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Validation

-You will learn:
- VValidation of ESESC with an ARM A15
(Samsung Chromebook)
- Single and multi process validation of:
-IPC
-IL1 cache miss rate
-DL1 cache miss rate
- LLC cache miss rate
- Branch Predictor miss rate
- Global cache miss rate
- TLB miss rate
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Validation Overview

- Validate ESESC against Samsung
Chromebook via SPEC CPU benchmarks

- Used Perf utility on Chromebook with
performance counters enabled

- Modeled ARM al5 in ESESC simu.conf file
- Run for 3 billion instructions
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ESESC ARM A15 Cache Parameters

L _core] .
- . |cache size
= true
inclusive = true
directory = ialse
- 32
size = 32*%1024
2 - Cache delays
-1
=1
= 2
= % " -
- Cache hierarchy
C ]
size = 4
type = "full
= 8
C L
Z o
=0
size = 32 * 4096
assoc = 32
= ?*10?4
: _core
= "Shared_ shared"
~delay =12 # 20
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ESESC ARM A1l5 Cache Parameters cont.

e - TLB options

0
@ # delay charged in

size = 32 * 4096 # 64%4096
assoc = 32 # 64
= 4*1024
; _core
= "Shared_ shared"
_delay = 20
[l _core] .
e -dCache options
inclusive = true
directory = false
size ; 32*%1024
assoc = 2
skew = false
= 64
; 3 #+1 from the ALU
=1
; y shared" # I
= 4
= 16
= 16
port =" |
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ESESC ARM A1l5 Cache Parameters cont.

C ]
cluster[@]
cluster[1]
cluster[2]
#cluster[3]
cluster[3]
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Parameters Modeled

We can “properly” model in ESESC:

- Cache hierarchy
.Size
.levels
- associativity
- Memory bandwidth
-TLB
- Many Oo0QO parameters
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Chromebook validation setup

Sample Perf input

- perf stat -1 1941 -B -e instructions,cycles ./launcher -- stdin
crafty.input — crafty

- perf stat -1 1941 -B -e L1-icache-loads,L1-icache-load-misses
Jlauncher -- stdin crafty.input — crafty

- perf stat -1 1941 -B -e L1-dcache-loads,L1-dcache-load-misses,L1-
dcache-stores,L1-dcache-store-misses ./launcher -- stdin crafty.input
— crafty

- perf stat -1 1941 -B -e LLC-loads,LLC-load-misses,LLC-stores,LLC-
store-misses ./launcher -- stdin crafty.input — crafty
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Chromebook validation setup

- Sample output

< 0.1 % runtime

difference
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time
89916
89916

time

.941196125
.941196125

time

.941204125
.941204125
.941204125
.941204125

time

.941196460
.941196460
.941196460
.941196460

time

.941190375
.941190375

time

.941178293
.941178293
.941178293

counts
3104168756
3295342353

counts
1173543319
53403232

counts
949002211
37956823
468808517
3291618

counts
103790699
513730
51097459
55679

counts
304378991
17982484

counts
3076550461
57311027
5843145
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unit

unit

unit

unit

unit

unit

events
instructions
cycles
events ] ]
- By < 1 % Instruction
- -lo¢ .
count difference
events
- -loads
- -load-misses
- -stores
- -store-misses
events
-loads
-load-misses
-stores

-store-misses

events
branches
branch-misses

events

instructions
-load-miss
-store-miss
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Individual Benchmarks
SPEC CPU 2000

- Crafty « SWIM -vortex
gCC -applu - twolf
- mcf -equake
. mgrid eMesa
- Wupwise -art
SPEC CPU 2006
-leslie3D - bwaves - libquantum
- perlbench - Vpr -astar
- povray - Soplex
-deal I -milc
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SPEC Rate-like Benchmarks

- mcf, mcf
-mesa, equake
- gcc, twolf
-applu, povray
- crafty, namd

- mcf, swim
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-Vpr, bwaves

- llIbgquantum, milc
-deal Il, perlbench
-mesa, wupwise
-vortex, leslie3D
-mgrid, astar
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IPC Results

Single thread Chromebook vs. ESESC with no sampling

Benchmarks
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Parameters Approximated

We have Issues:
-No L2 pre-fetcher

- Branch predictor
.2 level BTB in ARM A15, but not in ESESC

-No WCB In ESESC

. Instruction Crack Is not the same
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IPC Results
ESESC ¥

Benchmarks

Ethan Papp
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IPC Results
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IPC Results
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IL1 cache results

Single thread Chromebook vs. ESESC with no sampling
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IL1 Miss Rate

Benchmarks
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Branch predictor results

Single thread Chromebook vs. ESESC with no sampling
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Global cache miss results

Single thread Chromebook vs. ESESC with no sampling
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Global Miss Rate
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Global cache miss results

Multi process Chromebook vs. ESESC with no sampling
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Global miss rate
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TLB miss results

Single thread Chromebook vs. ESESC with no sampling
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TLB miss rate
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Conclusions

-ESESC Is not designed to match any
specific CPU
- But it has many configuration options

-21% average IPC error

- Quick validation of 3bil instructions
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Questions?
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Backup Slides
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LLC results

Single thread Chromebook vs. ESESC with no sampling
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LLC results

Multi process Chromebook vs. ESESC with no sampling
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DL1 cache results

Single thread Chromebook vs. ESESC with no sampling
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DL1 Miss Rate
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DL1 cache results
ESESC T

Data level 1 cache miss rate
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IL1 cache results
ESESC T

Instruction level 1 cache miss rate
Benchmarks
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TLB miss results
ESESC T

Data TLB miss rate
Benchmarks
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Branch miss rate
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Multi process Chromebook vs. ESESC with no sampling
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