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Computer Science - Published in IEEE 35th International... 2015+ DOI: 10.1109/icdcs.2015.74

RStore: A Direct-Access DRAM-based Data Store

Animesh Trivedi, Patrick Stuedi, +3 authors Thomas R. Gross

Distributed DRAM stores have become an attractive option for providing fast data accesses to analytics
applications. To accelerate the performance of these stores, researchers have proposed using RDMA
technology. RDMA offers high bandwidth and low latency data access by carefully separating resource
setup from 10 operations, and making |0 operations fast by using rich network semantics and offloading.
Despite recent interest, leveraging the full potential of RDMA in a distributed environment remains a
challenging task. In this paper, we present RDMA Store or RStore, a DRAM-based data store that delivers
high performance by extending RDMA's separation philosophy to a distributed setting. RStore achieves high
aggregate bandwidth (705 Gb/s) and close-to-hardware latency on our 12-machine testbed. We developed a
distributed graph processing framework and a Key-Value sorter using RStore's unique memory-like API. The
graph processing framework, which relies on RStore for low-latency graph access, outperforms state-of-the-
art systems by margins of 2.6 - 4.2x when calculating Page Rank. The Key-Value sorter can sort 256 GB of
data in 31.7 sec, which is 8x better than Hadoop TeraSort in a similar setting. LESS
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https://www.semanticscholar.org/paper/RStore%3A-A-Direct-Access-DRAM-based-Data-Store-Trivedi-
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https://www.datacenterknowledge.com/design/cisco-backed-rstor-aims-change-data-center-architecture-we-know-it
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Network is a Camera !!

Technology that see beyond - RAZGZWL\EDZTR 5

The heart of Aqueti imaging systems is our breakthrough parallel supercamera
technology, integrating our innovative optical, electronic and software architectures.
Conventional digital cameras form a digital image by capturing the analog image
created by a single lens. One lens, one image. Our cameras form images by digitally
combining data from an array of micro-cameras. These “images” become interactive
digital streams that our technology allows multiple users to manipulate. You can
control the spatial resolution, field-of-view and time window to meet your

application needs.

Our processing architecture enables clients to manage the data and integrate with
other systems for storage, analytics, video streaming and more. We power these
complex operations with our Aqueti Camera Operating System (ACOS) and
application programming interface, the Mantis API. Working together, this software
and operating environment take Aqueti’s advanced imaging technology to the next
level, allowing users to give the resulting media purpose and meaning.

https://www.agqueti.com/technology/
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Network is a Sensor !!

POPPY CRUM

TECHNOLOGY THAT KNOWS WHAT YOU'RE FEELING

https://www.poppycrum.com/speaking
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Data type
Biometrics and health |C'__OICC_SIC.__3IC,_DIC_DOIC DI DI, DIC,__3
Personal communications (CC__31CC_DIC__oIC, DIC_3IC, DIC_3IC DIC, 3
Infotainment |C'__3ICC_5IC,_3|C,_DIC,_DIC D|C_D(C—D|C O
Driver behavior |C'__3|CC_5|C, | kg | ikp ik Giky @iy iy
Vehicle health | fiig | «iihy @iky @iky @iy @y Gy Ry ey
Location | fiiby «iky Wiky @iky @iy @y Ry iy iy

A B Cc D E F G H |
Automaker

@y ~utomaker reported collecting this type of data
L_—_ Automaker did not report collecting this type of data
Source: GAO analysis of ntervew respornses. | GAO-17-856
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Application V2X Fleet 3"dParty  Public Safety or Hi/lo Data Time- Frequency Primary Secondary
operator Operator Value- volume sensitive of comms comms
added (*not exchange path path
low
latency)
ITS Safety V2V, No No Yes Safety Low Yes High DSRC/
V2| C-V2X
Predictive V2C Yes No No Value- Low No Periodic Wifi Cellular
Health added
Maintenance
Navigation V2C No Yes No Value- High Yes Periodic Cellular Wifi
Services added
Advanced V2C No Yes No Value- High No Periodic Wifi Cellular
Driver added
Assistance
Services
Real-time V2C Yes Yes No Value- High Yes Streamed Cellular Wifi
logistics added

plannlng
© 2018 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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https://www.cisco.com/c/en/us/solutions/enterprise-networks/802-11ax-solution/openroaming.html
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Network Agent Trust engine & Data Store
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Network as a Service
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CN: Core Network
TN: Transport Network



'ﬁEEE ), %ﬁg\ —C“%i?ha (j: draft-rokui-5g-transport-slice

Transport Connectivity API provides:
» Abstraction

“Tra nsport Slice Connectivity Interface” in action + Assist the Transport Controller to map Connection request to Service/Tunne

implementation
» Transport slice monitoring, assurance and Optimization

1- Create_transport_connectivity Network Slice Orchestrator
(gNB1.tp1, gNB2.tp1, UPF1.tp1,

RAN Controller

UPF2.tp1 for S-NSSAI=20,
SLA:5ms and 10 M,

Tenant: HONDA, Infotainment ,...)

Also enable transport slice monitoring & Optimization

Transport 2- find the resources (e.g.
Controller routers CSG1.tp1 and BR1.tp1

3- Implement (aka realize) the connection using Service (e.g ’ N etwork SI ICG O rCheSt rator?ﬁ§ *
L3VPN, L2, etc). using and tunnels (e.g. Ethernet, MPLS, SR eto) - RAN TN CN %*L%S*L 0)
’ ’
Transport ContrO”er':*E{ﬁ\%lﬂjj—
Somensworcslonfor * TNTIZ. L2/L3 VPN*Tunnel
= r customer service type nment .
SLA: Intency < 5ms and B/W > 10Mbpe Z#{E>TTN sliceZigt9 5

e GTP-U tunnellZTND LT
Overlay
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MPLS
PPPOE/L2TP
GTP-U
VXLAN

NSH

“We can solve any problem by introducing an extra

level of indirection.
...but that usually will create another problem.”
- David J Wheeler

https://en.wikipedia.org/wiki/Fundamental_theorem_of software_engineering
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Longest Prefix Match (Not Exact ID Match) !
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Connection-less/Datagram !!

https://www.lewuathe.com/longest-prefix-match-with-trie-
tree.html

Packets route around
~ failure here by sending
along another path

[ =

| S
Internet
communication
must continue
despite loss of
links or routers

Two akernate paths
between sender

andrecewer
—

https://www.erg.abdn.ac.uk/users/gorry/course/intro-
pages/datagrams.html
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Traffic Engineering >> Explicit Route
Traffic Engineeringld, 9 LE“BATRMAGRRARYIIE ZHEZELGL ! 1!

[FREEZETH BN ]

R

Destination

https://learningnetwork.cisco.com/blogs/vip-
perspectives/2018/03/23/introduction-to-segment-routing

© 2018 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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Network Program: D:3:V(9) ]

D: locator block is associated with Low Delay Flex-Algo

/2\ Bad Delay

No Explicit Path!
No SID/SRH!!

* Network Programming
* Flex Algo

> RR=UT!




SRv6 Network Programming

S Rv6

Segment Routing

Active
Segment

Locator 1 Function/Arg 1 IPv6 128 bit
Address space
Locator 2 Function/Arg 2

* Locator

: * Function
Locator 3 Function/Arg 3 * Argument

/@@p

Metadata TLV

* Declarative (not imperative) SDN
 Network as a Computer

* In-Network Computing

© 2018 Cisco and/or its affiliates. All rights reserved. Cisco Confidential



Flex AlgolZ & 4 Network Slicing
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Nodes 0/9 & Algo 0, 128, 12929 5%
Nodes 1/2/3/4l%Algo 0, 128|289 5

Nodes 5/6/7/81dAlgo 0, 1291289 %

« &/ —FIL. AlgoE(ZprefixZ LT 5 3 7
Node 2I&. TEEMDEY PrefixZLET 5 @)/@\OAIgHS 2
Prefix SID 16002 for Algo 0 3 3
Prefix SID 16802 for Algo 128
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Mobile Core Functions

> {£#Intent Based Networking DL
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(2) Native Approach - SP APl Exposure
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Mobile SD-WAN

Hetero Access

© 2018 Cisco and/or its affiliates. All rights reserved. Cisco Confidential
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Mobile SD-WAN D = 7/ HERE
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External
security cloud

I / Salesforce
Box APP | | APP access Netflix APP €46y
ﬁ access via | | via MSDWAN accessing i
Viptela .
security WWW and

. direct directed by o o
' o policy
Box APP W
accessvia 2
DIA \
\\. / I \ s Low latency Non-critical

critical apps business apps

over 5G access over 4G
salesforce NETFLIX
© 2018 Cisco and/or its af hts re y Confidential

Personal app allowed only on WiFi/
Remote Employee WiFi 6
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Hybrid ICN (Information Centric Networking)

-3BET7 RU AT L. "Named Data”, “Content Name” [CEDZEII—FT 4 4T3
- AT FEEM. Anchor-less Mobility, Multi-Path Access& 3]

- ICNTIIHFE R
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--> Hybrid ICN, SRv6MDFunction& L TEF= AIHE

hICN Consumer IP router IP router hICN Forwarder IP router hICN Producer

IP Packet 2 2 :
hICN IP Packet
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IP router.-”
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Hybrid ICN Ej{/EHIE

@Iient Request (movie)
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@ Content Name (Interest) <mm Catalog
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Application  [* : I |= == === Application

Transport Sockets

Interest
State

Interest
State

Content
Store

Transport Sockets

ICN Semantics fre--rrsrrrrmsrmsensnnsans ICN Forwarding [+ --sssseseaseasess: ICN Forwarding f-+-==--ssseressreases » |CN Semantics
IP IP IP IP IP IP Transport
L2 Network L2 Network L2 Network L2 Network L2 Network L2 Network L2 Network
ICN Node LTE | WiFi ICN Node IP Node ICN Node IP Node ICN Node
“Consumer” DSL | DOCSIS "Forwarder” “Router” "Forwarder” “Router” “pProducer”
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Secure
Named Data

- Object based security

Smart
Forwarding

- Low Latency forwarding
- Dynamic Load Balancing
- Anchorless Mobility

Smart
Forwarding

- In-Network Storage
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