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In the k-set agreement problem [1], each process in a group 
starts with a private input value, communicates with the 
others, and then halts after choosing a private output value. 
Each process is required to choose some process's input, and 
at most k distinct values may be chosen. 
We consider this problem in an asynchronous message-passing 
system of n + 1 processes, of which at most f may fail by 
halting. A failure detector- [5] is an unreliable oracle that 
informs each process when it suspects other processes to 
have failed. In practice, however, a process can typically 
detect some failures more easily than others. For exam- 
ple, timeouts may reliably detect failures on the same local 
area network, but less reliably over a wide-area network. 
A limited-scope failure detector model, the set of processes 
encompasses sets X 0 , . . . ,  Xq_ 1, such that  some correct pro- 
cess in Xi is never suspected by any process in Xi. Failure 
detectors in class Sx satisfy this property all the time, while 
failure detectors in oS~ satisfy it eventually. 
In a classic paper, Most@faoui and Raynal [4] give two algo- 
rithms for the k-set agreement task in asynchronous message- 
passing models augmented with failure detectors from the 
S= or ooSx classes, subject to the restrictions that q = 1. 
They conjectured that their algorithms for each model are 
optimal. 
This paper makes the following contributions. We give the 
first ever lower bounds for k-set agreement protocols em- 
ploying failure detectors from classes S~ and oSx. For Sx, 
we show that any k-set agreement protocol must satisfy 

while for oS=, 

f < k + x - q ,  

• , I n + i t  
s < [--2-_1 , k + x -  q). 

Our proof employs mechanisms from Combinatorial Topol- 
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ogy [2, 3]. These methods have been successful in other 
models, this is the first time such methods have been ap- 
plied to failure detectors. 
For the class S=, our lower bound implies that the elegant 
TWA-based protocol of Most@faoui and Raynal [4] is optimal 
for the case where q = 1. For the class oS=, we give a novel 
protocol that matches our lower bound, and exceeds the 
fault-tolerance of the Most@faoui and Raynal algorithm for 
this model. Our protocol has an unexpectedly simple struc- 
ture: it alternates the TWA-based protocol with a novel 
convergence detection protocol that halts when it detects 
that an earlier iteration of TWA has succeeded• Our proto- 
col thus disproves the conjecture of Most@faoui and Raynal 
that their algorithm for the oS= model is optimal. 
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