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Tutorial Overview & Agenda

* With the complexity of today’s software the length of workloads to validate hardware and software has
increased to 100s of billions of cycles.

* As teams adopt a software-first validation strategy, modern emulation and prototyping platforms are needed
to enable the highest performance as well highly efficient debug technology.

* In this 2-part tutorial, we will use a multi-processor design case study to illustrate how the latest Emulation
and FPGA Prototyping Systems are both ideal platforms to achieve S/W first system validation

e Part1:Debug using ZeBu® Server emulation system
* Part 2 : Debug using HAPS®-100 FPGA prototyping
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System Validation using ZeBu Server emulation system

Why Software-First
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Software-First Application

Evolution: HW testing to HW+SW testing

Low Level (Firmware — Drivers)
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Debug - High Level View

|dentify Debug Window

* Monitor and Checker

» Assertions

» Key Signals Waveforms

 Full Visibility Waveforms

General Signals Monitoring — Unlimited Number of Cycles
Checkers/Monitor — 15t Level RTL Debug
RTL Debug through Waveform
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/eBu Technologies
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Monitors/Checkers and Stimulli

Running Emulation for days/weeks & Isolating Window of Debug

Application

Low Level (Firmware — Drivers)

Monitors/Checkers

‘ #0 == n === #N == m #M = mm Stlmul| Recording
Time 0 Time N @ Time M
Root Cause Failure Time

o pUT DUT Observed

State r i State State

Save S Save

N Stimuli Replay
Time N @
)
1 Time

DUT
State

Restore Qg DUMPES
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Faster Waveform Expansion and Debug with ZeBu and Verdi

Next generation tools for waveform-level debug

High Performance
Parallel Expansion

High Performance
Interactive Expansion

High
. Raw Debug Expanded
Bandwidth I/F Signals j KDebug SignaISJ R
ZeBu Server 4 Verdi <1sec Verdi

Scalable solution for complex billion gate SoC waveform-level debug with Verdi
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Emulation Runtime & DUT Debug with Verdi

Emulation Runtime | | Sniffer | | Triggers

> hw_top hw_top as B G

File View Source /OneTmce Emulation Tools Window Help

- e — - — —_ ump £& -0
5 M D =] T ER e s 2 . R (= File Waveform Capture =
& 120 us :]‘;‘- e~ @ _; B @ Time:| 120120120 x1ps Flle: p Type: [qiwe j
Instance & & - O | sigial List & & _ O/ *srcihw_top( (RTL/hw_top.sv) T T‘

Hierarchy || = 1|module hw top () Slml' —_—
= 2
gnal |-/ 2 -
&7 Dynamic Trigger 1 zceiTrigger e hw’?:;m”‘ 3 WS B vaiue Sk J
{1 Dynamic Trigger 2 zceiTrigger = | VLIS Signal:
Mo T [ owe |l wire | 5 wics “*| RTL Source Code
2 — = # [ d i[7:0] wire 6 Instance: Degth
£ my_sva i rei wire 7 wice
{8 my_fifo monitor & [ q_of7:0] wire 8 wire Current File: | Add toFile |

# {31 async fifo a2 async_fifo a % (@ aa_d7:0] i a wirs TR

# ] dummy xtor dummy xtor & o N 10 wire —

= = = File: - Load

# f7] u_run_control run_control [l nif o wire 11 wire Eid _TJ‘L\

&) my_dollar_monitors my _dollar_mc & ef o wire 12 E File List : .

+ ) my_dumpvars my_dumpvar & (@ a_o2[7:0] wire | E e [} Type File Status  DumpOn Finish

& snovas units - () qa_a2[7.0] e 15 wire
i ir o o 16| wice
] nr_z - 17 wire
[P wire i
[ constant 1 wire 10| /* Reason codpetest #/ ¥

r [ undriven_signal wire ] r

= == H Clock A= ml

T e & unconnected _wire *Srelihw. mpsu

Emyfation Time : 120,120,120ps .
Zebu Emulation Console £ .0 x| vaich Grault Ciock ' HickClk WatCh Prlmal’y C|0CkS
Rule View Tools Window £ menu . Clock TyeEs
— ¥ 0 B - Line: | 300 7] Watch Signals Values Al Docks
— & = B3 Group : tickClk | Free] | step
Sk Mo viateh 1| {3 tickCik 1323
25 c
;:z :::\;e Name Value Type
e @ counter[0:31] 321601 reg fic(hw_top)
392 # step DATABASE : Referencing nodes (top instances) W owvei 161 Wire Static(hw_top)
393 # step DATABASE : 11 nodes referenced in 0 seconds. Total of 11 referenced nodes.
394§ step DATABASE : Referencing nodes (progressive] - 11 nodes already referenced
395 # step DATABASE : Referencing nodes (full)

396|# step DATABASE : 3844 nodes referenced in 1 seconds. Total of 6003 referenced nodes.

397 | zRei>run 120ps

398 120
399 zReisrun 120ns

400 120

401 zRei>run 120us

402120

403 zRei>force {hw_top.we i} 1 —deposit

404 -- ZeBu : zRei: ¥ -

405 hw_top.we i

T Console

| ma>

@ Message |unesaarcn x I Zebu Emulation Console X |

accellera
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/eBu Case Study
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Multi RISC-V Full SOC

Emulation run setup

%
[ Nhamory Bus / System Bus ]
-

~
[ ‘emory Bus / Sysiom Bus ]
PN
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[ Wamary Bis 1 Syato Bus |

Nemory Bus / System Bus

7997

-
[ Wervory B T Syiem Bur ]

Meormory Bus | Systom Bus.

i
i

eee

'S ~
%
[ Narmory Bus Systam B ]
S
‘ N
!_uuu- !-ucm !-uw- !—.vw-
[ Mooy Bus /Syt B ]
S J
-
s 3
[ Viomory Bus Sysem Bus. ]

779% | Fees)- (7e%e

Mermory Bus | System Bus

Mamary Bus | Sy

Sniffer

Per. 1

&

Per. 2

X-or 1

» zDPI
— High Speed Monitor

* Sniffer
— Saving SW Messages
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Multi Risc-V Full SOC

Full Visibility

* Fast Readback
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System-level Debug Using Monitors

Using highly efficient trackers/monitors to identify window for waveform level debug

eq

system logs

pumpprmp g ooy
e A

e

Phase 1 (Billions of Cycles) Phase 2 (Millions of Cycles)

=~/




Checking Monitors Logs

|dentifying Failure Window Bee: | 7955 - TEEF
ying FEPE | FEEF | FEET
< B | eeEE =l=l=] Per. 1 + X-or 1 0; sw .o
[ 920880629 lisa: ryadimac ] il o= e ;.;_J T \_.\
[ [ 920880620 1isa: ry&dima < : = ——
[ [ [ 0002204620 Jica. o ucdioo I P —;;; =]=] 2 ff%‘il } : 9
[ [ [ [ 2325304 ][ 0.000000] Zone ranges: _|4/ it SaEE | | Application |
[ ( [ [ 2346727 11 0.000000] DMA32 [mem 0x0000000080200000-0x000000008fffffff] I“/k \
[ ( [ [ 2380422 11 0.000000] Normal [mem 0x0000000090000000-0x000008ffffffffff] A ) /
! [ [ [ 2409473 11[ 0.000000] Movable zone start for each node .. —
[ [ [ [ 2431044 1 [ 0.000000] Early memory node ranges Per. 2 * ooy
[ . - : : - :
[ [ 11 0.000000] rllode 0: [mem 0x0000000080200000-0x000000008fffffff] EEEE EEE EEEE
[ [ 248546901 [ 0.000000] Initmem setup node 0 [mem 0x0000000080200000-0x000000008fffffff] FFEFTF +TEETF 0| b ae
T T U701 /2032 TNelcome to Bullaroot
[I 979213892|]buildroot login:
Monitors/Checkers
1 1 1 1 - = #N HM  mows StimuliRecording
Linux Boot not progressing after cycle 2,485,469 in RISC-V instance #3 g
Time N Time M
v v Failure Time
- = - DUT LI ] DUT ObSeI’Ved
[ 75626479 1 pc=00802000ec op=Ffe0llcel asm=REQ x0, 1ffl(a2) l glate e
ave Save
[ 75626479 1 pc=00802000ec op=fe0lQ0cel asm=BFO x0, 1ff8(a2) l
[ [ 75626479 ] pcmlsd20nl osfa0ln BSmEREO 0 1 FER(20) I
[ x2 = ...
[ 75626480 ] pcf [ 2519027 ] pc=e000c9d2d4 op=00e286b3 asm=unknown
[ X11 X5 = ffffffe00£fa80000 X14 = 380000
( X2 < X13 <= ffffffe00fe00000
[ 75626481 ] pcf [ 2519028 ] pc=e000c9d2d8 op=0f877713 asm=ANDI x14, x14, 000000f8
X12 X14 = 380000 X24 = ffffffe00£fa80003 .
X4 < X14 <= 0000000000000000 RISC-V Core #3 hangs since
[I 2519029'] pc=e000c9d2dc op=0000cfll asm=C.BNEZ x6, 018
14=0 X0 =0 CyC|e 2_519_029

ZeBu debug enables failure window detection in single pass during regression

accellera Dv 3
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Waveform Capture & RTL Deb

|09

:@QQH@@QD ‘E‘DDD‘
¥FE% e ++++
CEEENEEEEMEELEL e A =
‘@Q@Ha@@@}m @@@D‘ [ ‘
tEE+ || 222 E E &+ | Application
{ ) g
Monitors/Checkers YY) ~_ .,
. . . Per. 2 * X-or 2 T i
#N-1 #N #N+1 Stimuli Recording ‘ EEEE H gggg‘ ’@ggg‘
FEFF|[FF2F || FEEF
Time N-1 Time N _
‘ Failure Time

State State State
Save Save Save

High Performance
Parallel Expansion

High Performance

Interactive
Expansion
Expanded
\  Debug Signals )
Verdi
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Debugging Waveforms in Verdi

Fle View Source Onelrace Simulation Emulation Tools Window Help Pv
=== = — T B - A B = m = = K-
B ML B & 2 Bes VU0 @ MY R
Instance < I—_‘L;_-‘ - O *Srcl:hw_top(/ {SRC/RTL/hw_top.sv) Q&4 ‘I—_L;_J - O
Hierarchy || Module 266 counter_on gated NG clock <= 0; B
T | | o
E Dynamic_Trigger 1 zceiTrigger 268 counter on gated NC clock <= counter on gated NC clock + constant 1;
@ Dynamic_Trigger_2 zceiTrigger ggg er.'u:l NG T 1
wire miz i
= @ async_fifo_a async_fifo_a 271 - mix_NC_X_2-
{2 my_sva | |- 272 assign me_ﬁC:X_l = gated x clock & gated NC_clock;
5] my fifo manitor : 273 assign mix NC X 2 = gated x clock | gated NC clock;
i e 274 I_
|Instanuei Declaration T e .
*<nWave:2> € 2 I__|_‘—_| _ 0O x
File Signal WView Waveform Analog Tools Window ‘Q'::'

Dumped: Captured in ZTDB -

= - " X BB 12,908,700,000 | ; 112,907,300,000 | AL ¥ -1,400,000

Computed: Simulated

Mixed: Bits having different Reason Codes

Constant: Optimized at 1 at compile

Optimized: Useless Reg. removed at compile

Loop: Simulated — X when oscillating, 0/1 when stable

Computed: Simulated — X coming from oscillating loop

Computed: Simulated — Gate is useless but still simulated T K F<E = e i ————n
thanks to Graphs (model) defined before optimizations & Message |OneSearch X | *=nWave:2> full_chip_at replay ZWD X !

Selected: Al A ::
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/eBu Emulation Scripts

my dumpvars.v
module my dumpvars () ;
initial begin: Full Chip VS
(* giwe *) Sdumpvars (0, my top level)
end
endmodule

my vcs script.csh
vlogan SRC/RTL/my_ dumpvars.v

vcs my top level my dumpvars

main run.tcl

start zebu main emulation run db
sniffer -auto create 2000s
ccall —dump offline dpi.ztdb
run 10000000000ns

sniffer -stop

ccall -disable

finish

my UTF script.tcl

vcs_exec_command my_ vcs_script.csh

architecture file -filename .../zse configuration.tcl
debug -all true

debug -offline debug params {INCL XTORS=true}

debug -waveform reconstruction params {SIMZILLA=V2}

full visibility.tcl

config db path main emulation run db
sniffer -restore -at 2000000ns

set fid [dump -file full chip.ztdb -giwc]
dump -enable -fid $fid

replay 1000000ps

dump -close -fid $fid
finish

zCui -u my UTF script.tcl

zRci main_run.tcl --zebu-work zebu.work

zdpiReport -f list of dpi function -i dpi.ztdb/ -1 ./my fifo monitor.so -z zebu.work |& tee run.log

zRci full visibility.tcl --zebu-work zebu.work

zSimzilla --ztdb full chip.ztdb --zwd full chip zwd

verdi -emulation --zebu-work zebu.work -ssf full chip zwd
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HAPS Technologies

YSTEMS INITIATIVE



The Landscape for High Performance FPGA-Based Prototyping
The Widening Scope

Integral Part of IP and SoC verification

RTL Development

* From early RTL debugging to SoC performance modelling ....
and everything in between

Architecture
Development

Primary requirements for FPGA Prototyping

* High Performance
* Peta cycles for verification coverage

* High Capacity, Scalable and Flexible
e Growing IP and SoC sizes
* Expanded verification tasks
* Visibility Capabilities
* High capacity and at-speed debug
e Highest visibility
* Flexibility to locate the hardest to find bugs
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The Landscape for High Performance FPGA-Based Prototyping
The Widening Scope

Prototyping systems offer multiple

verification opportunities
Software Debug System validation with Real-World 10

J—
T USB> HAP
= CONNE(§

Daughtercard  [Ele b
e EEEER co> omr
: 1

AM y—

Real-world interfaces for interface
validation

e |P level of SoC level

Links to software debuggers
» Software development

High-speed transactor-based interfaces A

* Hybrid Prototyping . ..ﬁ..
* Speed adaptors for system validation SYNopsys EETR IR
Software Debug with Hybrid Prototyping System validation with Speed Adaptors

Software-driven Power Validation
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Highest Capacity and Prototyping Performance with HAPS-100

Industries Highest Performance and Most Scalable Prototyping System
* Scalable to 1B+ gates at 10MHz

Built-In Debug for High Performance / Capacity Visibility
* Dedicated Debug Circuitry and Memory

— Minimal Intrusion to the DUT

High Performance Host Interfaces
* High-Capacity Data transfer using USB3 and QSFP Interfaces HAPS-100

Designed for Desktop or Data Center Installations

* Single Form Factor suits all scalable requirements
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Debug Capabilities for Deep-Cycle Visibility

Get to the debug window of interest and provide database for Verdi debug

Multiple visibility options
* Performance, capacity and intrusion into the DUT

. : HAPS
* Real-time, at-speed debugging, full state capture
< Global _ _
8 State Host Server Storage Verdi
—srans . o = Visibilit
Increased visibility capacity and flexibility Z .
* Greater event detection and capture resolution 0
* Eliminate re-spins to capture the necessary scope =0 [Deep-Trace Debug On Board Memory
= Single / Multiple FPGA
g
i i i L
Different technologies combine to great effect é
. : Multiplex G Depth C i
* First event detection at full speed & MB [ PeX TIPS, TEPTh HOmpresston } Real Time
* Higher capacity visibility at reduced speeds [ On-Chip FPGA BRAM | pebug

* Complete state capture at controlled speeds KHz MHz GHz
System Frequency
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HAPS Case Study
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Case Study : RISC-V Based Processor SoC

Architecture Overview

~\ DUT Architecture

e RISC-V Architecture with 4-Core Processor

Software content

* Linux Boot ~ 1 Billon Cycles

Prototyping Requirements

- * Single RISC-V In Single Xilinx VU19PFPGA

 RAM to be replaced with external DDR4
* Maximum system performance for 1B cycles

~1B cycles + stand Alone DUT
* Self stimulating from Boot Code

(
L1 Cache L1 Cache L1 Cache L1 Cache
Memory Bus / System Bus
\;7 :|:
AXIl4 Interconnect UART
hart $ 3
isa + rvBdimac
B t s h : SVES ket0
00 uarcl ¢+ sifive,rocke
Code RAM Starting dropbear sshd: OK
Welcome to Buildroot

buildroot login: [l

* Monitor UART : Real World or Transactor Based
* Enable debug to detect and capture activity
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Prototyping Preparation : Stand-Alone DUT @ 100MHz

FPGA Prototyping Infrastructure

4 N
* Addition of modules for standalone prototyping
* AXl Interconnect and DDR Memory Controller
* To replace DUT RAM
L1 Cache L1 Cache L1 Cache L1 Cache
* AXIl Transactors for Boot Code Upload 4 4 4 4
* “Backdoor” Load Approach | Memory Bus / System Bus |
e GPIO Transactor for DUT Control \. ‘ J
* Clocks, Reset and Monitor UART

* Cycle counter to track when error occurs

* Addition of HAPS Daughter Boards
* DDR for Boot Code Store

e GPIO for UART to Host PC d GPIO Board

HAPS DDR Daughter Prototyping -

DUT Clocked @ 100MHz Board Infrastructure

.........

UMRDbus
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Prototyping Preparation : Debug Enablement

Enable multiple Debug Capabilities

* BRAM and DTD based Debug to monitor AXI Transactions
— On-Chip BRAM for AXI Traffic between DUT and DDR3 Memory
— Off-Chip DTD for all AXI Traffic between XTORs, DUT and DDR3 Memory

— Debug capacity available to maximize visibility

Global
State Host Server Storage

Visibility

GB

Deep-Trace Debug

5 N On Board Memory
Single / Multiple FPGA

Sample Length / Signal Count

RTL Sdumpvars used to select debug signals MB
On-Chip FPGA BRAM

$dumpvars (1, rocket_system HAPS100.M1_AWREADY([0]);

Sdunpvars (1, rocket_system_HAPS100.M1_AWVALID[0]);

Sdumpvars(1,  rocket_system HAPS100.M1_AWID[1#AXI_M_ID_WIDTH-1:0]); " . .
Sdumpvars(l,  rocket_system HAPSL00.M1_AWADDR[M_AXI_AW-1:0]); D f B RAM d DTD f t
Sdumpvars(1,  rocket_system HAPSL00.M1 AWLEN[7:0]); erine an con IgU ration KHz MHz System Frequency GHz
Sdumpvars (1, rocket_system HAPS100.M1_AWSIZE[2:0]);

$dumpvars (1, rocket_system HAPS100.M1 AWBURST[1:0]); -

Sdumpvars (1, rocket_system_HAPS100.M1_AWLOCK[0]); device jtagport umrbus

$dumpvars (1, rocket_system HAPS100.M1 AWCACHE[3:8]); iice new {idxA} -type regular

sdumpvars (1, rocket_system HAPS100.M1_ AWPROT[2:0]); liice controller -iice {idxA} none

sdumpvars (1, rocket_system_HAPS100.M1_AWQOS[3:0]); iice controller -iice {idxA} statemachine

Sdumpvars(1,  rocket_system HAPS100.M1_AWREADY[0]); isca HaotEci ey FAtiek) ilasacattes 1

Sdumpvars (1, rocket_system HAPS100.M1_AWVALID([0]); i E + T

$dumpvars(1,  rocket_system_HAPS100.M1_WDATA[M_AXI_DW-1:0]); iica controller.-ilce {idih) ~triggeroonditions. A

Sdumpvars(l,  rocket_system HAPS100.M1 WSTRB[M_AXI DW/8-1:0]); iice controller -iice {idxA} -counterwidth 8

Sdumpvars(1, rocket_system HAPS100.Ml_WLAST[O]); iice sampler ce {idxA} hapsl00_DTD_builtin

Sdumpvars (1, rocket_system HAPS100.M1_BREADY[0]); iice sampler ce {idxA) -depth 5000080

i) e T e (L L S— iice sampler -iice {idsa} -pipe 3 Check Resource Usage and Sample Rates

Sdumpvars(1,  rocket_system HAPS100.M1 BRESP[1:0]); lice sampler -iice {idxA} -always armed 1

$dumpvars (1, rocket_system HAPS100.M1_ARREADY[O]); . f I I R I_
Sdumpvars (1, rocket_system_HAPS100.M1_ARVALID[0]); device jtagport umrbus rOI I l | I |p EI I Ientatlon OgS
Sdumpvars (1, rocket_system_HAPS100.M1_ARID[1*AXI_M_ID_WIDTH-1:0]); iice new {iice bram} -type regular
siumPV“Nif l’“iel_sygwm_”ﬂl’sigg~Mll._ARADDR_[IMEAXI_BW-1=0]H iice controller -iice (iice bram} statemachine

umpvars (1, rocket_system_HAPS100.M1_ARLEN[7:0]); ii i3 i : -
:dumgvum:l‘ rocket-szstem_m\l‘slﬂﬁ.Hl_ARSIZé[Z:g);)' iice controller -iice {iice bram) -triggerstates 4 Current instrumentation information:  IICE=idxA
durpvars(l. rocket system HAPS100.ML ARBURST(1:0]); iice controller -iice (iice_bram) -triggerconditions 8 FPGA=FBl.uA
sdumpvars (1, rocket_system HAPS100.M1 ARLOCK[0]); iice controller -iice ({iice_bram)} -counterwidth 8 Total instrumentation in bits: Sample Only 8, Trigger Only 0, Sample and trigger 282
Sdumpvars (1, rocket_system HAPS100.M1_ARCACHE[3:0]); iice sampler -iice {iice bram} -depth 512 Instrumentation in bits:
$dumpvars(l,  rocket system HAPS100.M1 ARPROT[2:0]); iice sampler -iice {iice bram} -pipe 3 sample Only 0, Sample and trigger 282. All sampled 282 of 8192 signals allowed for DDR4 memory type
Sdumpvars (1, rocket_system HAPS100.M1_ARQOS[3:0]); iice sampler -iice {iice bram} -always armed 1 Maximum sample clock frequency: 160.0000 MHz
Sdumpvars (1, rocket_system HAPS100.M1_RREADY[0]); IICE=iice_bram
Sdumpvars (1 rocket_system HAPS100.M1_RVALID[0]); 403 . " : ~FB1.
Sdumpvnstl’ rocket_system HAPS100.M1_RID[ L¥AXI_M_ID WIDTH-1:0]); iice clock -iice {idxA} -edge positive {rocket_system HAPS100.M3_AXI_ACLK} FPGA F?l ua : : i B %

' X X, . _M_ID | i i 7 2R i Total instrumentation in bits: Sample Only @, Trigger Only 0, Sample and trigger 844
$dumpvars (1, rocket_system HAPS100.M1_RDATA[M_AXI DW-1:0]); iice clock -iice {iice_bram} -edge positive {rocket_system HAPS100.M3_AXI_ACLK} frit Aibehtation Aa Bits
sdumpvars (1, rocket_system HAPS100.M1_RRESP[1:0]); . .
Sdumpvars(1l,  rocket_system HAPS100.M1_RLAST[0])F Balple only 0, w0l andtrigger Sdd
B = = Maximum sample clock frequency is same as maximum user clock frequency (as reported by P&R)

accellera RS
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Prototyping Preparation : Debug Enablement

Enable multiple Debug Capabilities
* Global State Visibility (GSV) — Synchronous Mode

— Platform is run at speed until an event is detected

Global
State Host Server Storage
Visibility

GB «

— Event can come from multiple sources to initiate the capture

Deep-Trace Debug

— DUT is stopped, registered state is read, stepped and repeated over scope L ek LU

— Can capture 100k cycles in 1 hour

On Board Memory

Sample Length / Signal Count

— Database written for Verdi debug analysis MB b
- i [ On-Chip FPGA BRAM }
— Requires Insertion of Clock Control Module
. . .. . 5 KH MH GH
— Automated via simple scripting in ProtoCompiler Flow ; 2 plystemrequency :
Run from Reset State at full speed Stop, Capture, Step, Capture over desired range Resume at full speed
A | |
[ | |
Read Read Read Read
|

Design/RTL

Event
Detected
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Prototyping Debug Flow : Initial Error Detect Run

Check for Error Condition on Initial Run

* Upload the Boot Code to the external DDR device via the Transactors — “Back Door” approach

— Rocket System DUT is held in a reset state

— Boot Code Uploaded and re-read to allow for off-line check

d

Edb_11inux, hex

the uploaded memory from . Edb_1inux ith the memo

HASTER Jicense ...

* Release DUT Reset and check for output from the UART

[18:
[18:
[18:
[18:
[18:
[18:
[18:
[18:
[18:

:44)
:45]
:56]
:56]
:56]
:57]
:57]
:58]
:58]

000002123628
000002148804
000002325314
000002346737
000002380432
000002409483
000002431054
000002452492
000002485479

o@D

.000000)

.000000]

.000000]
.000000)

.000000]

.000000]

.000000]
.000000 ]
.006000]

bootconsole [early®] enabled™M
Initial ramdisk at: Ox
Zone ranges:”M
DMA32 [mem ©x0000000080200000-0x000000008fffffff] "M
Normal [mem 0x0000000090000000-0x000008ffffffffff] M
Movable zone start for each node*M
Early memory node ranges”M
node ©: [mem 0x0000000080200000-0x000000008fffffff] M
Initmem setup node 0 [mem 0x0000000080200000-0x000000008fffffff]" M

(ptrval) (9929728 bytes)”M

— See error state occur after cycle 2,485,479 from reset UART locked at Cycle 2,485479
— 25mS to reach error condition @ 100MHz
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Prototyping Debug Flow : Debug Database Capture Run

Configure and Initiate the On-Chip Debug and GSV Capture

* Debug run with on-Chip BRAM Debug trigger at Cycle Count minus 50,000 Cycles

1 set current_script dir [file dirname [file normalize [info script]]]
2 project -load $current_script_dir/werk/Rocket System HAPS100/runtime_test egsv_enable/system/debug/debug.prj

: iice current {iice bram}
: Condition 0 ;: DUT Reset de-assert

6 watch enable -condition 6 -language verilog (rocket_system_BAPS100.dut_reset} {1'bl} {1'b8}

7 watch enable -condition 1 -language verilog {rocket system HAPS100.Cycle Count} {32'h249F00}
8 aiaie
Condition 1 : Cycle Count = 2,400,000

9 statemachine clear 0
10 statemachine addtrans -from 0 -to 1 -cond {c0}
11 Transition ® -> 1 when 'c0' added

13 statemachine addtrans -from 1 -to 1 -cond {ecl} -trigger State Machine Based Triggering

14 Transition 1 -> 1 when 'cl' added

jp " e e Condition 0 followed by Condition 1

17
18 Wirite fsdb {$current script dir/work/Rocket System HAPS100/runtime test egsv_enable/system/debug/iice_debug.fsdb} -iice iice bram

* Global State Visibility armed to capture 100,000 cycles on trigger condition

1 set current script dir [file dirname [file normalize [info seript]]]

2 project -load $current script_dir/work/Rocket System HAPS100/runtime test eqsv_enable/system/readback/debug.prj

3

4 readback set -clear

5 readback set -iice {Readback} -fpga {mb_l.uA} -11file Scurrent script_dir/work/Recket System HAPS100/runtime test_ egsv_enable/system/readback/FB1_uA.11"

6 readback set -apply
7

§ set readback_cnt 1000000

9
10 readback stream waveform -iice Readback -type FSDB readback_stream $readback_cnt.fsdb

: Capture 100,000 Cycles upon Trigger detect

12 run -iice Readback -readback $readback cnt -stepping 1 -wait for trigger extn -release_clock 1 -wait

13 |

top, Capture, Step, Capture over 100,000 cycles

Run from Reset State to trigger conditi

A A
( |
Read Read Read Read
State State State State

accellera s
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Off-line Verdi Debug Environment

Complete Debug Environment for Multiple Offline Debug Session

* Verdi CRDB created using generated scripts

£ rocket_zysztem_HAPS100_run_verdi -crdbgen -rtldbdir $HAPS_PRI_DIRAwork Rocket_Sustem_HAPS1OO0 poz_ucdzime,daidirsd —dtop Rocket_Suystem_HAPS100

* Complete debug environment exported as fully contained package
— Can be run on any remote network with tool access

— Allows multiple users in all world-wide locations to debug at RTL level with waveform expansion

| |
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Case Study : RISC-V Based Processor Chip

Debugging the Rocket Chip Implementation

* GSV capture provides full visibility around the error point i.e. Cycle 2,485,479
— Design knowledge is generally required to locate and track the source of the bug

— Deep Cycle Visibility : Real world waveforms with expansion and correlation to RTL throughout DUT hierarchy over 100,000 cycles

DUT / Prototyping
Infrastructure hierarch

raraamemeE

Waveform / RTL correlation

Schematic Browser

Lock Point Capture

CONFERENCE.
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Summary
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Finding Hidden Bugs In Deep Cycles

ZeBu Server 4
* Large designs
* DPI/Monitors
e Stimuli Replay
* Fast Readback

HAPS-100
* Highest Performance
* Deep Tracing
* Global State Visibility

Verdi

* Industry standard debug
» ZeBu/HAPS outputs natively integrated

HAPS-100

ZeBu Server 4
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