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.ruA 
onne
ted regular graph is 
alled distan
e regular if every bipartite subgraph gener-ated by two 
o
entered spheres of di�erent radius is biregular. A set of verti
es of a graphor any other dis
rete metri
 spa
e is 
alled an e-perfe
t 
ode, or simply a perfe
t 
ode, if thevertex set is partitioned into the radius-e balls 
entered in the 
ode verti
es. The perfe
t
odes in distan
e regular graphs are obje
ts that are highly interesting from the point ofview of both 
oding theory and algebrai
 
ombinatori
s. On one hand, these 
odes areerror 
orre
ting 
odes that attain the sphere-pa
king bound (�perfe
t� means �extremelygood�). On the other hand, they possess algebrai
 properties that are 
onne
ted with thealgebrai
 properties of the distan
e regular graph; a perfe
t 
ode is a some kind of divisorof the graph. It may safely be said that the most important 
lass of distan
e regulargraphs, for 
oding theory, is the Hamming graphs H(n, q). The Doob graph D(m,n) isa distan
e regular graph of diameter 2m+ n with the same parameters as the Hamminggraph H(2m + n, 4). In [1℄, Koolen and Munemasa 
onstru
ted 1-perfe
t 
odes in theDoob graphs of diameter 5.We study the existen
e of linear, over the rings GR(42) and Z4, 1-perfe
t 
odes inDoob graphs. We de�ne the Doob graphs as a Cayley graph of the additive group of amodule over the ring GR(42) or Z4 = GR(4). A submodule of this module is 
alled alinear (over GR(42)) or additive (over Z4) 
ode. We 
onstru
t linear and additive 
odes inDoob graphs and derive restri
tions on the parameters of a Doob graph that 
an 
ontainan additive 1-perfe
t 
ode, in terms of parameters Γ, ∆ of the fa
torgroup Z
Γ
2 × Z

∆
4 of
osets of the 
ode.Theorem 1. Assume that there is an additive 1-perfe
t 
ode in the Doob graph D(m,n′+

n′′) with the stru
ture of the module Z
2m
4 × Z

2n′

2 × Z
n′′

4 . Then n′′ 6= 1 and for some even
Γ ≥ 0 and integer ∆ ≥ 2: (1) 2m+ n′ + n′′ = (2Γ+2∆ − 1)/3, (2) 3n′ + n′′ = 2Γ+∆ − 1, (3)
n′′ ≤ 2∆ − 1.Theorem 2. For every m, n′, and n′′ satisfying the statement of Theorem 1 with even
∆, there is a 1-perfe
t 
ode in the Doob graph D(m,n′ + n′′) with the stru
ture Z

2m
4 ×

Z
2n′

2 × Z
2n′′

4 .The 
ase of odd ∆ remains unsolved with one ex
eption, for whi
h a 
ode is 
on-stru
ted, ∆ = 3, Γ = n′ = 0, m = n′′ = 7.Theorem 3. Linear 1-perfe
t 
odes in the Doob graph D(m,n) with the stru
ture
(GR(42))m × (GF(22))n exist if and only if for some integers γ ≥ 0 and δ > 0, n =
(4γ+δ − 1)/3 and m = (4γ+2δ − 4γ+δ)/6.[1℄ J. H. Koolen and A. Munemasa. Tight 2-designs and perfe
t 1-
odes in Doob graphs. J. Stat.Plann. Inferen
e, 86(2):505�513, 2000.
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