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Background

*Developed by Microsoft Research Asia —in 2013

*Renamed to GraphEngine (GE)

Graph Query Graph Scale-out

. . Database Processing Analytics System
°Sat|sfy two requwements Neo4j [4] Yes Yes Yes No
] . HyperGraphDB [22] Yes Yes No No
* Online query processing — low latency GraphChi [25] No No Yes No
PEGASUS [23] No No Yes Yes
* Ex. Link prediction in social networks MapReduce [15] No No Yes Yes
. . . Pregel [28] No No Yes Yes
* Offline graph analytics — high throughput GraphLab [1] No No Yes Yes

* Ex. PageRank in the WWW

*Belief: High speed network is more available +
DRAM prices going down = in-memory solutions
will be cheap!



Overview

* Storage Infrastructure
*  Computation Framework
*  Multiple components communicate over a network

* Slave
° Store graph . Client Client
* Perform computations Lib Lib
*  Proxies
* Handles messages
* Clients Client 5 5 Client
* Enable user interaction Lib =Og ] A Lib
- e _ol el el L2
* Trinity Specification Language (TSL) Trinity = =[] = Trinity

Proxy

* Bridges graph model and data storage
(3 Trinity Slaves

Lib Lib
Client Client




64-bit UID

E hash !

machine 0O machine 1 machine 2 machine m

Storage

Addressing

*Each machine has multiple memory trunks Lo lobl =
* Trunk level parallelism — no locking overhead e )
* Single hash table is suboptimal T

*Key-Value pair hashing

*Each machine keeps a copy of the addressing 10
table Trinity File System
*Backed up onto Trinity File System (TFS) ] | l
— cell bytes| | ] Trinity
*Allows machines to dynamically join/leave | | v_k_‘ Slave
Memory Trunk
memory cloud ‘ ‘
- Memory
UID |Offset| Size Trunk
0l... 321 123
10 — 423 211 Memory Trunks




Trinity Specification Language (TSL)

*Declarative language

*TSL ties everything together [ Data Modeling ]
* Data modeling I
* Message passin
. gep g DL
* Data interchange
*TSL is compiled into .Net
ICE Google
slice TSL Proto%uf
[ Messape Passing ] [ Data Interchange
Modeling Format Specification




TSL Basics

*Similar to C/C++ or C# [CellType: NodeCell]
cell struct Movie
*Can define protocol {
* Syn string Name;
[EdgeType: SimpleEdge, ReferencedCell: Actor]
* Asyn List<long> Actors;
* HTTP }
[CellType: NodeCell]
*Can store Objects cell struct Actor
° Intuitive { string Name;
* Inefficient — large overhead [EdgeType: SimpleEdge, ReferencedCell: Movie]

List<long> Movies;
°Instead treat data as blobs }



Sample Network

*Supports edges of different types

MName

Rachel Green

Monica Geller

Phoebe Buffay

Joey Tribbiani

Chandler Bing

Ross Geller

Gender

Female

Female

Female

Male

Male

Male

Table 1. Characters

Married

true

true

true

false

true

true

Spouse

Ross Geller

Chandler Bing

Mike Hannigan

N/A

Monica Geller

Rachel Green

Cast

Jennifer Aniston

Courteney Cox

Lisa Kudrow

Matt Le Blanc

Matthew Perry

David Schwimmer




Sample Network

*Supports edges of different types

cell struct Character

*TSL script to model the data {

. S5tring Name;
*Two running modes

byte Gender;
* Client mode

bool Married;
* Embedded modes long Spouse;

long Performer;

h
cell struct Performer
1
S5tring Name;
int Age;
List<long> Characters;
h



Sample Network

*Supports edges of different types

[ Characters

Character Rachel = new Character({Name: "Rachel Green", Gender: 8, Married: true);
.TSL Scrlpt to mOdEI the data Character Monica = new Character(Name: "Monica Geller", Gender: @, Married: true);
Character Phoebe = new Character({MName: "Phoebe Buffay"”, Gender: 8, Married: true);
Character Joey = new Character(Mame: "Joey Tribbiani™, Gender: 1, Married: false);

*Two running modes

° C||ent mode Character Ross = new Character({Mame: "Ross Geller™, Gender: 1, Married: true);

Character Chandler = new Character(MName: "Chandler Bing", Gender: 1, Married: true);

* Embedded modes // Cast

Performer Jennifer = new Performer(Mame: "Jennifer Aniston", Age: 43,

Characters: new List<long>(});

*Create 12 entity cells

Performer Courteney = new Performer(Mame: “Courteney Cox", Age: 48,

e 1 for eaCh Character Characters: new List<long>())};
Performer Lisa = new Performer(Mame: "Lisa Kudrow", Age: 49,
e 1 for each perfOrmer Characters: new List<long>());

Performer Matt = new Performer({Mame: "Matt Le Blanc“, Age: 45,
Characters: new List<long>{());

Performer Matthew = new Performer({Name: "Matthew Perry", Age: 43,
Characters: new List<long>(});

Performer David = new Performer{Mame: "David Schwimmer"™, Age: 45,

Characters: new List<long>()});




Sample Network

*Supports edges of different types

*TSL SCFipt to model the data Rachel.Performer = Jennifer.CellID;
Jennifer.Characters.Add{Rachel.CellID);

*Two running modes
* Client mode

* Embedded modes Monica.Spouse = Chandler.CelllD;

*Create 12 entity cells Chandler.Spouse = Monica.CellID;

* 1 for each character
* 1 for each performer

cell struct Friendship

*Directed and undirected relationship { e L & e (A T

List<long> friends; . ]
friend ship.friends.Add{Rachel.CellID);

.Hyperedge Ce” ; friend ship.friends.Add{Monica.CellID);
friend ship.friends.Add({Phoebe.CellID);
*12 Entity cells—3 reIationships friend_ship.friends.Add(Joey.CellID);

friend ship.friends.Add{Chandler.CellID});
friend ship.friends.Add{Ross.CellID);



using System;
using System.Collec:
using System. Text;

ns . Generic;

using Trinity;
using Trinity.Data;
using Trinity.Storage;

namespace Friends
i
1ass Friends

public unsafe static void Main(string[] args)

Trinstyconfs - Enbadded

ters
Character Rachel

new Character(tiame: "Rachel Green”, Gender: @,

[ ] [ ]
Married: true);
Character Monica = new Character(Name: "Monica Geller”, Gender: @,
Married: true);
Character Phosbe = new Character(Name: "Phosbe Buffay”, Gender: @,
Married: true);
Character Joey = new Character(kame: “Joey Tribbiani”, Gender: 1,

Married: false);

Character Chandler = new Character(Name: "Chandler Bing", Gender: 1,
Married: true);

Character Ross = new Chanacter(Name: "Ross Geller”, Gender: 1
Married: true);

armers

-
M M ’ M Perforner Jennifer = new Performer(Name: “Jennifer Anistan’, Age: 43,
*Save the network on the Trinity’s main memor
Characters: new List<long>());
Characters: new List<long>());

Performer Matt
Characters: new

*Implementation of the friends network in T N

Characters: new Listclong>()

Trinity using the TSL

Manica.Performer = Courteney.Cell1D;
Courteney. Characters. Add(Monica.Cel110);

former(Kame

Phoebe. Performer = Lisa.Cellln;

Global.LocalStorage.SavePerformer (Jennifer); Ui et Ao 110

Josy .Performer = Matt.CellID;

Global.lLocalStorage.SaveCharacter(Rachel); Vo ceaacees oy Ce110);

Chandler. Performer = Matthew,Cel110;
Mat thew. Characters . Add(Chand

*Also has a graph generator

Ross.Performer = David. CelllD;
David.Characters. Add(Ross .Ce1110);

1/ Marriage relationship
Monica.Spouse = Chandler.CellID;
Chandler. Spouse = Monica.Cell1D;

Rachel. Spouse = Ross.Cel1ID;

*|s available on GitHub i

Friendship friend ship = new Friendship(new Listclong>());
Friend_ship.friends.Add(Rachel.Ce1110);

friend_ship. friends. Add(Monica. C=1110) ;
Friend_ship.friends. Add(Phosbe. Ce1110) ;
#riend_chip.riends. Add(Josy. Cell10);

Xxtension on visuailstudio

17 Save Runtime c:

to Trinity memory storage
Global. LacalStarage. SavePerformer( Jennifer);
Global.LocalStarage. SavePerformer( Courteney) ;
Global. LocalStarage. SavePerformer
Global.LocalStarage. SavePerformer(Natt);
Global. LocalStarage. SavePerformer(Mattheu);
Global.Localstarage. SavePerfarmer(David);

Global. Localstorage. SaveCharacter(Rachel);
Global. LocalStorage. SaveCharacter(Monica);
Global. Localstorage. SaveCharacter(Phosbe) ;
Global. LocalStarage. SaveCharacter( Joay
Global. Localstarage. SaveCharacter(Chandler);
Global.LocalStarage. SaveCharacter(Ress);

1/ Dump memory storage to disk for persist
Global. LocalStarage. Save

long spouse_id

using (var cm = Global.LocalStorage. UseCharactar(Monica. Cs111D))

5F (cm.Marr
spouse_id

d)

em.Spause;

using (var cm = Global.LocalStorage. UseCharactar(spouss_id})

Cansole. KriteLine(cn.Nane) ;




Graph Computation - Query

*Facebook: find all Davids within 3 hops

Efficient memory-based graph exploration

(a) Subgraph Matching (b) Distance Oracle
* Result: 100
* Synthetic Facebook like network X %0
0
* 800 million nodes and 104 billion edges El g
g = 60
* 130 average edges per nodes 5 j
* Solves this problem in 100 milliseconds g g 40
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*Fast random access + parallel computing

* Average query size is 10 nodes = average time is
1 second



Graph Computation — Offline

*Vertex based computation model

*Super-step
* Receive messages from a fixed set of vertices
(usually its neighbors)

* Send messages to another set
* Modify values

*Trinity can adopt any computation model

*Not constrained by any model



Results

(a) People Search

(b) Page Rank (¢) Breadth-first Search (d) Page Rank on Giraph

10* ——————— — 60 - _ 1,200 - — - 3,000 e —
-3 hop _ —e— § machines —e— 8 machines . —o— 4 machines
= -2 hop 'g‘ 50 | —a 10 machines ] = 1,000 - - 10 machines I 'g‘ 2,500 - - 8 machines
= 2 —o— 12 machines b J —e— 12 machines . 2 5000 —— 16 machines
g 10°1 ] g 401 == 14 machines g 8001 - 14 machines | g T
= £ s0f S eoof S 1s00f
z g Z g
3 ot . = 20t = 400t = 1,000
= EPESESSS Lo 0 Chndl BRIt = 2001 = 5001
] ' L L | L L L Il I 1 L 1 — L l L ] Il L 1 — L l L | {\ . 1 - 1
10 0 20 40 60 80 100120140160 180200 DU 128 256 384 512 640 768 896 1,024 OIJ 128 256 384 512 640 768 896 1,024 v 2l 92 g4 gt 95 96 97T 98
Node Degree Node Count (Million) Node Count (Million) Node Count (Million)
Figure 12: Trinity Performance Experiments
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Figure 13: BFS in PBGL and Trinity
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