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Figure 2: The same final n-ary ordered state space con-
structed by CJupiter for each replica under the schedule of
Figure 1. Each replica behavior corresponds to a path going
through this state space.

Proposition 3. In CJupiter, the replicas that have processed the
same set of operations have the same n-ary ordered state space.

Jupiter is similar to CJupiter with three major differences: 1) For
a client/server system with n clients, Jupiter [8] maintains 2n 2D
state spaces, each consisting of a local dimension and a global
dimension. In particular, the server maintains n 2D state spaces,

one for each client; 2) In xForm(op : Op,d ∈ {LOCAL, GLOBAL})

of Jupiter, the operation sequence with which op transforms is

determined by the parameter d ; 3) In Jupiter, the server propagates

the transformed operations to other clients.

4 CJUPITER IS EQUIVALENT TO JUPITER
We prove that CJupiter is equivalent to Jupiter from perspectives of

both the server and clients. At the server, the n-ary ordered state

space CSSs of CJupiter equals the union (in terms of graphs as sets

of vertices and edges) of all 2D state spaces maintained at the server

for each client in Jupiter. The equivalence of clients follows since
the final transformed operations executed at each client in Jupiter

and CJupiter are the same (although the original operations are

propagated in CJupiter). Thus, we have that

Theorem 4. Under the same schedule, the behaviors of correspond-
ing replicas in CJupiter and Jupiter are the same.

5 CJUPITER SATISFIES THEWEAK LIST
SPECIFICATION

The following theorem, together with Theorem 4, solves the con-

jecture of Attiya et al. [2].

Theorem 5. CJupiter satisfies the weak list specification Aweak.

Proof. For each execution α of CJupiter, we first construct an

abstract execution A = (H , vis) with vis =
hbα
−−−→. It is easy to prove

the conditions 1(a) and 1(c) ofA
weak

. Then, we define the list order

relation lo: For a,b ∈ elems(A), a
lo

−→ b iff there exists an event

e ∈ α with returned listw such that a precedes b inw . By definition,

lo satisfies conditions 1(b).

It remains to show the irreflexivity of lo, which is equivalent to

the pairwise state compatibility property: lo is irreflexive iff any

two list statesw1 andw2 in A are compatible, namely, for any two

common elements a and b of w1 and w2, their relative orderings

are the same in w1 and w2. By Proposition 3, it suffices to show

that the state space CSSs at the server satisfies the pairwise state

compatibility property. Given a pair of states/vertices in CSSs , we

consider the paths to them from their LCA.
2

Lemma 6. Every pair of vertices in CSSs has a unique LCA.

Lemma 7. Let v0 be the unique LCA of a pair of vertices v1 and
v2 in CSSs . Then, the path Pv0{v1

from v0 to v1, as well as Pv0{v2

from v0 to v2, is simple, namely, there are no duplicate operations
along it. Furthermore, the set of operationsOv0{v1

along Pv0{v1
is

disjoint from the set of operations Ov0{v2
along Pv0{v2

.

The desired pairwise state compatibility property follows, when

we take the common vertex v0 in the next Lemma as the LCA of

the two vertices v1 and v2 under consideration.

Lemma 8. Let Pv0{v1
and Pv0{v2

be two paths from vertexv0 to
vertices v1 and v2, respectively in CSSs . If they are disjoint simple
paths, then the list states of v1 and v2 are compatible.
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2
The LCA (Lowest Common Ancestor) of two vertices v1 and v2 in CSSs , which is a

DAG, is the lowest (i.e., deepest) vertex that has both v1 and v2 as descendants.
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