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Versal Adaptive Compute Acceleration Platform (ACAP)
Overview

» Revolutionary architecture designed to
be completely SW programmable:

Shared DDR through NoC (no PS DDR)
PL Configuration through PMC

Debug through PMC

System Monitor through PMC

SEU through PMC (no more SEM IP)

‘\'.\ .

7nm Versal™ Architecture Overview

CFl, AXI, NPI interfaces vs. CFl only
DRP (GT/MMCM ports) replaced with APB (PS<>AXI)

PCle / CPM / GT-based IP sharing methodology (in
new quad)

AXI interface for all Hard IP and Soft IP
SW-driven AIE processor (vs. HW design w/ DSP block)
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System Design Methodology — Vivado Flow

Paper Traffic Data Flow Data Flow Power Estimation System Synthesis &
Algorithm Analysis Modelling (IP1) Simulation A EWSTS Simulation Implementation

Develop a  Capture traffic » Connect: » System Verilog Leverage XPE * Full system » Take completed
paper mapping flow for NoC traffic generators, simulation with output from IP simulation; design through
of al_gorl.thm/ - Static analysis memories, . Gather and Integrator for replacing traffic back-end tools
appllclatlon to e performance analyze statistics aCClIJI‘ate power generators - Timing Closure

Versa monitors analysis . - -
Sl from performance Co-simulate with « PDI Generation

» Configure: monitors PS VIP and PL

traffic generators, blocks

NoC connectivity,
QoS requirements

» Elaborate:
Design and export
netlist

Leverage These Steps
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Design Flows
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Versal Design Flow

Device

HBM/Prime/
Premium
(no AIE)

« PMC is required design component for all the flows
« PLM (PMC software) provided by Xilinx

Core/Edge/RF

Embedded Embedded

Vivado-IP| Vivado-IPI Custom Xilinx Custom Xilinx
Design Flow (Vivado) (Vivado) Platform Platform Platform Platform

(Vitis) (Vitis) (Vitis) (Vitis)

. J J
Y Y
Legacy design flow Platform-based design flow
more HW programmable more SW programmable

6 (closest to ZU+ flow, Vivado IPI) £ XILINX
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Versal Design Flows (Vivado only)

» Hardware Design Flow

Design uses fabric (+ NoC, DDR, GT, PCle)
Tools:

- Vivado to create the PDI directly

CIPS must be included in the design

IP1 will play a larger part in your design process

/ © Copyright 2021 Xilinx (A Xl LINX



Versal Design Flows (Vivado to Vitis)

» Traditional Embedded
- Fabric + PS
- Tools:

- Vivado to create a fixed platform (XSA)
- Vitis to program the PS

write_hw_platform -fixed

—
v LN Vitis adds PS
a VITIS software

VIVADO! Fixed Platform (XSA)

HLx Editions
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Versal Design Flows (Vivado and Vitis)

» Acceleration — Lo el & P
- Fabric + PS + AIE & VeRsaL = 28
- Tools:

- Vivado to build extensible platform
- Vitis to program, PS, AIE, PL accelerators

write_hw_platform

Vitis adds PL/AIE

¥ XILINX

+ VITIS kernels and PS
software
VIVADO! Extensible Platform (XSA) _

HLx Editions

& XILINX.
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Versal Specific IP
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Versal IP- CIPS

» CIPS- Control, Interfaces, and Processing System

» One IP contains covers many functions

- PS

- PMC

- Debug

- NoC

- CPM

- System monitors
- SEM

- Tamper

11
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Diagram  x

Diagram x| Address Editor x| Address Map x| MoC x| IP Catalog x ? 00
Cores | Interfaces

Ql = & ® 4 4 @ o, o
Search: - CIPS {1 match)

Mame AT a4 Status License

w Wivado Repository
w Embedded Processing
~ Processor

= Control, Interfaces & Processing System| A4, AX4-5tream  Pre-Production  Included
L4 >
Details
Mame: Control, Interfaces & Processing System
Wersion: 21
Interfaces:  AX14, AXI4-Stream
Description: Control, Interfaces & Processing System IP configures multiple hard blocks of the

wersal chin, The hard blocks that are confioured by CIPS include Platform hd

Address Editor Adq p =2 2 001
n" »
2ix[6]a + & 2,
gt bufgtdmask A
gt_bufgtdiv(2:0]
LouthIk usvvclkJ

BUFG GT (Pre-Production)

versal_cips_0

" ¥ XILINX

a VERSAL

Control, Interfaces & Processing System (Beta)

~

plo_ref_clk -
pl0_resetn

J

urlp

—{Opllo:O] E— Res]——

>
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Versal IP- CIPS Configuration

Control, Interfaces & Processing System {2.1}

© Documentation IP Location

Component Name wversal_cips_0

Configuration Options
Board

Home

Boot Mode

Debug

P5-PMC

CPMa

~ Device Integrity

WowW W W

Sysmon Configuration
XiISEM Library Configuration
Tamper
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Tamper Configuration
Security Related Tamper Event Zeroize BBRAM
[ maG Toggle

(] Temperature Alarm O
[ woltage alarm For WCC_PSLP

() woltage Alarm For WCC_PSFP

[ woltage Alarm For WCC_PMC Or WCCAUK PMC

[ woltage Alarm For WCC_S0C

[ woltage Alarm For WCCIMT Or WCCAUX Or WEC_RAM

[ woltage Alarm For WCCO_503

[ Glitch Detector

[l Tamper Trigger Register

[T) External from MIO
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SY5 INTERRUPT

oK

| Cancel |
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Versal IP — NoC (Network on Chip)

» Shared connectivity to move

packetized data around the
SoC

» Facilitates communication

13

between

Processing system

- DDR

Al Engines

Programmable logic

Any other hardened components

To Adjacent Switch To Adjacent Switch
— I I === Read
| I i
User Logic - — — — — _ PACKET PACKET Resouree
| 'swiTCH |* S| SWITCH |—
#1 —| > (SLAVE)
(MASTER) I
1
— T il R il eI > m—
I I e e e = Write Resource
User Logic | «——| PACKET |< —| PACKET
ser 09 — | SwiITCH ~| swiTcH B
#2 L Y B sl > (SLAVE)
(MASTER) :
— 1
—— I
, _ | PACKET PACKET Resource
4_
Use;t;og'c 3| swiTcH SWITCH |—— C
(MASTER) (SLAVE)
To Adjacent Switch To Adjacent Switch
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Versal IP — Using the NoC (Network on Chip)

versal_cips 0 axi_noc_0
™\ G N\
PMC_NO C_AXI_0 - fi |4 S00_aXI
NOC_LPD_AXI_O i+ so1ax c_counter_binary_0
FPD_CCI_NOC_0 4} 4 S02_AXI
FPD_CCI_NOC_1 -} il 4 s03_ax CLK Q[15:0]
FPD_CCI_NOC_2 4 i 4 s04.ax axis vio 0
FPD_CCI_NOC_3 4-f ii|4 sos_axi = )
i W XILINX gem0_tsu_timer_cnt{93:0] probe_in0[15:0]  probe_out0[0:0] SSET
pmc_axi_noc_axi0_clk clk probe_outl[0:0] LOAD
VERSAL ‘ Ipd_axi_noc_clk probe_out2[15:0] L[15:0]
» fpd_cci_noc_axio_clk )
fpd_cci_noc_axil_clk NOC VIO (Vjrtual Input/Output with AXIS Interface) (Pre-PrBiheartic®dunter (Pre-Production)
fpd_cci_noc_axi2_clk || R- axi_bram_ctr_0 axi_bram_ctrl_0_bram
pl0_resetn @——— ._ . .
fpd_cci_noc_axi3_clk > MOL_AXI o [ty =il 4+ s.ax BRAM_PORTA 4|} [|| 4+ BRAM_PORTA
plo_ref_clk .|_- s_axi_aresetn  BRAM_PORTE +|||==||| 4+ BRAM_PORTE
MC s_axi_aclk
Control, Interfaces & Processing System (Pre-Production) Embedded Memory Generator (Pre-Production)
AX| BRAM Controller (Pre-Production)
ddrd_dimml_sma_clk [ [||+ sys_clko axi_dbg_hub_0
clk_wizard 0 aclko | |
aclk1 MOO_AXI| 4 i SLAXI
clk_inl aclk2 0 aresetn
aclk3 [ aclk
aclka
aclks AX14 Debug Hub (Beta)
clk_outl aclk6 CHO_DDR4_0 ||| {> ddrd_dimml
axis_ila_0
Clocking Wizard (Beta) AXI NoC (Beta)
proc_sys reset_0 + SLOT_0_AXI
% resetn
ext_reset_in peripheral_aresetn[0:0] clk
slowest_sync_clk mb_reset )
aux_reset_in bus_struct_reset{0:0] ILA [Integrated Logic Analyzer with AXIS Interface) (Beta)
mb_debug_sys_rst peripheral_reset[0:0]
dem_locked interconnect_aresetn[0:0]
Processor System Reset (Pre-Production)

14 & XILINX.
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versilcips 0

PRGROCAXLY

Versal IP — Using the NoC (Network on Chip)

W XILINX

. VERSAL.

ddra_dimm1_sma_clk [ [

x
Y
plo_ret.c
Contro & Processing System (Pre-Froduction)
clk_wizard_o
ehim
e

£ ddrs_dmm

() Show disabled ports Component Mame axi_noc_0
“|4+ s00_a% General Inputs Outputs @ Connectivity QoS DDR Basic DDR Memory DDR Ad =
<4 501_axI ~
ot s02ax = | &  Search: |Q- [ ] Gbps [] Advanced | Run MoC DRCs
“|4 s03_ax
“|4+ S04 8% Read Traffic Write Traffic Owhs QoS Bandwidth Bandwidth
“l+ s05 A ) Clags Class and Path Read (MB/s) Write (MB/s)
(4 sys cko oo L v 500_AX BEST_EFFORT  « BEST_EFFORT
— aclko MOLAXI 4 f- MOD_AX] yes
CHO_DDR4 0 + ||
= aclkl MC Port O Yes
g 2o v 501_AX BEST EFFORT  + BEST_EFFORT  «
- al:::z3 M Port 0 WES 3 ¢ ]
- aclkd
k5 w502 AX] BEST_EFFORT w BEST_EFFORT ~
b =18 -
= aclke MOL1_AX] yes 5 5
- MC Port O WES 3 ¢ ] ¢ o
< >
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Versal IP — NoC (Network on Chip)

» The NoC physically spans the SoC
- Blue NMUs (NoC master units)
- Green NSUs (NoC slave units)
- White NPS (NoC packet switch)

O O O O
n | O | | n O m
O O |
O O |
| | |
0 | | | PL
O O 0
a O |
O O |

Control, Interface &
Processing System_

0 o z Py B oo-—0o
e |
—L
 —  —  —
DDR
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GT Wizard Features

» GTs inherit values from the parent IPs

- Makes it easier to split up the GT Quad [RPLL |

TX

- Configure the GT through the parent without ever having to RX

open the Wizard

- Parent IP is packaged without the GT -%: TX

LCPLLO RX

i

» Flow is primarily IPI based

TX

- Allows more intelligent sharing of PLL resources, validation of RX

- RTL flow is possible but multi-IP flow not integrated into wizard —E:

use cases at run time

—
» Pin Planning now part of Vivado, not IP generation —

- New GT tab similar to the Memory flow
- Only full Quad pin planning allowed, no lane swapping allowed
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GT Wizard Features

» Resource sharing is now a lot easier 228
- Split up the Quad as you see fit
- Let the tools give you a best fit —— L_%_

(ERE NN

» Simplify rate changes

- GT wizard can generate multiple ELF configuration =
files through GT Quad customization options

- DRP-like functionality is natively incorporated into the i
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Quad (APB AXI bus) I

» Bridge IP

- For third party solutions

- Acts as an interface between GT Quad and custom
logic

& XILINX.
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Simulation and Debug
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Si

Vitis 1

Vivado {

20

[ 1

mulation

HW Emulation

QEMU

HLS Cosimulation

AIE Simulation

RTL Simulation

Full System Simulation with PL, PS(QEMU) & AIE blocks

Embedded software simulation for Processing System(PS)

HLS kernel simulation with Csim or Cosim

Al Engine simulation containing graphs and kernels

Programmable logic simulation of hardware blocks (RTL, IPs, Sim models)
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Versal IP - HW Debug

Versal ACAPs

» Versal Debug Cores Use AXI-Streaming e ZLX, o
Infrastructure (32-bit
» Familiar Debug IP ﬁf, orc
- Integrated Logic Analyzer (AXIS-ILA) R
- Virtual Input/Output (AXIS-VIO) ‘AX._Stream o
- Memory Calibration Debug Interface S
» New Debug IP Soft IP in PL

Previous Xilinx Architectures
* Proprietary XSDB interface

- PCI Express Link Debug
- Hardened Integrated Bit Error Ratio Test (IBERT)

XSDB

» HSDP (hardened part of XPIPE)- performance BSCAN or Debug | BSCAN,
benefits — loading the linux kernel into memory by
JTAG is slow (12.8Gb Smart link plus 10Gb vs.
JTAG 100Mb )
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Device Programming
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Programmable Device Image Demystified

» A PDI is essentially the Versal equivalent of a

“bitstream” -
Al
» PDI contents ELF
- CDO files — Configuration register writes for
hardened IP
- BIT file — Fabric CFrame data A A
- ELF files — AIE/PS/uB software PDI | — BIT ELF
» PMC uses N\ \
- Cframe interface (CFI) to program the fabric D6 cDO
- NoC programming interface (NPI) to program the
NoC interconnect

- AXl interface to load the AIE
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Conclusion / Resources

» Three recommended design entry flows used for Versal

» New Versal Hard IP
» Simulation and debug
» PDI

» Resources

- AMO11 — Versal Technical Reference Manual
- UG1273 — Versal ACAP Design Guide

- PG352-CIPS IP

- PG313 - NoC IP

- PG331 - Transceiver Wizard
- Versal online documentation

Versal ACAP Design Process Documentation

process of interest for more infermation.

Versal Product Page

Xilinx documentation is organized around a set of user design processes to help you find r

D Board System Design

elevant content for your design needs. The high-level design processes are displayed below. Click on the design

System and Solution Planning: Frovides guidance for identifying the components, performance, 1/0, and data transfer requirements at a system level. Includes application mapping for the solution to PS, PL
and Al Engine

Embedded Software

Development

System Integration and
»E‘—E—E ¥ N 9 o Al Engine Development
Validation o
Guided Pre-Filtered

Overview i Overview I

Identify Xilinx Device for the Design +
Identify performance and p nls

P v y
Map Applications (to PS, PL and Al Engine) + Identify Xilinx Device Identify and define memory req
for the Design
J Identify conneclivity requi

(VO and data fransfer)

P
{to PS, PL, and Al Engine)
L S

Design Hubs Home Page

https://www.xilinx.com/support/documentation-navigation/design-process/system-and-solution-planning.htmi

24
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https://www.xilinx.com/support/documentation-navigation/design-process/system-and-solution-planning.html

