Computer Architecture

LAB4: SystemC Module & Full System
Simulation using QEMU-SystemC



SystemC Introduction

m SystemC is a C++ library defined and promoted by OSCI which
provide developer model the hardware module by C++ language.

m Event driven simulation and translation level modeling (TLM) make
SystemC Is able to simulate the complex system in the acceptable
time that is difficult achieve in traditional RTL simulation such as
Verilog.

m The hardware behavior is written in C++ language and simulated
by SystemC STL using SC_ METHOD, SC_THREAD or
SC_CTHREAD.



Translation Level Modeling

m TLM simplifies the communication between the modules by model
the communication behaviors without real bus protocols.

m Compare to traditional RTL design should model the modules Iin
cycle accurate, TLM have more abstraction levels.

System




Full System Simulation

m Simulation

Keep only the necessary detail of the real world, while getting the
information we want.

Benefits: Economic, parameterizable modules, profiling

m Full system simulation platform

Design computer hardware and software including device drivers and
applications simultaneously.

m Problems in hardware/software co-design
Tradeoff:

m Accurate simulators is too slow to run an operating system like Linux.
m Functional simulations run fast but lose accuracy of hardware behavior.

It's also difficult to develop a device driver with the cycle-accurate
simulator in early stage.



Full System Simulation

m Level of Detall
Run unmodified commercial operating systems (OS)

Run realistic workload under reasonable simulation time
Provide certain hardware timing accuracy
Provide certain verification & profiling tools

m Examples:

Simics - A Full System Simulation Platform
m 2002 IEEE Computer

s P. S. Magnusson, M. Christensson, J. Eskilson, D. Forsgren, G. Hallberg, J. Hogberg, F.
Larsson, A. Moestedt and B. Werner

The M5 Simulator - Modeling Networked System

s 2006 IEEE Micro.
= N. L. Binkert, R. G. Dreslinski, L. R. Hsu, K. T. Lim, A. G. Saidi and S. K. Reinhardt



Full System Simulation Platform

m In the previous LABs, we have introduced how to implement a
virtual hardware in the platform emulated by QEMU.

m We also mention the Linux device driver, So we can create a Linux
environment and use device driver to control the virtual hardware
emulated in QEMU.

m |n order to make our calculator simulation more precisely, the next
step is modeling the calculator in SystemC.



Overview: Hardware/Software Co-Design
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Example:
QEMU and HW Simulator for ARM embedded system
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Summary

n 55V EIRQEMU-SystemCE#HER T - WIAETH MIFEIA -
RS EQEMUNAECRES R B A LASystemCREJAE IR -
W AEIRSystemCIEMHELQEMU Z [ERVZEAA1BER
BIRIBEEBRRIER ZENERH X -

n EEBRIE D X0 ABQEMUINEASystemClim - QEMUASystemCZ
BEZERAIPCERE
KRR E B FHshare memoryBy /5 TV ETMIIRRY & E

n EEBIREERE ZENERGAREERATIM busi A INEE
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Install SystemC and TLM

m & SystemCETLM
http://www.accellera.org/downloads/standards/systemc
HRIEMRAA2.3 - ILEBPIERANZE2.2
TLMARZERFE2.0.1

n DU ERESystemC&Z % £ ~/toolchain/systemc-2.2

tar -xvf systemc-2.2.0.tgz

mkdir ~/toolchain/systemc-2.2

cd systemc-2.2.0

./configure --prefix=/home/{username}/toolchain/systemc-2.2
make && make install

cp TLM-2.0.1.tgz ~/toolchain/.

tar -xvf ~/toolchain/TLM-2.0.1.tgz

mv -rf ~/toolchain/TLM-2009-07-15 ~/toolchain/TLM-2.0

H OH OH OH H OH O H H


http://www.accellera.org/downloads/standards/systemc

SystemC_Module (LAB4 attached file)

m BRELEBTEE(LABS attached file) :

SystemC_Module (Lgi‘ﬂ IEE Eﬁ")

L gemu_sc_bridge (ZEAEQEMUEASystemCiEALETEEEEAH)
calculator (E2LAB3INEEMHEIMETEHIEIEIEAH)
TLM_BUS
Defs.mk
Makefile

n FEZERFRDefs.mkPi ﬁlﬁﬂﬁl 21 SC_INC 8 SC_LIB B ERR
SystemCHITLM-2.0Z &€ ARInclude B 3 E|ib & il 318
gjﬂ'l/,’vljz

SC_INC t= -I/home/caslab/toolchain/systemc-2.2/include/ -I/home/caslab/toolchain/TLM-2.0/include/t1m/
SC LIB t= -L/home/caslab/toolchain/systemc-2.2/1ib-1inux64




SystemC_Module (LAB4 attached file)

s DUNENTEBEERMNARUNERGE - RE2EHESystemCEE)
m Defs.mk

EEZEcompiler2gl - EdplatformEtargetBEH MPFMEREZNEZE - &
Bl %&cal - #REESEAE O] £ ~/SystemC_Module/bin/&E T 2 4R :ESE A B0

1718 -

sub_dirB 2B EZRENBHERK - ERENEIGRAIS.coplEBEERRE

Blaach - miZgaE (h) Bl BT E R AR IgincludeE R 2 i #Einclude

BERA -



"
Calculator (SystemC module)

m Calculator class (calculator.h)
C++AHEmiENET - BIEEEsystemc module#lZ A —1Eclass
= A

fEcalculatortt ¥ Dlsc_in_clkE &clock®input portl Kk EEE SR
% - calculatorinZE 2§ Zinterttuptioutput port - Llsc_out<bool>E

/|

read, writebBR/RIZH4amasterzHUAY 7574 - Mlocal_accesstR = B 212
EATLM busizE#, -



= S
Calculator (SystemC module)

m Calculator computing (calculator.cpp)
calculator.cppBQEMURY E 18 B2 8815 2 System CRYE RS 1R AH FE TUAS
RNERRPriEHAVCalculatoriVa st A—1@F M ELR - FEHITE/R(run)
BASC_THREAD##E - EERclock positive edge# iEEE —=R
SC_THREAD#E#HRBIEF - #FE Lwait)F R Ubclock#ITAR - 5 MK
clock#g 22T - Ziewait(m M —1THRRME - BT EMER 1T
fEclock - FEB4EMERRIZTEZ13Ecycle -

SC_THREAD(run);
sensitive << clk.pos();



" S
Qemu-SystemC bridge

m Bridge class(gsbridge.h)
Bicalculator—#x - BfEclk®input port -
A bridgedh B calculatorfdinterruptEl3E 4 QEMU - E Ibinterrput
WZaEbridgefCU - FRAAESsc_in<bool> Birg#Wport -
TEUERRA S - B K Fshare memoryE A EIQEMUZ EIRIERE SIS - M
HdataEEPIKIRQWEZE M BIKSEMAHIPC - F LA M#Hshare
memory KEY -



" S
Qemu-SystemC bridge

m Hicalculatort8[E - bridge—#&Llclock positive edgefzs = al
TR -

m FRclock E#& NS - bridgeZi@EEshare memory NAVE Z=H &R
QEMUH éﬁdata;&%/\calcuIatorE’]memory_JZreglster

n MErUNRN—FE - T EFE calculator@d&BinterruptZ2[El&E4a
QEMU -

m Bridgemtih’EERread, write function X EATLM busiz#l - &8
bus_b_accessto] B #E# 4% FlcalculatordrAJlocal _access -



"
TLM BUS

m ANERMAREENTLM bustlEAHB masterEislave - o] DI H
function call z A T #E1T50 B Re i HE F AN AV 5 158

m MastertZ#H (L5 A gsbridge) W 7R 4&#ahb_master_if - £ Hread,
write R 7R P B @ bus_b_accessid P E & &2 faddress K datafE
t2=

m Slave &2 #4H ( It & calculator) Bl 4% 7 ahb _slave if - I B & IR
local_accessBA T - FI¥FEbus b accessBIE L HH AR FERO BN /E

n BMEHEREAERNAGEBTLM_BUSE R KB decoder.cppiy
2T



= S
Top Module

m fEcalculatorER 2R Jtop.cppidqsbridgecalculator iz 4R 3E 4 -
B &R ERIglobal clock - FEEEE A4AMhzEclock -
calculatorfVirg_outih7E3E %5 2 qsbridgerJirg_in -
BE&global bus - busiclass& i &ahb
MastertZ 0% 8ahb_master_socket.bind( my_bus

->from_master_socket )## 45 2TLM bus -
Slavet&HRIZE #@ahb_to_slave socker.bind(cal
->ahb_slave _socket)EETLM busiE#s

SIave’FE%HLM\{E?]DJ:addressE’Jmapping B HFAadd_mappingK = - B
=IE2% . F—Hslave_id - TLM busE & LI DHETE#& datazx 45 HiHE
slave ; £ _IERmapping &t ; E=ESE X mappinglK/)\ -
5 A10x10005 &/ A BLEEAT -



v

main module

SystemCHIEBEE A BE Fsc_main() (0E CAmain function)
fEmain_module.cpp It E & M7 2 4R T A AItop module -
TTRIERERET 218 - BB Nsc_start() B RISystemCiE B2 5 ¢ -

FTARENIEE SRR IO LIE Emake R FEERFINED - Rz
RN EEbINE R A4

n ¥ Defs.mkifLA MELL - BRATLL N #Rnz

ifeq "S(MAKECMDGOALS)" "cald"”

platform = cald

target = cald

sub dirs += gemu sc bridge calculator TLM BUS
CPPFLAG += S (DEBUG_FLAG)

endif

# cd ~/SystemC Module
# make cald



" JdE
QEMU

m 7 7 # gemu o L A SystemC_Module & #& - F 4 £ F share
memoryffi&IPC - DATAﬁFEIIRQE’Jkeyz\/ﬁﬂsystechﬁiﬂW1§JﬂE’J’I‘H

g -
gemu-0.15.1/hw/sysbridge.c

m EUREELAB3Rcalculator.c—1% - E2 caIcuIatorcHQ%UCPUE’Jf%

AMSTHEZEMEBEETS - msysbridgeRlEfFELm<SBES
share memory#& %43 SystemC_Module -

m HRIRQEBEZENEEAETE - ﬁﬁb@ﬂlﬂﬂ}ﬂpthreadx R E IR
threadZpollingE@ &ABIRQZEEIX[E2K -



QEMU

m AE R — % F Hrealview-ebfF 2 E B F & - It — &% &
hw/realwew.cEPHDA%W?%)?EQETE’\JcaIcuIator .

m R Lab4fif1E
sysbridge.c #F#.%] gemu-0.15.1/hw/
Makefile.target#&E #1%1] gemu-0.15.1/
PUNBASE R AT 15
m By T iEJcAuRydriver v] DU S{EMEIE - izl —ER5T £0x80000000 - IRQE:GF—15/230 -
sysbus_create_simple("sysbridge", 0x80000000, pic[30]);

s JI[FELABS3 - FffIZH EMakefile.targetH & L EHIA

obj-arm-y += sysbridge.o

n ANEREREMpthread - B EE#RZQEMUERIMconfigureENFZ B A
compileri&pthread librarysi A

# ./configure --target-list=arm-softmmu --prefix={your-
dir}/gemu-bin --extra-ldflags=-lpthread

# make && make install



Full System Simulation

n DL ESemlig - IPm el LiE BRI gemu-system-arm &
SystemC_Module/bin/calZ& & full system simulation -
m D RIEMEterminal FETT
(LU M ESARERIARELEESElInk/copyZlgemu-testiIiRn N 1T)
# ./cald #(at host SystemC_model/bin

# ./gemu-system-arm -M realview-eb -kernel zImage -initrd
initrd.gz -cpu armll36

##In _gemu (do as lab3)
$ cd calculator-driver-appg
$ insmod cal drv.ko '
$ cat /proc/devices T (QEMU) (SystemC)
$ mknod /dev/calculator c 254 ©

$ ./calculate 4 6




