
Using gem5 CPU 
Models

Presented by

Ayaz Akram



Outline

CPU models in gem5

AtomicSimpleCPU, TimingSimpleCPU, O3CPU, MinorCPU, KvmCPU

Using the CPU models

Set-up a simple system with two cache sizes and three CPU models

Look at the gem5 generated statistics

To understand differences among CPU models





Summary of gem5 CPU Models
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SimpleCPU



Request function()

Return of Request function() with an approximate time

time

Atomic
Seq. of nested calls
Use: Warming up, FF

Timing
Split transactions
Models queuing delay and 
resource contention

Request function()

time

Response function()

Functional
Backdoor access  to mem. 
(loading binaries)
No effect on coherency states



O3CPU (Out of Order CPU Model)

Timing memory accesses

execute-in-execute semantics

Time buffers between stages



AtomicSimpleCPU

Uses Atomic memory accesses

no resource contentions or queuing delay

Mostly used for fast-forwarding and warming of caches

TimingSimpleCPU

Uses Timing memory accesses

Execute non-memory operations in one cycle

Models the timing of memory accesses in detail



O3CPU Model Parameters (very configurable)
src/cpu/o3/BaseO3CPU.py

Inter-stage delay params

stage width params configurable 
buffer sizes



MinorCPU

[1] https://nitish2112.github.io/post/gem5-minor-cpu/

[1]



O3CPU Model Parameters (very configurable)

src/cpu/o3/BaseO3CPU.py

LQ/SQ Buffers

ROB size

Reservation station size

Number of Physical regs.



KvmCPU

 KVM – Kernel-based virtual machine

 Used for native execution on x86 and ARM host platforms

 guest and the host need to have the same ISA

 Very useful for functional tests and fast-forwarding



Summary of gem5 CPU Models

BaseCPU

Very fast
No timing

No caches, BP

Fast
Some timing

Caches, limited BP

Slow
Caches, BP

Timing

BaseKvmCPU BaseSimpleCPU DerivO3CPU MinorCPU

TimingSimple AtomicSimpleArmV8Kvm X86Kvm



Interaction of CPU model with other parts of gem5

CPU ModelMemory

ISA 
Subsystem

Rest of the 
simulator

Execution Context
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Let's use these CPU models!



Material to use

gem5-bootcamp-env/materials/using-gem5/05-cpu-models/

cpu-models.py

IntMM/

finished-material/



Let's configure a simple system with Atomic CPU



Complete system



Building the test binary

> cd /workspaces/gem5-bootcamp-env/materials/using-gem5/05-cpu-models/IntMM

> make



Change the CPU model to timing, and O3



Let's run it!

> gem5-x86 --outdir=atomic-normal-cache materials/using-gem5/05-cpu-models/cpu-models.py



Let's run again!

Don't forget to change the name of the 
output directory to (timing or o3)

> gem5-x86 --outdir=timing-normal-cache materials/using-gem5/05-cpu-models/cpu-models.py



Let's use the small cache with all CPU models

Set the output directory depending on 
the CPU model you are using

> gem5-x86 --outdir=atomic-small-cache materials/using-gem5/05-cpu-models/cpu-models.py
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Now, let's change the cache size!



Time to look at the 
generated stats.!



Look at the number of operations

grep –ri "simOps"



Look at the number of operations

grep –ri "simOps"



Compare execution cycles

grep –ri "numCycles"



Compare execution cycles

Normal cache size



Compare execution cycles

Normal cache size

Small cache size



Compare execution cycles

Normal cache size



Compare execution cycles

Normal cache size

Small cache size



Compare execution cycles

Normal cache size

Small cache size



Other statistics you might want to look at!

Host time (time taken by gem5 to run your simulation)

hostSeconds

For O3CPU

branchMispredicts

commitSquashedInsts



Compare execution cycles

Normal cache size

Small cache size
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