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ABSTRACT 

 
This research investigates computational complexity aspects of word problems in HNN extensions. 

The study builds upon Miller’s classical result demonstrating the existence of HNN extensions with 

decidable word problems but undecidable conjugacy problems. 

The research primarily addresses three cases of HNN extensions with varying subgroup conditions: 

(1) Ascending HNN extensions. We present Lohrey’s work on ascending HNN extensions, where 

he analyzed the computational complexity through reduction to compressed word problems; (2) 

HNN extensions, where the associated subgroups are equal, normal in the free group, and of finite 

index; and (3) the general case with distinct associated subgroups satisfying specific regularity 

conditions. 

The methodology employs modern algorithmic tools including straight-line programs (SLPs), and 

graph techniques involving X-regular subgroup graphs. For the case of equal normal subgroups of 

finite index, we demonstrate a polynomial-time algorithm using the unique properties of X-regular 

graphs. 


