis of Synthesis results!

& XILINX AVIVADO!
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Conclusion

= Use HLS & IPI when you can

— 15X more productive for design & verification
— HLS often achieves better quality of results

= |terate in Synthesis for design closure!
— Adopt SystemVerilog or VHDL-2008 for higher productivity
— Use templates for big blocks

— Investigate QoR issues
= Locate possible Synthesis QoR issues
= Recode or use tools options as needed

— Final gunshot approach try different Strategies
— Do not move to P&R until timing is closed (within 300 ps)
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