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Agenda

» Intro to NSB

» NSB Methodology

» NSB Architecture and OPNFV Yardstick
»> Test case execution flow

» NFVi Characterization using NSB

» Workshop Session

» Questions
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Why Network Services Benchmarking?

General Lack of | Unclear Network
Telco Grade Workload
Conformance/ Dimensions and
Benchmarks Stress Vectors

Missing System
Level Capacity
Requirements

Many tools and
benchmarks
Operators lack
Network Workload comprehensive
Scalability/ Agility information for TCO
Implications on NFV models to plan, procure and
deploy NFV
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Challenge of NFV characterization

Results should
be independent
of the generators
used.

Test should be Main metrics and
realistic and KPIs should be
repeatable. established
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What is NSB?

» NSB is a benchmarking and characterisation tool that automates NFVi and
VNF characterisation.

» Combination of many open source components to facilitate deterministic
and repeatable benchmarking

» NSB characterisation provides simultaneous views of Network, NFVi and
application metrics for a given test scenario.

» Presents the metrics in a unified fashion for the user to examine and do
analysis
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NSB Open Source and Standards

Yardstick Project

Test Harness and

OPEN SOURCE
PROJECTS

KPI collection

Open Source
Implementations
sampleVNF Project

Reference workloads for
testing VNF and NFVi

NSB

Test Harness ‘m'@
World CFusV:Srfarn-d-rords TeSt MethOdOlOgy

Traffic generator support
& PP and KPlI's

Test
Specifications

Reference VNF's
Test Methodology and KPI's

STANDARDS
ORGANIZATIONS

and
Methodology

*Other names and brands may be claimed as the property of others
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DOWNSTREAM CONSUMPTION

Service Providers, OEMs, ISV’s, OSV’s, SlI's
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NSB provides

Test Framework Test cases Contexts

» Performance benchmarking of a Virtual VNF and NFVi characterization and
Network Function (VNF) in a Network benchmarking can be executed in three
Functions Virtualization (NFV) different environments:
environment

Test case examples are provided for running
RFC2544, RFC3511 and 3GPP tests with
different VNFs, traffic profiles and scaling

» Baremetal
factors (CPU, Memory, Ports, etc.)

» Performance benchmarking of Network » Standalone virtualization
Function Virtualization infrastructure » Managed virtualized environment e.g.
(NFVi). Openstack*, Kubernetes*

Traffic generator

KPIs
Support
NSB provides test automation and

NSB supports external software and collection of
hardware traffic generators
e.g. T-Rex*, IxLoad*, IXNetwork*, Spirent > Network KPIs
Landslide*, PROX » NEVi KPIs

» VNF KPIs

*Other names and brands may be claimed as the property of others
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NSB Methodology

» Baremetal Define
» Standalone VIRT NFVi
» Managed VIRT context
» Use case definition

- [ -
> Packet format Define Data Collection
» Flow distribution traffic
» Stateless/stateful pattern > System config. > Execute Tests > Raw data

» Traffic config. » Results summary » Visualizations

» Throughtput :
> Latency Define
> CPU, Cache KPls
» Memory
> ..
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NSB - Yardstick logical view

1
| VNF KPIs, Network KPIs, NFVi KPls
1
|

|
I |
L
Yardstick

Task commands

/

Context

Dispacher

Standalone T Scenarios

Virtualization
Baremetal Model
Context Convert
Heat Context

Runner

: SSH :
Test Scenarios n 4 Traffic Generator

. Deploy / Undeploy

—————————————— <
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NSB - Yardstick Test Execution Flow

Scenario Map Topology

Test case / Y

(yaml file) / Instantiate VNF’s
Network Services (NSPerf)

Map the traffic profile

Context A

Test Scenario
Node info > Register Collect KPI
Traffic and VNF configs

NFVi Environment

A
o

A 4

|—— — — > Runner > Collect KPI’s

(teration, Duration, etc.)|q¢ |

I v I

I
I
I A
] NODE | St_andanne | Managed | Dispatcher
Virtualized Virtualized | (Outputs data)
I
I
" I
—»| Baremetal —»| SRIOV ——> Ope;:;ick I
: A 4 \ 4
| File HTTP Influxdb
> Comv"l\‘lirc'a' > OVS-DPDK > Kubernetes* | |
e e | | v
1 | Visualization
Grafana*, HTML report
Configured Set-Up ||-—————— >I

*Other names and brands may be claimed as the property of others
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Benchmarking environments

Native linux Stand alone virtualized Managed virtualized
environment environment infrastructure

Host OS Network application in multiprocess

gss{i?é)t?éﬁ VNF Control plane,
Network application in multiprocess Host Network application in multiprocess Bolication -
> applications

VNF application Control plane, User VNF application Control plane, DPDK pmd Socket i/f

management
management space g

applications appli- applications IGB_UIO virtlo

ti
cation DPDK pmd Socket i/f br-int
DIARIX pmd Socket i/f IGB_UIO Eth Driver OVS_D PD K br-ext

Host Kernel RN Host Kernel with KVM Host Kernel with KVM

Hardware Hardware Hardware

*Other names and brands may be claimed as the property of others
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NSB - Test case view

>>
samples/vnf_samples/nsut/vfw/tc_baremetal_rfc2544 _ipv4_1Trule_1flow_64B_trex.yaml

schema: yardstick:task:0.1
scenarios:
- type: NSPerf
traffic_profile: ../../traffic_profiles/ipv4_throughput.yaml
topology: vfw-tg-topology.yaml
nodes:
tg_ O:trafficgen_1.yardstick
vnf__0: vnf.yardstick
options:
framesize:
uplink: {128B: 100}
downlink: {128B: 100}
flow:
src_ip: [{'tg_ 0" 'xe0'}]
dst_ip: [{'tg_ 0" 'xe1'}]
count: 1
traffic_type: 4
rfc2544:
allowed _drop_rate: 0.0001 - 0.0001
vnf__O:
rules: acl_Trule.yaml
vnf_config: {lb_config: 'SW', lb_count: 1, worker_config:"1C/1T', worker_threads: 1}
runner:
type: Iteration
iterations: 10
interval: 35

context:
type: Node
name: yardstick
nfvi_type: baremetal

Baremetal/Node

file: /etc/yardstick/nodes/pod.yaml
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NSB - Test case view. ...

Standalone: SRIOV
contexts:
- name: yardstick
type: Node
file: /etc/yardstick/nodes/standalone/trex_bm.yaml

- type: StandaloneSriov
file: /etc/yardstick/nodes/standalone/host_sriov.yaml
name: yardstick
vm_deploy: True

flavor:
images: "/var/lib/libvirt/images/yardstick-nsb-image.img"
ram: 16384
extra_specs:
hw:cpu_sockets: 1
hw:cpu_cores: 6
hw:cpu_threads: 2
user: "
password: ""

servers:
vnf__O:
network_ports:
mgmt:
cidr:'1.1.1.61/24'
xeO:
- uplink_O
xeT:
- downlink_0O

networks:

uplink_O:
phy_port: "0000:05:00.0"
vpci: "0000:00:07.0"
cidr:'152.16.100.10/24"
gateway_ip:'152.16.100.20'

downlink_O:
phy_port: "0000:05:00.1"
vpci: "0000:00:08.0"
cidr:'152.16.40.10/24'
gateway_ip:'152.16.100.20'
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NSB - Test case view. ...

Standalone: OVS_DPDK servers:
contexts: vnf__O:
- name: yardstick network_ports:
type: Node mgmt:
file: /etc/yardstick/nodes/standalone/trex_bm.yaml cidr:'1.1.1.7/24'
- type: StandaloneOvsDpdk xe0:
name: yardstick - uplink_O
file: /etc/yardstick/nodes/standalone/pod_ovs.yaml xel:
vm_deploy: True - downlink_O
ovs_properties: networks:
version: uplink_0:
ovs: 2.7.0 port_num: 0
dpdk: 16.11.1 phy_port: "0000:05:00.0"
pmd_threads: 2 vpci: "0000:00:07.0"
ram: cidr:'152.16.100.10/24'
socket_0:2048 gateway_ip:'152.16.100.20'
socket_1:2048 downlink_O:
queues: 4 port_num: 1
vpath: "/usr/local" phy_port: "0000:05:00.1"
flavor: vpci: "0000:00:08.0"
images: "/var/lib/libvirt/images/yardstick-nsb-image.img" cidr:'152.16.40.10/24'
ram: 16384 gateway ip:'152.16.100.20'
extra_specs:
hw:cpu_sockets: 1
hw:cpu_cores: 6
hw:cpu_threads: 2
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NSB - Test case view. ...

Openstack Heat with OVS/OVS-DPDK
context:
name: yardstick
image: yardstick-samplevnfs
flavor:
vcpus: 10
ram: 20480
disk: 6
extra_specs: [Add EPA/HPA features here]
hw:cpu_sockets: 1
hw:cpu_cores: 10
hw:cpu_threads: 1
hw:mem_page_size: large [enable for ovs-dpdk]
user: ubuntu
placement_groups:
pgrpl:
policy: "availability"
servers:
vnf:
floating_ip: true
placement: "pgrp1"
trafficgen_1:
floating_ip: true
placement: "pgrp1*

networks:
mgmt:
cidr:'10.0.1.0/24'
uplink_O:
cidr:'10.0.2.0/24'
gateway _ip: 'null'
port_security_enabled: False
enable_dhcp: 'false'
downlink_O:
cidr:'10.0.3.0/24'
gateway _ip: 'null'
port_security_enabled: False
enable_dhcp: 'false'
uplink_1:
cidr:'10.0.4.0/24'
gateway _ip: 'null'
port_security_enabled: False
enable_dhcp: 'false’
downlink_1:
cidr:'10.0.5.0/24"
gateway ip: 'null'
port_security_enabled: False
enable_dhcp: 'false’
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NSB - Test case view ...

Openstack Heat with SRIOV

context:
name: yardstick
image: yardstick-samplevnfs
flavor:
vcpus: 10
ram: 20480
disk: 6
extra_specs: [Add EPA/HPA features here]
hw:cpu_sockets: 1
hw:cpu_cores: 10
hw:cpu_threads: 1
user: ubuntu
placement_groups:
pgrpl:
policy: "availability"
servers:
vnf:
floating_ip: true
placement: "pgrp1"
trafficgen_1:
floating_ip: true
placement: "pgrp1“
networks:
mgmt:
cidr:'10.0.1.0/24"

uplink_O:
cidr:'10.1.0.0/24'
gateway _ip: 'null’
provider: true
physical_network: phystenant1
port_security_enabled: false
enable_dhcp: 'false'
downlink_O:
cidr:'10.2.0.0/24'
gateway _ip: 'null’
provider: true
physical_network: phystenant2
port_security_enabled: false
enable_dhcp: 'false'
uplink_1:
cidr:'10.3.0.0/24'
gateway _ip: 'null’
provider: true
physical_network: phystenant3
port_security_enabled: false
enable_dhcp: 'false'
downlink 2:
cidr:'10.4.0.0/24'
gateway _ip: 'null'
provider: true
physical_network: phystenant4
port_security_enabled: false
enable_dhcp: 'false'
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Scale Up Tests — Vertical Scaling

SUT Host/Platform

e e [0 | e ]

Traffic-
Gen

Traffic Generator
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SUT Host/Platform

e e 0 | e

Traffic-
Gen

Traffic Generator




Scale Out Tests — Horizontal Scaling

SUT Host/Platform SUT Host/Platform

e e [0 | e ]

Traffic-

Traffic-Gen
Gen

Traffic Generator Traffic Generator

Scale out test: https://github.com/opnfv/yardstick/blob/master/samples/vnf_samples/nsut/vfw/tc_heat rfc2544 ipv4 1rule_1flow_64B trex_scale out.yaml
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VNFs Supported (OPNFV Yardstick Gambia release)

0 Virtual Firewall - vFW ‘

Virtual Access Control List — vACL

Virtual Provider Edge Router — vPE

0 Virtual Evolved Packet Core- VEPC ‘
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NFVi characterization methodology

Execute defined

Test traffic ' ion Test case definition
VNE's on SUT Configuratio
Run test on » Corresponding to » Validation of correct » Definition based on

> Baremetal, VNF requirements test harness test-case VNF's

» Standalone virtualization configuration for NFVi

» Managed virtualized: testing

» OpenStack, K8s

Data collection Benchmarking Benchmark output
> Benchmark run > Test suites under > R{v\W dgta.
summarization, multiple scenarios » Visualization
KPI's collections and traffic
intensities
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NFVi workloads

Workloads should be easy, simple to explain and be able to
highlight specific aspect to NFVi (Configuration, OS, Hardware)

L2 Forward Forwa.rd LI gfter ACL Buffering
tagging/ untagging
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Test Cases In current NFVI Test Suite

VPE - ACL filtering, flow classification, routing (LPM lookup), metering, policing & marking

lw-AFTR - lightweight Address Family Translation Router: IPv4 <-> IPv6
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Basic Test Setup

Management
network
Yardstick, InfluxDB*, Grafana*, System Under Test
Traffic generator Dataplane
network

Docker*

Linux* (NSB Installed) Linux* (NSB Installed)

*Other names and brands may be claimed as the property of others
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NFVi test setup

NSB:

Manage test cases

NSB control

Control of traffic generator
Run VNF

Collect statistics System Under Test

Generate report

Traffic Generator, NSB VNF Measurement,
PROX KPI's collection
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Configuration files

Configuration files need to be edited
% yardstick.conf — contains the basic configuration of yardstick
% prox-baremetal-2.yaml — contains info of SUT and TG

% tc_prox_baremetal [2fwd-2.yaml — contains test configuration

OPNFV Plugfest 2019, France



yardstick.conf

vim /etc/yardstick/yardstick.conf [dispatcher influxdb]
[DEFAULT] timeout =5
debug = False target = http://192.168.0.101:8086

dispatcher = influxdb db_name = yardstick
username = root

password = rootpassword

[nsb]

trex_path = /opt/nsb_bin/trex/scripts
bin_path = /opt/nsb_bin

trex_client_lib = Jopt/nsb_bin/trex_client/stl
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Pod configuration file

/home/opnfv/repos/yardstick/samples/vnf_samples/nsut/prox/prox-baremetal-2.yaml

nodes:

name: "tg O"

role: TrafficGen

ip: 1.1.1.1

user: "root"

ssh_port: "22"

password: "rootpassword"

interfaces:

xe0:

vpci: "0000:86:00.0"
local_mac: "3c:fd:fe:bb:cc:dd"
driver: "i40e"
local_ip:"152.16.100.19"
netmask: "255.255.255.0"
dpdk_port_ num: 0
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Configuration test file

/home/opnfv/repos/yardstick/samples/vnf samples/n tg O:
sut — :
" 5 tal (2fwd-2 : prox_path: /opt/nsb_bin/prox

/proxé EepRe O EICIci “e-yam prox_config: "configs/gen_12fwd-2.cfg"

traffic_profile: ../../traffic_profiles/prox_binsearch.yaml p"ro>'<ll_irgs:

topology: prox-tg-topology-2.yaml €

ll_tll: mnn
nodes: runner:
tg_ 0:tg O.yardstick type: Duration # we kill after duration, independent of test
vnf__0: vnf_O.yardstick

duration, so set this high
duration: 300

optifon(s): context:

vnf__O: :

prox_path: /opt/nsb_bin/prox type: NOdZ fick
prox_config: "configs/handle_l2fwd-2.cfg" narpe. yardstic
prox_args: nfvi_type: baremetal
"—t": mnn

file: prox-baremetal-2.yaml
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InfluxDB example results
Prox L2 FWD

CQuery select * from “fc_prox_baremetal_|2fwd-2*

Generate Query URL Cuwery Templates -

tc_prox_baremetal |2fwd-2

time criteria  deploy_scenario  installer  pod_name task_id tg__0.CurrentDropPackets  tg_ D.DrepPackets tp_ O.PkiSize tp_ O.RxThroughput tg_ 0.Throughput tg_ 0.TxThroughput tg_ O.collect_stats.ce
2018-02- "PASS"  “wnknowm' “unknown®  Cunknown®  T14550e6- -0 268455951816 -0 268455951816 G4 25.9929183815 259929183815 297619047619
28T10:24 31 5831070722 355d-4452-

blas-

Ic03a3410348"
201802 "PASE"  “unknowm' ‘unkmewn”  Cunimown”  F14550e- 0.268455951816 0268455051816 54 25.9520183815 258829153815 20.7618047615
28T10:24:36.642926082 355d-4452

blas

3965410348
2018-02- "PASE"  “unknown” “unknown”  Cunknown”  T14550e6- -0 268455951816 -0 268455951816 64 259929183815 259329183815 297619047619
28TI024 41 7304415842 355d-4452-

b0as-

3c0365410346"
2018-02- "PASE"  “unknowm' “unkmown®  ‘unkmown®  T14550e6- -0.268455351816 -0 268455951816 64 25.9520183815 259929183315 29.7619047619
20T10:24:46.0123640322 355d-4452-

blas-

IclS65410348"
2018-02. "PASE" "unknown" “unknown”  C“unknown”  T14550e6. -0.268455951816 <0 265455951316 ad 259020183315 258929183815 297619047619
28T10:24:51.94566308962 3550-4452-

bdas.

3cl965410348"
2018-02- "PASS"  "wnknowm' “unknown®  Cunknown®  T14550e6- -0 268455951816 -0 268455951816 G4 259920183815 259929183815 297612047619
28T10:24 57 0350279662 355d-2452-

bilas-

3c0363410345"
2018-02- "PASE"  “unknown' ‘unkmewn”  Cunimown”  F14550e6- -0.268455951816 -0. 268455951815 54 25.9520183815 258829153815 20.7619047619
28T10:25:02.12248 11522 355d-4452-

bias-

Jcle65410346"

2018-02- PASE" "unknown” “unknown”  Cunknown®  T14550e6- -0.263455951816 -0 268455951816 64 25.9020183815 259929153815 29. 7619047619
2BT10:25.07 2035351042 355d-4452-

b0as-

3c0965410346"
2018-02- "PASS"  “unknown' “unknown”  “unkmown®  T14550e6- -0.268455351816 -0 268455951816 G4 25.9929183815 259929183815 29.7619047619
20T10:25:12.2896010242 355d-4452-

bilas-

Ic0965410348"
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Grafana dashboard: Network Metrics

{9 - BB Prox_Baremetal I2FWD-4Port NFVi - ¥ @ -]

10.237.223.144 tghost  10.237.223.174~

€ ZoomOur ¥ @ Oct30, 2018 13:09:34 to Oct 30, 2018 13:25:07 &

OPNFV_Yardstick NSB PROX Baremetal L2ZEWD_ 4Port Test imeters

The application does Port forwarding without touching packets. It will take packets in from one port and

forward them unmodified to another port The KPI is the number of packets per second for a specified packet

Test Interval Test Precision Test Duration Tolerated Loss

size with an accepted minimal packet loss

ative Load Sent by Generator

Packets Per Second

0 ==
1310

= Cumulative Packets Sents

Generator stats
70
60

50
40

0
13:10 13:12 13:22

Million Packets Per Second

T =

30 0.10 900 0.0010

Cumulative Load Sent by Generator

1324 1325

min max
0 2269988  11.9139Bil

Packet size

]
=
g
o}
(1]

]
I}

a
Pl
Jl
]

x
r}
0

a

Packet Size (Bytes)

0
13:24 1310

— Load Requested to Generator 168019 505238 333920 — Packet Size

SUT Stats - Load Received By SUT

[T

13:10 1312 1314 1316 1318 1320 13:22

Million Packets per Second

SUT Stats - Load Forwarded By SUT

8 8

3

Million Packets per Second

0
13:24 13:10

n max

== SUT Packets Received 0 377246 253732 == SUT Packets Sent 25.1851

xe0 Latency

CHi |, P

13114 13116

xe2 Latency

Lr—\—\!_\

13:10 13:20 1

— xe? Latency Avg 24

= xe2 Latency Max 7
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xel Latency

1_H- ——

1312 13114 13116 8 13:24

24 674
79 1114k

xe3 Latency
15K

J ﬁ‘m,ﬂl\g\
‘.
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1004k 273 = xe3 Latency Max 82 1.436K

400 Mil

300 Mil

200 Mil

100 Mil
1]
13:10

= TGxe-0 Out packets
== TGxe-1 Out packets
== TGxe-2 Out packets
== TG xe-3 Out packets

1380
1.0Bil
750 Mil
500 Mil
250 Mil

0

1342

Packets Sent by Generator

1314 1316 1348 13:20

1327531 Mil
1327553 Mil
1327554 Mil
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SUCCESS CRITERIA: TX Total = Rx Total + Tolerated Loss

13:22
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303.4291 Mil
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2926451 Mil

13:24
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250.9027 Mil

== SUCCESS Tx Total
== SUCCESS Rx Total

1312

w= SUCCESS ALLOWABLE LOST PACKETS

Packet size

Theoretical Max
Throughpue (MPPS)
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1314 1316 1318 13:20
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347413 34.7401

31.5962 31.5961

1322
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1324
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Tot Sent

1092148280
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0
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= TG xe-0in packets
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= TG xe-2 in packets
== TG xe-3 in packets

Packets Received by Generator

1314 12:16 13:20 13:22 13:24

min max
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133Mil 288 Mil
133Mil 281 Mil
133Mil 281 Mil

Line Rate
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1312

== MAX Line Rate
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Grafana dashboard: NFVi Met

13:12

121 13:12 13:13 13:14 13:15 13:16 1317

Tarffic Generator: CPU Core Idle %

w= CPU Idle % Core 0
w= CPU Idle % Core 1
w= CPU Idle % Core 10
we CPU Idle % Core 11
CPU Idle % Core 12

134 1316 1318 1320 132 134 CPU Idle % Core 13

SUT - CPU Core Idle %

== CPU Idle % Core 0
w= CPU Idle % Core 1
== CPU Idle % Core 10
ws (PU Idle % Core 11

CPU Idle % Core 12

1346 1318 CPU Idle % Core 13
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Traffic Generator: CPU Core Frequency

13:10

SUT - CPU Core Frequency

1310 1312

RISER P | RN (o J\x SO X A n

we CPU Freq Core 0
w= (PU Freq Core 1
we CPU Freq Core 10
w= CPU Freq Core 11
CPU Freq Core 12
CPU Freq Core 13

1.200 GHz
1537 GHz
1324 13:25 1325 GHz
Traffic Generator - CPU Core Utlization %

ws CPU Util % Core 0
w= CPU Util % Core 1
w= CPU Util % Core 10
ws CPU Util % Core 11
CPU Uil % Core 12

1318 1320 CPU Uil % Core 13

we CPU Freq Core 0
we CPU Freq Core 1
w= CPU Freq Core 10
w= CPU Freq Core 11
4 CPU Freq Core 12
CPU Freq Core 13

1.200 GHz
2.800 GHz
1,200 GHz
1.200 GHz
1.200 GHz
1324 1325 1.200 GHz
SUT - CPU Core Utlization %

we CPU Util % Core 0
w= CPU Util % Core 1
we CPU Util % Core 10
w= CPU Util % Core 11
CPU Util % Core 12

1314 1316 1318 1320 1322 134 CPU Util % Core 13

* NFVi metrics comes from Collectd, covered by OPNFV Barometer project

2.201 GHz
2.200 GHz
2201 GHz
2.201 GHz

3.072 GHz
3.250 GHz
3.071 GHz
3.002 GHz

150 Bil
100 Bil
50Bil

500 Mil
400 Mil
300 Mil
200 Mil
100 Mil

0

IPC from the SUT

1.187

13:10 13:12 13:14

131

w Memory Free

w Memory Used

Intel® PMU | SUT - CPU Cycles

- (PUO
- CPU1
- CPU10
- (PU11
CPU12
CPU13

Intel® PMU | SUT - Cache references

= CPUD 288K 1.8 Bil
w- CPU1 7Mil 46.0Bil
w- CPU10 43K 342 Mil
w- CPU1T1 45K 335 Mil
CPU12 45K 342 Mil
CPU13 45K 328 Mil

Intel® PMU | SUT - LLC Load Misses

- CPUD K 34Mil

- CPU1 2Mil

- CPU10 1 3Mil

- CPU11 3Mil
CPU12 . 3IMil
cPU13 AMil

/
f———

1318 13:20 1322 13:24

8 Mil 142 Bil
364 Mil 2,69Tri
2 Mil 94 Bil
2 Mil 62 Bil
2Mil 94 8il
2Mil 322Bil

20Bil

920N 1,58
22
187 M

186 M 500 Mil

1.08Bil

0

125 Mil
100 Mil
75 Mil

2N 50 Mil
2M
2

2V

25 Mil
0

Intel® PMU | SUT - CPU Instructions

- CPUO
- CPU1
- CPU10
- CPU 11
e U2

Py 13

1315 13:20 13:25

Intel® PMU | SUT - Cache Misses

- CPUO
- CPU1
- CPU1T0
w- CPU1T
CPU12
CPU13

= i

1310 1312 1314 1316 1318 1320
Intel® PMU | SUT - LLC Store Misses

w CPUO
- CPU1
- CPU10
- CPUTY
> CPU 12

1310 1312 1314 1316 1318 1320 132 134 CPU13

SUT - Platform Memory

1323

2039Gb
22.41Gb

6 Mil
409 Mil
412K
LYELS
474K
458K

15K 98 Mil
5K 31 Mil
841 8 Mil
7Mil
7Mil
9 Mil

274 Mil
198K
91K
919K
948K

1.3 Mil

13:24 13:25

2476Gb  23.77Gb
2626Gb  22.91Gb
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