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overview

» First publicationin 2011

« Dynamically configurable

* Execute-in-execute

* Full system mode and sys-call mode

« Qut-of-order, in-order, others

X86, Arm, RISCV, MIPS, Power, GPU...

Ruby memory sub-system
DDR3,DDR4,GDDR,HBM,HMC,LPDDRA4,LPDD-
...(not cycle-accurate but nearly accurate and
ore flexibility)

Support SystemC as components
DRAM-Sim(cycle-accurate) has been integrated
Integrate with Structural Simulation Toolkit(SST)
Gemb5-resources(linux-kernel, disk images,
benchmark, tests-cases...) supported

one of the most popular academic-focused computer architecture simulation frameworks
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overview
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Decoder
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GPU compute
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system = System()

system.clk _domain = SrcClockDomain()
system.clk domain.clock = "'1GHz'
system.clk _domain.voltage domain = VoltageDomain()

system.mem_ranges = [AddrRange('512MB')]

system.cpu = TimingSimpleCPU()

system.cpu.icache_port system.membus.cpu_side_ports
system.cpu.dcache_port system.membus.cpu_side_ports

system.mem_ctrl = MemCtrl()
system.mem_ctrl.dram = DDR3_1600_ 8x8()
system.mem_ctrl.port system.membus.mem_side_ports

system.system_port = system.membus.cpu_side_ ports

root = Root(full_system = False, system = system)
m5.instantiate()

print("Beginning simulation!")

exit_event = m5.simulate()

print('Exiting @ tick %i because %s' % (m5.curTick(),
exit_event.getCause()))




How 1o use AEELA ?

/W O R
MERREY B TR T84
system = System()
system.cpu = 000 CPU () .
Core Core System.cpu.width_= 8 3 > ./gem5 script.py
] L system.1ll = Cache () / \
L1 L1 ...
| — —> | system.11l.mem_side = \ )
L2 system.12.cpu_side hello world! 11.misses 2836
! o 11.hits 10374
system.workload = \ cpu.ipc 1.3
Memory 'hello.exe'
simulate ()

[build/

Use python script to describe the system ANEYICPUZA BN R ENRIZFZHHTX S
C++ works actually [E —CPUZRHIO R EERAE A BB T U e B SR T I8N

--debug-flags=RxuPrefetchTester,RubyNetwork




Full System mode

Appl App2

Guest Operating Sytem

Sim. H/W [Mem || CPU |

gem5

"W9ISAS paje|nwis ay |

Host Operating Sytem

Hardware |Mem | [ CPU |

(b) The hardware/software abstraction
layers when using gem5 in full system
simulation mode.

Sys-call mode

Appl App2

Sim. H/W [Mem || CPU |
Sycall Emul| gemb5

Host Operating Sytem

"WIISAsS paje|nwis ayy

Hardware [Mem || CPU |

(c) The hardware/software abstraction
layers when using gemb5 in system call
emulation mode.

Gemb5-resources support linux-kernel and disk images

Full System & sys-call
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18— bare-metal B9{LAS, NAZE AL 2



dlnl

M eventq.hhH1

AL

gem5HIB T2 FE S ILHIRSE A, S4-1%
MackfILE RSt THE , [H—tck it
HIFEAR A “InBin” |, 42 AR 5 Aok E
H HE OIS fE st/ sim/ eventq.cc

NS

=17

EventO

When=10
Prority=8

:

Eventl

:

Event2

'

Event3

serviceOne 1 57 T 24 B EventQueue FH Y — P F4:
insertBefore A TTH AFFPATHIZEAE, — M Hscheduleffli &
i Zevent->process()FH S T Event|a] i pR £

MEAO EER, BEAFEAYLHEIRY

When=15
Prority=1 i
Event33

When=12
Prority=4

Event10 Event20
When=11 When=11
Prority=4 i Prority=5 i
Eventll Event22
Eventl2
Eventl4
When=11
Prority=5

AT — I AwhilefGEAHT, AW FH eventQueuefserviceOne

Event30

:

Event34

Eventl3

")

AL



/

RIIER, RIERIEES, SBHR/ I TEMNE, FARMESIDZBIENMN

[ ] [}
S I mOb e( :'l- class SimObject : public EventManager, public Serializable, public
Drainable,

public statistics::Group, public Named

{

PythonEEREBXISIMObjectif#{TRMNE, pythonBVIAEZ — JENELCH R
EUE%X{ISlmObJeCTﬂ‘/(?éﬁ/E]\o g‘;ﬁﬂ_—\i, gemSi@ﬂpyblnm ]RTJ typedef std::vector<SimObject *> SimObjectList;
SimObjectififT 5 M8, {EEREBEPYthonfH{THIRE

» HPOfparamEil s #HEMpython | C++83{% 5 }
protected:
= ST —EEED, MUETERANXLSSIE—EE const SinObjectParams & parans;

public:
typedef SimObjectParams Params;
const Params &params() const { return _params;

static SimObjectlList simObjectlList;

BaseMMU SimObject(const Params &p);
BaseTLB BaseXB public:
as€ dogabar virtual void init();
//&UPOOI virtual void loadState(CheckpointIn &cp);
/ Simobject — ClockedObject MemcCtrl virtual void initState();
f - virtual Port &getPort(const std::string &if name,
PortID idx=InvalidPortID);
BPredUnit
virtual void startup();
CacheMemory void serialize(CheckpointOut &cp) const override {};

void unserialize(CheckpointIn &cp) override {};

static SimObject *find(const char *name);
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B pybindl 15230, 5 c++BIpythonifZE, 4AAY 5 gemb5iE (], ConfigB R N HIpythonfitE MAFEAIX LS 5 R e aE L2 THaE

Python C++

mb5.instantiate()
9pus Ruby Cache For obj in root.descendants()
obj.adoptOrphanParams() |
obj.unproxyParams()
BE T BT Bpythonif 5
xxxParams.creat() |

Port::bind I

* py ¥JiE pythonXf &
4K ZH 4R = Sim Object

obj.init() PyBindMethod("init") H SimObject::init() I

|
|
Root | obj.createCCObject()
|
|
|

I
|
obj.connectPorts() l
I
|
I
|

N2 N N2 N2

obj.initState() PyBindMethod("initState") H SimObject::initState() I

SimOjbects

mb5.simulate()

For obj in root.descendants()

| obj.startup() I

I , .

I _m5.event.simulate(*args, **kwargs) I——H simulate(Tick num_cycles) I
I
I

# PyBindMethod("startup") H SimObject::startup()

FHASEHIATIERE




N5 RABVIERS

ANBBcpu, NFBsoc, BN FHANGFHI, FERA—TBREKRLEE, WTHEIRSTIE ?

. . system
» Ports are used fo interface memory objects to each other y cpu
» They will always come in pairs, with a MasterPort and a SlavePort cpu.dcache port . cpu.icache. port
= Every memory object has to have at least one port to be useful
. o L1 Data L1 Inst.
inline bool RequestPort::sendTimingReq(PacketPtr pkt) Cachel Cachel
{
try {
; return TimingRequestProtocol::sendReq( responsePort, pkt);
NIRISEr } catch (UnboundPortException) { | T
reportUnbound(); ==
}
}
.. . . . o Unified L2
Bool TimingRequestProtocol: :sendReq(TimingResponseProtocol *peer, PacketPtr Cachel
pkt)
{
assert(pkt->isRequest());
return peer->recvTimingReq(pkt); | ——
}
Bool MemCtrl::recvTimingReq(PacketPtr pkt)
{ mem_ctrl.port
DPRINTF(MemCtrl, "recvTimingReq: request %s addr %#x size %d\n",
pkt->cmdString(), pkt->getAddr(), pkt->getSize());
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B EC E R AP backstoredy

1R, X backstore@HREAFER, TJLIBABNBHIEEAEEZERNE
Bx (/dev/shm) PURRIHIBHABHNEY, BRNBILUEREEAGETAIEHE

e IEER
— N image_fileBECESH
— MR,

FRADBHAT
eS| BUDDR SRANEE R REIIATE

createBackingStore

Config.shared_backstore

PhysicalMemory

AbstractMemory_0

AbstractMemory_1 AbstractMemory_2

shm_open(shared_backstore)

mmap

HEHE
/dev/shm/

\|1 uint8_t* pmem

initState | Image.write(proxy)

image_file
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mb5.ticks.setGlobalFrequency('1ps')

clockPeriod = 4 |

T IRIE ERT IR E A Tick
g T === =- | DRAM Interface |
|
|
|
ClockedObject DDR3_1600_8x8 | | HMC 2500 1x32 | [ DDR4_2400_16x4 | | LPDDR2_S4_1066_1x32
tRCD ='13.75ns' tRCD ='10.2ns' tRCD ="'14.16ns' tRCD = '15ns'
P . tCL="13.75ns' tCL="9.9ns' tCL="14.16ns' tCL="15ns'
ackBamain tRP = '13.75ns' tRP = '7.7ns' tRP = '14.16ns' tRP = '15ns’
tRAS ='35ns' tRAS = '21.6ns' tRAS ='32ns' tRAS = '42ns'
Cycle(1)=4Tick ¥ &
7
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enum OpClass
{

No OpClass
IntAlu = 1,
IntMult = 2,
IntDiv = 3,
FloatAdd 4,
FloatCmp 5
FloatCvt = 6,
FloatMult = 7,
FloatMultAcc =
FloatDiv = 9,

8,

enum Flags
{

IsNop = 0,
IsInteger =1,
IsFloating = 2,
IsVector = 3,
IsVectorElem = 4,
IslLoad = 5,
IsStore = 6,
IsAtomic = 7,
IsStoreConditional =
IsInstPrefetch =
IsDataPrefetch = 10,
IsControl = 11,
IsDirectControl
IsIndirectContro

virtual std:

QI RERR A BYIBE B+ BICPURI SRR B2

opClass

Flags PO NEDERRLES, TARS
REGEE (B 556B8S) .

ERIHE (MRRIERES

RCRES

virtual Fault execute(ExecContext *xc,
Trace: :InstRecord *traceData) const

:string generateDisassembly(
Addr pc, const loader::SymbolTable *symtab) const = ©;
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class MinorDefaultIntFU(MinorFU):
opClasses = minorMakeOpClassSet(['IntAlu'])
timings = [MinorFUTiming(description="Int",
srcRegsRelativelats=[2])]
opLat = 3

class MinorDefaultIntMulFU(MinorFU):
opClasses = minorMakeOpClassSet(['IntMult'])
timings = [MinorFUTiming(description="Mul",
srcRegsRelativelats=[0])]
opLat = 3

class MinorDefaultIntDivFU(MinorFU):
opClasses = minorMakeOpClassSet(['IntDiv'])
issuelat = 9
opLat = 9

class MinorDefaultFloatSimdFU(MinorFU):
opClasses = minorMakeOpClassSet ([

'FloatAdd', 'FloatCmp', 'FloatCvt', 'FloatMisc', 'FloatMult',

'"FloatMultAcc', 'FloatDiv', 'FloatSqrt’,

'SimdAdd', 'SimdAddAcc', 'SimdAlu', 'SimdCmp', 'SimdCvt',
'SimdAes', 'SimdAesMix',

'SimdShalHash', 'SimdShalHash2', 'SimdSha256Hash’,
'SimdSha256Hash2', 'SimdShaSigma2', 'SimdShaSigma3'])

timings = [MinorFUTiming(description="'FloatSimd",
srcRegsRelativelats=[2])]
opLat = 6
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