Lab 4

Platform Architect (1)

v2 TA: 30 15
v TA: F % b




ODbjectives — the following 2 w:

m  Doing hardware-software co-simulation
under ESL environment
m  Be familiar with Platform Architect
SystemC transaction-level system build up
Packing HDL module (with AHB wrapper)
SystemC & RTL HDL co-simulation
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ODbjectives — today:

m SystemC transaction-level system build up
What is Platform Architect ?
Build up our system

Transaction-level system model software
simulation / debug
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Platform Architect consists of

DS-5
(SystemC IDE)

C/C4+ -
File Edit Source Refactor Navigate Search Project Run Window Help

& ® |- 0-q

startup_Cortex-Ma/main.c - Eclipse Platform

3~ & & |0 & &8 e-e

“Projec 12 wstea | =0 [gmainc 2 4 dual timer testc | (4 dct testc | definesh ™2

= 5 #include <nath.h>
14 #include "defines.h”
© & startup_Cortex-M4

iincludes 16extern unsigned int Image$SVECTORS$SBase;

& Debiig 17extern unsigned int Inages$PROCESS STACKSSZISSLimit;
2 alu_test.c @19 extern void DUAL TIMER test(void);
[ defines.h extern void ALU_test(void);

& dual_timer_test.c :

e the FPU if req:
_TARGET FPU_VFP

Eils Simulaton Debug Analysis View Windows

& »
N2 =

b 15 startup_Cor.

(Analysis API)

Virtual Prototype Analyzer H-2013.06-5P1 : localhost.localdomain 2781 : PA

TRACE3Z Help

{2 main.c iextern void $Supers$ rt lib_init(void); |- =
@retarget.c void $Subss_rt_lib_init(void) il En
{

jgsesc

3
3
3
3
b a
b [& exceptions.c #ifdef
3
3
b
13
3
3

Bscsh /* Enable th 5 J’,wkulw.r(. Jé“‘nm')u and user mode|[|tam
SCS.CPACR = SCS.CPACI OxF << 20);
A tUmerc sSuperss_rt Lib init(); a8 HARDWARE
@ timerh ) E@ARM
makefile Sy NVIC_Tran
PA_CortexMd Jaunch . E’Eg’:":
@ readme.html 435 _ declspec(noreturn) void main(void) -
& scatterscat T g
Maned register variable
register unsigned int SP_PROCESS _asa(*psp");
- Witable Smartinsert 3
®

Views 0vsw\§

&5 |Disas:

4

Simulation

rAREEE eS|

(0x0000004e)
Symbols

| core: amm

Address

[0000004¢)
[00000050]
[00000054]
[00000056]
[0000005a]
[0000005¢]
(0000005 e ]

Instruction
T0001602
£000£84e

Disassembly

52|
*

18actor

KT ConvergenSC® - PlatformCreator

[0:00:00.000 000 000 000 il 4

He Edit Lbrary Disgram Check Export Tool View Fluging Help

Virtual Prototype Analyzer

System Designer
(Platform Creater

v4.2 Alpha - /users/glarsen/trainDey/2004.2/CnvgSC/tr:

=lolx|

RS- RN R=)
%5 DefShaveTarget
%5 Default
%5 Default_UT

45 Defoult_indexed_UT
5 Entinvdshk

45 FulHndshk

45 PV_iniiator

-5 PV _Target

X 13 8ynopsys, Inc.

pyright
VPA auto-connected to session localhost.localdomain.2781
AR

and
Debugging

% Simulation eutput for session : localhost localdomain.2781

<5 REMAP
5 RESET

8 AMBA_BL
-Bscentiv2004_1

B3 AHB_IPE_hw._prior
- AHB_IPE_hw_priority_hw._driv,
BHLJAHB_IPE_hw _priority_hw_drivy

|Suspenders: vpa @ 0
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B AHB_IPE_hw_prioity_hv_v
B-LRAHB_IPE hu_pror

B JAHB_IPE_sw_priority_hw_drivy

B

Ix

[Analysis

RLAdA0 ] eovE

_bw_drinl®
- AHB_IPE_sw_priority_hw_drivel

T-port_inMaster
To-port_insiave
Toport_outMeste,
2 {31 s00HW_port_invil
F
Drp_ars
Trp_aop
¥
Brrommt

-1 _spoH_port ins|_|

- . ; S—

T
= endianess ittle
= vmem_jd <empty>
&1 Temptate Arquments
-1 nt
= data_vidtn_bus 32
= delay [100000]

_Conscle | Biock Editor |

| Paramater Ecor | Memory Mop Table | Memary Mops | Constrant Editor | Protocol Editor | Bus Edtor | Gerere

Platform
Assembly and
Configuration




Top view

m Target architecture m Files

PA_DS5_ALU/
Software IDE Test
(DS-5) Program | | | | |
A
CADI Interface DS-5- HDL_IP/ library/ PA/
MCU Model;--""-s-"; ROM/RAM Worksche/ | | |
®V) (V) i i
. . Startup_Cortex-M4/  ALU/ displayLib/ export/
Terilog AHB Bus
Verilog Test Bench — Model (CA) | |
cwr
ALU IP ALU TLM I fgf) Bus model systemc/ verilog/ /
(Verilog HDL) Proxy (CA) UART/Timer*
(PV)

SystemC/Verilog Co-Simulation Interface
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Project folder

Top view /

e S SR

Our hardware here PA_DSS_ALU/
ASIC-ALU (in this exampe)
N\ | .
| N | | | [Project file
DS-5- HDL_IP/ library/ A/
Workspf.ce/ | | | Project.xml

Startup_Cortex-M4/ ALU/

/ |

Our software here | |
ARM CPU program systemc/ verilog/

./

/

Pack into systemC module

HDL code
& warpper

Multimedia SoC Design

displayLib/

s

Self-designed
systemc tools
(for debugging)

Ver

export/

| PA compilation

output files
cwr/ =

Software IDE
(DS-5)

Test
Program

CADI Interface

MCU Model
PV { ISSV

ROM/RAM
(PV)

I A
! AHB Bus

ilog Test Bench I [} Model (CA)

APB Bus model

ALU IP I
(&)

(Verilog HDL)

ALUTLM
Proxy (CA)
x

| 6

SystemC/Verilog Co-Simulation Interface



Using Platform Architect

m source pa_setup.csh

B Source runCSh «|To turn on tools for the project
To start Platform Creator:

m % pct & here
A
PA_DS5 ALU/
To start VPA |
| | | |
m %0 Vpa & DS-5- HDL_IP/ library/ PA/
Worksche/ | | |
Startup_Cortex-M4/ ALU/ displayLib/ export/
,_\_ |
| cwr/

Multimedia SoC Design systemc/ verilog/



- PA — main environment:

"“Virtualizer - Platform Creator -|e
file Edit Project Diagram Check Export Jools Vew Simulation Plugins Help

NSRS XM A RLAQAD (/0 bR (VOA &> /5 /1 8]|sercn| "
3 W cersun M| [occss2 | [ @

“ Desgn | Ubrary Ediior | Documentaton |

Definitons | QuickRet |

IP Templatesg?®s..

| Design | Subsysems |
HARDWARE

| —

5 Default
45 Default_indexed UT ] C =T 1_ROMO_MEM Q—BARM
4 Default_ UT LRe ST o LU ievercg oot Ror c& VEMI ) LRoM S
Model 5 REMAP o 2= | §+ BIGENDOUT
45 RESET D-CLx
< o xternal Definiions LRAMO_MEM - DOTCM_DATA
Libraries 1 el [ e S o o
5 L () LT DMA
- SAMBA_TLM2_BL oSz ¥ 0OTCM_SIZE
LI brary {WARM1136JS_AHB_PSP DfCM_SIZE c.03 -3 INTRAM
JIARM1136JS_OCP_PSP g BBENDOUT O LRAMIMEM = L ITCM_DATA
Drawer A ARM1136JS_TLM2_PSP 2 vijuna o LI - TcMm_size SyStem
JARM1176UZFS_AXI_CAF o N TRAM D-nFiQ .
JARM11762S_AXI_PSP  JAHOB YW & nHRESET Hlerarchy
3 ARM11764ZS_OCP_PSF age AR L
JARM1 176.2S_TLM2_PSF = = Tree

A ARM1IMPCORE_AXI_C#
Sscuy JMPCORE_AXI_PS

Block Diagram
Editor

System
Diagram

| _Timer_memoryPor
M_DATA i (3 e ,,,,,,.‘,,;::: &) L Tmer _PITIRG [
TCM_DATADY B, C 9 _mw
d{rcm_pata a 7
o
ZE DATA 0 Ze
P

Poramonrs -rmrowarEm .
Efi?empw.s Lo [evormon [ Details Area

I~

Ak 148x81 KIS

5

Parameters,
Block editing,

L = Name ARM
& Extra propertes

Image /softwared/iraining elf Default
enable_ITCM_during_image_load false Default
enable_DTCM_during_imsge_losd false Detault M emo ry M ap ,

: .W Parameter Editor | Memory Map Table | Merrory Maps | Constraint Editor | Command Llne Interface
Multimedia SoC Design 8




Menus and the toolbar

Undo Redo

[/

)
4’, j,:»?i
/ &= v
SR

»

N
W}f\‘:

File Edit Project Diagram Check /Ezp i Tools Miew Simulation Plugins Help

asaasxmaleakrAqglle/olkbR[sEn[gr s/ n
Drawing

Selection Connect Text Edit Zoom Pan

>

Eile | Edit Project Diagram Check
] New Project Ctrl+M |
% Open Project... Ctrl+0
- Open Becent Project -

£ Save Project Ctrl+s

B Save Project As. Cirl+Shift+3

Save As Tol Script..,

b Print... Ctrl+P

¢y Exit Crl+3

Multimedia SoC Design

Open/Save xml file
(editing in workspace)

Build Run Debug
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A closer look at model Iibraries

Definttions | GuickRef |

Definttions | GuickRef |

w43 Project

—% CLOCK

—= Default

—= Default_indexed UT

—= Default_LIT

—% REMAP

—= BESET

- External Definitions

BAMBA_BL

TAMBA PL

TAMBA_ TIMEZ BL

PAMBA TIMZ _GEMERIC_LIBRARY
PAMBA TIMZ LT _CORELIMNK
TAMBA TIMZ LT PL
WABMTIE6JS _TIMZ PSP
PABMITIEILS _TIMZ PSP
PARMTIMPCORE_TLMZ PSP
TARMIZBEIS TLMZ PSP
WABMILBES_TLMEZ PSP
WABMIBBES_TLMZ_ PSP
WARM_BIG_LITTLE_TLMZ PSP
BARM_COPROC

- i ARM_CORTEX_ATS_TWMZ_LT_P

Press “Show Reference”
Multimedia SoC Design

41 ARM_CORTEX_AS7_TLMZ_LT_P
H_I i~

b

- A Project |
HedALU_TIM <— Blocks
sHtamba_ pyv from_tim_bridy-

s famba_pv_master_stub

M- § ambapy_memory
s-tamba_pv to_py bridge

e ARM CORTEX M4 TLMZ LT

P~ P s P

g o «— Nodes | "Eqiitable

s P s P Pt Pt Pt Pt

—& ScmiPost <— Protocols

—a=timz_amba

—a=tlmZ_gp
—[;ﬁ MBA BL

1 AMBA_PL Not

1AMBA_TLMZ BL _

4 AMBA_TLM2_GENERIC_| Editable
WAVEA_TLMZ_LT_COREL| (readonly)
LAMBA_TUMZ LT _PL

1 ARMI136JS_TLMZ_PSP |
G ARRATI TR 17 TIRAR PSP F

Bl | in

10



A closer look at model libraries

e System Library

— Your system WorkSpN

the system under construction <

— Displays the system blocks, nodes,
and protocols of your design

e Currently Open IP Libraries

— Bridges
— Protocols

Definttions | GuickRef |

— Processor Library o {

Multimedia SoC Design

-4 Project |
HedALU_TIM <— Blocks
sHtamba_ pyv from_tim_bridy-

s famba_pv_master_stub

M- § ambapy_memory
s-tamba_pv to_py bridge

e ARM CORTEX M4 TLMZ LT

P~ P s P

g o «— Nodes | "Eqiitable

s P s P Pt Pt Pt Pt

—& ScmiPost <— Protocols

—a=timz_amba
—a=tlmZ_gp

™ External Deﬂnltmns l

L AMBA_PL Not
L AMBA_TLMZ BL
Lavea_Tivz_ceneric | Editable
WAVEA_TLMZ_LT_COREL| (readonly)
LAMBA_TLMZ LT PL

HARMT136JS_TUMZ PSP |
G ARRATI TR 17 TIRAR PSP F

[ I < — =1
b @ARMZCDRTE{M{TWZZLT:PEJ |




Typical usage - drag and dro

3. Connect
elements with

2. Drag and drop
blocks and bus
nodes from the IP
libraries into the
Design Editor

window. The block

appears in your
Workspace

/|

1. Open IP libraries

File Edit Project Diagram Check Exponw Yiew Simulation Plugins Help

BEFEEIEELITEIL @ iy T FEE E N Ay
|search:| MH efault j‘ﬁw|*#.|‘ﬁ% Eg|

! Design | Library Editor | Documentation |

Definitions | QuickRef |

1 Project
BHEAALL_TLM
H-Eelamba_pyv_from_tlm_bridge
B famba_pv_master_stub
& fambapy_memory
Eamba_pv_to_pv_bridge
b3 ARK_CORTEX M4 TLMZ_ LT

— s s s s s

- External Definitions
A4 AMEA BL
WAMEA PL

L AMBA_TLMZ BL

—~— s s s s s s s

BARM_CORTEX AR TLMZ LT PS
BARM_CORTEX_AS_TLMZ_LT_PS

HARM_CORTEX _M3_TUMEZ_LT_PS
FM_CORTEX M4_TLMZ_LT_PS
3 ARM_CORTEX_M4_TLMZ LT
& cwrambapy_pevent_protocol

FEPBLK o_RET

OutPort L AVIC, Transacr MPertol
ar Part[1]

&= timZ_amba
& Basic_vi4

3 Time

== | | = ] FLC
=Lt = 75% (=[] arnesd I j = i v
\ Default .. / TEEE

|x

Parameters - {HA/ | il
Mame
! Block properties
L = Name
£ Extra properties
L~ size
& Template Arguments
L - BUS WIDTH az

|\/a\ue | Configuration

1601

Default

“Consale Iessages | Parameter Editor IMemmryMap Tahle ] hemory haps I Caonstraint Editor ]

Multimedia SoC Design

Connection Tool

4. Select blocks and
nodes to set
memory map and
other parameters

5. Export design
for simulation
build

12



Easy connect

l!g Platform Axchitect MCO - Platform Creator G-2012.06 2 i/DSDivdchienttemp3/Project xml

File Edit Project Diagram Check Export Tools Miew Simulation Plugins Help

HSgEd XA LAQA ¢/l BEAE|R> (B

Beme

Definitions | Quickef |

N

M D e e

A

e D o e

D D o D

D D e (e

Bk Bk Cis G

P

E—pl‘ v

& ScmiPost
AMBA_PL
AMBA_TLMZ_BL
AMBA_TLMZ_GENERIC_LIBRAR®
ARM1136J5_TLMZ_PSP
ARM1178JZFS_AXI_CARBON_P
ARM1176JZ5_TLMZ_PSP
ARM11MPCORE_TLMZ_PSP
ARM7TDMIS_AHB_CARBON_PSI
ARMIZBEJS_AHB_CARBON_PSE
ARMIZBEJS_TLMZ_PSP
ARMI4BES_AHB_CARBON_PSP
ARMS4BES_TLMZ_PSP
ARMIBBES_TLMZ_PSP
ARM_BIG_LITTLE_TLMZ_PSP
ARM_COPROC
ARM_CORTEX_A15_TLMZ_LT_P
ARM_CORTEX_AS_TLMZ_LT_PS
ARM_CORTEX_A7_TLMZ_LT_PS

ARM_CORTEX_AS_TLMZ_LT_PS| |

ARM_CORTEX_A9_TLMZ_LT_PS
ARM_CORTEX_IA_PSP
ARM_CORTEX_M3_TLMZ_LT_PS

334RM_CORTEX_M4_TLMZ_LT_PS
H% ARM_CORTEX_M4_TLMZ_LT

e Design \Library Editar | Documentation |
]
clk
CLKIN £ i_ARM_CORTgw DAHB reset
STCLK EE‘T—M“-TLM I&HB
‘SRESETn SAHB Edit
‘ORESETh PAHB HK Cut Ctrl
EVENTI it LOCKUP 1y Copy Ctrl
i
INTNMI -x g EVENTO Pasta ctrl
INTISR CURRPRI -
= g Hide Connection
EDBGRQ " SLEEPING
.h b Show Connection
STCALIB ° > pu SLEEPDEEP
WIRFAULT U 29 SYSRESETREQ ﬁ BemoRe o8l
BIGEND Diagram
Ctrl
id Easy Connect Ctrl
&uin-Conneg Ctrl
{b’ Auto-Connect? Ctrl
Glohal Connect Clock
+ Danat

Multimedia SoC Design
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Easy connect

2.06-SP3 - Untitled

%port  Tools

View Simulation Plugins

Help

“‘HW’L A @H" 7 /HlE‘.,‘a ) @H{’}‘ H xS0 . HSearch:I

CLKIN
STCLK
SYSRESETh
PORESETh

INTISR
EDEGRQ
STCALIB
AUXKFAULT
BIGEND

X

o

n
or
Inzelligent Processors by ARM"

C

p_clock
p_reset

amba_pv_s

i_ARM_CORT
RERCCERIE. =
T_DAHE
TCMEAMEATOR

LIY

C
14HB

SAHB

PAHBE

LOCKUP
EVENTO
CURRPRI
SLEEPING
SLEEFPDEEP
SYSRESETREQ

Multimedia SoC Design

ScmlPost |

Vilof3

CL

i_ARM_COR

EHMIFEM

LT DAHB
PWToPost|

AHB

C_3

“=! Design !Library Editor | Documentation |
Al

Auto-links the corresponding
transactor(s) for you

14



ik st
A second typical usage is that of scripting. All

GUI commands have matching Tcl commands

Execute scripts

BT ConvergenSC - Platform Creator [ =l
File Edit Library Diagram Check Export| Tools View Plugins Help Conta| ni ng TCI
H E i L Import Architecture File... esign B =
|95 &8 3|0 A% L. import archiectus Fi 229 commands
”Search: | Export architecture File...
= fHARDWARE Export Memory kMap Header Fjle” e
= g5 YSTEM_LIBRARY = - 2 {EHARD WA A
+1- {0} ARMTTDMI_AH - i_AHE
+D Clock Execute Script.. = 3 i_AFE
i . e
’;"Dd'SP|aS’—"°‘PB—TL W CorvEer o EndE. . -Gk
?--Dmemory_P.HB_T B Convertto My nterface Block.. -Ibcor
+-{ § Reset ; - D Cor
%--Btie_High —. Eanpert o ey DHver.. ----@t—resu
- § AHE B Goryeriio Ghannel =-Bi_ARM

- I aPBE BB Convertto Transactar - aH
- %5 AHBAIter L 9B Eevertto M terface Block - BHC
- %5 AHBInitiator A - TnFl
- 4 AHBLiteTarget - GnHE
- 4 AHBTarget -~ DeniR

- %5 APBInitistor =4 §i_Clock—
- %5 APETarget R L3

42 CLOCK — | =-f Bi_displ:

Enter Tcl commands - 25 Default - Drain
. o - 42 Default_indexead -4 §i_RAM
in the Command Line| .= ceurur } é--gi_nese-
Interface :"-‘——-Def‘SIaveTarget - - §i_ROM

|| -4 REMAP | = _i--Pi_tie Hxl
f=3 2 80% = | 1530 4] | > Tel~ <l

_

= source .Jfscriptsihlocks_ARM7 tcl

=

Caonsole |Parameter Editor I remory kMap Tahble I kemary kaps I Constraint Editor I

Multimedia SoC Design 15



Platform-based Design

« Architecture build-up (PC)
« 1. Place Blocks
« 2. Complete Connections
= 3. Create Memory Map
« 4. Set Parameters

« Software programs writing (DS-5)
« 1. Make Application Software
« 2. Build image (.axf)

« Run simulation & debug

Multimedia SoC Design 16



@j %ﬁij
To illustrate platform-based design, we will
build a small system. This is the block

diagram

A short loop that
writes to the

Display block Block dlagram of platform M_emory location
x (size)
mySoftware.c AddrBlts/ DataBits l

AHB
0x0
24 /32 (16M)
CORTEX
32/ 32

stub Instruction

32/ 32 0x2000 0000
Data
24/ 32 (16M)

clock

0x4100 0000

reset Displa
iTCM|[dTCM PRY | oxo
1/32

Multimedia SoC Design 17




et
- o

ARCHITECTURE BUILD-UP
(PC)

Multimedia SoC Design
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e neatiey ARM7TDM | AHB PSP =10l
Eile Edit Library Diagra Library From the AMBA
S8 &§E 3 e e=a—~7)e 4 B F [[oesan Py Bus Library
JJSearch:I
- pSYSTEM_LIBRARY 4l . =-{EiHARDWARE
+- B ARMTTOMI_AHE_M( T +- §i_aHB
- AClock i_ARM7 i_ROM o Bi_sPE
+-§_Jdisplay_APB_TLM +- {8 i_ARM?7
+-1_§memory_AHE_TLM +-f_Bi_Clock
+#-1_JReset +-f_Bi_display
- Mie_High i_RAM - Bi_Ram
3 AHE -E---Bi_HESET
PURE i_Clock 2@ _RoM
- iz AHBATDiter = A i +-f_}i_tie_High
- 45 AHEInitiator K = ~CBSOFTWARE_A
- == gHBLiteTarget i_diSplﬁ;\ D SUBSYSTEMS
- %= AHBTarget © Reset 4
- < APBInitiatar = 1 From the
- % APBTarget L i
-4 CLOCK i_tie_High Peripherals
- %% Default Library
- 45 Default_indexed_UT -
- 2= Default_UT
- 2= DefslaveTarget
45 REMAP e
=2 | From the m zakx 4] | _>|_I [ATel ] >l
= ST Auxiliary Library
=
Console |Parameter Editor I temory Map Table I kemory kaps I Constraint Editor I

Multimedia SoC Design
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2. Com nnections

Connection tool

ET ConvergenSC - Platform Creatol
File Edit Library Diagram Check

T Use context sensitive popup menu

BEELE R e eI s |[oesig{ ~ for more connection choices
“Search: I
--J@SVSTEM_LIBRARY & ....i.cgnr;l
+- {08 ARMTTDMI_AHE_M1 - Conr
-3 Clock - e Conr
+-f §display_AFB_TLM : . [BeConr
+-f_§memary_AHEB_TLM - Dreset
f--BHeset - § i_aPE
+-{_tie_High - Pl
- aHE i - rConr
B e
A rhiter \
- 4= AHBInitiator E feved
-4 AHBLiteTarget "L Connect Crl ShiftsC
= HHBT?TQET Disconnect Ctrl+Shift+D
- 2= AP BInitiator
- 4= APETarget [ 4] T_{ Externalize Ctrl+Shift+E
- A2 CLOCK - Add To Memory Map Table  Ctrl+Shift+M
- i Default Remap Generator
- 4= Default_indexed_UT OIE T
- 45 Default_UT - it
R, . Global Connect Reset
I_"_I‘ —I i G5% - I clz=0 LI I Global Disconnect
=l Parametars - /HARDW A EA_AaHBAZonnection_B_s Connect On
MName 5 Ivalue Iil i Remove
- I Connection 6_s
2 2 Extra Parameters Set parameters
i b = default_master true <
L ) Lon the bus
5- 2 Optional pins |
. . Console | Parameter Editar I temary Fap Tahle I temary Maps I Canstraint Editar I
Multimedia
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(g8 sxmmeAx A G/le-o -l &%
I J.Imgccdsz

2. Complete Connections

5‘! Platform Axchitect MCO - Platform ¢

Pin Stub

| Eile Edit Project Diagram Check Export Tools Yiew Simulation Plugins Help

ElIEEERE L]

||search:|

I | pefautt

ECEX TEE T

Definitions IchkRef |

Design | Library Editor |Documenlat|on |
/HARDWARE

= ﬁGenenclPllb
+-{_§ClockGenerator

f|| pesign ISubsystems |

»
)

Elle Edit Project Diagram Check Export Tools View Simulation Plugins Help

2B 8/X2m| e Nix 1A 9[-0t &

|jsearch: |

# IHD B | Defautt

= mlls

- -{ElHARDWARE
i_ARM326EJS_TLM2_Model

2 - J-BIGENDINIT
- ¥+ CFGBIGEND
{ }InterruptController_TLM2 ~E-CLK
{hinverter -3 COPROC
+-{ 3MemoryContraller_2mem ~[IwDAHB
+-{ §MemoryController_dmem ~ I DTCM_DATA
+-IMemory_FTAXI ~$-DTCM_SIZE
{ IMemory_GFT ~wlAHE
Memory_TLMZ ~F-INITRAM
{3 outputDevice_TLMZ ~IITCM_DATA
inDri Del - HITCM_SIZE
+-{ 3PinDrive
+-3Pinstub ~DenFia
+-{PortBinder | g+ nHRESET
i iy cony pame :mirslrfmsvwrl
Rulsegenartoy & Set Auto-Connect Alias +Shift+L 7 ~FVINTHI
+ ResetGeneratar o
+-{_3SigDrive T
+-{3sigStub RIS
+-{ 3 Timer_TLM2 _I:J
j~afiald | : 100% < fra] 15T Auo-Connect Ctrl+ShifsX _,_e
\Defaull A J T Auto-Connect? Cirl+ShiftsS lels_|
5 Stars CtesnieE

D .,

PinDrive
PulseGenerator
SigDrive

Connect On
Dynamic Runtime

Console | Messages ] Parameter Editor ] Memary Map Table ] Me

BL Wizard

Multimedia SoC Design

Definitions IQuickRef |

Design | Library Editor | Documentation |
/HARDWARE

+-JyDESIGNWARE_USB
+-HFIFO_PL
-~ GenericiPlib
+-{ I ClockGenerator
+-{ }DMAController_TLM2
+-{ dinputDevice_TLM2
+-{ YinterruptController_TLM2
+-{ inverter
+-{_IMemoryController_Zmem
+-{_IMemoryController_4mem
+-{ IMemory_FTAXI
+-{ IMemory_GFT
+-{ IMemory_TLM2
+-{ JOutputDevice_TLM2
+-{ IPinDrive
+-{ JPinStub
+-{ PortBinder
+-{IPortSplitter
+-{ JPulseGenerator
+-{ JResetGenerator
+-{ IsigDrive
+-{IsigStub
+-{ I Timer_TLM2

= of5 8l |

s

TCM_SIZE
DTCM_SIZE
CoPROC

DAHB
ITCM_DATA
DTCM_DATA

162x-12 4]

B Y Parameters - /HARDWARE/stub_i_ARMS26F JS_TLMZ_Madea|_BIGENDINIT

stub_value  true

Name N7 |vawe  Jf | Configuratiof
= B Block properties
i = Name stub_i_APM926EJS_TLM2_Model_BIGENDINIT
-'-E! Extra properties
=-all_encaps

Default

Console | Messages | Parameter Editor | Memory Map Table | Memory Maps | Constr

21



=101.x]|
”@ S &HE 5 JJ" fy JJ o B [ |JJ| Design Perspective ~||
|[search: | Add targets]
_ fHARDW ARE _
= Sy STEM_LIBRARY -] L1 =-EHARDWARE -]
+-{08 ARMTTDMI_AHE_M1 = - § I_AHE
- ¥Clock +- [ i_aPE
- Jdisplay_APE_TLM - i_ARM?7
+- dmemory_AHB_TLM +-{3i_Clock
+-f_§Reset +-f_¥i_display
+-§ Hie_High - di_RaM
- I &HE +-{_Bi_Reset
- I &PB T +-1_Bi_ROM
- 4= AHBArhiter +-§_}i_tie_High
- 22 AHEInitiator - Connection
- == AHBLiteTarget -l Connection_1
- = AHETarget T Connection_10
- <% APBlnitiatar - Connection_11
- 4 APBETarget L Connection_G
- A2 CLOCK, — -l Connection_7
- i Default - Connection_§
- 45 Default_indexed_UT Tl Cohnection_9
- i Default_UT - -} SOFTWARE_ARMT
B Tses | b 65% v | 3406155 4| | _>|_I Ve TTALT _'*l_I

E3l remary Map Tahle - /HA

HARDWARE_ROM/p_aHE

IHARDWAREN ARM7/AHB I HARDYWARES_APB 4—'—

O=0

HARDWARES_RAMp_AHB

O=4000000

fHARDWAREfi_APB

Oxc0000000 W

HARDWARES_display/din

A

Console I Parameter Editar ] kemory kap Tahl

00

Initiators |

| Memory hMaps I Constraint Editor I

Multimedia SoC De[ Targets ]

Enter the base address
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4. Set Parameters

KT ConvergenScC - Platform Creator
File Edit Library Diagram Check Export Tools Wiew Pluging Help

ﬂﬁr§|g B TR | B EM’: '{Select an instance in

the diagram or in the instance tree

--SYSTEM_LIBRARY 4|
+-{0 ARMITDMI_AHE +- § i\ AHB
- §Clock T + §ilePB
+-f_Bdisplay_aPB_TLH f {8 i_ARMT
+-[ Bmemory_aHE_TL } +- Bi_Clack
+-{ BReset +-f_Bi_display
+-{ Btie_High - Ji_RAM
- AHE 3 +-[ Bi_Reset
- &PB ! T +-{ §i_ROM
- A AHB Arhiter o-f Ji_tie_High
- 4= &HBInitiator =L Connection
- 4= AHBLiteTarget T L Connection_
- = AHBTarget é----‘l,,,Cnnnec:tinn_
- 4= &P Elnitiator x - L Connection_ o
| = Wl L|_I 50% | 194x530 4] | L|J||_1 [fEEE B
EIl Parameters - /HARDW ARE(_ARM?T
Fame 5 |Value =
-2} Block properties
L b= Name i ARMT
=& Constructar Arguments
. i~ = debugger rvd < {Click and enter the value}
o= debuggerdrguments <empty =
b = gehuggerEndian little
_ = debuggerscript <empty = j
“Console | Parameter Editor IMemnry Map Tahle ] Memary Maps ] Constraint Editor ]
- —

i

Multimec[ Select Parameter Editor ]

J
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Check the System

BT ConvergensC - Platform Creator

Check options

B,

JJSearc:hzl

=5 ¥ STEM_LIBRARY

108 ARMTTOMI_AHE_!

=101 x|

Check Hardware
Check Soffware
Check System

Check kemory kdap

- JClock
+-1_Bdisplay_APE_TLM
#-§_Jmemory_AHE_TLM
+-§_§Reset
+-f_Btie_High

E AHE

ﬁ APE

- 4= BHBArhiter

- 22 B HEInitiator

- 2% fAHBLiteTarget

- 2= fHETarget

- 2% AP BInitiator

- 2% dPBTarget

-2 CLOCK —
- 22 Diefault

- 22 Default_indexed_UT
- 25 Default_UT

IT..il. T _I . 3

ol x|

5% ~| 8b6x0

S-{EfHARDW ARE
- Ji_AHE
- § I_APE
i i_ARM?7
-4 §i_Clock
-1 Bi_display
+-0_Bi_RAM

+-§_}i_Reset

o +-§_§i_ROM

+-f_}i_tie_High
- Connection

-{CBSOFTWARE_AR

il e

-l Connection_1
"L Caonnection_10
"L Connection_11
"L Connection_B
"L Cannection_7
- Connection_§
"L Connection_9

| »

v

Aap Table - /HARDWARE

HaRDWARESA_ROMMp_AHE

fHARDWAREfi_ARM7/AHE |.-’H."-‘~HDWAHEH_.’-".F'EI |

00

HaRDWAREA_RAMMp_AHE

OxA000000

fHARDWARESN_AFPB

O0xc0000000

MHaRDWARES_display/din

O=0

Caonsale ] Farameter Editor ] kemory Map Table IMemnry Maps I Canstraint Editor I

Multimedia SoT

Design




SOFTWARE PROGRAMS
WRITING (DS-5)

Multimedia SoC Design

et
- o
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&&&&&& -
= File -> Import — :
Existing Project into Workspace S
m Check “Select archive file” S

and Browse to find your file

CCCCCC

m Or you can import the sample code =

Select root directory:

/u S r/C ad/AR M/D S5/CU r/ @ Sele.@rthiveﬁ‘e /usr/cad/ARM/DS5/ds5_d5150018_64/examples/Bare| | Browse...
examples/Bare-metal_examples.zip  rensret - —
Press “Deselect All” button o '

Select startup_Cortex-M4
(startup_Cortex-M4) project

\Add project to working sets

Multimedia SoC Design —



Setting and generating
application images

m Set linker to generate binary
Project -> Properties -> C/C++ Build -> Settings
In Tab “Build Steps” -> Post-build steps -> Command
fromelf --bin --output ../${ProjName}.bin ../${ProjName}.axf

m Generate execution file and binary

,,,,,,,,,

Project -> Build project -

Files will be generated e
Startup_Cortex-M4.axf T e
Startup_Cortex-M4.bin o e s

llllllll

uuuuuuuuuuuuuuu
\\\\\\\\\\\\

m Use this as template to modify =

main() function and build your e
own application image.

Multimedia SoC Design
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The application software Is a simple

routine for our testing purposes

mySoftware.c

Unused Interrupts

User Function

Main

#include "defines.h"
extern void InterruptEnable (void);

extern  irqg void p nIRQ ISR (void) { ; }
extern  irqg void p nFIQ ISR (void) { ; }

void myFunction (void) {

int i,

for (i=0; 1 < 20; 1i++){
myDevice = i;

}

return;

int main(void) {
InterruptEnable () ;
myFunction () ;
return 0O;

}

defines.h

Multimedia SoC L

Include header file
Prototype for InterruptEnable()

Stub off the ISR’s

Write some integers out to
the peripheral

fdefine myDevice (*((volatile unsigned int *)0xc0000000))

esign
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W Addressing

1 #define
2 #define
3 #define
4

5 #define
b #define
7 #define
g #define
9

10 #define
11

12 #define
12 #define
14 #define
15 #define
16 #define
17 #define
18 #define

ALU BASE
DISPLAY BASE

DUAL TIMER BASE

OPCODE
OPERAND1
OPERAND2
RESULT

DISPLAY

TIMERILOAD
TIMERIVALUE
TIMER1CONTROL
TIMERIINTCLR
TIMER1RIS
TIMER1IMIS
TIMER1BGLOAD

Multimedia SoC Design

0x40001000|
0x41000000
0x41001000

(#({(volatile
(#({(volatile
(#*{(volatile
(#{(volatile

(#*({(volatile

volatile
volatile
volatile
volatile
volatile
volatile
volatile

—— e ——
LR R I
—— e ——
—— e ——

unsigned
unsigned
unsigned
unsigned

unsigned

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

int
int
int
int

int

int
int
int
int
int
int
int

) (ALU_BASE)))

) (ALU_BASE+0x04)))
)

)M

W

ALU BASE+0x08)))
ALU BASE+0x0C)))

*) (DISPLAY BASE)))

*) (DUAL TIMER BASE)))

*) (DUAL TIMER BASE+0x84)))
*) (DUAL TIMER BASE+0x88)))
*) (DUAL TIMER BASE+0x0C)))
*) (DUAL TIMER BASE+8x10)))
*) (DUAL TIMER BASE+8x14)))
*) (DUAL TIMER BASE+0x18)))

29



et
- o

RUN SIMULATION & DEBUG

Multimedia SoC Design
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File Edit Project Diagram Check Export Tools View Simulation Plugms ﬂelp |

PR ETEY Il“\[ll_'LPIQ@VIIO-/o-MIb&&@H@lI{é[e"’b 135 1 -|
|

[search: |

T Design

Deﬂniﬁ::lsmlvfsiikiﬁlL_mm_‘ - HARDWARE : : : Vi rtual Platform Analyzer
g eamd|  (VPA): PA build-in software
debugger / analyzer

3ARM_CORTEX_A15_TLM2_LT_P
ARM_CORTEX_AS_TLM2_LT_PS
JIARM_CORTEX_A7_TLMZ_LT_PS
ARM_CORTEX_AS_TLM2_LT_PS
J3ARM_CORTEX_A9_TLM2_LT_PS
ARM_CORTEX_IA_PSP

3ARM_CORTEX_M3_TLM2_LT_PS
ARM_CORTEX_M4_TLM2_LT_PS
J9ARM_CORTEX_R4_TLM2_LT_PS
JARM_CORTEX_RS_TLM2_LT_PS
JARM_CORTEX_R7_TLM2_LT_PS

i_Clock I

i_Reset

Address: OXOOOOOOOO) {.‘ Core: 1 _ARMI26

i_PinDrive
I & I_DA";':AF;G EBP I gymbols lAddress I Instruction |Dig ‘
sgni_DTCM » <$a+0> [00000000] e59ff3f0 LDRE
; = <Image$$EX D... [00000004] e59ff3f0 LDR
E-gRI_ITCM [00000008] e59F£3£0 LDE)
E-gRi_RAM [0000000c] e59F£3£0 LDR
Blgi_ROM [00000010] eS9ff3f0 LDR
[00000014] ela0f00f MOV
\Dl?a <Image$$EX D... [00000018] e59ffiec LDR
/ [0000001c] e59ff3ec LDRI=
<_ cowr_reset... [00000020] e1a00000 MOV |
[00000024] el0f0000 MRS
Name | [ walue / [00000028] e38000c0 ORR
& Block properties [0000002¢] 121000 MSR
[t IV aRT [00000030] e59£03dc LDR
@ propertes - [00000034] e5800000 itk
E}-all_encfaps » X \iews Overvil 7 | Copyright (C) 2004-2012 Synopsys, Inc.
Image i_ARM926>
image_load_configuralies MDisass.“ > ¢
ITCM_base_address 0 b invalid command name "c¢"
ITCM_size 0 > go
DTCM_base_address0 inlvalid command name "go"
DTCM_size 0 > hid
core_configuration | INot connected
i cache size 4 TETIT |

Console ] Messages ] Parameter Edltov [Memory Map Table ] Memory Maps ] Constraint Editor ]
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Lab Exercise
Platform Architect (1)

Multimedia SoC Design

et
- o
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Target

m Building a self-developed SystemC and
Verilog module into a library

ﬂi Platfarm Architect - Platform Creator w2007 1.2 - fhamefraid]l_2fuserd/d38011/Courses/MSalC 2011,

Multimedia SoC Design

Eile Edit Library Diagram Check Export Tools Miew Simulation  Elugins

AR LAQG ek

Libraries IQuid«;Hef |

4 Design | Library Editor | Documentatiol

=

-3 SYSTEM_LIBRARY

p-{ 3 display_AFB

—a= AFPBTarget

—4 CLOCK

—< Default

—%= Default_indexed UT
—4 Default_ UT

—< REMAF

< REZET

bAMBA_BL

A kA4 AT I AL Iy M




Target

m Familiar with the platform-based design
flow ;

Feset
EVENTI CLKITS :—|'_
INTHMI STCLKD | = &
BIGENE SYSRESETn o
EDBGRO FORESETN =
AURFALLT oS g ks
STCALIE =i

FYSRESETREQ
SLEEFING
EWVEMNTO
LOCKUP

4HE

Timlnte

CURRFPRI Tirnlnt1
SLEEFDEEF LHE ']mlntE
Scan Out Polk

WHE E
HPLEc RIT

ar
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Packing Verilog module

,,,,,,,,,

AMBA C At — |P_TLM AMBA CAT—= =T IP_TLM

port (SystemC) port (SystemC)
clk
— - |P_Vlog — IP_Vlog

AHB/ o -t (VVerilog) —r (Verilog)
APB 1. — —
SIgNal e — —
pins clk

Multimedia SoC Design



Commands

>tar -xvf PA_DS5 ALU v1.05.tar.gz
m Source File Modify it :

#31 ARM -> arm
>source pa_setup.csh «— #32ArRM ->arm

>source run.csh run.csh #6 ARM->arm

m Cad lab server Use cad42
http://cad.ee.ntu.edu.tw/ws list.htm
Linux OS

m Remember to execute X-ming or X-win

Multimedia SoC Design 36


http://cad.ee.ntu.edu.tw/ws_list.htm

Multimedia

IP Name Tvpe CPU CPU Clock Memory 0s
140.112.20.59 | cadlé IBM X3400 Intel Xeon 64 24GHz* 16 100 G RHEL 5
140.112.20.60 | cadl? IBM X3550 Intel Xeon 64 24GHz* 16 20G RHEL 5
140.112.20.61 | cadl8 SUN Blade 2500 UltraSPARC 1.28 GHz*2 3G Solaris 10
140.112.20.62 | cadl9 SUN Blade 2000 UltraSPARC 12GHz*12 3G Solaris 10
140.112.20.63 | cad20 SUN Blade 2000 UltraSPARC 12GHz*12 3G Solaris 10
140.112.20.64 | cad2l DELL R620 Intel Xeon 64 2GHz * 32 48 G CentOS 3
140.112.20.65 | cad22 SUN Blade 2500 UltraSPARC 128 GHz * 2 3G Solaris 10
140.112.20.66 | cad23 DELL R620 Intel Xeon 64 2GHz * 16 9% G CentOS 3
140.112.20.67 | cad24 SUN Fire 280R UltraSPARC 12GHz*12 1G Solaris 9
140.112.20.68 | cad23 SUN Fire 280R UltraSPARC 12GHz*12 1G Solaris 9
140.112.20.69 | cad26 SUN Fire 280R UltraSPARC 12GHz*12 1G Solaris 9
140.112.20.70 | cad27 IBM x260 Intel Xeon 64 32GH:z* 4 8G RHEL 4
140.112.20.71 | cad28 IBM x260 Intel Xeon 64 32GH:z* 4 8G RHEL 4
140.112.20.72 | cad29 IBM e336 Intel Xeon 64 3.2 GHz 5G RHEL 4
140.112.20.73 | cad30 IBM X3650 Intel Xeon 64 2GHz* 16 12G SUSE 11
140.112.20.74 | cad3l DELL R620 Intel Xeon 64 2.2 GHz * 32 483G CentOS 6
140.112.20.75 | cad32 SUN Blade 2000 UltraSPARC 1.015GHz*2 3G Solaris 8
140.112.20.76 | cad33 IBM X3500 Intel Xeon 64 2GHz* 16 200G RHEL 4
140.112.20.77 | cad34 IBM X3650 Intel Xeon 64 24GHz* 8§ 12G RHEL 5
140.112.20.78 | cad35 SUN V20z AMD Opteren 24GHz*2 4G RHEL 4
140.112.20.79 | cad36 SUN V20z AMD Opteren 24GHz*2 4G RHEL 4
140.112.20.80 | cad37 SUN V20z AMD Opteren 24GHz*2 4G RHEL 4
140.112.20.81 | cad38 IBM X3650 Intel Xeon 64 24GHz* 16 9% G RHEL 5
140.112.20.82 | cad39 IBM X3650 Intel Xeon 64 2GHz* 24 400G CentOS 5
140.112.20.83 | cad40 IBM X3550 Intel Xeon 64 2GHz* 24 8G CentOS 5
140.112.20.84 | cad4l IBM X3550 Intel Xeon 64 21GHz* 24 64 G CentOS 6
140.112.20.85 | cad42 IBM X3500 Intel Xeon 64 2GHz* 24 32G CentOS 5

-
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