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Partitioned-Graph Topology Edge Annotation
. . . . " > Create partitioned-graph topology as in Reference [1]. » Read metadata files (partitioned logically) at each partition.
The objective of this study is to annotate .temporal metadata into the partitioned > Annotate local edges with locally available metadata, if any.
graph topology of a scale-free graph. Our time dependent graph has been modeled » Asynchronously transfer metadata of non-local edges to corresponding partition.
using multiple metadata per edge, where each edge metadata field encodes > With hub vertices, communicate with delegates to annotate the corresponding edge if at
temporal information. We performed experiments with large scale CAIDA datasets, N Edge to other other partition. o o
. . . . . i : i
anonymized internet traces, on a Linux HPC cluster (Catalyst) by deriving flow VETHEES Vo) > v Vo) —— Vv,
between two IP’s and annotating that flow information as metadata into the graph Q Non-hub vertex ; i
topology using the asynchronous visitor computation model of HavoqGT. Hub vertex > 2 K g
With the dataset, graph-representation, and HavogGT, we implemented and V. Y | e | &
evaluated time dependent Single Source Shortest Path (TD-SSSP) and Temporal Partition 1{ Partition 2 |
Betweenness Ce ntrality. Fig: 1.a. Example Graph Topology Fig: 1.b. Partitioned Graph Topology i i Broadcast
- / e V i V v ; to
p N | Vertex based partitioning (A, B and/or Edge based partitioning with delegates o0 Partition 1§Partition2 OC ® Partition 1iPartition 2 Voc Delegates
Metadata C) produces workload imbalance! of Hub vertex balances workload. Metadata Partition 1:  Metadata Partition 2: Metadata Partition 1:  Metadata Partition 2:
CAIDA Datasets : Passive traffic traces and packet header traces saved per direction per server. Figure 1 : Example of a graph topology a) before a;ci b) qfter edge partitioning with vertex delegates and edge o 15 2:m2(t2, other2) 2 - 0: mA(t4, otherd) -
alancing. 0> 1:m5(t5, other5 =
Flow Generation : Packets grouped into flows by including packets within the timeout period in 01 QGEI& 2;@:6;
each group per IP address starting first packet : » Partitioning Technique: Delegate based partitioning techniques with asynchronous visitor 0 1:m7(t7, other?) 0 z 1:m7(t7, otEer7)<_
Packet #1 Packet #2 model load balances: - 0 > 1:m8(18, others) 0> 1:m8(t8, others) ~
/ . 3 . . . . . e o
Source IP | 83.87.9.183 83.87.9.183 Comp utayoni. Edge distribution y /eld.s be.t'ter. work/oa.d.d/ws:on Resulting time annotated partitioned graph: v
Source Port | 61213 61713 v’ Communication : Delegates communication in O(partitions)
Destination IP | €3.8.48 2 638 48227 Timeout - v’ Storage: Graph partitions are distributed across compute nodes. » Partitioned metadata resides locally in .
.0.40. 0.40. o0 o o ] ] . . . . . ..
Destination Port | 1935 1935 E> 0.0001s = Controller : A representative of distributed hub vertices (per hub vertex) [ e.g. V. ]. conjunction with partitioned topology. & g
Start Ti 1305390351 0061 T = Delegates : All other distributed hub vertices (per hub vertex) [ e.g. V] » Asynchronous Visitor Model (in Reference [1])
ar {me > >1.0754 ; is complemented with temporal information
End Time | 1395320351 575441296 | 1395320351.575482592 1. Roger Pearce, Maya Gokhale, Nancy M. Amato. “Faster parallel traversal of scale free graphs at extreme scale . .
Size (in Bytes) | 900 5008 with vertex delegates.” Proceedings of the International Conference for High Performance Computing, |0caIIY to devise time dependent graph y
Networking, Storage and Analysis, SC14. |EEE Press, 2014. \ analytics. T o oc /
® 2?'2817?;9'183 = Graph Analytics and Initial Results
S S I -
Edge . £ 63.8.48.222 é Graph Analytics on Time Dependent Graphs . Inltlal Scalablllty TESt: | Variance of Computation time (in seconds) vs Waiting Time
Source IP-Port = Destingtion IP-Port 0| 1935 20 eee | 3 Time independent graph analysis models a static graph > Cluster : 150 TeraFLOP/s Catalyst, Linux HPC Cluster. Each compute node: U= variance with differing start times I
. . . . —~ 160 | .
Metadata - % 1395320351.575410061 % with respect to a single view of the topology. » 24 12-core Intel Xeon E5-269§v2 pProcessors g | I _
T reniil (Ger: e, Bnd Time) ¥ 11395320351.575482592 % > Traversal based time dependent graph analysis has two | >. 800 .GBs of NVRAM, 128G main-memory | | N : 120 T |
Parameters- { ) | 5903 < important time parameters that greatly affects the 7~ T.ESt Ap‘pl|cat|on.: Tlmg Dependent Betweenness CentraI!ty for higher waiting % ol IIII H s
e Bhtes Resulting Dataset { Graph ) analytics (as illustrated in Figure 3 ). time (higher waiting time has more workload as shown in F/.gur.e 4). 5 .ol III I =71 |
ekt Coun,t T Hour Data 0 Start Time : Time traversal begins » Results show good strong scalabilty for TD graph analytics (in Figure 5). S w0l L HALE |
- 1 Waiting Time : Time traversal can wait at . . - . o 2 4o éﬁﬁé (L -
TOtal FIOWS (Edges) - 135 Bllllon cach vertex on a path . Number of] connected vert:ces froma smglle source in tlmle progression alcross varying w?ltlng time S - L IIII I__ 1 | |

Total IP’s (Vertices) : 7.9 Million | » 2 Time Dependent Implementations : Single Source L
( . ) P P e 120 | - A o e 0 o e e o
Size (in GBs) : 190 Shortest Path and Betweenness Centrality.
J

Referred as: Edge : Metadata(t, params)

Waiting time(in seconds)

100 = B Figure 4: Plot of variance of the computation time of BC at
differing start times across various waiting time.

Time Dependent Graphs > Figure 3 shows that in this dataset

more waiting time at earlier start time

Let E(t,, t,) be set of edges with temporal metadata between time interval [t : start time, t;: end time). An example of a Time : :
allows more neighboring edges to be

Dependent Graph between interval t, and t, depicted as Gy (V, E(ts, te)) is below:

Variance of Computation time (in seconds) vs Number of Compute Nodes

Total Connected Vertices from a Source Vertex

40
traversed and hence has more | | | Variance IWith di\‘feringI start times.I —

S— connected vertices. 1 |3 T T ]
@ - Following from connected vertices at s Or ]
26 Figure 3, computation of time- £ Br T .
i dependent betweenness centrality (BC) . ' £ wr -

| o dh 6 h t 0 200 400 600 800 1000 1200 1400 | 5 T T T -
! showed huge variation with respect to T Progression(Start ime) 21t _

| . . . . aiting Time 2
i dlfferlng start times across various TS Tmin Time Independent Graph : 10 F -
: waiting time as seen in Figure 4. 0.001s —— 30mins O 5| l _
i V : i . infinity ——— 15 mins —e—
Partition 1{Partition 2 G1 = A ——— From Figure 3 and 4 it can be seen that 0 . | n . T T
' more computation is required for Figure 3: Number of connected vertices from a single source with change in start time of 4 8 16 32 64 128
time higher waiting time at earlier start traversal. Time-Independent traversal traversed 133 connected vertices while the time Number of Compute Nodes
: . ' Hmes dependent traversal creates significant variation that is also affected by the waiting time spent || Figure 5 : Plot of variance of computation time across various
Figure 2 :Changes from metadata m5 to mé and m3 to m4 is seen in the edges of the graph G1 to G2. Edges are deleted and added from ' on each vertex. start time with respect to the number of compute nodes.

G2 to G3.
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