The Dilemma of Saussurean Comm unication

Mic hael Oliphan t

Department of Cognitive Science

University of California, San Diego

E-mail: oliphant@cogsci.ucsd.edu

Published as:

Oliphant, M. (1996). The dilemma of saussurean communication. BioSystems, 37(1-2), pp. 31-38.

Abstract

A Saussurean communication system exists when an

entire communicating p opulation uses a single \lan-

guage" that maps states unambiguously onto sym-

b ols and then back into the original states. This

pap er describ es a numb er of simulations p erformed

with a genetic algorithm to investigate the condi-

tions neces sary for such communication systems to

evolve. The �rst simulation shows that Saussurean

communication evolves in the simple case where di-

rect selective pressure is placed on individuals to

b e b oth go o d transmitters and go o d receivers. The

second simulation demonstrates that, in the more

realistic case where selective pressure is only placed

on doing well as a receiver, Saussurean communi-

cation fails to evolve. Two metho ds, inspired by

research on the Prisoner’s Dilemma, are used to

attempt to solve this problem. The third simula-

tion shows that, even in the absence of selective

pressure on transmission, Saussurean communica-

tion can evolve if individuals interact multiple times

with the same communication partner and are given

the ability to resp ond di�erentially based on past in-

teraction. In the fourth simulation, spatially orga-

nized p opulations are used, and it is shown that this

allo ws Saussurean communication to evolve through

kin selection.

1 Saussurean Comm unication

When individuals communicate with one another, the

sp eci�c symb ols (sounds, written characters , etc.) they

use are not imp ortant. What is imp ortant is that each

symb ol \means" the same thing to b oth the individual

sending it and the individual receiving it. It must b e p os-

sible to map some concept onto a symb ol and then map

back from the symb ol to get the original concept. This

bidirectional mapping b etween meaning and symb ol is

called a Saussurean sign, after Saussure (1959).

Given that such communication systems seem desir-

able, it b ecomes imp ortant to understand how they

might arise. Because Saussurean communication pro-

vides an ideal situation where every individual can p er-

fectly understand every other individual, it seems obvi-

ous that p opulations should develop such systems. It is critical to realize, however, that the fact that a state

of a�airs is ideal do es not explain how it might have

evolved. Natural selection o ccurs at the level of the in-

dividual, not at the level of the entire p opulation. It

do es not directly act to push the p opulation toward some

ideal, but rather favors those individuals that do the

b est they can for themselves. This pap er describ es in-

vestigations using simulations of evolutionary pro cess es

to examine the conditions that are necess ary for a Saus-

surean communication system to evolve in p opulations

of self-interested individuals.

2 Sim ulating Ev olution

It is very di�cult to provide non-sp eculatory accounts of

the evolution of an ability

. Computational simulations

are useful for attacking this problem. Simulations pro-

vide a principled way of testing hyp otheses ab out what

pressu res may have driven the evolution of a particular

phenomenon. Although simulations are necessarily sim-

pli�ed, the hop e is that if the simulation captures the

imp ortant asp ects of the phenomenon of interest then

the results can provide information ab out what might

have happ ened in real-world evolution. Such simula-

tions have proved useful in studying many di�erent phe-

nomena, such as the interaction b etween learning and

evolution (Hinton and Nowlan, 1987; Nol�, Elman, and

Parisi, 1990; Parisi, Nol�, and Cecconi, 1991; Ackley

and Littman, 1991) and the impact of culture on these

pro cess es (Belew, 1990; Hutchins and Hazelhurst, 1991),

the evolution of foraging b ehavior (Collins and Je�erson,

1991), and the evolution of co op eration (Axelro d, 1984;

Axelro d, 1987; Lindgren, 1991).

A numb er of simulations have b een conducted using

b oth learning and evolution to investigate how commu-

nication systems might arise. Y anco and Stein (1992)

used task-based reinforcement to allow mobile rob ots to

develop a communication proto col to co ordinate their

activity . W erner and Dyer (1991) used a genetic algo-

rithm to evolve mating signals that allowed immobile

\females" to direct mobile but blind \males" to their

lo cation. Hurford (1989) studied the evolution of the

Saussurean sign and prop osed it as a part of the brain

mechanism used to learn language. The work describ ed

in this pap er uses similar techniques to study the condi-

tions required for Saussurean communication to evolve.

T ransmission Genes Reception Genes

Symb ol Resp onse

Env 0 1 Symb ol 0 1

1 0 1 0

Figure 1: Structure of the \1010" genome. An individ-

ual with this genome has a transmission system (\10")

that will transmit the symb ol ’1’ when given the envi-

ronmental state ’0’, and the symb ol ’0’ when given the

environmental state ’1’. The rece ption system for this

genome (\10") pro duces a resp onse of ’1’ when given

the symb ol ’0’ and ’0’ when given the symb ol ’1’. Note

that this is a Saussurean communication system, as the

reception system is the inverse of the transmission sys-

tem.

3 Sim ulations

The present simulations use a genetic algorithm (Hol-

land, 1975) to simulate the evolution of communication

ability in a p opulation over the course of many genera-

tions.

3.1 Simulation 1: Evolving Saussurean

Communication

The goal of this set of simulations was to provide a sim-

ple example of a p opulation converging to a Saussurean

communication system. The task involved communica-

tion b etween two individuals. One individual was desig-

nated to b e the \transmitter." This individual pro duced

a one-bit symb ol based on a one-bit environmental state.

Thus, the transmitter could send a symb ol of ’0’ or ’1’

based on an environmental state of ’0’ or ’1’. The other

individual, designated to b e the \receiver," pro duced a

one-bit resp onse to the one-bit symb ol provided by the

transmitter. Succes sful communication b etween the two

individuals was considered to have o ccurre d when the

receiver’s resp onse to a symb ol pro duced by the trans-

mitter matched the environmental state the transmitter

was observing.

F or each simulation, a random p opulation of 100 in-

dividuals was created. The genome for an individual

consisted of four bits. These four bits enco ded b oth a

transmission strategy (the �rst two bits) and a recep-

tion strategy (the second two bits). The structure of the

\1010" genome can b e seen in Figure 1.

Fitness in the simulations was based up on an individ-

ual’s average communicative succe ss. Both the sender

and the receiver were \rewarded" when communication

b etween them was success ful, and \punished" when it

was not. This was done via a very simple payo� matrix,

shown in Figure 2. Based on this payo� scheme, the b est

�tness an individual could hop e to achieve would b e 1.0

(resulting from succes sful communication in every inter-

action) and the worst �tness would b e 0.0 (resulting from

communication failure in every interaction).

The ev aluation phase of a generation consisted of each

memb er of the current p opulation playing against 16

other randomly-selected memb ers of the p opulation. An

interaction consisted of two communication attempts {

Match Mismatch

T ransmitter 1 0

Receiver 1 0

Figure 2: Payo� Matrix for Simulation 1. Both the

sender and the receiver get a high (1) payo� when com-

munication b etween them is succes sful, and a low (0)

payo� when it is not.

each individual taking a turn at b eing the transmitter

and a turn at b eing the receiver. This provided at least

16 ev aluations of each genome in each role as transmitter

and as receiver, plus an average of 16 more ev aluations

due to b eing randomly selected to play with other mem-

b ers of the p opulation.

Each new generation was created from the previous

generation by p erforming 100 random selections biased

by �tness (meaning that if one individual had twice the

�tness of another, it would b e twice as likely to b e se-

lected and would b e exp ected to b e repres ente d twice as

many times in the new p opulation). The new p opula-

tion was then sub jected to mutation (with each bit of

each individual’s genome having a .27% chance of b eing

mutated) and crossover (with each individual having a

10% chance of b eing involved in a crossover)

1

.

Numerous runs with di�erent initial p opulations were

done. In each case, the entire p opulation quickly con-

verged to a single transmission/reception system. Two

such stable states exist { the two Saussurean communica-

tion systems p ossible with this four-bit genome (\0101"

and \1010"). Which of them the p opulation converges

to dep ends on the random seed given to the simulator.

An example run where the p opulation converged to an

\0101" communication system can b e seen in Figure 3.

After approximately 40 generations, almost every indi-

vidual in the p opulation has the same communication

system. The v ariability seen after generation 40 is due

to the mutations o ccurring in each generation.

3.2 Simulation 2: F ailure to Evolve

Saussurean Communication

In Simulation 1, the consequence s of a success ful com-

munication were the same for b oth the sender and the

rece iver. If communication is success ful, b oth b ene�ted.

If communication failed, b oth paid the price. Commu-

nication in the real world may not always re ec t this as-

sumption. An example is the case of animal alarm calls.

V ervet monkeys have a fairly elab orate alarm call sys-

tem. They have calls that di�erentially signal the pres-

ence of v arious predators (such as leopards, eagles, and

snakes) and pro duce sp eci�c resp onses in other monkeys

that are appropriate to the typ e of predator (Cheney and

Seyfarth, 1990). V ervets certainly seem to have a Saus-

1

The v alues for the mutation and crossover rates are ar-

bitrary

. A range of v alues pro duce comparable results. The

key is to have the rates high enough to pro duce v ariability

in the p opulation while not having them so high that go o d

solutions are quickly lost due to overwhelming mutation.