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Multi2Sim Simulator:
System Configuration

In this tutorial you will learn how to configure a computer system for the detailed simulation in
Multi2Sim. We simulate a single-threaded matrix multiplication benchmark on a computer system with
specified system parameters.

1 Copy Benchmark Files to Your Working Directory

First, set up the working directory and copy the benchmark files mm_serial.c as well as configuration
files x86_config, ctx_config, and mem_config to current working directory.

<LLLLLLLLLLLLLLLLL L L L LKL L L L L L LKL L L LKL L L L L L L LKL L L L L L L L L L L L L L L L L L L L L L L L L L L L L LK
-bash-4.2$ mkdir m2s.test && cd m2s.test

-bash-4.2$ pwd

/home/milenka/m2s.test

-bash-4.2$ cp -r /apps/arch/arch.tut/m2s/BaseMM
-bash-4.2$ 1s -lat

total 28

drwxrwxr-x 2 milenka facstaff 4096 Feb 21 19:23

-rw-r—--r-- 1 milenka facstaff 2787 Feb 21 19:20 mm serial.c
-rw-r--r-- 1 milenka facstaff 143 Feb 21 12:13 ctx config
-rw-r—-r-- 1 milenka facstaff 793 Feb 21 12:13 mem config
-rw-r--r-- 1 milenka facstaff 29 Feb 21 12:13 myx86 config
-rw-r--r-- 1 milenka facstaff 91 Feb 21 12:13 x86 config

drwxrwxr-x 6 milenka facstaff 4096 Feb 21 12:10
D S D S NI NN
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2 Compile and Run the Program (mm_serial.c)

As an example benchmark, we are using a serial matrix multiplication.

<LLLLLLLL LKL L L L L L L L L L L L K L K L K L K L KL L L L LKL
-bash-4.2$ gcc —-m32 -static -o mm _serial.exe mm serial.c
-bash-4.25 1s -lat

total 796

—“IWXIr-Xr-x 1 milenka facstaff 774524 Feb 21 20:55 mm serial.exe
drwxr-xr-x 2 milenka facstaff 4096 Feb 21 20:55 .

—rw-r—--r-- 1 milenka facstaff 3023 Feb 21 20:53 mm serial.c
-rw-r—-r-- 1 milenka facstaff 128 Feb 21 20:53 ctx _config.dat
—rw-r—--r-- 1 milenka facstaff 793 Feb 21 20:53 mem config.dat
—“rw-r—-r-- 1 milenka facstaff 91 Feb 21 20:53 x86 config.dat
-rw-r—--r-- 1 milenka facstaff 3108 Feb 21 20:53 mm serial.c~

drwx—--x--x 122 milenka facstaff 12288 Feb 21 20:52
-bash-4.2% ./mm_serial 4

-bash-4.2% ./mm _serial.exe 4

A matrix =
48.40 65.32 g5 . 04 72.38
25.89 46.03 15.49 50.65
6.75 71.01 12524 % 54
61.55 31.51 46.85 89.48

B matrix =

70.03 57.32 75.41 83.56

O Teeg/l8 7.74 40.08 11.17

26.54 83.95 86.53 51.04

65.34 85.27 77.00 49.00
C matrix =

14514.04 10714.23 13142.92 9088.00
9758.44 7459.43 9037.62 5949.93
12380.98 8574.39 10383.19 5780.45
14293.44 15335.06 16848.88 12270.85
-bash-4.2%
D D S S NI

3 Run the Program on Multi2Sim Functional Simulator

Make sure that m2s is in your path. If not, export it.

TLLLLL L L L L L L L L€

-bash-4.2$ export PATH=S$PATH:/apps/arch/multi2sim-5.0/bin

-bash-4.2% m2s ./mm serial.exe 4

; Multi2Sim 5.0 - A Simulation Framework for CPU-GPU Heterogeneous Computing
; Please use command 'm2s --help' for a list of command-line options.
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; Simulation alpha-numeric ID: LKGCZ

A matrix =
48.40 65.32 15.04 72.38
25.89 46.03 15.49 50.65
6.75 71.01 12.22 77.54
61.55 31.51 46.85 89.48

B matrix =

70.03 57.32 75.41 83.56

91.78 7.74 40.08 11.17

26.54 83.95 86.53 51.04

65.34 85.27 77.00 49.00
C matrix =

14514.04 10714.23 13142.92 9088.00

9758.44 7459.43 9037.62 5949.93
12380.98 8574.39 10383.19 5780.45
14293.44 15335.06 16848.88 12270.85

; Simulation Statistics Summary

’

[ General ]
RealTime = 0.04 [s]
SimEnd = ContextsFinished

[ x86 ]

RealTime = 0.04 [s]

Instructions = 206255

InstructionsPerSecond = 5175135

D D D S

4 Run the Program on Multi2Sim on Detailed Simulator
(Default Parameters)

To run the detailed simulations, use the command as shown below. Notice that detailed simulation will
take some time to complete.

<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
-bash-4.25 m2s --x86-sim detailed ./mm serial.exe 4

; Multi2Sim 5.0 - A Simulation Framework for CPU-GPU Heterogeneous Computing

; Please use command 'm2s --help' for a list of command-line options.
; Simulation alpha-numeric ID: SVoYy

A matrix =

48.40 65.32 15.04 72.38
25.89 46.03 15.49 50.65

6.75 71.01 12.22 77.54
61.55 31.51 46.85 89.48
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B matrix =

70.03 57.
91.78 7.
26.54 83.
65.34 85.

C matrix =
14514.04 10714.
9758.44 7459.
12380.98 8574.
14293.44 15335.

’

32
74
95
27

23
43
39
06

75.
40.
86.
7.

13142.

9037.
10383.
16848.

; Simulation Statistics

I

[ General ]
RealTime = 8.31

SimTime = 711433.00

Frequency = 100
Cycles = 711434

[ x86 ]
RealTime = 8.30
Instructions =

SimTime = 711434.00

Frequency = 100
Cycles = 711434

CyclesPerSecond

[s]

SimEnd = ContextsFinished

0

[s]
355242
InstructionsPerSecond =

0

85688

FastForwardInstructions
CommittedInstructions =
CommittedInstructionsPerCycle =
CommittedMicroInstructions
CommittedMicroInstructionsPerCycle

BranchPredictionAccuracy

[ns]
[MHz]

[ns]
[MHz]

0.8998

0.2899

41 83.56
08 11.17
53 51.04
00 49.00
92 9088.00
62 5949.93
19 5780.45
88 12270.85
Summary
42787
206255
354836

SOOOOSEEOODOOO5ESOOOOOOOSSSODOODSESSSEEOSSSSOOOO5SSS5O55555555555555555>>

In the above result, RealTime is the time taken by the simulator to complete the simulation; SimTime is
the simulated time in nanoseconds and it is the performance metric of the matrix multiplication
program. Please check the Multi2Sim manual for the description of the all reported statistics.

5 Generate Detailed Reports (Default Parameters)

To generate detailed statistics for the processor, memory system, and interconnect, you can use the
following command. Inspect the generated reports and analyze the results.

<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL L LKL LKL LKL LLLLLLLLLLLLLLLLLLLLLLLLLLLL
-bash-4.2$ m2s --x86-sim detailed --x86-report mm x86 Report --mem-report
mm_ Memory Report ./mm serial.exe 4

; Multi2Sim 5.0 - A Simulation Framework for CPU-GPU Heterogeneous Computing
for a list of command-line options.

; Please use command
; Simulation alpha-numeric ID: ginDU

'm2s --help'
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0.2899

A matrix =
48.40 65.32 15.04 72.38
25.89 46.03 15.49 50.65
6.75 71.01 12.22 77.54
61.55 31.51 46.85 89.48
B matrix =
70.03 57.32 75.41 83.56
91.78 7.74 40.08 11.17
26.54 83.95 86.53 51.04
65.34 85.27 77.00 49.00
C matrix =
14514.04 10714.23 13142.92 9088.00
9758.44 7459.43 9037.62 5949.93
12380.98 8574.39 10383.19 5780.45
14293.44 15335.06 16848.88 12270.85
; Simulation Statistics Summary
[ General ]
RealTime = 8.12 [s]
SimEnd = ContextsFinished
SimTime = 711433.00 [ns]
Frequency = 1000 [MHz]
Cycles = 711434
[ x86 ]
RealTime = 8.11 [s]
Instructions = 355242
InstructionsPerSecond = 43793
SimTime = 711434.00 [ns]
Frequency = 1000 [MHz]
Cycles = 711434
CyclesPerSecond = 87704
FastForwardInstructions =
CommittedInstructions = 206255
CommittedInstructionsPerCycle =
CommittedMicroInstructions 354836

CommittedMicroInstructionsPerCycle

BranchPredictionAccuracy

-bash-4.2$ 1s -lat *Report

—Irw—r——r-—

- 1 milenka facstaff

0.8998

8335 Feb 21 21:25 mm Memory Report

-rw-r—--r-- 1 milenka facstaff 20753 Feb 21 21:04 mm x86 Report
SESSS>SSS5SS55S555555555555555555555555555555 5555555555555 555 555555555555 555> >

6 Create Your Own Command Line Configuration

To create your configurations file, consult the help of m2s, specifically
e Command line options
e General options for configuration file; for details explore --ctx-config-help
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e Configuration model for x86 CPU; for details explore --x86-help

e Configuration model for AMD Evergreen GPU Model; for details explore --evg-help

e Configuration model for AMD Southern Islands GPU Model; for details explore --si-help
e Configuration model for General Memory Systems; for details explore --mem-help

e Configuration model for x86 Network Options; for details explore --net-help

Now let us make a general configuration file. You can specify the command line parameters in a file
ctx_config. In the example below we specify the matrix multiplication program, its argument, and the
output file to redirect the standard output.

Configuration file name: ctx config.dat

[ Context 0 ]

Exe = /path/to/m2s/Serial MM/Mm serial
Args = 8

Cwd = /path/to/m2s/Serial MM

StdOut = SerialContextOutputFile.txt

Below is an example of using the configuration file in a command.

<LLLLLLLLLLLLLLL L L L L L L LKL L L LKL LLLLLLLLLLLLLLLLLLLLLLLLL LKL L LKL LLLLLL LKL
[ Context 0 ]

Exe = /home/facstaff/milenka/m2s.test/mm serial.exe

Args = 4

Cwd = /home/facstaff/milenka/m2s.test

StdOut = SerialContextOutputFile.txt

-bash-4.25 m2s --x86-sim detailed --ctx-config ctx config.dat

; Multi2Sim 5.0 - A Simulation Framework for CPU-GPU Heterogeneous Computing
; Please use command 'm2s --help' for a list of command-line options.
; Simulation alpha-numeric ID: RW47d

; Simulation Statistics Summary

’

[ General ]

RealTime = 7.34 [s]
SimEnd = ContextsFinished
SimTime = 642618.00 [ns]
Frequency = 1000 [MHz]
Cycles = 642619

[ x86 ]

RealTime = 7.33 [s]
Instructions = 329356
InstructionsPerSecond = 44926
SimTime = 642619.00 [ns]
Frequency = 1000 [MHz]

Cycles = 642619
CyclesPerSecond = 87657
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FastForwardInstructions = 0

CommittedInstructions = 182605

CommittedInstructionsPerCycle = 0.2842

CommittedMicroInstructions = 312892

CommittedMicroInstructionsPerCycle = 0.4869

BranchPredictionAccuracy = 0.8841
SSSSSSSSSSSSSSSSSSSSSSSSSS5SSSS55SSSS55SS555SS5555SS55555S555555555555555555>>

7 Create Custom x86 Configuration(s) (x86_config)

To see the available options as well as default configuration of x86 processor use --x86-help.

Configuration file name: x86 config.dat

LK v v NN NN NN N N N N N e
[ General ]
Frequency = 2000
Cores =1
[ BranchPredictor ]

Kind = Bimodal
Bimod.Size = 512

In this example we increase the processor clock to 2,000 MHz and change the configuration of the
branch predictor. Actually, the branch predictor used in this case is less sophisticated than the default
one. So you should see a lower prediction rate than the previous simulation run with the default
parameters.

<L L L LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Ll

-bash-4.25 m2s --x86-sim detailed --x86-config x86 config.dat ./mm serial.exe
4

; Multi2Sim 5.0 - A Simulation Framework for CPU-GPU Heterogeneous Computing
; Please use command 'm2s --help' for a list of command-line options.
; Simulation alpha-numeric ID: dcaZH

A matrix =
48.40 65.32 15.04 72.38
25.89 46.03 15.49 50.65
6.75 71.01 12.22 77.54
61.55 31.51 46.85 89.48

B matrix =

70.03 57.32 75.41 83.56

91.78 7.74 40.08 11.17

26.54 83.95 86.53 51.04

65.34 85.27 77.00 49.00
C matrix =

14514.04 10714.23 13142.92 9088.00

9758.44 7459.43 9037.62 5949.93
12380.98 8574.39 10383.19 5780.45
14293.44 15335.06 16848.88 12270.85




Multi2Sim Simulator: System Configuration

; Simulation Statistics Summary

’

[ General ]

RealTime = 8.75 [s]
SimEnd = ContextsFinished
SimTime = 720844.50 [ns]
Frequency = 2000 [MHz]
Cycles = 1441690

[ %86 ]

RealTime = 8.74 [s]
Instructions = 403237
InstructionsPerSecond = 46139
SimTime = 720845.00 [ns]
Frequency = 2000 [MHz]

Cycles = 1441690
CyclesPerSecond = 164961
FastForwardInstructions = 0
CommittedInstructions = 206255

CommittedInstructionsPerCycle = 0.1431
CommittedMicroInstructions = 354836
CommittedMicroInstructionsPerCycle
BranchPredictionAccuracy = 0.8701

SOSSS5SO5SO5SSSSDSSSSS5S5SSSSO5S5555S5SSSES5S55SSSSD5555555555S55555555555555>>

8 Create Custom Memory Configuration (mem-config)

We are configuring a system with the following memory hierarchy: (See --mem-help and Chapter 9 in
the manual to learn more about the available options in configuring the memory system)

Single Processor -> L1 cache -> Switchl -> L2 cache -> Switch2 -> Main Memory

Specification:

e Processor - single core with one thread

e L1 Cache - 64KB [Number of Sets 128, Associativity 2, Block size 256, Hit Latency 2 clock cycle,

LRU, ports 2]

e Switchl - Input and Output Buffer size - 1024B and Bandwidth 256B/clock cycle
e |2 Cache - 512KB [Number of Sets 512, Associativity 4, Block size 256, Hit Latency 20 clock cycle,

LRU, ports 4]

e Switch2 - Input and Output Buffer size - 1024B and Bandwidth 256B/clock cycle
e Main Memory - Block size - 256B, Time to access Memory - 200 clock cycle

Configuration file name: mem config.dat

LK e v v N
[CacheGeometry geo-11]
Sets = 128
Assoc = 2

BlockSize = 256
Latency = 2
Policy = LRU
Ports = 2
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[CacheGeometry geo-12]
Sets = 256

Assoc = 4

BlockSize = 256
Latency = 4

Policy = LRU

Ports = 2

[Module mod-11-0]

Type = Cache

Geometry = geo-11
LowNetwork = net-11-12
LowModules = mod-12-0

[Module mod-12-0]

Type = Cache

Geometry = geo-12
HighNetwork = net-11-12
LowNetwork = net-12-mm
LowModules = mod-mm

[Module mod-mm]

Type = MainMemory
BlockSize = 256

Latency = 200
HighNetwork = net-12-mm

[Network net-11-12]
DefaultInputBufferSize = 1024
DefaultOutputBufferSize = 1024
DefaultBandwidth = 256

[Network net-12-mm]
DefaultInputBufferSize = 1024
DefaultOutputBufferSize = 1024
DefaultBandwidth = 256

[Entry core-0]

Arch = x86
Core = 0
Thread = 0

DataModule = mod-11-0
InstModule = mod-11-0

Run a simulation with the given memory configuration. What is the execution time? How does it
compare with the default configuration?

L L L L L L L L L L L L L LKL L LKL L LKL L LKL L LKL L LKL L LKL LKL L LKL L LKL L L L L L L L L L Lkl
-bash-4.2$ m2s --x86-sim detailed --ctx-config ctx config.dat --x86-config
x86 config.dat --mem-config mem config.dat --mem-report mm Memory Report

; Multi2Sim 5.0 - A Simulation Framework for CPU-GPU Heterogeneous Computing
; Please use command 'm2s --help' for a list of command-line options.
; Simulation alpha-numeric ID: UsXtd
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; Simulation Statistics Summary

[ General ]

RealTime = 4.10 [s]
SimEnd = ContextsFinished
SimTime = 193842.50 [ns]
Frequency = 2000 [MHz]
Cycles = 387686

[ x86 ]

RealTime = 4.10 [s]
Instructions = 383504
InstructionsPerSecond = 93600
SimTime = 193843.00 [ns]
Frequency = 2000 [MHz]

Cycles = 387686
CyclesPerSecond = 94620
FastForwardInstructions = 0
CommittedInstructions = 182605
CommittedInstructionsPerCycle =

CommittedMicroInstructions = 312892
CommittedMicroInstructionsPerCycle
BranchPredictionAccuracy = 0.8626

DOOOOSESSOOOOD5ESSOOOOO5SSSDDODDEEESSEOOOSESSS5OOOSESSSOO5O55BSSSS55O55555555>>
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