






Figure 18: The position of a Wi-Fi user circling the hallways
of the UCSD Computer Science department. ×’s represent
query results, stars Wi-Fi sensors.

along separate paths, Mortar’s data model requires the
absence of duplicate summaries. What Mortar offers
in its place is a straight-forward operator programming
interface. This is in contrast to the special duplicate
and order-insensitive operators required of both wireless
routing schemes.

The role of Mortar’s physical operator mapping is to
interconnect operators to create a set of efficient, yet di-
verse routing paths. Recent work in “network-aware” op-
erator placement tackles a similar problem: placing un-
pinned operators, those that can be mapped to any node
in the network, to reduce network load [32, 1]. For exam-
ple, SBONs [32] use distributed spring relaxation across
a cost space combining both network latency and oper-
ator bandwidth usage. Our scheme would benefit from
their insights in adapting to operator bandwidth usage.

The time management framework proposed in [38]
is close in spirit to our syncless mechanism. In that
model, a centralized stream processor sources external
streams that may have unsynchronized clocks and expe-
rience network delays. The system continuously gener-
ates per-stream heartbeats that guarantee that no tuple
arrives with a timestamp less than τ . However, deter-
mining each τ requires the construction of an nxn (n is
the number of streams) matrix whose entries bound the
relative clock offset between any two sources. Filling
the matrix requires potentially complicated estimations
of offset bounds. In contrast, Mortar’s syncless mecha-
nism ignores offset altogether, using ages to both order
tuples and calculate the operator’s timeout.

Using multiple trees for increased failure-resiliency
has been explored in both overlay and network-layer
routing. For example, SplitStream builds a set of interior-
node disjoint (IND) trees for the multicast group to bal-

ance load and improve failure resilience. They ensure
the trees are IND by leveraging how the Pastry DHT per-
forms routing [7]. Like Mortar, SplitStream sends a sep-
arate data stripe down each tree, but the system drops
stripe data when encountering failed nodes. An area of
future investigation is determining dynamic tuple strip-
ing rules for multicasting across a static tree set.

Finally, Motiwala et al. recently proposed a technique,
Path Splicing, to improve end-to-end connectivity at the
network level [23]. In this scheme, nodes run multiple
routing protocol instances to build a set of routing trees;
the trees are made distinct by randomly permuting in-
put edge weights. Like Mortar, nodes are free to send
packets onto a different tree when a link fails. Their pre-
liminary results show that five trees extracts the majority
of the available path diversity, agreeing with ours. While
they hypothesize whether such a scheme eliminates the
need for dynamic routing in the general case, our exper-
iments indicate that it does for the many-to-one commu-
nication patterns in our stream processing scenarios.

9 Conclusion

Mortar presents a clean-slate design for wide-scale
stream processing. We find that dynamic striping across
multiple static physical dataflows to be a powerful tech-
nique, allowing up to 40% of the nodes to fail before
severely impacting result streams. Because time-division
data partitioning logically separates stream processing
and tuple routing, Mortar sidesteps the failure resilience
issues that affect current data management systems built
over DHT-based overlays. Finally, by reducing the de-
pendence on clock synchronization, Mortar can accu-
rately operate in environments where such mechanisms
are mis-configured or do not exist. While it is certain that
new issues will arise when deploying a query across a
million nodes, Mortar is a significant step towards build-
ing a usable Internet-scale sensing system.
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Notes
1We borrow definitions of skew (differences in clock frequency)

and offset (difference in reported time) from the network measurement
community [22].

2It is a text-based version of the “boxes and arrows” query specifi-
cation approach [10, 4].

3α = 10% worked well in practice.
4What variations exist are due to the random placement of offset

across the nodes for each test.
5Experiments use 3-dimensional coordinates.
6In the worst case each tree adds O(N) pairs globally and O(bf )

at involved peers. N is the node set size and bf the branching factor.
7Experiments with PIER [18] showed that it was badly affected by

the dynamism in the Bamboo DHT’s [34] periodic recovery protocols.
The PIER authors have made similar observations [17].

8We are not innovating here; more advanced methods exist but
could use similar queries.
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