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Agenda

* Introduction —the Debug challenge

* Advanced RTL Debug Scenarios
 Debug of Complex Testbenches
 Power-aware Verification Debug

* Integrated Hardware/Software Debug
* Post-Silicon Debug Solutions
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Verification Consumes Majority of Project Time
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Verification Consumes Majority of Project Time
for FPGAs too
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Where Verification Engineers Spend Their Time

M Test Planning

i Testbench Development

' M Creating Test and Running Simulation

H Other
W . . . 2015
ll Source: Wilson Research Group and Mentor Graphics, 2014 Functional VerificationStudy ~ DESIGNAND VERIFICATION™
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Key Recommendations

* Find bugs as early as possible

— Before time-consuming, resource intensive regressions are
launched

e Successively refine low power verification in every
D&V phase

* Leverage new debug technologies to expedite
causality discovery

e Break down the wall between RTL and firmware
verification

* Plan ahead for post-silicon debug
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The Enterprise Verification Platform

Management Visualizer™
& Analysis Debug

»
4

Verification Infrastructure

Questa® Questa® Veloce® FPGA
Formal Simulation Emulation Prototype
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Agenda

* Advanced RTL Debug Scenarios
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Debugging RTL with Visualizer

 Demonstration of example scenarios
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Visualizer Debug Environment Architecture
Built for Performance/Capacity for the Largest SoCs

e Fast GUI data model
— Technology acquired from Axiom Design Automation
— Integrated with Questa & Veloce compilation and execution flows
— Capacity to load 500M+ gate designs in seconds :

* Fast and efficient waveform database
— Custom compact database format _
— Standalone option to enable worldwide debug efforts
— On-demand connectivity for fast loading times

* High performance and capacity
— “Smarter” integration with QuestaSim for even more capacity
— Common tasks happen instantly on 200M+ gate designs
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Visualizer is Intuitive for Everyday Debug Tasks
Fast and efficient where you spend 85% of your time

* [ntuitive
— Natural layout
— Easy navigation
— Quick mouse-clicks

* Responsive
— Fast waveform
— Fast source windows
— All in time-sync

e Advanced Schematic View

— Full featured

— For both RTL and gates

accellera
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File Edit View Source Wave Actions Windows Help
|« meepEE@E = [r &+ » | =0 @3][Miem Z[FO =] ¢ [AnyEdge -] *[0 E

t.mIC -1 module mInterruptGen (clk, intl in, int2_in, int selZ|
St (t) 2 input clk, intl_in, int2_in ;
01 :(loader) 3 %nput Fl:O] int_sel ;
Siam (mR4000) 4 input intEnable ;
-0 alu (mAlu) 5 parameter pInstFetch = 11'b00000000001
o cntrl :(mCntrl) @
o register ((mReagister) 7 output [12:0] intAddr ;
q ) g 8 output r4000_interrupt ; =
"o mlA :(minterruptaddn 9 reg r4000_interrupt ;

@ Advance Search Ft . int2;

int2p, int3p, intdp, intp;
Add All Ports to Wave CtriHw
Add Input Ports to Wave
Add Output Ports to Wave

errupt or intEnable)

Ede Edit Yiew ptions Actions Windows _
[ (2] 6L R R ML | ¢ AnyEdge % [0 142131518 £ @ (11751 ¥ Daka 42119767 1ns Bookmarks.

W Signal Name Values o $999154 17998308 26997461 5006616 44995770 53984904 62994078 71993232  BO99IEE  §9991540
o i

iate B iae B iate

jgiico | W Jau ol Jasics vl Jsaoleicer o

# o Jarmes
A06TIM 42090410

T-8798 Time = 42131516-42170473 Stream = m_iicSlaveRxBytes|
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Powerful Design Comprehension Capabilities
Finding Drivers, Receivers, and design highlight is fast and easy

@@ | &= |D'E-|I4 < <|[ Bl E b1 ]| Mrem 2| FO /] 4 AnyEdge /| ¥

° . . N B [J module mI Semm— 5 = il 11((2 fEl)l intEnakle, Z1lulp, 1/:!-1000_[J
2 1k, ext Beceivers (2 o T
3 key navigation capabilities s 01”§?$Op,
4 parameter padd = 2'bL00;
. 5 parameter pSub = 2 'b01;
-_— Drlvers B parameter pkMul = 2'bl10;
T paramster phiv = 2'kll;
. g
— 9 cutput reg [12:0] rd000_ intaddr ;
Recelvers 10 “define baselIntaddr 'hfo00
11
1 1 1 12 A4 Caleunlate Interrupt addr
Active Drivers / Receivers 15| 2lveys a(ateon oo rakte)
14 begin
15 if (~reset)
16 case (Aludp)
17 padd: rd000_intaddr <= “baseIntaddr + 'ho; 7/ add +0
18 pEub: rd000_intaddr <= "baselntiddr + 'hl; // Bub +1
19 rMul: rd000_intaddr <= "baseIntaddr + 'h3; 7/ Div +3
* Easy to trace back and forth Tl T idto-imisar oo paselmadar LRI ) DI
21 endoase
. . 2e i - - -
SI ngle CIICk gi enqgé }?arameter pBuswidth = 32; // dummy width f Modde ‘Type ‘LineNum ‘Acﬂve ‘anaIP
63 input  Reset;
25 encig gt clk
65 i 1:0 dt 1 P ——
86 iﬁﬁﬁﬁ {1:0} i:Zdzizgg; WGhvE ] Active ee @
g; input [1:0] WeiteRegdel; Fle Edt View Options Aclions Windows ‘
L] L] L] L] L] L]
[ kI t t t 69 input [pRuswidth-1:0]  WriteRegData; HZ 7:08 ‘l‘mH“ AnyEdge f"‘
Quickly pinpoint activity in b COB L oublompe o]
. E— 7 output [pBuswidth-1:0] ReglData; I 135631 137641
tl e 73 output [pBuswidth-1:0] ReglData; e i K ~ oooooi00 M
I I l 4 : - — ]

75 /* External register definitions #/

— Execution trace . emicinet 0] tetonte

T8 reg [pBuswidth-1:0] ReglData;
79

— PO p u p tool ti pS 80 /* Internal register definitions #/
at

Value annotation - sles I (pivenes)
=} case (WriteRegSel)
0
99 2'b00:  register( = WriteRegData;
0
100 2'b01: registerl = WriteRegData;
o Deliaview: 5872].
101 2'bl0: registerid = WriteRegData; —
L ZU1O
102 2'kll: registerd = WriteRegData; AND VERIFICATION
accellera DVCON
12 CONFERENCE AND EXHIBITION

SYSTEMS INITIATIVE



Unique TimeCone View to Find Cause Faster
Quickly trace back through time and view the cause of an event

* Trims down to just show the path that is relevant

Different colors denote different
simulation times
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Searching is Both Easy and Powerful
Both design wide and local

Wave Search Mark Lfést b 4
0000000e Add |
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i mmc‘ji:&-_ﬁoﬁl [u}:[l{:z E@
B — |

Search Value:|0000000¢|
M Color # RegEx I” Disable

Cancel |

m 0000000h 0000000c 0000000 | 000000

i Lalu :0 Q0000:

e Easy searching and filtering in any window to find objects

* Biometric search to add a “color” tag to a search so that it
stays highlighted to see trends 5
15
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Adding Assertions: A Powerful RTL Debug Tool
Visualizer makes it easier and faster to get them right

SVA Assertion Window

Testbench

|2 Module:[ AT ;j[' Scope: top.sva top.mem slave 1 L][ 5] [J Descendant

| Type:[All 2| Status: ATl 2|[_| Displayinstance I
| € PreviNext —i [ File: =]
Module:mem_slave instances(1) total rows = 8
Name [ Type [Line # [E3 [Explorer [# Failures [# Pass |InstName |
assert_wdata assert 102 + v 0 9750 -
assert_hsel assert 103 «~ v 0 9750 -
a2 assert 104 +~ v 0 9750
a3 asset 105 ~ v 0 9743
assert_mem1 assert 106 v v 0 9749
assert_mem?2 assert 107 + v 1434 8254
assert_mem3 assert 108 + v 1162 8586
P_LDDOCacheOMissDAdr assert 128 v ~ 16063 0
i _Simulation @ A_Interactive 81 A Result & /
] Assertion Stu dio
=
Expression Value |Cycle# | Time | Failed |Passed | NotFired
" r— Ahsel On |-> wdata_enb ##32'sd2 = #0  45000-60000 ~
Violation! hsel_0n #0 48000 48000 v
. Bus N Check = ;dala_enb ##32'sdZ hsel_On .. - #0 48000 - 60000
us = on Lheckers wdata_enb ##32'sd2 hsel_... = #0 48000 - 60000
— Bugs missed due to #0 wdata_enb : #0 48000 - 48000

2 hsel_On B #2  48000-60000 ~

poor observability

* Assertions make it easier to find bugs

e Easy to create and debug assertions
— Assertion Explorer
— Interactive Replay 507
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Agenda

 Debug of Complex Testbenches
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Debugging Complex Testbenches

 Demonstration of example scenarios

accellera . DVCOIN
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Modern Testbenches Add Complexity to Debug
Users report often 50% of debug time is in testbench

e Testbench data is dynamic
— How can you log it?
— How do you find objects and with what name?

e Testbench is complex structures such as classes
— How do you look at all of the handles and variables?
— How do you see what is happening over time inside a
class?

e Testbench is object-oriented and multl -threaded

— How do you see inheritance? — @&

— How do you breakpoint or
view a particular thread?

accellera
18

SYSTEMS INITIATIVE

IIIIIIIIIIIIIIIIIIIIIII

NNNNNNNNNNNNNNNNNNNNNNN



Classes and UVM Debug in Post-Sim Mode

TB debug features normally only found in interactive debug

|Ei|e Edit View Source Wave Windows Help
[«vr» m@E@A|@* + Mnem /]

Find: A[faz wh_monitor m_wb_monitor; ey svvs vm 008 a Qe
48 /] 7 7 ]
Current Scope (std) 19 iic_agent m_iic_agentl; |Mnem “|FO_ “ 4« AnyEdge ’ i‘150846 E‘
Interfaces 50 iic_agent n_iic_agent?;
@ Testbench 51 iic_agent m_iic_agent3;
#ruvm_test_top ( 52 iic_agent m_iic_agentd;
[E—— — £3 iic _agant m iic acant’.
. 'SVT Browser: Base Class|(@driver2A@2) [DEF SCOPE]
File Edit ¥iew Source Wave Windows Help
J¢vrymma /
Foe ! ggg . end
ens
Current Scope (std) 194 endfunction
BHinterfaces 335
Testbench 336 sequence_iten & €
Bruvm_lest_top (@lest@1) 337 integer tr_handle;
iz_agents (@agenta@z) 438
driver (@driverzA@2) 339 ta§k run_phase (wwm_phase phase); i
340 uem_infaiget_type name(), "Starting.. . ", UVM MEDIUM)
forever hegin
seq item port. get next item(fy;
b-seq_item_port (@uvm_port)| 343 “uvm_info ("DRVR", $sformatf (Yt togs®
sequencer (@uvm_sequencer|| 344 t.convert2string()), UVM_ME t @sequence_item_A@134->@sequence_item_A@196
BH1_agent? (@agentA@1) 345 tr_handle = begin tr(t, "t")i n 1=s0)
B2_zgenlt (@agentB_1@z) || 34 var,_driverh - £.1d; addr 00000000--00000041
BH1_agentd (@agente__1@1) M1 if (toow == 1)
- — 48 vif.read(t. addr, t.data); | data 00000000-2000008e8
— e [Ee slee tata_value s
.| 350 vif.writelt. adde, t.datad | addr_vale MA
Tasks ol At delay - 1); i 0000D0C1->000000c3
Lm run_phase 352 end_tr(t);
i Fummsﬁ 53 Seq iten port iten done(); | U%13Y 00000005->00000006 —
ol o a4 #l; delay_value [ uvmio
: :1‘ U—bpez‘fgt . 3855 end m_iransaction_id  fm--00000002 i
. geﬁyple R 3?5 d‘émilnfﬂ(qet}wwam()' "Fif| hegin_fime IR 5000000000001 acd
- enatasi
B et fype_name 158 cndeloss end_time 0000000000007 acc- =T
- Dala 350 stream_handle 00000000
B sequsnce_Jten_A 1 30 class driverfh exbends driverd; | t_handie 00000000
integer tr_handle 361 uem_conponent_utils (driver2a) m_recorder
362 £l m_leaf_name 10-311
i, Testbench Schematic @ |
oD |

* All data available at no performance cost
* Easy and Powerful Browse and Analysis of Objects
* Full schematic and waveform features

* No more relying on print statements 2015
accellera
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Classes/UVM data in Waveform

Easily explore data and member values over time

SV Browser: Base Class (@driverzA@z2)

Wave_0 - Active

Eile Edit ¥iew Source Wave Windows Help
‘ @H Mnem £| File Edit Yiew Options Actions Windows
Find:| /] 'Jggg Lo [ & a®EE]] ¢ fyeme o [a fssr o fo | Delta 6661 1ns /| [/ Bookmarks..
Current Scope (std) 331 erdFunation M | signal Name Values 6728 6333 6338 7043 7148 7253
Interfaces 335
Testhench 336 sequence_item & t;
Huvm_test_top (@testi@1) 337 integer tr_handle; 7
i2_agents (@agenta@?) 338
B driver [@driver2AGE) 339 task run_phase (uwm_phase phase)
340 “uvm_infofget_type_name(}, "Starting. . ", UWVM_MEDTUM) &
341 forever begin &
342 seq item_port.get_next_item(t);
mn_port (@uvm_part| | 343 “uwm_info ("DRYR", $sformatf ("Got b=3s", T
sequencer (@uvm_sequencer|| 344 t. convert2stringd) ), UV MEDIUM)
i1_agents (@agenta@1) 345 ti_handle = begin_trit, "t");
iZ_agenlB (@agentB__1@2) gj? ‘_’?f_(dUVEfA = t.oad;
i torw ==
1-agents [@agents_1 1) 348 vif.read(t. addr, t.data); -
(— = else BH] Add this' To Wave
_-: 350 wif.writeit. addr, t.data);
Tasks 351 Ji#itodelay - 1) )
Lm rn_phase 352 end_tr{t]; — )
Functinns_p 353 seq item _port.item_done () Fs R T et (L)
354 #1; @ Add ‘this' To Walch List
B huild_phase 365 end
= get_object_typs 356 “uvm_infoiget_type_name(), *Finishing. .. ". ¥ Browse () o
B get_type 357 endtask # Browse This -
B get_type_name 358 endclass
F-Data 350 # Browse Selection
B sequence ftem At 360 class driver2h extends driverd;
o Imgger’tr Fandl_e 36l “uem_componsnt_utils (driver2a) i S0Ee
Testhench @ A Classes B A Files @ 2 E P Gk i
Increase Font Ctrl+Shift++ I
Warning[5] at line 55 in file /home/redelman/mainline/questa wvm phg/use-cases/simple-seg Decrease Font e
a
d

b Transcript

e Easy to drag into waveforms from source or object —

* Find ‘driver’ - 1 step to add ‘this’ handle to waveform

— Expand and see its data, address, etc. Everything over time!

* Simple to see any testbench transaction to your DUT20:5

accellera

SYSTEMS INITIATIVE

DESIGN AND VERIFICATION™

CONFERENCE AND EXHIBITION



Intuitive Debug for Your UVM Sequences
Easy to track, trace and see your stimulus

5 Wave 0- Active
File Edit View Opfions Actions Windows

D02 |&&QBAME | € neme |#|[c fem 2 e feost Hoeio s | || sookwarks.
B signal Nene Vallss 364856 64911 364966 365021 365076 365131 365186 365241 35

P —E

_=I=.

?_

1C|
I

R —m— —— A —E

* Visualizer has powerful class-based debug capabilities

— See parent child relationships, find key sequences, etc.

e Questa automatically records sequences as transactions
2015
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Raising Abstraction: Transaction-Level Debug
Easy, Powerful Waveforms and Transaction Stripe View

* Transactions listed in start time order

 Powerful filter and search

* Drag and drop into waveform for detailed analysis

Stream 4 i @5 [T Table: Al /|Level: | (@] [T] [Expr | Arege o
& uvm_test_top .
- i1_agents # of Parent Trangactions = 3330
SBQquencer Time Stream name id
F'—E‘Eq—'“'1 [ [o-1010 uvm_test_top.il_agentd.sequencer.ggp_seq_A1 || t0 32'h00000000
bl i2_agentd H O 160 uym_test_topil_agentd sequencerdgp_sed_al || A_seq J2'h00000006
mt i1_agents FH 0-1531 uvmn_test top.il_agentd sequencer.ggp_sedq_»Al1 || p_seq ge'h00000o0o4
bl iZ_agentk Time Stream harme id
0-1160 uvr_test_top.il_agentd sequencer.ggp_sed_»A1 || A_seq J2'h00000006
1161-1340 uvm_test_top.il_agentd. sequencer.gop_seq_al || A_seq J2'h000000os
1341-1520 uvm_test top.il_agenta sequencer.gop_sed_AT || A_seq Je'h0000000a
EEI—| 0-261 uvm_test top.il_agentd sequencer.gop_sed_»Al1 || gp_seq de'h00000002
Time Stream narme id
0-1531 uvm_test top.il_agentd. sequencergop_sed_»A1 || p_seq || ge'h000000o4
Time Stream harne id
g 0-1160 uvm_test_top.il_agentd sequencer.ggp_sedq_~A1 || A_seq d2'h00000006

SYSTEMS INITIATIVE
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Testbench Debug Requiring Interactive Mode

e Just creating the testbench
and need to slowly step through it?

* Something is happening at initialization
that is not right?

* Need to run the simulation up to a
certain point, stop and explore?

 Need to understand how dynamic events
and data are being created especially the threading?

L)
acce,lera QMCE AND EXI—‘{VIBIT"lON
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VM and Class Debug in Interactive Mode

Even more capabilities available in interactive mode

Set breakpoint on line,
class object or in base
class object

Dynamic seguence hierarchy

Edit View Source Wavt® Debugger Windofs Help
J4YrYMm im < o mMem o [f= ¢ # &% & @[ rna 0 Bl
et I'97 else I
find Hi a5 “uvm_infoiget_type name(), i |Search i‘ |
99 "GET CONFIG OK", UWVH_MEDIUM) Testhench Scope ! Class Mame |Suspend Time | Class I
BHinterfaces 100 “uvm_info ("SEQ_A", g - -
ETesthench 101 $sformatf ("simple_int=%0d", simple_in| GHE Loz ; HIT_SEUENCE #(Clas..
Bruv test top (@lest@1) 10z d PLe_ : Pe Lt Aop_seq_AZ serjuence_aA_greatora. 0ns @sequence_A_greatyrandparent@3
& |£ aggnm (@agentA®z) 102 [Erygp_seq_aAZ.gp_seq sequence_a_grandpar.. 1531 ns @sequence_aA_grandparent@Z
e (@enveraes) 104 r{int i = 0; i ¢ 3; i++) hegin i ggp_seq_AZ.gp_seq.p_seq sequence_#_parent 15831 ns @sequence_A_parent@4
105 hit [31:0] rdata; Lo gap_seq_a2 gp_sen.p_sdu.p_seq  sequence_A 1581 ns @seguence_ADE
sequencar (@uvm_sadl) 106 bit [31:0] wdata; EHZuvm_te e uwm_sequencer #{clas . - -
i1_agentd (@agenta@1) 107 - -
driver (@eriverzAd1) i _ Saf foves0dr, i Iﬂmvggpfsequ sequence_#a_greatgra. Ons @sequence_A_greatgrandparent@
sequencer @uvn._ sequ| || 100 ta; rﬁ‘:"’(giczrga: é f:_ DR BH-ggp_seq_a1.0p_seq sequence_A_grandpar.. 1531 ns @sequence_a_grandparent@]
i2_agentB (@agentB _1@2 110 - - ! EHEyyp_seq_ AT gp_seq.p_seq SBfUBNCE_A_parent 1531 ns @sequence_A_parent@3
T river (@uriverB —1@2, 111 7 Do a VRITE L0 ggp_seq A1 gp_seqp seqA_sey  seguence_A 1581 ns @sequence_A@T
E:sequencer (@uv; seqL’ 112 tart_item(t); EHZ-uvm_test_top.iz_agentB.sequencer uvm_sequencer #(clas.. - -
il anenif (@ansnts 1 @dd| 13 (!t randomize () with {rw == 0;}} Bz gap_seq_B2 sequence_B_greatgra..  0ns @seyuence_E_greatgrandparent__
114 “um_fataliget_type_name (). EHEyyp_seq_B2.gp_seq seguence_B_grandpar.. 1331 ns @sequence_B_grandparent__1@2
115 . 'Randomize failed for 't'*) FEyop_seq BZ.gp_seq.p_seq sequence_B_parent #(.. 1531 ns @sequence_E_parent__1@4
o Tasks 116 + Einish_item(t); Lo ggp_seq_BZ.gp_seqp_seq.B_seq  seguence_B #(class 5. 1581 ns @sequence_E__1@6
Lm body H; wdata = t.data; WHEE-Uvm_test_top.i1_agentB.sequencar uvm_sequencer #(clas.. - -
mFFunctions 110 /7 Do a READ from the same address EEygp_seq_B1 sequence_B_greatgra. Ons @sequence_B_greatgrandparent
' __m_uvm_field_automation 120 torw =1, H-Eygp_seq Bl.gp_seq sequence_B_grandpar.. 1531 ns @sequence B grandparent_1@1
H creale 121 start_item(t); BH-ggp_seq_B1.gp_seq.p_seq seguence_B_parent#{.. 1531 ns @seguence_B_parent__1@3
| do_record 1oz finish item(t); Lo ggp_seq_B1.gp_seq.p_seqB_seq  sequence_B #(class s 1581 ns @sequence_B__1@7
E get_object_type 123 rdata = t data;
B get_type 124
B gel_type_name 125 if (rdata I= wdata)
126 “uvm_error{get_type_name ().
Testhench Classes Fi | 1 émmW hemary Leak Threads Class Instance

* Interactive mode has everything post-sim does plus...
* Breakpoints — So you can stop the simulation in any object

* Hierarchy of currently active sequences oS

accellera DVEON
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UVM Factory and Configuration Debug

Factory parameterized classes Config database — readers, writers and
and any overrides all in one place who set what

/ N\
Mame / \ |Override |Inst Mame

[ZFactory Ovefide Name | Regex Nalue Write Count | Read Counk2Read Only
Lo drivera drivergs  * IO config_object #~uvm_test_top\.iz_agentar.*$/ (ONss agentA_pkg:ag... 1 0 i
0O i1_agenta_vif ke 74 (vitdNy abc_if) /ftopfinte... 1 1 0
b %Factury ~0 i1_agentB_vif i 74 (virtu: c_if) Aopfinte... 1 1 0
-0 i2_agenta_vif ke 74 (virtual abc_if) ftopfinte.. 1 1 0
-0 i2_agentB_vif ok 74 (virtual abc_if) Aop/inte... 1 1 0
=0 my_int Fuvm_test_top\.i2_agenta\.drivers/ @inh 1 1 0 0
=0 my_int /~uvm_test_top\.i2_agenta."$/ @int) 3 1 0 0
=0 my_string /~uvm_test_top\.i2_agenta\.drivers/ (string) Hi 1 0 0
-0 my_test_int #uvm_test_top\i2_agentAr. "8/ (inf) 518 1 0 0
0 no_matches uvm_test_top\.iz_agenta\.*$/ (string) None 1 0 0
0 num_sequence_A.. /~uvm_test_topviz_agentA."$/ (inf) 1000 1 1 0
—0 recording_detail e 74 (inf1 1 0 1]
-0 recording_detail {reg signed[4095:0) 1 1 73 0
-0 recording_detail (i 1 1 0 0
: —0 simple_int uvm_test_top\iz_agentadriver$/ (inf) 12 1 1 1]
0 simple_int /uvm_test_top\iZ_agentah. $/ (in) 3 1 1] 0
O SEqUEHCE_ﬁ_P arent 0 stop_barrier /uvm_test_top\.i2_agenta\. $/ (string) barrier_name 1 0 0
O sequence B#(seque e jtem E;:] -0 test_override /~uvm_test_top\i2_agenta\.driver/ (string) Only_matches 1 0 0
- ﬁ - - . L test_override /~uvm_test_top\i2_agenta\. $/ (string) Only_overrides 1 0 0
-0 sequence_B_grandpdtent#(sequence_item_B)
0O sequence_B_greatyrandparent#{sequence_item_B)
-0 sequence_B_parent#(sequence_item_B)
-0 sequence_item_a
o sequence_item_B Memory Leak M A Threads ® A Class Instance © A Factory M A Sequence B A Config

O test

* Explore who, what and where things are set and used
* Resolve common UVM initialization issues

2015

DESIGN AND VERIFICATION™
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Visualizer: Unified Debug for Questa and Veloce
Maximize performance and still have ease of use

e

1 Doy v
i e g e s 9L i
j Deltaview. 717

UVM Centric Interactive Debug

* Same debugger for both simulation and emulation
* Unique debug for TBX flow — TB from sim, DUT from emulation

* On-demand data loading for fast response with huge data
2015
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Visualizer Debug Environment
Summary

* High Performance/Capacity Debug
 Powerful Advanced Debug Features

* Assertion Debug

* Integrated Testbench

* Transaction Debug

* Full SystemVerilog, VHDL
* Mentor VIP integration

e Post-simulation use model
* O/S: Linux 32-bit, 64-bit

SYSTEMS INITIATIVE



Agenda

 Power-aware Verification Debug

accellera . DVCON
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Debugging Low Power Designs

 Demonstration of example scenarios

accellera o DVCOIN
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Traditional Design and Verification Flow

RTL design —— ]
— Captures design intent
— Drives functional verification RTL —>
— Drives synthesis

Logical implementation Synthesis

— Using standard cells and macros
— Further modified for test, ECOs, etc.

Physical implementation \
. . Netlist
— Place & Route completes implementation
— Produces manufacturing data

Place & Route

Simulation, Logical Equivalence Checking, ...

* Power management
— Inherently part of physical implementation U
— Not represented in earlier stages
— Not easy to optimize or redesign at this point Llﬁy}m_‘ —>

2015

7 Can we verify power management st
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UPF-Based Design and Verification Flow

RTL is augmented with UPF e

— To define power management architecture UPF
RTL
RTL + UPF verification - /

— To ensure that power architecture completely

supports planned power states of design Synthesis
— To ensure that design works correctly under o
power management CD?
* RTL + UPF implementation UPE | o pp
— Synthesis, test insertion, place & route, etc. Netlist

— UPF may be updated by user or tool %

NL + UPF verification Place & Route

— Power aware equivalence checking, static
analysis, simulation, emulation, etc.

Simulation, Logical Equivalence Checking, ...

UPF :

L t —
s 2015
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Example Design

PAD
| W —>
PAD
IN |
PD_mem_ctrl (switched 0.81V)
‘ PAD
— —
—» | PrD Async Bridge N
IN } ’
) IN
-
) PD_interleaver
i PAD ! | PAD >
IN < (0.81\00nAIways IN
2015
accellera . DVCON
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Example Design With Power Intent

PAD
7 » IN

VDD_0d81 VSS VDD_0d99
: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I_l IIIIIIIII D IIIIIIIII J_I IIIIIIIIIIIIIIII
:| PD_top (DUT) T

A ; L J} - —EL”'L

= PD_sram (0.99V) =
= Always on

PAD u
IN t

: PAD
=P | pAD
. IN
PAD |mept
IN .
. PAD : PD_interleaver .
':"_> IN _? (0.81V) Always '
: : on :
T I I O T T L T L L T T L LT L T T L LT LT T LT LT T LT LT T LTI '
DESIGN AND VERQIFQJTQDN i
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Power Aware Verification Tasks and Tools

( : : . Verify that design functions correctly -
Design Functionality | with power alwaysion Questa PASIm

Power Management
Architecture

- Power Domain | Verify power up/down and reset/restore
Behavior - on power up for each block/power domains

Verify that power management
architecture is correct

m Verify that interfaces are correctly
Interactions | isolated and level shifted

Power State Verify that all transitions are covered
L Transitions - and behave correctly with power control

Power Control Verify that HW generates correct
Hardware - control signals in correct sequence

\J

Questa Formal

Power Control Verify SW Power Control interfaces

Questa Codelink Software - with HW is correct

\J

System with Power Verify full system with HW and SW for
\ Management power control

VelocE Emulation

DESIGN AND VERQIFQJJQDNN
accellera 5y DVLCOIN
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Questa Power Aware Simulation @

|IEEE Std 1801™-2009

* Visualization of power management
structure and behavior

Automatic detection of power management
errors

e s T N O T T L

Automatic power management coverage

Automatic test plan generation
High performance and efficiency

Extensive IEEE 1801 UPF support

Enables power management architecture verification
with RTL and Gate-Level power aware simulation

accellera
35
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Questa PASim Native Simulation of RTL+UPF

Just a command-line switch on normal Questa simulation

Test HDL

Bench

vlog/vcom

m Compile as usual
— No change in source code

m  Optimize with PA options
— Process UPF power intent
— Read Liberty libraries as needed
— Run static PA checks

= Simulate with PA options

— Generate reports/Testplan
— Visualize/debug power-managed

accellera behavior
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Visualizing Power Domains and Structure

See colorized domains and inserted power objects natively

[-d Schematic

Power Elements such [D-z@z8iinegciomtnssam o =
. ) @ E- 4« WedEAERES PR WG| 2 ey P agal| kN wan b
as isolation and level R T IFTIECY LY

Wiew: Incremental T 0ns x| b

shifters shown right
next to RTL in
structural view

FRB 0S| 0- M| SERH| Y- @ 5w
HHoE m-X-Rin][RQQAR

Power Domain and its
instances is displayed
in @ unique color in
structural view

= * 2015
aceellera . DRYCON
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PA Debug - UPF Object Visualization

Explore all UPF objects from one place

* View all PA objects

in Variable WindOW Eile Edit ¥iew Source Wave actions Windows Help
|evr vy MEEEERE &[5k & & + v | S [E 0 W] e

e Clubbed in PA Info 1. top] >l [rype: i

pHE-th : (th
: —& aoh_out_UF

) o d UPE RS Power Domain
— Power Domain Lo hv_out UPI Power Donain
—& Tv_out_UPH CWER bomain

— Supply Port Lo rst_UPF_RS - Supply Port
—© set_UPF_RE Supply Port

— Su pp|y Net . b0 ghnd_port Supply Port
Lo OpF :Cupry f O vddport Supply Port

~ Supply Sets (o rena pack - FOvIT Y A

. - g o —= =

— Loglc NEtS/POFtS apa-tob YO Lo vdd_n_Tv Supply Net

-0 gnd_snet Supply Met

— Add these to wave -0 vdd_net Supply MNet

MO pd_sw. in_sw_pd Supply Port

MO pd_sw. out_sw_pd Supply Port

O pd_sw.ctrl_sw_pd Control Port

o g_latvw]_UPF_LS Level_Shifter_cell

o B BT~ L] 1 1o E Tom Tordlatdrme ol

£ mmmmmmz| Variables®

— Do cone analysis
* Inserted PA Cells

2015
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Power Domains & UPF Object List

Understand all objects associated with each Power Domain

View list of all Power
Domains & UPF Objects

Whole power management
architecture visible

— Primary Supplies,
Power Management Strategies,
Isolated/Level Shifted Ports ...

Option to add objects to wave
View current state/simstate
In sync with wave window

Filtering of objects based on cu
scope/type/names

accellera
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{|® Entire Des‘ignlJ

Eile Edit|¥iew Source Wave Actions Windows Help

i 4 v » v| L@ advance Search
[ Mnem 4| B Assertion Studio
[tbTeon  [®]Show Cone

o UPF
O mspa_pa

E Driver-Receiver
v
¢ F=m

M kA ton B Message Viewer
Scope: Load thleon

+ v 5 |E 5w

]

il[l7 Recursive @ [é =]

rrent

i [Doma'in:| Type:] Jstate:| _/]‘
Tvpe ‘Name ‘Lime |@ ‘State ‘Info
-0 Power Domain PCI 48 B 1 HierPath: /tbleon/tb/leon/PCI
O Creation Scope Teond 3 -
O Supply Set primary 48 -
B0 Switch PCI_SWITCH 84 = Creation Scope: /tbleon/tb/leond
B0 Level Shifter PCI_LH 184 - Rule {low_to_high), Threshold (03, aAppliq
B-O Level Shifter PCI_HL 186 - Rule Chigh_to_low), Threshold (03, aApplig
MO Isolation PCI_ISO_O 98 - Isolation Sense (LOW), Clamp Yalue (02, U
Mo Isolation PCI_ISO_1 113 - Isolation Sense (LOW), Clamp Yalue {12, U
O Isclated Ports -
O Isolation Enable thleon.th. ... 3z B 1
B-O Scopes/Extents -
O Power Domain SPARC_TOPISO 58 E 1 Hierrath: /tbleon/tb/1eond/SPARC_TORPISO
B0 Power Domain TOP 21 HE 1 HierPath: /tbleon/tb/1eond/TOP
B0 Power Domain FPU 63 HE 1 HierPath: /thleon/tb/1eond/mcored/proct/]
E-0O Power Domain u 52 E 1 HierPath: /tbhleon/tb/T1eond/mcored/proci/]
B0 Power Domain SPARC 31 = 1 HierPath: /tbleon/tb/leond/mcored/proct /I
B0 Supply Nets -
-0 FPower Switch =
B0 SwWwitch PCI_SWI|] Repeater - Creation Scope: /thleon/tbh/leond
0O Power Domain SPARC_T|O Retention 1 HierPath: /tbleon/th/1eond/SPARC_TORISO
B0 Power Domain TOP O supply Set 1 HierPath: /tbleon/tb/leona/TOP
B0 Power Domain FPU 1 HierPath: /tbleon/tb/leond/mcored/procd
MO Power Domain Iy 1 HierPath: /tbleon/th/1eond/mcored/procd
0O Power Domain SPARC 1 HierPath: /tbleon/th/leond/mcored/procd
B0 Power Switch -
0 Switch PCI_SWIILH B4 - Creation Scope: /tbleon/tb/1eond
o Switch FPU_SWITCH 113 - Creation Scope: /thleon/th/1eond/mcored
0 Switch SPARC_SWITCH 29 = Creation Scope: /tbleon/tb/leond/mcored

2015
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Power Domains Crossings

Comprehending Power Domain Connectivity

* View connected power domains

* List of all signals flowing from one domain to other

* Any violation/check in the source to sink path

* Filter/select source-sink domains

* Filtering based on
violation type

* Add signals to waveform

accellera
40
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|® Entire Design[J

Scope: Source thleon

4 sink thleon

j”IV Recursive »

§[Source:| Jsink:| AType:| Jstate:| ﬁ|
Type Source |State |S1'nk |State |@ | Info
FHO Power Domain SPARC 1 SPARC 1 =) Source - Sink Power ..
DO Ports fpo N/ & iuo N/ & =) Redundantlevelshifte. .
O Ports holdn X iuo N/ = Redundantlevelshifte. .
D Ports ico N/ iuo N/ = Redundantlevelshifte. .
O Ports fpo N/ & iuo N/ & =) Motinsertedlevelshif. .
O Ports holdn ® iuo N/ & = Motinsertedlevelshif. .
D Ports ico N/ iuo N/ = Motinsertedlevelshif. .
D Ports holdn X iuo N/ =) Redundantisolationce. .
D Ports ico N/ & iuo N/ & =) Redundantisolationce. .
LD Ports fpo N/ iuo N/ = Motinsertedisolation. .
-0 Power Domain SPARC 1 SPARC_TOPISO 1 = Source - Sink Power ..
B0 Power Domain SPARC_TOPISO 1 SPARC 1 =] Source - Sink Power .
O Power Domain SPARC_TOPISO 1 SPARC_TORISO 1 =] Source - Sink Power ..
-0 Power Domain IU 1 SPARC_TOPISO 1 =) Source - Sink Power ..
B0 Power Domain SPARC_TOPISO 1 FPU 1 = Source - Sink Power .
B0 Power Domain SPARC_TOPISO 1 il 1 =] Source - Sink Power .
-0 Power Domain FPU 1 U 1 = Source - Sink Power ..
-0 Power Domain IU 1 FPU 1 =) Source - Sink Power ..
B-D Power Domain ] 1 SPARC 1 =] Source - Sink Power .
-0 Power Domain PCI 1 TOP 1 =) Source - Sink Power ..
-0 Power Domain SPARC 1 U 1 = Source - Sink Power ..
B0 Power Domain SPARC_TOPISO 1 TOP 1 = Source - Sink Power .
B0 Power Domain TOP 1 PCI 1 =] Source - Sink Power .
e Pmimis P = A TAn el cCnAnReS TARTON el A Mmoo madals Paiasa

2015
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Power Aware Dynamic Messages

Interactively Debug Errors from Automatic Checks
* View and debug all PA Dynamic

Messages

* View time at which message

— Synced with waveforms

e Add signals/domains to
waveform

* Filtering based on message t

accellera
41
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b0 M5PA_UPF_PO_CHK
-0 M3PA_RET_OFF_PS0
B0 MSPA_TSO_DIS_PG
b0 MSPA_TSO_ON_ACT
b0 M3PA_TS0_CLAMF_CHE
B-0 M3PA_RET_PO_OFF
B0 MSPA_TSO_EN_PS0
p-0 M3PA_UPF_ILLEGAL_STATE_REACHED
B0 M5PA_TI50_PORT_TOGGLE A

‘5 Entire Design’J Scope: Source th 4sink tb j”IV Recursive s
’Source: _/151mk: _ijyDe: _f]IState: ﬂ‘
Type PD ‘State ‘Source Port ‘PD ‘Sta‘ce ‘Sink Part ‘@ ‘Info ‘
fr]-ID MSPA_UPF_MISSING_LS_CHK -
B0 M5PA_UPF_MISSING_IS0_CHK =
B0 MSPA_UPF_MISSING_150_CHK pd_Tv 1 q_latvl pd_aon 1 q_latvl E
D203 ns
0363 ns
0483 ns
0603 ns
D 803 ns
01003 ns

2015
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HDL Annotation

View all UPF added information in your HDL Source Context

 HDL signal coloring
— Isolation(Blue)
— Level Shifter(Blue)
— Buffer(Blue)
— Corruption(red)
* Hovering information
— Level Shifter
— |Isolation
— Buffer
— Corruption

accellera
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Visualizing Power Domain Behavior in waveform
Special patterns for corruption and isolation

- m __________ ml mwwwwr-
Corruption shown Normal Operation wlLLLLLLL“ Register 1
in red crosshatch & Register .__= restored (71) I

o N N B, 3 = saved (71) i
’; \
+ Sl
+ Sl E iiEI i E
’,
—| 4 FPU Slave h
v
+ I
+ B
R 4 R s
+ B :
| |
, — 1 | @
, —
, --__E;
S | —
/ |—'.;
’ b
3 L In | &
- 4 .
) Initial Power Up mf
. [k Wi _:_,'_

accellera
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Questa PASim Automatic Checks

Automatically detect Power Management Errors

Power Architecture Checks:

Isolation cells

* |solation cells are inserted where
required by power state definitions

* |solation cells correctly handle
dynamic signal behavior

Level shifters

* Level shifters are inserted where
required by power state definitions

 Level shifters shift in correct direction

* Level shifters correctly handle
dynamic signal behavior

accellera
44
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Power Control Sequence Checks:

Clock is disabled during power down
Isolation is enabled during power down
Inputs do not toggle during power down

Retention/Isolation power is on and
stable during power down

Retention registers are saved before
power down

Latch enable is correctly set when
retention occurs

Primary power is on and
stable during power up

Non-retention registers are reset at
power up

Power control signals do not glitch 55
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Visualize Power States and Transitions
Step through states interactively

POWER DOMAIN finterleaver_tester/interleaverl/PD_intl - Default

States of

Subdomains, etc.

1€/ ® 1473295 na |

Current
Power State

State Dependency

Objects, Double Click to
Open the State Machine

¥
T / =
PD shiftmem PD_gluelogic top 1 5v ss | enable |
off ST Stl
PD_MEM_XITION PD_GL_ON st0
PD_MEM_STDBY UNDEFINED
PD_MEM _ON DEFAULT_CORRUPT
UNDEFINED
2015
DESIGN AND VERIFICATION™
accellera N DVGOIN
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Automatic Power State Coverage

Coverage Information Created Directly from UPF Power States

Power states and
transitions ...

sim:/testbench/axi_dut/pa_coverageinfo/subsystem_pst/subsystem_pst_pst_state_info.state_var

File View Tools  Window
sim

EEEL FIEEIEELE

t_pst_stale_info.state_var

A B '| [ 1] E [3 [] H .

1 Verification Plan For Power Aware State Coverage

Section Title Description Link Type Weight |Goal
2

1 Power Aware State Coverage plan for PA State
3 Co! e machines

11 Power State Table State coverage data for PST PASM |/tb/pa_coverageinfo/MyPowerState (FSM 1 100
4 Table

1.2 Supply Port PD_ALU_PORT |State coverage data for supply port |/tb/pa_coverageinfo/PD_ALU_sw/o|FSM 1 100
5 PASM ut_sw_PD_ALU

13 Supply Port State coverage data for supply port |/tb/pa_coverageinfo/PD_RAM_sw/ |FSM 1 100
s PD_RAM_PORT PASM - __lout sw_PD_RAM

to measure power
& o state coverage ...

subsystem_pst | vDD_0dsg | mem_sw/vout_p | fpu_swivout_p |
FurOff WEM_OFF FPU_OFF
Furtn FPU_OFF
it FPU_ON
Hert FPU_OFF
Impart FPU_OFF G 6
Displey FPU_OFF Ede Eot View Compile Sulste Agd Verficaion Tracker Tools Layost Window i
e s D-BE2E M@ D0 | o MED|| Prns =] A ouam
| @S- 4 «» |0t WINNNAS MPOB-E U
M L T Threshold 1008 2 < 2 & @] xOx 2 A || Lavost gt wi || Colmniayout AliColumns -
El Type Biatement Aaaliaie vl [/
—_— x
¥ Testplan Secton / Coverage Link Type Coverage | Coverage graph 5 Goal % of Goal |Wesght  Unibaked, Sece.
=9k testplan wesplan -_— ) 100% 266% 1 No O
=5k Power Aware State Coverage testplan [ s— T s266% 1 Mot
= ¥ Supply Port PD_ALU_PORT testplan L Se— 100% 48 00% 1 No 12
[ M/pa_coverageintaD_ALU_Sout_sw_PD_ALWOM_S_PD_ALU_pO_state_in®o state_vr  fim Cg— a800% 1 N
=7k Supply Port PD_RAM PORT testplan P T a800% 1T N 13
M //pa_coveragemko/PD_RAM_swiout_sw_PO_RAM/OU_sw_PO_RAM_poa_state_indo state_va_. fim o ) 0% a8.00% 1 No
=%k Power Stato Table testplan 0% 6200% 1 No 11
o mvpa _p_state_ino state_var fim ) e 6200% 1 o
.
are stored in ... for coverage
the UCDB ... closure.
ll TION™
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PA Testplan Generation

Automatic Flow for Low Power Coverage Closure
* Vopt automatically generates QuestaPowerAwareTestplan.ucdb

* Includes both power states and dynamic tool generated PA assertions

* Coverage data stored in UCDB can be merged with testplan UCDB

* Uses Excel add-in to generate XML testplan from UCDB

Section

1

111

1111

11111

11112

11112

11114

Wi

111144

111142

111143

11115

111151

111162

111153

11118

1111.E1

111162

111163

1112

11121

1122

11123

I=
Is
Is
b
I=
Is
Iz
Wi
Iz
Is
1=
b
H
R
H

4|

&
g Home Insert Page Layout

Cluesta
VM -

. Create Testplan

Help...
Questa Testplan Editor Settings...

avucelcia

SYSTEMS INITIATIVE

Farmulas Data Review View Questa

Links to each PA

coverage item

Weigh #COYY
yd 00 1 1]
yd 100 1 [
yd 100 1 i
¥ Format Testplan - L - i i 0
_testerfinterleaverQEFA_IS0_EMN_PS0O 5 Azsertion | 100 1 0
Mew testerdinterleaverWQSPA IS0 EM PS04
_testerfinterleaverf@SPA_ISO_OIS_PG_5 Azzertion | 100 1 1]
From Testplan UCDBE testerfinterleaver 1QSFA IS0 OIS PG 4

- T G H 1 J testerfinterleaver QISP A_SUPFLY _CTRL_CHE_1 Bssertion | 100 1 1]

testerdinterleaver QISP A _SUPFLY PWR_CHE 1
From Testplan UCDB 100 1 0
tezterfinterleaverii=hitt. memfraddr UPF ISOIQSFES IS0 FU | A==ertion | 100 1 0
Questa Testplan Tracking Excel testerdinterleaverlishift_memiraddr UPF_ISOMGSEA IS0 CL | Assertion | 100 1 0
{G} Addin testertinterleaverltshift_memiraddr UPF_ISOMGSEA IS0 0N | Assertion | 100 1 1]
Press F1 for add-in help. _ - . iin 1 l
testerfinterleaverlishift_memiwaddr UPF_ISOIESFPA IS0 FU| Assertion | 100 1 0
testerfinterleaverliishitt_memiwaddr UPF_ISOIEERA 150 CL| Assertion | 100 1 0
testerfinterleaverlishift_memdwaddr UPF_ISOIGSEA IS0 0 | As=zertion [ 100 1 1]
00 1 1]
testerdinterleaverliidout UPF_ISO/QSPA IS0 FUMNC CHE Azsertion | 100 1 0
testerfinterleaveriidout UPF_ISOMISPA IS0 _CLAMP _CHE | Assertion | 100 1 1]
testarfinterleaveriidoot UPF ISOMISPA SO ORM ACT S==zertion | 100 1 1]
na 1 1]
testerfinterleaveriizhitt_memdsram_periflpa_ret_checks wec | Assertion | 100 1 0
testertinterleaverlishift_memisram_periffpa_ret_checks wec | Asszertion | 100 1 0
_testerfinterleaver QISP A_SUPPLY_CTRL_CHE_0 Assertion | 100 1 1}

lfinterleaver testerfinterleavert@SFA SUPFLY FWR CHE 0 :
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Low Power Coverage Closure Report

* Tracks power related coverage data

— Links PA testplan items with PA coverage items in ucdb

— Used standa’ Trackcovc.erage. of F.’A in tOF

State and Transition

Track coverage of PA tp|a N
enable assertion passes

+ Verification Management Tracker EHE
¥|Sec# |Testplan Section / Coverage Link yd [Type /(Coverage graph | Goal |% of Goal |weight |Unlinked | |
0 =3k testplan testplan 3 I - 100% 1 No
1 ;}’;ﬁk interleaver_tester testplan B ] 1% 100% 100 No
1.1 ;};ﬁk interleaverl testplan 3.37% D ] 1% 100% 100 No
1.1.1 _—J;ﬁk PD_shiftmem testplan 61.11% DN | 1% 100% 100 No
1.1.1.1 _ﬂﬁfk shft_iso testplan 72.22% DN | 1% 100% 100 No
1.1.1.2 ;}ﬁfk shit_ret testplan 50% DN ] 1% 100% 100 No
1.1.1.2.1 ;};ﬁk Retention Supply Cheg’ testpla 50% DN ] 1% 100% 100 No
A (interleaver_teste’ leaverl/pa_upf ret_supply_check_l/mspa_supply_chk_1 assert 100% [T 100% 100% 1 HNo
A Jinterleaver_tes” sinterleaverl/pa_upf_ret_supply_check_1/mspa_supply_chk_2 assert 0% [ ] 100% 0% 1 No
1.1.2 [z PD_ram testplan 66.66% N | 1% 100% 100 No
1.1.3 =3l PD_intl testplan 57.5% N | 1% 100% 100 No
1.1.3.1 __}ﬁfk Power States testplan 72.5% N ] 1% 100% 100 No
1.1.31.1 P testplan 100% [ 1% 100% 100 No
@ finterleaver_tester/interleaverl/pa_coverageinfo/PD_intl/PD_intl_STATE_COVERAGE(intl_off coverpoint 100% [T 100% 100% 1 HNo
 finterleaver_testerfinterleaverl/pa_coverageinfo/PD_intl/PD_intl_STATE_COVERAGE/intl_parton coverpoint 100% [T 100% 100% 1 HNo
A finterleaver_testerfinterleaverl/pa_coverageinfo/PD_intl/PD_intl_STATE_COVERAGE/intl_standby  coverpoint 100% [T 100% 100% 1 HNo
gl /interleaver_tester/interleaverl/pa_coverageinfo/PD_intl/PD_intl_ STATE_COVERAGE/intl_on coverpoint 100% ] 100% 100% 1 No
1.1.3.1.2 3 Transitions testplan 45% DN ] 1% 100% 100 No
: ...l finterleaver testerfinterleaverl/pa_coverageinfo/PD_intl/PD_intl TRANS_COVERAGE/PD_intl_TRA... coverpoint asv. | 100% 45% 1 HNo
1.1.3.2 ) Missing Level Shifter Check testplan 0w [ ] 1% 0% 100 No
finterleaver_testerfinterleaverl/pa_missing_ls_check_5/mspa_upf_missing_ls_chk assert 0% [ 1] 100% 0% 1 HNo
1.1.3.3 =}3 Missing Isolation Check testplan 100% [ 1% 100% 100 No
A finterleaver_tester/interleaverl/pa_missing_iso_check_6/mspa_upf_missing_iso_chk assert 100% [T 100% 100% 1 HNo
& finterleaver tester/interleaverl/pa missing iso check 7/mspa upf missing iso chk assert 100% [l 100% 100% 1 No

accellera
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PA Debug — Supply Network Debug

Visualizer Explore the Supply Network

 Explore the power connectivity and power intent of the design (Visualize UPF)
— Power Domains, Switches, PA Strategies, Supply Ports/Nets, Logic Ports/Nets ...
— View state & voltage values of UPF supplies
— View simstate of power domain

* Debug supply network created in UPF
— Do cone analysis (and time cone) on any UPF objects
— Trace back and forth on UPF supplies, trace UPF to HDL connections

RTL

$root. th. top. pwr -’"";\"': nd_sw_gpa. ctrl_sw_pd ” out_sw_pd

e

supply_connection_1

wid_Tw [

UPF_Connection
gnd_part [ Power_Domain

pd_ann

wdd_port E::Z
UPF_Connection

nply_connection_0
wdd_hw [

UPF_Connection

pd_hy

Power_Domain 2 O ] 5

e . BVEL
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Summary

 The UPF is the leading industry standard defines
Power Management Architecture independent from
RTL and physical design

* Debugging a Low Power/UPF enabled design
requires visualization, exploration, checking and
coverage tightly integrated with the HDL/gates

 Mentor provides the most comprehensive native low
power debugging environment for UPF

accellera - DVCCOIN
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Agenda

* |ntegrated Hardware/Software Debug
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Veloce?2 for Full-Chip Verification and
Validation Boot OS, Drivers Validation

e Co-Emulation for UVM/SystemC testbench Acceleration
 OS and device drivers run on RTL or ISS processor models

* VirtualAB and physical peripherals exercise interfaces

* Golden Model for silicon bring-up and valldatlon

Multi-core SW/HW debug

CPU |

Display
Processor.

uUsB Ethernet

e (TR

e ‘__‘ CPU

L Arbiter &

Memory

A Clawall 4 L Claso I 4

Fabric Fabric

>
PCi

Software

0 'fl =
Y ¥

accellera
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http://sandisk.com/products/usb-flash-drives/sandisk-ultra-backup-usb-flash-drive
http://sandisk.com/products/usb-flash-drives/sandisk-ultra-backup-usb-flash-drive
http://www.frys.com/product/3805567
http://www.frys.com/product/3805567

Veloce OS3 Fusion ICE and Virtual

Within One Solution
l/Eloceo+ OS3

In Circuit Emulation
(ICE)

The Best of Both
Worlds

Virtual Peripheral
& Transactors

A Door to real traffic
No testbench creation
Near real speed
emulation

CSYSTEMS INITIATIVE

TBX the pathway to a

| spectrum of verification

possibilities
Predictable/repeatable
behavior
No speed compromise
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Advanced Methodologies — UVM/ SV

* Advanced methodologies
— B - enable verification
g% PRSI [our v productivity

— Faster to develop reusable
application level testbenches

— Reuse from block to system
level and across the

@

teams/projects
Universal Verification — Single testbench for
Methodology simulation and emulation

IIIIIIIIIIIIIIIIIIIIII
accellera DVCON
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Unified Debug for Questa and Veloce

Maximize performance and still have ease of use

| UVM Centric Interactive Debug -

* Full signal visibility in the hardware offers fast TAT
 Same debugger for the whole simulation and emulation environment
* On-demand data loading for fast response with huge data

2015

SYSTEMS INITIATIVE



On the Fly Waveform Streaming
For Fast Bug ldentification

* Waveform generation of key signals/ interfaces for entire
emulation run to identify problem area

* Monitor key interfaces for long emulation runs
* Find the failure time point very quickly with fewer signal

4 spn_senn._tepi_ig_hocel_ngs_chialai_mg_ane0li_igy_ce_use ¥ ]
o | B Terminal | Mveloce 20105 @] Clwave - defaun | [

accellera
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Veloce Advanced Debug for ICE

Advanced Debug Standard ICE Setup

Monitors
. Sdisplay || | L ———=
Assertions .. S

Co-model Host

accellera . DVCON
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Replay Dynamic ICE Environment
Real-Time TBX

* Run emulation with ICE target connected
e Captures 10 activity (stimulus) of the target on disk

- Replay the captured stimulus
ICE Targets not needed
Repeatable behavior

- Use TBX capabilities
Assertion and coverage
Monitors and Sdisplay
Interval replay for productive debug

Reproduce non deterministic Scenarios
Power Analysis with ICE environment 2015

accellera » DVCON
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Goals of New HW Debug Paradigm

* Full signal visibility built on hardware accelerates
turn around time

 Augmented ICE debug combining transactor with ICE

* Homogeneous debug solution from simulation to
emulation

IIIIIIIIIIIIIIIIIIIIIII
accellera DVEeON
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Verification Demands

New SW Debug Methods
* JTAG reasonably productive at 1 GHz

* Painfully slow at simulation and emulation speeds

Emulator JTAG Probe
JTAG Speed Adaptor

accellera - DVECIN
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Veloce New Software Debug Solutions

"« Virtual Probes )
— Traditional interactive debug using JTAG
transactors T Ry T T
— No physical JTAG probe needed — all ;m ;l p— r-c,m 01:7_'“ l, W =

H t | fr et | ELIIONY et BC e
virtua i :

— _Full software debug capabilities L _
* Codelink ——

— Off-line post emulation debug

RN T T S T

— Enables efficient sharing of emulation
resource

— Full software debug capabilities
('« Warpcore )

— Integrates Virtual Machine with Veloce

— Enables 100 MIPS+ performance of
software execution

\_ — Full software debug capabilities )
2015
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CONFIGURABLE INTERFACES

AES
OTP Key .
Storage Decrxpt“’

SECURITY

INTERFACES ANALOG

Processor Interrupt Virtualization | | Heferogeneousprocessors-CPU, GPU,

DSP and accelerators

{Upmlcms |

percuster "—m—l B
‘

| Uniform

Upto 18
" AMBA
interfaces for
110 coherent
accelerators
andl0

[ System
- -G~ Lo b
Uptod it ’ ‘ /
coherent
clusters Wk

Integrated
L3cache

Dualchannel
DDR3i4 x72

Perpheral addressspace

accellera
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Multiple Embedded Cores
Heterogeneous Protocols
Complex Interconnect
Embedded Software
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Codelink Non-Intrusive
Multi-Core Support

-

Eile

€ Applications Actions %@ =

e

Window  Codelink.

| Tue Aug 12, 203PM Q)

i

Add  Wave

Edit Miew Compile Simulate Tools  Layout

OB & & @0

A
.
ae

S — Y

@@H*«»: 1nunaﬁ=?)(—)‘§t§§§!H Contains /‘H

I Layaut [simnTate - |

&k of || % i Ee @Haaqa\

Codelink CPU Registers + ) x|
pu_a o | [Efepu_b (=1 cpu_a ol 2l [ epus =D
anm3aze : armaze IBWH ‘H.> I. .| = = g“ - E—s—‘
Fe <B00061BE &l e 6x000005F8 Al
3 CHORF T 3 S RARRRRR 500 fscratch1/CDL_MULT] TESTS/multicore/sw/cpu_a.c B /scratch1/CDL_MULTI_TESTS/multicare/suwinit s J
Ea crsr 00060010 B n | Ol B2 e =
o & L 20 *{unsigned long *) Ox3FFFG = 1 54
= o gt 20 S5 Abort Hendler
R IRe A RARRRRRR 31 56 B Abort_Handler
= e s s 32 woid CPU A main(void) 57
H il 58 Errer
g e BHE S SHEES 34 +KEY_STATUS_ADDR ; 59 B Error
RS & AR iGEp  KEY VALUE AR - 0; &0
B 3 AR 3% 61
R7 Al R7 RHHHMHREE 7| 37 +BUFFER_STATUS ADDR = 0; 62
= = 38 +BUFFER_ADDR_ADDR = 0; 63 PROGC_NO DGO O
L 64
'[General | Status lF\q l Sve l Amj Irg j Und l Usr /¥ '[ General | Status j Fig lSv: j Abtl Irq lum lUsrﬂﬂ 1n Buffer (0] = 0; 65  Reset Handler ROUT
41 buf_len = 0: 23
42 87 ; ensble interrupts (note, iaterru
43 process_key_clicks(); 68 5 ensbled, so interrupts still can
Codelink Memory ﬂﬂﬂ 44 69 ; and enter User Mode
45 whils (1); // ve should never get hsre 70
ol cpu_b ol 2 46 ' 71 MRS RO,  CESR
a7 72 BIC RO, RO, #(I Bit + F_Bit
B Ay 000D 45 woid send_buffer(volatils char *s) 73 EI0 RO, R0, #Mode Bits
Address | +0|+1]+2] +3]+4]+5 +6] +7] +8] +a]+8[+B] +C[+ Address | +0) +1]+2|+3] +4 45| +6]+7] +8] +8] +8[+B+C[+ o = T
+*BUFFER_ADDR_ADDE = t i MSR CPSE. . RI
0-00000000 42 0L 0 ea 33 01 00 ea 33 01 00 ea 43 0 2| ||[6x00000000 77 01 00 =a 60 01 00 £a 60 01 00 =a 70 0 51 +BUFFER_STATOS_ATIDR R 76 =
0200000010 43 01 00 s 00 00 50 &1 57 01 00 ea 55 0 000000010 70 01 00 ea 00 00 a0 &1 84 01 00 ea 82 0 A i Imoi‘_rn?;tmhse memnrartfequl}:rr\;dulgyngm
0400000020 80 80 8 2 OF 00 B3 £ 08 00 80 £0 08 1ﬂ 0200000020 90 50 8f 82 OF 00 B8 eF 08 00 %0 e0 08 1ﬂ 54  char get key pressed(void) 79 INPORT | T | i End of RON
B5 &0 IMPORT |T: | ; Base of
0<00000030 03 20 82 0 08 30 83 0 01 b0 40 &2 01 ¢ 0x00000030 08 20 B2 =0 08 30 83 =0 01 b0 40 2 01 2 77 clear key_status & e
0200000040 01 00 50 &1 Oe 00 00 0a 70 00 b0 &8 05 0 «| || 0x00000040 01 00 50 =1 Oe 00 00 Oa Oz 00 00 Oa 05 0 - 57 &2 INPORT | Inege$S2ISSLinit| ; End of
5& * KEY_STATUS ADDR = 0; a3 IMPORT |__ main|
0400000050 fa £ £f 0z 01 00 14 &3 Ob 40 84 10 01 O 000000050 fa fF £f 0a 01 00 14 £3 Ob 40 84 10 01 0 o Cetain SFEY ALUE_ADDR, o DEORT | Timin|
0400000060 Oh 50 85 10 02 00 15 e3 09 50 85 10 03 Ej 0x00000060 Ok 50 85 10 02 00 15 e3 08 50 85 10 08 sﬂ ooy e = ) somoss
LDR RO, =|InageSSROSSLimit]|
0X00000070 04 60 56 &2 UL UL LU LU LU UL UL LU U U 0%00000070 04 60 56 52 UL UL LU UL LU LU LU LU LU U 2 int is printichsr o) ] LDR Bl  -|Inagotinviisase| s
000000080 UL LI LU LU 03 00 52 e 65 00 00 Ob 00 7 5| || 0400000080 LU UL LU LU 03 00 52 1 82 00 00 0b 00 7 & a0 . & LIR R,  =|Inage$SZI§SBase| ;
0400000080 30 00 b2 e8 01 00 14 3 0c 40 84 10 02 0_| || 0x00000090 30 00 b2 oF 01 00 14 o3 Oc 40 B4 10 02 0_| i I en, ) AR (em ) return 1 5+ copy srception westors and TRO/FID han
04000000A0 09 40 84 10 03 40 c4 &3 04 50 55 &2 04 7 0%000000A0 08 40 B4 10 03 40 c4 &3 04 50 55 &2 04 7 [T a
g 6T 92 LDR RO, =|Image$$RO§SBase| ;
68 void process key_clicks(void) 53 MO¥  RI, #&0  ; start adrress disti
K L [ | | | — = 69 f 91 MOY  R3, #560 ; muber coping words
0x00000000 42| 000000000 o 70 char c; 95 GMP RO, Rl ; if RAM data start
71 96 BEQ 3l
T2 while {1} { a7 0 CIP REl, E3 ; Copy ROM data
73 ag LOMCCIA ROI, {R4-R13} ; accelerats th
BN = Gl HEIE 74 if (KEY_PRESENT) { ag STHCCIA R1l, {R4-R13} . accelerate th
= © = get_key pressed(); 100
76 if (is_prinE(c)) { 101 BCC 20
7T buffer [huf _len++] = c; 102
78 buffer [buf_Llen] = 0; 103 1
78 3 104 E |_nain|
80 if (o == 10) 105
81 send huffer(huffer) 106
22 3 107  FIO_Hendler
83 H 108 B FIO_Handler
4 ) 109
5} 110 IRO_Hendler
iTfanccrip Hal 86 111 - B IRQ_Handler
J5_licensed_r0pS-01 rell/ARMIZBE.JS/ARMIZBE JS.vhd line 3963 Al 87 int main() 112
# Simulation Breakpoint: Break in Process line__3963 at /pi m_test/D: on_models/DSMmti_madelsim 28 113 END
_vhdl_Linux/ARMIZBE J5._licensed_rOp5-01rel0/ARM326E J5/ARMIZBE IS vhd e 5953 29 /7 _first start off cpuh . 114
# MACRO Jfvsimdo PAUSED at line 24 o0 release_from_reset(): 115
type: = B size: = 2 91 116
VSIM(paused)> 9z CPU & nain(); 7| v
7 Kl ] =] =
‘I A Transcrip | «[3]|[|| [ Disassembly [ reset_vectors:s | cpu_ac [ Disassembly [ resel_vectors.s | inits

|an 171,260 ns  Delta: 1

| sim:top/epu_brams26Aimesiine_ 3363

;UD xterm

|D xterm

™ ModelSim SE PLU
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SYSTEMS INITIATIVE

63

2015

DESIGN AND VERIFICATION™

DVCON

CONFERENCE AND EXHIBITION



Full Support of Classic SW Debug
Views

Source & Assembly View

de - Default

Codelink CFU R

Register View

ters - Default

——arm3z6r (Read-only)
| Name [value |state |Description |

PC 0x00000054 Program counter

SP 000030000 Stack pointer

LR Ox00000260 Link register

FP 000000260 Frame register

R0 020001000 General register 0

Rl 040000000 General register 1

RE 020001000 General register 2

R3 0x00000002 General register 3

Fd 000000000 General register 4

RE IE o General register &

R6 OOOoo00m General register 6
QpCOTo00H General register 7
N ” 8

i 9

Memory View

- Default

Address |
(000000
Q0000000
ORO0000ED
0=000000F0

00| w4 | ss | sC |
E3R00111 ESH13000 E3R0COG4 ESE0CO00
E5913000 ES202000 ESB13000 ESH02000
E1ZFFFIE ES2D41F0 E1R0G000 E3A0S000
E28FOFSF EBFFFFDB E3A07502 E2865802

A5CH

[ P |

000000100
0=00000110
000000120

E28FOFR1 EBFFFFDY E1A02008 E1A01007
E28FOELS EBFFFFD3 E1A04007 EAOOOOOG .
ESC44000 E20400FF ESD41000 E1500001 |

= o=]| @)
Replay |[RTL E7E.000,0 ne 443 X
Lh# |‘:
111 end_address = SRAM ADDRESS + mum_tests;
112
113 printf{" Testing byte accesses ‘n");
114 printf (" Start address: 208x End Address: 208x “n", start_address, end_address);
115
116 for (i=start address; i<end_address; i+=sizecfichar)) {
117 * (unsigned char *) i = {char) i;
118 if (i{char) i != * {unsigned char *) i}
119 eCror_count ++; . .
120 B
151 Variable View
122 printf " Errors = &d “wn", error_count);
123 printf{" “n");
124
125 start_address = SRAM_ANDRESS; ['value (Read-only) |
126 end_address = SRAM ANDRESS + num_tests;
127
128 printf (" Testing short accesses ‘n"); unzigoed int 1073741824
%gg printf{ Start address: %089x End Address: %08x unsigned int * 0%20001000
131 for (i=start address; i<end address; i+=sizeof(sh
132 * (unsigned short *) 1 = (short) i;
133 if (i{short) i != * {unsigned short *) i)
134 error_count ++;
135 B
136 Add Variable|
137 printf (" Errors = %d “wn", error_count);
138 printf (" n")
139
140 start address = SRAM ANDRESS;
141 end_address = SRAM ADDRESS + num_tests;
142
143 printf{" Testing long accesses “n");
144 printf ("  Start address: 208x End Address: 208x n", start_address, end address);
145
148 for {i=start_address; i<end_address; i+=sizeof{long)) {
147 * (unsigned long *) i = {long) i
148 if ((long) i != * (unsigned long *) 1)
149 B ++;
150 B
151
icno i Tomim e C wAd el memmme mmawn 0 A
el [
l Disassembly 1 reset_vectors.s l init. l tstand.s | main.c | Kkl
o

accellera
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000000130
000000140
0:00000150
000000160
000000170
0=00000180
000000180
0x000001A0
000000180
0:000001C0
000000100
0:000001E0

0ROD00D00 EZ855001 EZ2844001 E1540008
BAFFFFFE E1A01005 E28F0F61 EBFFFFCS
EZ8FOFS3 EBFFFFC3 E3A07E02 E2BAEE02
EZ8F0D06 EBFFFFEF E1A0Z2008 E1AC1007
EZ8FOELS EBFFFFEE E1A04007 EROOOOOT
E1C440B0 E1D400B0 E1A01E04 E1A01E4L
E1500001 0RO00000 E2855001 E2844002 |
E1540008 BAFFFFFS E1A01005 E2EFOE1Z
EBFFFFAC E2EFO0ES EBFFFFAA E3R07E02
E28pE802 EZEFOFAE EBFFFFAG E1AOZ00E
E1AD1007 EZEFO0CC EBFFFFAZ E1A04007
ERODOD0S ES244000 E5840000 E1500004 ..

s.

.............. K

versendleiiies

[+ ] _ox00000050 ]5

ATION™
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Synchronized Hardware and
Software Views

O-HTH | LI | AE-4 & WHEHEBRAS 80 F&- 2580
e o = S i e e R I RN 1) B P

578.000.0 nz 443

int 1;

)T RO OREORE X £ (Y TR NI T N T RNE I NN T, | 398
| T 399 for (i=0; i< (WID*LEN)/4; i++) {
I 400 *(a + 1) = 0;
X 401 3

il oo §o o SoSeoeccceg o g 405 int array test col order (char a[LENW] [WID])
406 {

- 407 /¢ should be cache unfriendly

408 int i, j:

L :
AABRBRR AL AR AR

410 for (§=0; <WID; j++) {

411 for {i=0; 1<LEN; i++) {

412 alilli] = (i * WID + ) & OxFF;
413 3

}
415 return 2;

418 int array_test(woid)

420 char a[LEN] [WID];
421 int ¢

m‘m ps

13411512847 ps lo 5649221202 403 ¢ += array_test_row ordsr(a);
424 clear_arrayi(unsigned long *) a);
425 ¢ += array_test_col_order{a);

427 return o

431 int main{waid)

Disassembly l reset_vectars.s | inits | rstand.s l main.c l power_indicative.c J 4

accellera DV
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New Paradigm:
Post-Run Software Debug

CODELINK
TRACE FILE

SYSTEMS INITIATIVE

Codelink
l Post-Emulation 50 MHz

66

Single User




WarpCore: Veloce Hybrid Emulation

Veloce

Software
Debug

*  Moves CPU/memory subsystem from the emulator into a virtual machine

* Speeds up execution by 50X and more (2015
o DESIGN AND VERIFICATION™
aceellera N DVETN
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Real World Results

Veloce-Hybrid
Design B

_ Design C
Linux Boot Performance

Often, the interesting things happen after the OS boot

2015
accellera
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Goals of New SW Debug Paradigm

* Non intrusive multi-core debug

* Process-level multi-core debug

* Backup rather than rerun from time zero
e Add “printf” without recompile and rerun
* Virtual machine for fast OS boot

accellera - DVECIN
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Agenda

e Post-Silicon Debug Solutions

(accellera . DVCON
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Goals of Post-Silicon Valldatlon/Debug

* From the time silicon comes back:
— Find all bugs quickly (validation)

— Root-cause all bugs quickly (debug) .
i Debug & Validation Bug Characterlzatlon
* Just make it easy for Selected Products

V19 \rays w Juive)

Days-to-Solve
(Debug)

: A
* *
25 A e A
0 'S A O * ¢
] Se,* o % g 2 "’&’ ‘ * ‘
i oL ¢ $ } <« L] * A
0/ '!_'I.'!_!"V_!_”'l_l_!_' A’—Q-v—‘—y—v—v—v—’v—y—v—v—v—v—r@—rﬁ—v—y—v—ﬁ—v—v—
0 25 50 75 100 125 150 175 200 225

Drive bugs down

accellera . DVCON
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Evolution of SOC Design

Unplanned Respins => Missed Revenue!

3
Ig
; o
Y
o
b
O
2
0
g
[0
o
(T
c
o
z
1 2 3 4 5 6 7
FIRST SPINS or
SILICON Number of Required Spins MORE
SUCCESS

Wison Research Group and Mentor Graphics, 2012 Functional Verification Study, Used with permission

DESIGN AND VER%-’QJJ?DN'«
accellera . DVLCOIN
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Post-Silicon Back-End Effort Growing

Post-Silicon Debug vs. Process Validation as Percent
ec RTL Netlist Si  Debug
° i of Total Effort (%)

“i2mo . . Y 60

. -: ... -.‘ ... -_.. ’
U A | v 4 4 40
~15mo . . . . . ., 20 ® ®

O T SN I —
~18 mo : 2000 2002 2004 2006 2008 2010

[Abramovici, DAC'06]

[Tim Cheng: “The Changing Roles of Verification and
Test in the Late-Silicon Era,” 2009 PROFIT]

B Post-silicon continues to require growing amount of total effort

® Data shows problem getting worse

accellera . DVCON
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SOC Validation Space Challenge

/Functionalitv\ 4 System ) fPIatform HW\ 4 SW )
CPU Cores $ Coherence DRAM Applications
3D Graphics Consistence Flash OSs
Interconnect I/O Ordering Peripherals Virtualization
1/O QOS Power Infra Drivers
Southbridge RAS Components BIOS
\.GP GPU % \ Clocking ) - . \ FW )
/ Security \ / Power \ f DEX \ / Electrical \
Digital Rights Management Functional Process
Network Clock Gating Observe/ Voltage
Data Power Gating Control Temperature
Protection State Scan Access
Rings save/restore
\_ o U U Y
’ ¥ 2015
a@ We Cf forced to debug post-silicon! SVEEN
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Observability Versus Frequency
Simulation through ASIC Silicon

Higher

Observe
1

Key

Available — Number of signals that can be MUXed out
Run — Number of signals that can be observed in single run

10

100

1k

10k

Observe Ratio

100k
1M

10M
Lower
Observe 1 10 100 1k 10k 100k 1M

a@ Frequency (Hz)

75
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1G

10G
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Post-Silicon System-Level Validation/Debug

High-Level Feature Summary Flyover

* ARM: Coresight ETM PC trace

Program Flow Trace *AMD: BTHB
*Intel: Processor Trace
HW History Buffers Small trace buffers in HW: THBs, EHB, LBR buffers, LTSSM buffers

* ATPG scanchains configured as single-chain, TDI to TDO
* Debug of hardlocks and more
Scandump, * “bread and butter” feature for many companies
* Destructive in nature
* Analogous to “read-back” on FPGAs

Performance Monitor & Observe on pin, trigger ext. instruments, selective program flow
Error Observe trace

HW Flow Control Breakpoint/single-step resume

HW Assertions Active in parallel, no programming required

Really both legacy and emerging

'=> i o
Bug Replay (Si=>tester, sim.) Expensive and custom per company

2015
1. Array and main memory dump applies in addition here too. PESISN AN VEREICATIOR
accellera d Y dump app DV ON
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The Solution: On-Chip Logic Analyzer

* On-chip IP and software

e Software tools for:
— Instrumenting design

— Run-Time Programming
* Signal observe & triggering
* Trace dump/waveform view

* For use on FPGAs and ASICs
e Why?

— Faster bug root-cause

— Shorter time-to-market

accellera
77
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Architected for Post Silicon Debug

AP| fub-System
Interface for
Customized "D‘m _m
Access ]
Sub-System
2
ITAG | Tap Access
| Controller | Controller ] r _
®
Trigger Sync 8
Sub-System
N

accellera
s 78
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Capture Station

 Deep Traces
* Flexible Triggers

accellera
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Certus User Flow

Design ——— N
.. ' N
User Pzwltlonlng Inseg‘tarlzlrjosbes » N
RTL asga Synthesis
(Optional) | Implementor Place & Route
File Interchange FPGA Bitfile(s) /
(.VFE) Gate Netlist
Lab

Lab Bench PC
(Windows, Linux)

Debug
Certus
Analyzer

ASIC or FPGA Prototyping
Platform

SYSTEMS INITIATIVE
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Instrumented Signal Selection

Certus Implementor: /home/shaynal/streaming/siice3/certusl.ipj

File Wiew Help

Design: @iject @) signals | ) Infrastructure I & Insert |
| (siice) 473
[ ] req . 5ig min mout minout = mem m ff m state m enun OptiScore
) ) [=] sifkbd/RX_ShiftReg[7:0] signal flip-flop +* &k
mmi64_m_upstrea...4_m_upstreamif) 0 [+ ] sifcorefu_mw8080/u_8080/ud/Regs/RegsCL[7][7:0] signal flip-flop * ok ke
[ profpga_clocksync...rofpga_clocksync) 0 p - - - ; }
si (invaders _ps2) 67303 (1041) [v] s?fcore}u_mwsoSGIu_SGSGIUGIRegszegsCL[G][7-01 s?gnal ﬂ?p-ﬂop ok ok
U_PROFPGA_CTRL (profpga_ctrl) 0 [+ ] sifcore/u_mw8080/u_8080/ul/Regs/RegsCL[5][7:0] signal flip-flop * ok k
[« ] sifcorefu_mw8080/u_8080/uld/Regs/RegsCL[4][7:0] signal flip-flop ok ok
B upstream data_ge... data_generator) 0 [+ ] sifcorefu_mw8080/u_8080/ul/Regs/RegsCL[3][7:0] signal flip-flop %k ke
B [+ ] sifcorefu_mw8080/u_8080/uld/Regs/RegsCL[2][7:0] signal flip-flop ok ok
[+ ] sifcorefu_mw8080/u_8080/ud/Regs/RegsCL[1][7:0] signal flip-flop ok ok -
[« ] sifcore/u_mw8080/u_8080/ul/Regs/RegsCL[0][7:0] signal flip-flop * ok k
[=] sifcorefu_mw8080/u_8080/ud/RegAddrC[2:0] signal flip-flop ok ok
[+ ] sifcore/u_mw8080/u_8080/ul/RegAddrB_r[2:0] signal flip-flop ok ok
[« ] sifcorefu_mw8080/u_8080/ud/RegAddra_r[2:0] signal flip-flop ok ok
[« ] sifcorefu_mw8080/u_8080/ul/Read_To_Reg_r[4:0] signal flip-flop ok ok
[=] si/corefu_mwB080/u_8080/u0/DI_Reg [7:0] signal * ok ok
[=] sifcorefu_mw8080/u_8080/DI_Reg[7:0] signal flip-flop ok ok
[«] sifcore/u_mw8080/u_8080/uld/Regs/RegsBH[0]1[7:0] signal flip-flop * ok
[+] sifcore/u_mw8080/u_8080/ul/Regs/RegsaL[7][7:0] signal flip-flop * ok
[+ ] sifcore/u_mw8080/u_8080/ul/Regs/RegsaL[6][7:0] signal flip-flop * ok
[+ ] sifcore/u_mw8080/u_8080/ul/Regs/RegsaL[5][7:0] signal flip-flop * ok
Groups: [« ] sifcorefu_mw8080/u_8080/ud/Regs/RegsAL[4][7:0] signal flip-flop * ok
[+ ] sijcorefu_mw8080/u_8080/u0/Regs/RegsAL[3][7:0] signal flip-flop * Kk
[+ ] sijcorefu_mwB080/u_8080/u0/Regs/RegsAL[2][7:0] signal flip-flop * ok
[+ ] sifcore/u_mw8080/u_8080/ul/Regs/RegsaL[1][7:0] signal flip-flop * ok
[+ ] sifcore/u_mw8080/u_8080/ul/Regs/RegsaL[0][7:0] signal flip-flop * ok x|
Infrastructure: Equivalent Signals: hdl/ps2kbd.vhd | |RX_ShiftReg[0] =
Bl Summary B ;I
Signals Selected: 1041 signal ESZ_Sample : std_legic;
Equivalent Signals Selected: 1766 signal PSZ_Data_s : std_legic; [m]
Signals Available: 67776
6.6k signal RX_Eit_Cnt : unsigned(: dewnto 0);
32.8k signal R¥_Eyte : unsigned(Z downte 0); LI
P | TV Ch i FéDam e B B - Lol B B PP A L )
AN orics 4 Import | o Select | 9§ Deselect | o Verify |
@ INFO - Elaborating (phase 5). ;l
@ INFO - Running OptiRank
@ INFO - OptiRank done
@ INFO - Adding clock 'FPGACLK' with source 'fpgaclk'.
@ INFO - Setting working directory to /home/shaynal/streaming/siice3/certus_work :H

All(76) | Error (0) | Warning (5) | Info(71) |
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Infrastructure

Certus Implementor: /home/shaynal/streaming/siice3/certusl.ipj
File Wiew Help
Design: 2 Project | @ signals ) Infrastructure I &) Insert |
B «] (siice) 473
L BUFC ( Clock name: Clock source: Selected Signals Station
CLK (IBUFGDS ( - FPGACLK fpoaclk = | gi/AD[15:0] FPGACLK_STN
mmié4d_m_upstrea...4_m_upstreamif) 0 sifButton_Coin FPGACLK_STN
B profpga_clocksync...rofpga_clocksync) 0 si/Button_F FPGACLK_STN
4 si (invaders_ps2}) 67303 (1041) si/Button L FPGACLK STN
3 U_PROFPGA_CTRL (profpga_ctrl) 0 si!Button_Pl FPGACLK STN
CLE (IBLFGDS ! Add & Import , Discover ; N "
upstream_data_ge..._data_generator) 0 s | o mp | ) | si/Button_P2 FPGACLK_STN
B VCLK (IBUFGDS . si/Button_R FPGACLK_STN
[-] Router: CERTUS_RTR sifButtons[5:0] FPGACLK_STN
clock FPGACLK sifcore/D5 [15:0] FPGACLK_STN
fonee oo scoreEA 2]
o sion Frascucsm - [shresosotes e o
clock FPGACLK " _
width 64 sifcore/GDB2[2] FPGACLK_STN
depth 512 sijcore/GDB2 [6:4] FPGACLK_STN
£ [-] Network: FPGACLK STN si/core/GDB[7:0] FPGACLK_STN
f_{'&i‘; ;ZGAC'-K sifcore/PortWr[6:2] FPGACLK_STN
pipeline stages 3 sifcore/5[7:0] FPGACLK_STN
observables (1041) sifcore/Sample FPGACLK_STN
sijcorefu_mw8080/CIkEnCnt[2:0] FPGACLK_STN
Groups: sifcore/u_mw8080/CntD5[3:0] FPGACLK_STN
sijcore/u_mw8080/CntES [4:0] FPGACLK_STN
sifcore/u_mw8080/CntET[4] FPGACLK_STN
sifcore/u_mw8080/DBin FPGACLK_STN
sifcoref/u_mw8080/Hold FPGACLK_STN
sifcore/u_mw8080/Hold_n FPGACLK_STN
Infrastructure: sijcore/u_mw8080/Int FPGACLK_STN
& Summary silcore/u_mw808O/IntTr FPGACLK_STN
i i~ Signals Selected: 1041 Ycore/u mw8080/I tT'QOId =
Equivalent Signals Selected: 1766 sicore/u_mw ntirg FPGACLK_STN
Signals Available: 67776 sifcorefu_mw8080/15el[1:0] FPGACLK_STN
LUT Cost: 6.6k sifcore/u_mw8080/ivid FPGACLK_STN
RAM Cost: 32.8k sijcore/u_mw8080/RR[9:0] FPGACLK_STM
-Routers rilearai m@AONIC ki TTa01 FReAs e oThe LI
- Stations - . :
B Obs Networks g Add v| A4 Auto-Config ~» Auto-Assign | of Verify |
@ INFO - Running OptiRank ;I
@ INFO - OptiRank done
@ INFO - Adding clock 'FPGACLK' with source 'fpgaclk'.
@ INFO - Setting working directory to /home/shaynal/streaming/siice3/certus_work
@ INFO - Signal selection is valid. :H
All(77) | Error (0) | Warning (5) | Info(72) |
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File View Help

Signal Selection

Certus Analyzer: /fexport/shaynal/icedemo485new/test2.apj (on hitlab4)

Design:
B (siice)

UCLK (IBUFGDS)
-5l (invaders_ps2)

44
1
1721 (59)

Configuration: |conﬁgt}

%0 %

3 Project

& signals | i) Trigger | i) stations | (7] Ccr:‘u_-uel

~ . sig min = out m inout

Blue
buttons[6:3]
fpgaclk

Green

hsync
LED[6:3]
LED[15:8]
pixel

Red

Sel_KB

VSYNnC
si/AD[15:0]
si/Buttons[5:0]
si/Buttons_n[5:0]
si/CSync
si/DIP[8:1]

+  sifHsync
si/IB[7:0]
si/LED_OUT[7:0]

+  sifPixel
si/Press
sifP52_Data s
si/PS2_Sample
si/RAB[12:0]
si/RDB[7:0]

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

Station
(siice) FPGACLK_STN
(siice) FPGACLK_STN
(siice) FPGACLK_STN
(slice) FPGACLK_STM
(slice) FPGACLK_STM
(siice) FPGACLK_STN
(siice) FPGACLK_STN
(slice) FPGACLK_STM
(slice) FPGACLK_STM
(siice) FPGACLK_STN
(siice) FPGACLK_STN
(slice) FPGACLK_STM
(slice) FPGACLK_STM
(slice) FPGACLK_STN
(siice) FPGACLK_STN
(siice) FPGACLK_STN
(slice) FPGACLK_STM
(slice) FPGACLK_STM
(siice) FPGACLK_STN
(siice) FPGACLK_STN
(slice) FPGACLK_STM
(slice) FPGACLK_STM
(siice) FPGACLK_STN
(siice) FPGACLK_STN
(slice) FPGACLK_STM ;l

Equivalent Signals:

accellera

2015

config0 - (top)
B siice
“ @ FPGACLK_STN 64 (59)
o Select | ® Deselectl of Verify |

@ INFO - Hardware(enum, part=0): loop = 0 ;I
@ INFO - Exact match for part 0.
@ INFO - Loading project data...
@ INFO - Signal database complete j
Al (23) | Error (0) | Warning (1) | Info (22) |
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Set the Trigger Condition

=] Certus Analyzer: /fexport/shaynal/icedemo485new/test2.apj (on hitlab4) - 0O x
File View Help
Design: Project Signals &) Trigger | &) Stations & Configure
= (siice) a4 @ Proj | G sig | = 2 | o WUEe I
- UCLK (IBUFGDS) 1 Trigger Station: |(siice) FPGACLK_STN ~ Radix: ¢ Bin % Hex
& si (invaders ps2) 133 (3) figger Station: |f5||ce} . J adix:
core (invaders) 1490 (56)
kbd (ps2kbd) 35 _
u_RAM (siram) 31 Starse
u_ROM (sirom) 22 Add: f -
u_vga (video_display_vga_bb) 10 I < All Signals > Jil

If |si/core/u_mwB080/u_80BO/UO/PC15:0] = |oag2

is True '| for |1 clock cycles then trigger |

Configuration: |conﬁgD

%0 %

config0
B siice
~- @ FPGACLK_STM

accellera
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64 (59)
of Verify |
@ INFO - Exact match for part 0. ;I
@ INFO - Loading project data...
@ INFO - Signal database complete
@ INFO - 59 Signals Selected j
Al (24) | Error (0) | Warning (1) | Info (23) |
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Run Content

Configuration: | config0

J %5 %

@ Configure

Part Station

] Certus Analyzer: /export/shaynal/icedemo485new/test2.apj (on hitlab4) - O X
File View Help
Design: @Project | @Signals | @Trigger | @Stations
El- (siice) 44
-+ UCLK (IBUFGDS) 1 ~Waveform Viewer
B si (invaders_ps2) 133(3)
-core (invaders) 1490 (56) * GTKWave (" Modelsim (" Other: | ql
~kbd (ps2kbd) 35
- u_RAM (siram) 31
~u_ROM (sirom) 22 —Station Status
-u_vga (video_display_vga_bb) 10

0 - xcTvx485t (siice) FPGACLK_STN

1.2E+09 bits 13.2:1 compression

accellera

2015
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configl
El-siice
‘- @ FPGACLK_STN 64 (59)

[ write vcnl L view Datal
© INFO-  clkA | = |
© INFO -

@ INFO - Capture results available
v|
4 | L
All(77) | Error (0) | Warning (1) | Info (76) |
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Post-Silicon Waveform Viewing is Key

GTKWave - /export/shaynal/icedemo485new/certu:

File Edit Search Time Markers View Help

UER @66 v @ Fomose |To:(3245501263] ¥ Marker: - | Cursor: 221100 ns
~ SST Signals Waves
Tine
B siice (siice) FPGRCLK_STH
siice.{siice)_certus_nodule_dc_station_FPGACLK_STH
siice,si,core,u_nu8080,u_8080,u0,IRI7;01
siice.si.core.u_nu8080.u_8080.u0.PCL15:0]
siice.si.core.u_nw8080.u_8080.u0.Regs.RegsAHIOIL7:0]
siice.si.core,u_nu8080,u_8080,u0.Regs.RegsAHI11[7:0]
siice,si,core,u_nu8080,u_8080,u0,Regs,RegsAHI2I[7:0]
siice.si.core.u_nu8080.u_8080.u0.Regs.RegsAHIZIL7:0]
siice.si.Hsync
siice.si.Pirel
siice.si,Vsync
Type Signals
Filter: | |

Append | | Insert | | Replace
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Mentor Graphics Certus Solution
e SW & HW solution for FPGA & silicon validation

— Broad visibility and deep traces, minimal resource cost
— Make post-silicon easy
* Shorter back-end time-to-market & lower schedule risk
— Flexibility to meet design/business needs
— Enterprise-level EDA SW support
— Productivity efficiency
— Enables increased focus on core business

* Mentor Graphics serious about post-silicon space
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Summary - Key Recommendations

* Find bugs as early as possible

— Before time-consuming, resource intensive regressions are
launched

e Successively refine low power verification in every
D&V phase

* Leverage new debug technologies to expedite
causality discovery

e Break down the wall between RTL and firmware
verification

* Plan ahead for post-silicon debug
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Agenda

* Introduction —the Debug challenge

* Advanced RTL Debug Scenarios
 Debug of Complex Testbenches
 Power-aware Verification Debug

* Integrated Hardware/Software Debug
* Post-Silicon Debug Solutions
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Thank You!

Any Questions?
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