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Abstract. In this paper, we present a self-stabilizing, deterministic algorithm for TDMA in sensor networks where a sensor is aware of only its
neighbors. We derive this algorithm by systematically reusing a distance 2
coloring algorithm.
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Introduction
An algorithm for time division multiple access (TDMA) is desirable in sensor networks for energy management. TDMA assigns communication slots to each sensor such that a sensor can turn its radio off in the slots not assigned to itself
and its neighbors. Moreover, TDMA guarantees reliable, collision-free communication. Also, TDMA is desirable in transforming existing distributed algorithms
(in read/write model) into a computation model (write all with collision or WAC
model) that is consistent with sensor networks [1]. Another important requirement
is self-stabilization [2]. Existing solutions for self-stabilizing TDMA are either randomized [3, 4] or assume that the topology is fixed [5]. We are not aware of selfstabilizing deterministic TDMA algorithm for sensor networks. With this motivation, we present a self-stabilizing deterministic TDMA algorithm.
2 TDMA Algorithm
First, we obtain distance 2 vertex coloring for G = (V, E), where V is the set of
all sensors deployed and E is communication topology. Once distance 2 coloring is
obtained, TDMA slots can be computed.
Distance 2 coloring. Each sensor maintains two public variables color, the color of
the sensor, nbrClr, a vector containing hid, ci elements, where c is the color assigned
to neighbor id. Also, each sensor maintains a private variable dist2Clr, which is a
vector similar to nbrClr containing the colors assigned to the sensors at distance
2. Initially, the base station circulates a token for obtaining distance 2 coloring.
Whenever a sensor (say, j) receives the token, j computes used.j, which denotes
the colors used in its distance 2 neighborhood. If nbrClr.j (or dist2Clr.j) contains
hl, undefinedi, l did not receive the token yet and, hence, color.l is not assigned.
Sensor j chooses a color such that it does not conflict with the colors in used.j, reports
its color to its distance 2 neighbors (using the primitive report distance 2 nbrs), and
forwards the token to one of its neighbors according to a token circulation algorithm.
(We discuss the implementation of the primitive later in this section.)
Theorem 2.1 The algorithm satisfies the specification of distance 2 coloring. t
u
TDMA slots. The color of the sensor identifies the initial TDMA slot. If d is
the maximum degree of the communication graph G, the TDMA period, P = d2 + 1
suffices. Now, a sensor can start transmitting application messages in the TDMA
slots when all the sensors in its distance 2 neighborhood are colored.
Theorem 2.2 The above TDMA algorithm guarantees collision-freedom
t
u
Primitive: report distance 2 nbrs. Whenever j decides its color, it updates
nbrClr value of its distance 1 neighbors and dist2Clr value of its distance 2 neighbors.
Sensor j sends a broadcast message with its color and a schedule for its distance
1 neighbors. The distance 1 neighbors of j update their nbrClr values. Based on
the schedule in the message, each neighbor broadcasts their nbrClr vectors. If a
distance 1 neighbor (say, l) of j is already colored, the schedule requires l to broadcast
nbrClr.l in its TDMA slot. Otherwise, the schedule specifies the slot that l should
?
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use such that it does not interfere with the slots already assigned to j’s distance
2 neighborhood. If there exists a sensor k such that distance G (l, k) ≤ 2, then k
will not transmit in its TDMA slots, as l is not yet colored. A sensor (say, m)
updates dist2Clr.m with hj, color.ji iff (m 6= j)∧(j 6∈ N.m). This schedule guarantees
collision-free update of color.j at distance 2 neighborhood of j and requires at most
d+1 update messages.
Adding stabilization. The token may be lost due to: (1) clock drift, (2) corruption
of nbrClr values, and/or (3) corruption of token message. To deal with this problem,
the base station initiates token circulation once every token circulation period, P tc
slots. The value of Ptc is chosen such that the time taken for circulation is at most Ptc
(which depends on |E| in G). When the base station initiates a token circulation,
it sets a timeout. If the base station receives the token back within Ptc slots, it
resets the timeout. Otherwise, the base station concludes that the token is lost in
the network. To recover from this problem, the base station initiates a recovery by
sending a recovery token. Similarly, whenever a sensor (say, j 6= r) forwards the
token, it expects to receive the token in the subsequent round within Ptc slots. If j
observes that the token is lost, it sets nbrClr.j and dist2Clr.j to undefined. Further,
j stops transmitting in its current TDMA slots.
The base station waits until its distance 3 neighborhood stops transmitting before
initiating recovery. This ensures that the primitive report distance 2 nbrs can update
the distance 2 neighbors successfully. Let Trt be the time required for sensors in the
distance 3 neighborhood of the base station to stop transmitting (which is bounded
by Ptc ). After Trt time, the base station recomputes its color, reports its color to
its distance 2 neighbors, and forwards the recovery token. When a sensor (say, j)
receives the recovery token, it waits until the sensors in its distance 3 neighborhood
have stopped transmitting. Then, j follows the above TDMA algorithm to recompute
its color and TDMA slots. Thus, we have
Theorem 2.3 Starting from arbitrary initial states, the TDMA algorithm recovers
to states from where collision-free communication among sensors is restored.
t
u
Time complexity for recovery. Suppose Trt = Ptc , i.e., the base station waits
for one token circulation period before forwarding the recovery token. Now, when
the base station forwards the recovery token, all the sensors in the network would
have stopped transmitting. Further, whenever a sensor receives the token, it can
report its color without waiting for additional time. To compute time for recovery,
observe that it takes at most one token circulation for the base station to detect
token loss, one token circulation for the sensors to stop and wait for recovery, and
at most one token circulation for the network to resume normal operation. Thus,
the time required for the network to self-stabilize is at most 2 ∗ Ptc + time taken for
token circulation, which is bounded by 3 ∗ Ptc .
3 Conclusion
In this paper, we presented a self-stabilizing deterministic TDMA algorithm for
sensor networks. While we expect that the degree to be small, the number of colors
required is at most d times the optimal, where d is the maximum degree in G.
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