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Model Requirements

in a Virtual Platform

e Control

— initialization, breakpoints, etc
e Visibility

— PV registers, memories, profiling
e Compatibility

— support common methods with debuggers

All Models Must Support Same Flow as PV Models
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Why Cycle Accurate RTL Based Models?

e RTL based models are the only way to insure
accurate system level throughput and
functionality

e Using RTL based models quickly increase the
confidence of architectural decisions.

 RTL based models leverage virtual platform
development done earlier during the
program.
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Issues with RTL models in VPs

e Debugger Integration

* Mapping PV Registers & Memories

e Port & Interface Abstraction
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Debugger Integration Though HW

e Debugger commands via HW port
e Invasive & disrupts program flow
 Changes bus & system behavior

e Possible performance issues depending on
number of registers & memory reads

e Simulator still “running”
e Limited breakpoint capability & control
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Debugger Integration via VP

e Unaltered Program Flow

e Same system activity: Bus transactions, memory
accesses, etc.

o Stall pipeline at specific Program Counter

e Upon completing outstanding operations, halt
simulator and enable Debugger interaction

e Registers and memory subsystem in
determinable state. No need to run simulator
clock

 Required to integrate into PV virtual platform
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Where’s the challenge?

Typical pipeflow behavior for an ISS model versus concurrent behavior present in RTL

Problem: How to integrate a Debugger and be at a valid instruction boundary?

Legend 1SS Behavior
P1: Instruction Prefetch 1 T1 T2 T3 T4 T5 T6 T7 T8 T9 TI10
P2: Instruction Prefetch 2
D: Decode MVI X
A: Address Generation/Instruction Issue Loop LOAD X
X: Integer Execution MUL X
W: WriteBack ACC X
L1: L1 Access BCH LOOP X
L2: L2 Access Loop LOAD X
M1: Multiply Stage 1 MUL X
M2: Multiply Stage 2 ACC X
Q: Execution Unit Instruction Q BCH LOOP X
ACC: Accumulate ST X

RTL Pipeline Behavior

T1L T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20

MV PL P2 P2 P2 P2 D A X W
Loop LOAD PL PL PL PL P2 D A L1 L2 L2 L2 W

MUL PL PL PL PL P2 D A Q Q Q Q ML M2 W

ACC PL P2 D A Q Q Q Q ACCW

BXH LOOP PL P2 D A X W
Loop LOAD PL P2 D A L1 W

MUL PL P2 D A Q ML M2 W

ACC PL P2 D A Q ACCW

BXH PL P2 D A X W

LOAD PL P2 D A

MUL PL P2 D A

ST PL P2 D A L1 W
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Reaching a “Debug Point”

 Enable debugger interaction via “stalling” processor
e May be used to “trap” other functions (e.g., ARM’s semi-hosting function)
 Breakpoints are “extendable” with arbitrary delays and functions

Instruction Breakpoint RTL Pipeline Behavior
Address TL T2 T3 T4 T5 T6 T7 T8 T9 TIO0 T1l T12 T13 T14 T15 T16
MVI Pl P2 P2 P2 P2 D A X W
Loop LOAD Pl P1 P1 Pl P2 D A Ll L2 L2 L2 W
MUL PL P1 P1 P1 P2 D A Q Q Q Q ML M2 W
ACC PL P2 D A Q Q Q Q ACCW
BXH LOOP Pl P2 D D D D D D D D D
Loop LOAD Pl P2 P2 P2 P2 P2 P2 P2
MUL Pl P2 P2 P2 P2 P2 P2 1P2
aAcc PL P1 P1 P1 Pl Pl !P1
BXH P1 P1 P1 P1 Pl Pl Pl

AN

Instruction Breakpoint Processor Debug Point

Detected _
Stalling Processor
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HW / SW Debugging

3) At Debug

Point

< Processor Bus >
g g g

. : 1) Detect HW
DSP Peripherals Control Logic .
Breakpoint
| -t E
I

T >
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HW Breakpoint

i Carbon SoC Designer Simulator - SemiHost] [SemiHostI]
File “iew Object Control Debug Window  Help

= & o = B E = »oom M Pl [s] - Stopped
Open Sawe Close Brkpts  Profile  Trace  MemMap Wave Fur Step  Stepn Feset Sync All u

| 5|

JJ Zoom %

|100 3:

Fegister

PI30T_a3bm_pl30irip2_142 |
%2_1[0]

(p1307_a3bm_PL301r1p2_d

axiv2_mem[0] (AXIV2_M ... | i
CLE

3 !
R& mpcore[0] (ARM11MPCore) |— ani_mi : sz
- R7 FCLE @
reset
. RiE axl_mo } P ai_so W

<R ] cliein

T Periph Base dlkin Y
11
12 _

entsemin

R13 ’
- R14
. F15 cMnnsemihysl[ﬂ] L

CFPSR {CarbonSemihosty

.. folded_PC

} semihost
clkin

Current | Banked | Featwres | cP1s | watopa | |>

k: clk-in

Kl | _>ILI

B <ToPs

x| Launching RealView Debugger via command © homelrsaydeTestiCortex M3testicpusiARM1 1 MPCOREMODEL S/ARM1 MPCDHE_r2pD.i‘test_2cpu1axi.l’gcc;l|

|| rieta £3
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Instruct CoreO to Debug Point

i z
File View DOhiect Control

Hﬁﬂﬁ
J

. Carbon 5oC Designer Simulator - SemiHost] [SemiHostI]
Debuy  Window  Help

] = »wooom M M ) »* Stopped
Open Sawe  Close Brkpts  Profile  Trace  MemMap Wave Fur Step  Stepn Reset Sync Al ]

| e

Fegister

P30T _a3bm_pi30irip2_142 |
%2_1[0]

(pI301_a3bm_PL301rp2_x

axiv?_mem[0] (AXIv2_M .. | i
CLKk

mpcore[0] {ARM11MPCore) @ ameU= a5
PCLE
ragat 'ﬁ iﬁi
EHi_mi }

i_sn

. 4 M'_s cliein
R0 Petph Base clk-in
Rl
- R12 ssetemin M
- F13 =
R4 =4 i [/]
RIS wiew Child Fiegisters for . » ost0]
- CPSR ; bonSemihost)

Wigw Child Mermory for ... 3

folded_PC =

Wigw Childl Disagsembly for .. 3 E

Fun Child to Debuggable Point .. »

Component Information. .

Current [ Banked | Festuwrss | CP15 | uisto PA | | 5 Frofiing ’
3

mpcore[0].corel

clk-in

o o

B <TOP:

x| Launching Realvisw Debugger wia command : homedrsaydeTest/Cortexs M3 testicpus/ARMT T MPCORE/MODELS/ARMT 1 MPCORE_r2p0itest_2epul axi.l’gcc;I

Cyile 52 ¢

Fegister BreakPoint hit for: cored. Current R 'j
Al 1 .
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Core0 at Debug Point

i SemiHostL mpcore[0].coref@SemiHostl - RealView Debugger
Fle Edit Miew Target Debuy Tools Helo D
HD[B"‘HH,}{: HHJ) I[F}ﬁl{fp[wﬂjﬁ”@ HET.-E |J_|F|Ie|init.s [P | =] tine | | Stopped
JJScriptsI <Mone> LI Bp By g A
Rezet_Handler 5 =l
: —— Initialize stack pointer registers Wl Eanenes il (ST T ‘l
R2 000000000 iEl 000000000
IHPORT || Image$$STACKSSZISSLinit] |
LR i, =11 Inage$3STACKSSZISSLinit! | e HHR000000 i U=000EE000
J RE 0+00000000 ig 000000000
IF "MPCare" = {CPU} ;LOR: "MPCareMaVFP" = {CPU}
52 First define the 105 depending on the CPUID i e —— i R ——
| HEC plf, O, r, o, oo, &) R1O 000000000 A1l 000000000
AR e, el #0xf A1z [x00000000 E Ox00000000
LIR 2, =0ffzet_Stacks LR 000000000 FC 0=00305F30
UL r2, r2, rh + decrease 5P oaccording to the CPU CPSR rizeve_gedue2gel gell_eAlFtSVE
SUEB rl, rl, r
gL ENDIF Ush
82 IR
83 : ——- The rest of the init should work as is
84 : Enter each mode in turn and set up the stack pointer Fla AXIv2 M ‘ i
85 Y sp.rd suC (L o
86 MO rid, 40
&7 MR SPSR_cxsf,rid s
a8 SUB ri,rl #len_SVC_Stack - unD Iﬁ

Core |10 | cPi5 | cache | Perf | TLBCH | TLBLok | Cachelok | wtoPa | Feat (s

3
Ivectors.s I MF Core_instruction_esecution] s I init s I e |>

Disazsembly

| [hame Value x| Start address  Columns Data sizes  Format
Attached to stopped device =2 I1 =2 |4b5‘193 'l Hexadecimal 'l
Stopped on Stop detected on target 0 ;I
Stopped at 0x00000000: _ENTRY M<entry point> —_
> load/nidr/np ' Jhomesrsayde/ Test/Cortexb3 test/c Mo Address
Loading file /shamedrsaydesTest/CortexM3 test/cpus Mo &ddress
/ARMLLHPCORE  Applications/SortMPCoreMaFP/smp_sa Mo Address
_arm_le_dbg,axf, ., Mo Add
Mote: current instruction address unchanged, 0 AAdress
Warning: Cx021d0102: Error Target busy from targe Mo Address
: 8.7 Mo Address
Stopped on Stop detected on target n
Stopped st OxODG0IFZ0: INIT_SwReset_Handler Line :2 ﬁg:: Fieister Walug
75 - Rl (00000000
Mo Address »
Stop> | 7 EU ﬁgrm A2 000000000
0 Adress - R 000000000
1 | | T | | s : R4 0x00000000
Locals | Statics | This | Mo Address | . FS Cnn00000
] 0x00000000
[stoppec [ = 0X00000000
- R 000000000
- R 0x00000000
R1O 000000000
R11 000000000
- A2 Ox00000000 -
- A3 0x00000000 _lJ
: R4 DX00000000 >
m - F15 0x00803730
= - CPSR  0x000001d3
| Launching FealView Debugger via command © homedtsaydeTestiCartex M3r g S PCUTIIT T |Igcc;|
Cycle 52 :
I

s Register BreakPaoint hit for: core0. Current.R1 =
- Z; 4] |2




Multiprocessor Debugging

* Leverage model ability to reach a debug point
 Enable a debug point via a callback function

— Pseudo Virtual Platform “external interrupt”

* Enables any processor to put other processors
into a debug state, allowing separate debug
sessions

e HW view via VP, SW views via Debuggers
— TRUE HW/SW debugging capability
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Multicore Debugging

4) At Debug

Point

3) Run to Debug

2) At Debug Point

CPUO 1) Detect SW
ﬁ Breakpoint

|_CPU1 Memory
< Processor Bus >
DSP Peripherals Control Logic

oe=0 ©

=0

n
>
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SW Breakpoint CoreO

SemiHostLimpeorell]core0iSemiHostl - RealView Debugger
File  Edit Wew Target Debug Tools Help I:‘
D[l =alr iR/ [cRE e BT P - % [Infn: [Fra | fune [ P
[ |
HSmpts I <Mohe: LI Sp By By | il
73 13 r0, =| | Inage$3APESSRase | | X =
180 ORE v, ri, #PERIP_Size
181 HER: plS, 0, r0, c15, c2, 4 3 lirite Peripheral Y Gy ul e |
182 A2 0x00000000 F3 000000000
%gj iz it 0x00000000 RS 000000000
185 IF "MPCare" = {CPU} tLOR: "MPCoreNoWFP" = {CPU} Fi& 0x00000000 R7 0x00000000
186
187 o PG, 40 Fid 0x00000000 R 000000000
188 BEQ naster_only_code R10 000000000 Rit 0%00000000
L gg B slave_only_code A1z 0500000000 5P 0%300FB000
w191 LR 0x00000000 FC O=00504010
N 13% naster_only_code CFSR nZCve_gedgedoegel_sAlFtSYS
- 194 33 turn the SCU on i (L
#c> 195 | T ), #1] IR
IMPORT =cu_enable
BL scu_enable Y e} (AX1v2_M | i
S -
ABT
init_mmu ‘ UND IW
| v
Home Fage I Disassembly J |veclurs.3 I MF Core_instruction_execution?.s I init.s I VEC | b Fare I o I b I Coche I it I ATCEEH] I ULEG I Cochelch I oS I FeatLJ_>

| J_arn_le_dbg, axf S | | Mame | Start address Colurnhs Datasizes  Format

Noted current instruction address unchanged, b Il '“4th93 'I Hexadecimal ¥
Warningy Cx021d01023 Error Target busy from targe 0 ﬂ
tB.7R =
Stopped on Stop detected on target Mo Address
Stopped at Ox00203F30% IMIT_S“Reset_Handler Line Mo Address

T Aol

> binstr \INIT_S\4195:0 0 AACYBSS

- Mo Address
Warningt (=021d01023 Error Target busy from Mo Address !EE
target + B.7A Mo Address
Stopped at 0x00804010 due to SW Instruction Mo Address
Breakpoint
Stopped at 0x008040103 INIT_S\Reset_Handler Line o Address
P No Adress [

Mo Address

Stop>

ol d Mo Address
« | g | e | | et =
cd | staio | FeAnd | < Log | Locals | statics | This | No Address |

[Stopped [tn s, Col \ [~ A

000000000
000000000
000000000
0=00000000
0=00000000
03007000 hd !
o 1K 000000000 »
0=00204010
T <Top> I 05B00001f
folded_PC 0x00000000
| Register BreakPoint hit for: cored. Current. R1 ;I
Cycle 323 :
Disassernbly EreakPoint hit for: Ext*:.core0:0<804010 F
4| s »
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Instruct Corel to Debug Point

7 Carbon SoC Designer Simulator - SemiHost] [SemiHestl].
File Edit Wiew Target Debuy Tools Help I:‘ ct Control Debug  Winhdow  Help
Ded]: =alr ng o er[ oS H o | @ B B nomoN »* | stoppes ‘
JJE‘\crlpts I “None> LI B 5 & ‘ en Save Close Brkpts PrUF\e Trace  Membiap ‘Wave Fiun Step  Stepn Feset Sy Al
179 LIR rit, =1 1Image$$nPE$Bazel |
130 ORR: ri, ri, #PERIP_Size
181 R PiS, 0, r0, c19, 2, 4 3 lrite Pe actress: [ B ) N e W rnd | -['
132
183 EMDIF Agldress Opcode Disagsembly I~ Cycles ill |
134 _
105 IF "MPCare” = {CPUY :LOR: "HPCorsMo¥FP = {CPUT 0x00504008 02000000 BEQ  {pcid ; 0xG04010
106 0x0080400C ea00000S B {pcH0x2e ; Dx804038
1687 CHP rh, #0 4 0x00804010 3200001 MOy r0#1
168 BEQ master_only_code 0400504014 ehfffafs BL  {porOx2c28 ; 0x8013ec ;is a call
L igg E slave_only_code OxODE04015  eb0000Zb © EL  {pciubd ; 0x9040ce  is 2 cal
o191 0x0050401 C  e1200000 MOy r0r0
w192 mazter_only_code 000304020  eb00001a BL {pci+0=70 ; 0804090 ;is a call
w193 0x00804024  e321011 MER  CPSR_c#0x1f
M %gg I ;ENW"” tge ig“l el 0x00304025 6100000 MOV rO0
r
196 THPORT 2oy, enable 0x0080402C  ela00000 MOV r0r0
197 B scu_ehable 0x00504030 321011 MR CPSR_c#0=1T
138 0x00804034  eafff046 E fpc-0x3eel ; 0x800154
%gg ENDIF 0x00804055  e3211017 MSR  CPSR_c#0x1f
201 B Init_nmu 0x0050403C 320003 WEI :
0x00304040 eb0000CS BEL {0350 ; 0=80439c ; iz acall
4 | | 0x00504044  eh000011 EL {pcirtlzde ; 0x504090 ; is a call
Home Fage I Disassembly | inits |Vecturs.s I P Core_instruction_execution? s I i 0x00504045 1200000 MOV rOr0
— 0x0050404C  e320f000 MOP
=] |_arm_le_dbg,axf,.. P [ e 0x00A04050 ehfrl dd BL  {pcH0x36a% ; 0800725 ; is a call T
Note: current instruction address unchanged, " 0x00304054 e320f003 WFI ||
L‘Jagn}\zgt 0:021d0102¢ Error Target busy from targe 0x00504058 eaffiifc B {potS ; DxE04050 )
étoéped on Stop detected on target THUTEIATEE LRI LI
Stopped at 0xQ0803F30: INIT_S\Reset_Handler Line 0+00804060  e320003 W
000804064  &12fffle Bx Ir
> binstr SINIT_SW#195:0 x00R04068 320000 NOF LI
0
Warningy 0x021d0102; Error Target busd from
target 1 B.°A
Stopped at 0x00804010 due to SU Instruction
Breakpoint Register Walue
Stopped at 0x00804010; INIT_S\Reset_Handler Line = i)
195 =
clkin p - Fi2
Stop> i “igw Child Registers for ... 3 e
1] | ﬂ pl ‘iews Child Memory for ... 3 R
Croed | stdin | Fiefird | *Log | Locals | stati Wiew Child Disassembly for » - RS
mpcote[0].cored
Component Information. ..
Profilir 3 o 0000000
g - R0 000000000
Launch Realview Debugger 3 guil! 0+00000000
- R12 Ox00000000
- R13 0x300b000 h | f
K| - 14 000000000 »
[N - R15 O0x00804010
o <TOP CPSR  0xBO00001Hf
folded_P C 0x00000000
| Register BreakPaint hit for: core0. Current.R1 ;I
Cycle 323
Disazsembly BreakPaint hit for: Ext*:core0:0x804010
4|
Current
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Corel at Debug Point

File  Edit “iew Target Debug Tools Help D Flz Mew Object Control Debuy  Window  Help
ID[@dlly @y ndoro[»Bleld|e & 5 | & @ B8 EIEREECRIT R
JJScriptsI «Mores ;I Eg Epy &| ﬂ m
173 LIR ri), =11 InagessAPBEEBase| | J_| Add I Bl | m| sl g
180 ORR rl, 0, #PERIP Size ——— Za| | | =] @] 5] 9]
ig% MCR pls, 0, r0, c15, 2, 4 3 Write Pe aciress Opcade e I~ Cycles ﬂ
183 ENDIF 0=00804034 eafff046 B {pe-Ox3eel ; 0000154
134 0<00804038  e321f01F MSR  CPSR_c#0x11
185 IF "WPCore” = {CPU} :LOR: "MPCoreMo¥FP* = {CPUX g 0xD0S0403C  e3201003 W
186 .
157 GP 15, #0 0A00304040  eh0000dS ~ BL  fock0x350 ; 0x@04390 ;s a call
188 BEQ mazter_only_code 0x00804044  eh000011 BL foci+Oxde ; 0x004080 ; is a cal
I 0x00304045 1300000 MOW 00
File Ecit Miew Torget Debuy Tools Help [T 0:0050404C e320000 MOF
. . Fl 0#00504050  ebfff1dd BL {pei-0xGGal ; 0x6007a5 ; is a call
=
JJD IDHH‘X’ i“-l » .IF}@[@IE:}“J@ J-l@ ?2@‘ 0x00304054 £320003 WFI
”Scriptsl <Mone: ;I Sp By By ‘ 000804058  eafffffi B {pck-6 ; 0x804050
53 T has T Belboce, T 5 0x0050405C | e320f000 NOF
s as finished booting the sustem,
244 1z turn on the AU and jump to main UHINIEHIED  GEHI ]
245 Ox00B04064  e12fff1e BX I
o 245 0x00804068  e320f000 NOP
247 0x0080406C | 63201002 WFE
o e 0:00804070  el2fffle  BH LY
350 - 000304074 e320000 MOF
o L init_cache 0x00804078 320004 SEV
7oz . 0=0030407C e12fff1e BX Ir
g ) B init_wfp 0<D0B04080  £320f000  NOP
5 NP 000804054 30100000 ANDSCC r0,r0,r0
o6 000504085 00000000 ANDEQ r0,r0,r0
Yo7 main_loop 0x0030408C . 00000000 ANDEQ 00,0
55 . 0<00504090 3200000 MOV r0,40
gg EL main + CPUO rever reaches this point, then 000804004 e070FIS MCR  p15,#0x0,0,67 5,40 LI
61 WFI s Wait for be awsken again
B2 B main_loop VL
263 NoP | 1 [=] E3
364 ABT
265 / LMD
| | »
E ]
Home Fage | Disassembly I init.z |vectors.s I MFCore_instruction_execution! s I init.z I vl |k Core IID I R I e I e I TCEE I fIEBch I Eethelth I i) I FeatLJLl
| |Lcading file ‘home/rsayde/Test/Cortedtia testiopus |- Bl Mame | startaddress  Eolumhs DERSIRRS _ (ElE
AARMLIMPCORE/App ]l icat ions/Sort/ HPCoreNoWFP Y smp_so 2 I 1 '" 4 bytes '" Hexadecimal 'I
_arm_le_dbg, axf, ., +0 ;‘
MNote: current instruction address unchanged, —
Warningy 0x021d0102: Error Target busy from targe Mo Address
s B8R No Address
Warning: 0x021d0102: Error Target busy from targe Mo Address
T B.A
e Warningt 0:021d0102: Error Target busy from targe Ity dritlicss
+ B, Mo Address
| | Warning: 0x021d0102: Error Target busy from Mo Address _lll
target 1 B No Address L4
Stopped on Stop detected on target No Address
l Stopped at 0x0080403C: IMIT_S\Reset_Handler Line
45 Mo Address
Stop> | i xo x:rese‘ ;I
o Address
4 | N | | e | =
crdd | stai0 | FleFind | * Log | Locals | Staties | This | Mo ddress | ,
= [ — — Wik o PA Il L=
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Programmer's View

Registers & Memory

 Required to integrate into PV virtual platform

e |solate registers and memory functions via
simulation

e Sequences of reads and writes -> common
end and source points

e Leverage existing tools to provide register
memory associations for virtual platform
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Ports & Transactors

 Required to integrate into PV virtual platform

e Typically transactors or adaptors added to
ports

e Facilitate system construction and analysis
e Common interface transactors available

e Leverage existing tools to integrate a core
model with transactors and adaptors
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Other Models

e Other Processor Models — DSPs, Video Processors
— Leverage CPU Model Development Flow

e Fabric
— Understand system memory map
— Understand transaction view of the system

— Provide source or forwarding capability for Debugger
requests for memory reads

e Memory blocks
— Understand transaction view of the system

— Prioritize write transactions over internal memory for
Debugger requests
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A9 Systems: In use today

Firmware Engineer

:gﬁ';:i:";';l:;lm =] » Single-stepping by instruction
e e © Breakpoint on any instruction, register
B CFGMMA  DBGRESTARTED change or memory change |i
b FiG SO SABLE evental] ° RVDS integration _ PEREAION L RILE v aukivz_mem[0] (AXIvz_Me . o
%‘CLUSTEF&ID S PR P E L4 Complete Set Of V|rtua| mOdel features P-“\-F‘E_il‘l mI:II:I_B.Hi_E-i-"_}BHi_S
b 0P 1 5 50054 B L ESTAMD EYWFE —  Semihosting boLK - reset e |
b DBGEN STAMDE VWA —  Debug (zero-time) transactions b PCLE > Ik in
B DBGRESTART WORESETREQ[S —  Profiling software and caches b PRESETN
B EDBGRQ wHi_mo P RESETH
B EVEMTI B TZPROT @
e IMT entSemia B clk-in
B SPIDEN entSemit SO0_axi_64
B TEIMIT s01_ari_64
B LIMITHI FOZ_aHi_G4
b enb_dba e 5005 _oni_54
Pani s .
> in Hardware Engineer
i * Instructions execute as they would
j clk-in on real HW
: : —  Single-stepping by clock cycle
axiv2_stub[0] mmuz_sw-.. ||:| | auwz_smhn].:nmuz_sm... ||:| | —  Dual Issue
x “”'E—m.| i aHILm’I_ —  Out of order
 cliein p cliein —  Pipelines always full
asivz_stub(2] (AXIvZ_St., | o | e Waveform debugging
x "“‘2—"‘" e Breakpoint on any hardware event
 clk-in —  Pintransitions

—  Register changes
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 RTL models support PV virtual platforms

— Only true way to validate against original
architectural & design decisions.

e PV view into RTL Models exists

e RTL level accuracy with full virtual platform
visibility & control

e More complicated models typically available
through IP supplier or 3™ party (e.g.,
ARM/Carbon)
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