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ABSTRACT

We present mechanisms for the creation of strategies by mix-
ing behaviour-dependent and -independent tactics in multi-
issue negotiation. The traditional linear weighted combi-
nation of tactics may generate non-monotonic utilities over
time even in the case of a monotonic series of opponent’s of-
fers. The proposed methods guarantee monotonic utilities,
which can improve negotiation outcomes in many scenarios.
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1. INTRODUCTION
In modern autonomous systems, negotiation between soft-

ware agents is key to facilitate decision-making among two or
more parties which are in conflict about their goals. Agents
can use numerous tactics and combinations of them to create
strategies for negotiation. Using the traditional method, the
linear weighted combination of tactics, a non-monotonic se-
ries of offers can be the result in scenarios where behaviour-
independent and imitative tactics are mixed even though
opponent’s concession curves are monotonic and weights are
static. In multi-issue negotiation this may cause a non-
mono-tonic series of utilities which can lead to less optimal
outcomes or delayed agreements. If partners also apply im-
itative tactics to some degree this behaviour is propagated
to next rounds. Based on the traditional mixing method we
derive further mixing methods to ensure monotonic utilities
even in cases where weights change dynamically.

2. NEGOTIATION TACTICS
We use concepts of the service-oriented negotiation model

[2, 1] where two parties negotiate on a number of real-valued
issues such as price or delivery time. The sequence of all of-
fers exchanged until time n specifies the negotiation thread
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Xtn

a↔b = (xt1
a→b, x

t2
b→a, x

t3
a→b, . . . ) with t1, t2, . . . ≤ tn. Each

party has a utility function V a : [mina
j , maxa

j ]→ [0, 1] asso-
ciated to each issue assigning utilities to offers within their
acceptable intervals. The additive utility function V a(x) =∑

j
V a

j (xj) where wa
j represents the relative importance of

issue j with
∑

1≤j≤p
wa

j = 1. For simplicity and applicability
of the model we assume monotonic utility functions. Offers
are exchanged alternatively during the negotiation until one
agent accepts or withdraw, or the deadline is reached. Using
this responsive mechanism three different families of tactics
such as time-, resource- and behaviour-dependent can be
used. Even though the number of possible tactics is infinite
the mixing mechanisms are not limited to tactics presented
in [1]. We therefore specify two general classes of monotonic
behaviour-independent and dependent tactics:

Definition 1. Given a negotiation between agents a and
b at time tn, τ(tn+1) is a pure monotonic behaviour-inde-
pendent tactic which generates the next counteroffer under
the condition that τ(tn+1) ≥ τ(tn−1) if V a decreasing or
τ(tn+1) ≤ τ(tn−1) if V a increasing.

Definition 2. Given a negotiation thread Xtn

a↔b between

agents a and b at time tn, τ(X̃tn

a↔b) is a pure monotonic

behaviour-dependent tactic with X̃tn

a↔b being a subset of
Xtn

a↔b, which contains all offers used by the tactic to gener-
ate the next counteroffer under the following condition: For
any xtr

b→a, xts

b→a ∈ X̃tn

a↔b with r ≥ s and s, r ∈ 1..n it follows

that (i) if V a decreasing and xtr

b→a ≤ xts

b→a then τ(X̃tn

a↔b) ≥

τ(X̃
t
n−2

a↔b ) or (ii) if V a increasing and xtr

b→a ≥ xts

b→a then

τ(X̃tn

a↔b) ≤ τ(X̃
t
n−2

a↔b ).

Definition 2 includes all functions that use some of the op-
ponent’s historical offers to propose next counteroffers. The
proposed series of offers is monotonic if opponent’s offers are
monotonic as well. Once non-monotonicity is introduced by
one partner it is propagated by the other partner depending
on the degree of applied imitative behaviour.

3. STRATEGIES
Strategies determine the best course of actions to maxi-

mize utilities of outcomes while reaching agreements. Based
on a weight matrix with γji ∈ [0, 1] representing the weight
for tactic i and issue j different combinations of tactics can
be used to generate counteroffers and obtain different be-
haviours. With

∑m

i=1
γji = 1 each row of the matrix cor-

responds to a weighted linear combination of m tactics for
one issue. The weighted counterproposal extends the cur-

rent negotiation thread by appending x
t
n+1

a→b .
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Linear weighted combination of tactics. According to

the weight matrix tactics can be mixed [1] as x
t
n+1

a→b [j] =∑m

i=1
γji · τji. No distinction is made between tactics from

definition 1 and 2, hence τji represents any tactic used to
negotiate issue j. This method can create non-monotonic
concession curves in scenarios where behaviour-independent
and imitative tactics are used even though the series of op-
ponent’s offers is monotonic (see Example 4). Since negoti-
ation parties should make concessions or seek for joint im-
provements (trade-off) in a negotiation [3] [1], the risk of
partners’ withdrawal is increased if agents make proposals
with higher utilities for themselves. As utility functions are
private information, in multi-issue negotiations parties could
assume a trade-off is being proposed and therefore still hold
to withdraw. However, in such cases possible agreements

are delayed. By applying simple constraints C(x
t
n+1

a→b , x
t
n−1

a→b )
with C ≡ Min if V a is decreasing and C ≡ Max if V a is
increasing, non-monotonic utilities can be avoided. In such
cases agent’s concessions become zero.

Individual negotiation thread-based mixing. In or-
der to calculate imitative tactics using above method the
agent’s last offers in the negotiation thread are used. The
imitative part of the mixed strategy does therefore not rep-
resent a true pure behaviour-dependent tactic, because all
agent’s previous offers result from the mixed strategy instead
of the single imitative tactic(s). The imitative components
hence depend not only on opponent’s offers but also directly
on the behaviour-independent tactics in the mixed strategy.
To resolve this last offers have to be kept from individual im-
itative negotiation threads Xtn

a↔b[j, k] where k denotes the

k’th behaviour-dependent tactic τjk(X̃tn

a↔b[j, k]) for issue j:

x
t
n+1

a→b [j] =
∑l

i=1
γji ·τji(tn+1)+

∑m

k=l+1
γjk ·τjk(X̃tn

a↔b[j, k])

with m−l and l denoting the number of behaviour-dependent
and -independent tactics respectively. This method gen-
erates monotonic utilities over time in cases of monotonic
opponent’s offers. If partners introduce non-monotonicity
simple constraints can be applied to τjk(X̃tn

a↔b[j, k]) with

C(τjk(X̃tn

a↔b[j, k]), x
t
n−1

a→b [j, k]) where C ≡ Min if V a is de-
creasing and C ≡ Max if V a is increasing.

Concession-based mixing. This method uses the sum of
individually calculated next concessions for each tactic:

x
t
n+1

a→b [j] = x
t
n−1

a→b [j]+

+
l∑

i=1

γji · (τji(tn+1) − τji(tn−1))+

+
m∑

k=l+1

γjk · (τjk(X̃tn

a↔b[j]) − x
t
n−1

a→b [j])

with m−l and l denoting the number of behaviour-dependent
and -independent tactics respectively. Concessions are cal-
culated as differences between two succeeding offers for all
behaviour-independent tactics. Since we cannot generate
concessions for imitative tactics without additional nego-
tiation threads the next imitative offers at time tn+1 and

agent’s last offer x
t
n−1

a→b are used instead. Similar to the
thread-based method this approach ensures a monotonic se-
ries of offers but now also for dynamically changing weights.
A simple constraint guarantees monotonic utilities in cases
of non-monotonic series of offers from the opponent with

C(τjk(X̃tn

a↔b[j]) − x
t
n−1

a→b [j], 0) applied to the imitative con-
cession where C is Min or Max for V a de- or increasing.

4. EXAMPLE
Figure 1 shows concession curves and additive utilities for

a bilateral, two-issue negotiation. Both parties use a mixed
strategy for issue price with static weights and pure tactics
for issue volume. We use tactics from [1] as follows:

Price (wa
price = 0.7) Price (wb

price = 0.5)

mina
price =30, maxa

price =50 minb
price =40, maxb

price =60

Mixed Strategy (γprice =0.2) Mixed Strategy (γprice =0.6)
τprice,time: exponent. β=0.7 τprice,time: polynomial β=4
τprice,beh: absolute tft, δ=1 τprice,beh: relative tft, δ=1

Volume (wa
vol

= 0.3) Volume (wb
vol

= 0.5)

mina
vol

= 20, maxa
vol

= 30 minb
vol

= 15, maxb
vol

= 25
τvol,time: polynomial, β = 1 τvol,beh: absolute tft, δ= 1

The linear weighted combination of tactics produces non-
monotonic concession curves which at the same time result
in a non-monotonic series of utilities (upper curve: agent a’s
utilities from own offers; lower curve: a’s utilities from offers
proposed by agent b). Using the thread-based mixing mech-
anism agreement can be achieved much earlier with slightly
higher utilities for agent b. Curves for the concession-based
and thread-based method are similar in this example.

Figure 1: Linear weighted combination of tactics
(upper) vs. thread-based mixing (lower)

5. CONCLUSION
In this paper we have presented different mechanisms to

mix pure tactics in multi-issue negotiation strategies. It has
been demonstrated that the traditional linear weighted com-
bination of tactics can expose non-monotonic utilities over
time for static mixed strategies in the case where behaviour-
dependent and -independent tactics are used even when op-
ponent’s concession curves are monotonic. In such cases
these perturbations are difficult to predict and can lead to
less optimal outcomes or delayed agreements. The proposed
methods solve this problem by guaranteeing monotonic util-
ities over time for static as well as dynamic mixed strategies.
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