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ADAPTATION IN TREE-SEARCH ENVIRONMENTS

John H. Holland



The investigation of adaptation in tree-search environments
continues. The following case has been considered analytically:

Utilities (pay-offs) are assigned to each termination of the
tree by independent "assignments' satisfying a given distribution
function,

The adaptive system is assumed to be operating in parallel
fashion, so that at each time step it can make several simultaneous
"plays" (tracing a path to its termination)--these plays amount to
sampling amongét the set of possible paths (even in a game like checkers
there may be 1040 paths, so that in most cases of practical interest
there will be only a relatively limited sample upon which to base a
strategy). Each play costs an amount, X, in units of pay-off; the
maximum possible number of plays at any given time-step t+l is deter-
mined as the integral part of A*/x where A* df. (accumulated pay-off
to time t+l) minus (expenditures for plays to time t).

One can show that the optimum strategy in such a case is to devote
a given fraction, y(t)>0, of current assets, A*, at each time-step to
further sampling, while employing the remainder [l-y(t)]A* for plays
along the best path so far discovered (extremum of samples already taken).
The ratio y(f) can be determined in closed form as a function of t for
many distributions and a recursive definition can be given for any well-
defined distribution,

The ratio y(t) represents the best possible strategy for adaptation
for the given "random" assignment of utilities to the search tree.

Such trees represent, in a certain sense, the worst possible tree-search

environments an adaptive system can encounter. Any regularities in the



assignment (such as correlation between utilities assigned to various
branches) offer the adaptive system opportunities for more rapidly
accumulating pay-off. The given rate of accumulation thus sets a
lower‘bound on the rate of adaptation; an adaptive system must do at
least as well in any tree-search environment characterized by the given
distribution if it is not to be characterized as "inefficient'" (since
the system employing y(t) will achieve this rate and hence will be

more efficient),



NERVE-NET SIMULATION

J. Willison Crichton

Marion R, Finley



In the last quarterly period the debugging of the main program
was completed. The first of a series of experiments (the series is
to be described in detail in a forthcoming report) was conducted,
Initial results have led to the formulation of more specific hypotheses
concerning basic parameters, and experiments are now in progress to
test and further develop these hypotheses.

The following is a breakdown of our use of IBM 7090 time during
the quarter: improving SCALP, 28 runs totalling 27 minutes; debugging
simulation programs, 29 runs totalling 91 minutes; valid production
runs, 6 runs totallingt38 minutes, This makes a total of 63 runs,
totalling 2.6 hours,

Each production run involved five related experiments using the
three neuron model. So far these have been of an exploratory character.
These production runs have been of two basic types, the one involving
distinct probabilities of stimulation for the two input neurons, the
other involving the same probability of stimulation for the two input
neurons but with one stimulus being periodically suppressed, The
principal implication of these runs seems to be that a positive bias
is required for synapse levels in two respects: (1) the range of
possible synapse values should include more positive than negative
values; (2) the probabilities of synapse change should be markedly
greater for changes up than for changes down (of the order of a factor
of two). Runs being planned for the immediate future are aimed at a

more exact determination of these parameters.,



PERSONNEL

The following is a summary of the research hours worked

under this contract for the period 15 October to 15 January.

J. H. Holland 120
J. W. Crichton 344
M. R. Finley 464

Total man hours 928



OBJECTIVES FOR NEXT QUARTERLY PERIOD

In the adaptive system theory research, the search for those
regularities which will provide opportunities for the adaptive system
to exhibit behavior more efficient than the merely random or enumera-
tive, will be continued. Certain simple statistical regularities in
the search-tree which can be isolated will be considered in detail.

(Holland)

In the nerve-net simulation experiments, the next quarterly
period will be devoted to the completion of the second stage of
experimentation, the two-cycle experiment which simulates the inter-
action of two cell-assemblies.

(Finley and Crichton)
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