AN I & g 72—3
(1990. 9. 12)

R D 70 0 DR ERICD T

AR, TR
EMREAY
RS % 7 ATSRAE, EHE - BER

R D 3 RSB OTED 5 bW, BHlCHE-S (R, RcETS CERL &l BBt To ¥ FiREL
EFRCFIAT 3. chb P ERNABEBOMBE ST 3 ki, ABOBERT — 2 %5 cOORLROBFET L=
VX LDOBRERRRE LD, CT TR, ThOORBHFLELON S “HROKEARD b L COBRER” KOwT,
BROFEAMFESEH, 3LV, BT -2 RBOT ALY XLARREL, 20RO T, BE, EROFE -
LEREMAS. TLTH, F— 2 BEROBHICDO T Zﬁiﬁ, HEHD 2 KT~ FAOBECD T 1FRERIRET
3. BERENE O(1) H 5wk O(logN) TH 3.

ON MEMORY MANAGEMENT ALGORITHMS
FOR ROTE LEARNING BY MACHINE |

Hiroaki OGURA Tatsuo UNEMI
ogura@voscc.nagaokaut.ac.jp and unemi@voscc.nagaokaut.ac.jp
Course of Mechanical Systems Engineering Department of Planning and Management Science

Nagaoka University of Technology
1603-1 Kamitomioka-cho, Nagaoka, Niigata 940-21, JAPAN

In analogy, case-based reasoning and memory-based reasoning, the learner memorize its
experience without large modification, and recall it to use in future performance. To apply
these methods to practical scale of problems, we need some efficient algorithm to process large
amount of data. In this paper, we mention “rote learning under ristricted capacity of memory,”
and propose algorithms for forgetting by weightening and for retrieval of similar data. We
mention two cases, where the domain of data is real number and is two dimensional vector of
real numbers. Each of the time complexity of these algorithms is O(1) or O(log V).
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LastIndex « SIZE;
Heap « MakeVector(SIZE);

define function HeapInsert(HEAP, DATA)
Returns stored position and old-content if exisis.
local variable X;
if (LastIndex > 0)
{ LastIndex « LastIndex — 1;
Heap[LastIndex] « DATA;
return (HeapCheckDown(LastIndex), NIL); }
else if (Heap[0].weight < DATA.weight)
{ X « Heap{0};
Heap[0] — DATA;
return (HeapCheckDown(0), X); }
else return (NIL, NIL);
end define

define function HeapCheckDown(INDEX)
Returns stored position.
local variable L, X;
'L « INDEX x2+1;
if (L < SIZE)
{ if (L+1 < SIZE & Heap|[L+1].weight < Heap(L).weight)
L « L+1;
if (Heap[L].weight < Heap[INDEX].weight)
{ Heap[L] « Heap{INDEX];
return HeapCheckDown(L); }
else return INDEX;; }
else return INDEX;
end define

define function HeapCheckUp(INDEX)‘
local variable integer:zMOTHER;
MOTHER — [Mﬂj
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if (MOTHER > LastIndex)
and (Heap{INDEX].weight < Heap[MOTHER].weight)
{ Heap{INDEX| & Heap[MOTHER];
return HeapClleckUp(MOTHER); }
else return INDEX;
end define
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Root « NIL;
define structure node
{ weight, value, left, right, lower, upper }
end define
define function Insert(WEIGHT, DATA)

local valiable node:NODE, integer:INDE, node:OLD;
NODE « Mak_eNode(weight = WEIGHT, value = DATA);

(INDEX, OLD) « Heaplnsert(NODE);
if (OLD # NIL) Discard(OLD);
if (INDEX # NIL)
Insert1(DATA, addressOf(Root), NIL, NIL, NODE);
return INDEX; end define

define procedure Insert1(DATA, address:PLACE,
char:FLAG, node:NODE, NEW)
local variable node:N;
N « valueOf(PLACE);
if (N = NIL)
{ valueO[(PLACE) « NEW;
il (FLAG = “left”)
{ NEW lower « NODE.lower;
NEW.upper « NODE;
NODE.lower — NEW; .
if (NEW.lower # NIL)‘NEW.lower.upper « NEW; }
else if (FLAG = “right")
{ NEW.upper «— NODE.upper;
NEW.lower «— NODE;
NODE.upper «+ NEW;
if (NEW.upper # NIL) NEW.upper.lower — NEW; } }
else if (DATA < N.value)
Insert1{DATA, addressOf(N.left), “left”, N, NEW);
else Insert1(DATA, addressOf(N.right), “right”, N, NEW);

end define

define procedure Discafd(node;NODE)
local variable node:RIGHT, UPPER;
RIGHT « NODE:right;
UPPER « NODE.upper;
if (RIGHT # NIL)
{if (I-{IGHT # UPPER)
{ Delete1(RIGHT, UPPER);
NODE.sight « RIGHT; }
UPPER.left « NODE.left;
Delete2(UPPER, NODE); }
else Delete2(NODE left, NODE);
if (NODE.upper # NIL) NODE.upper.lower « NODE.lower;
if (NODE.lower # NIL) NODE.lower.upper «- NODE.upper;
end define

define procedure Deletel(node:ANC, node:NODE)
if (ANC.left = NODE) ANG.left — NODE.right;
else Delete1(ANC.left, NODE);

end define ’

define procedure Delete2(node:NEW, node:OLD)
il (OLD = Root) Root « NEW;
else Delete3(Root, NEW, OLD);

end define

define procedure Delete3(node:ANC, node:NEW, node:OLD)
local variable node:NODE;
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if (OLD.value < ANC.value)
{ NODE « ANC.left;
if (NODE = OLD) ANC.left — NEW;
else Delete3(NODE, NEW, OLD); }
else
{ NODE « ANC.right;
if (NODE = OLD) ANC.right — NEW;
clse Delete3(NODI, NEW, OLD); }

end define

define procedure Search(real:DATA, function:FUNCY);
Function « FUNGC; .
‘if (Root # NIL) Search2(DATA, Search1(DATA, Root));
end define

define function Searchl(real:DATA, node:NODE)
if (DATA < NODE.value)
{ if (NODE.left # NIL) return Search1(DATA, NODE left);
else return (NODE.lower, NODE); }
else if (NODE.right # NIL) return Search1(DATA, NODE.right);
else return (NODE, NODE.upper);

end define

define ptocédure Search2(real:DATA, node:LOWER, node:UPPER)
if (LOWER = NIL) Search3(UPPER, “upper”);
else if (UPPER = NIL) Search3(LOWER, “lower”);
else if ((DATA — LOWER.value) < (UPPER.value — DATA))
{ if (apply(Function, LOWER) = NIL)
Search2(DATA, LOWER.lower, UPPER); }
else if (apply(Function, UPPER) = NIL) .
Search2(DATA, LOWER, UPPER.upper);
end define

define procedure Search3(node:NODE, FLAG)
if (NODE # NIL) and (apply(Function, NODE) = NIL)
{ if (FLAG = “upper”) Search3(NODE.upper, FLAG);
else if (FLAG = “lower”) Search3(NODE.lower, FLAG); }

end define
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Mesh « 10;
Cells — MakeArray(Mesh, Mesh);
Dimin = Dml.x'
Mesh '
Dmin is the minimum value of data, and

Unit «

Dax 13 the mazimum value of data.

define structure node
{ weight, value, distance }
end define

define function CellPosition(DATA)
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local variable integer:X;

X« BE%;TE—DJIE X Mcsl\];
1

return min(Mesh—1, max(0, X));

end define
define function vlnsert(WEIGHT, DATA)

local variable node:NODE, integer:INDEX,
node:OLD, integer:X, Y;
NODE « MakeNode(weight = WEIGHT, value = DATA);
(INDEX, OLD) « HeapInsert(NODE);
if (OLD # NIL) Discard(OLD);
if INDEX # NIL)
{ X « CellPosition(DATA, );
Y « CellPosition(DATA);
Insert NODE into Cells[X, Y}; }

return index;

end define

define procedure Discard(node:NODE)

local variable integer:I, J;

I « CellPosition(NODE.value, );
J « CellPosition(NODE.value;);
Remove NODE from Cells[I, J};

end define

define structure boundary

{ axis, index, distance, delta, limit }

end define

define procedure Search(DATA, FN)

local variable integer:, J, AXIS, DELTA, INDEX,
list:NODES, QUEUE, real:DISTANCE,
boundary:B;,
I « CellPosition(DATA, );
J « CellPosition(DATA,);
NODES « GetNodes(DATA, I, J);
QUEUE « NIL;
for all (AXIS, DELTA, INDEX)
in {(1,~1,1),{1,1,1),{2,-1,7),(2,1,J)):
Insert CreateBoundary(DATA, AXIS, DELTA, INDEX)
into QUEUE; »
QUEUE « sort(QUEUE, A(X,Y).(X.distance < Y.distance));
DISTANCE « first{QUEUE).distance;
for all B in QUEUE: :
if (B.index = B.limit) Remove B from QUEUE;

LOOP:

NODES « Seaxcl\l(DATA, FN, DISTANCE, NODES);
if (NODES = .TRUE.) or (QUEUE = NIL) then return;
B « first(QUEUE);

B.distance «— B.distance + Unit;

B.index « B.index + B.delta;



if (B.index = B.limit) QUEUE « rest(QUEUE); else

else if (rest(QUEUE) # NIL) for I = TROM to TO:
QUEUE « nconc(rest{QUEUE), list(B)); L « append(GetNodes(DATA, I, INDEX), L);
if (QUEUE = NIL) DISTANCE « B.distance; return L;
else DISTANCE « first(QUEUE).distance; end define
NODES « nconc(NODES, GatherNodes(DATA, B, QUEUE));
go to LOOP;

end define

define function Search1(DATA, FN, real:MAX, list:NODES)
local variable node:N, list:L, REST;
L « NIL;
REST « NIL;
for all N in NODES: ;
{ if (N.distance < MAX) L « cons(N, L);
else REST « cons(N, REST); }
for all N in sort(L, NearData):
if (apply(FN, N) # NIL) return .TRUE;
return REST;
end define

define predicate NearData(node:X, node:Y)
X.distance < Y.distance; .
end define

define function CreateBoundary(DATA, AXIS,
DELTA, INDEX)

local variable integer:I, LIMIT;

if (DELTA > 0) { I = INDEX + 1; LIMIT = Mesh — 1; ¥

else { I =INDEX; LIMIT = 0; }

return MakeBoundary(axis = AXIS, index = INDEX,
distance = [DATA ax1s — Unit x I|,
delta = DELTA, limit = LIMIT);

end define

define function GetNodes(DATA, X, Y)
local variable node:N, list:L;
L « copy(Celis[X, Y]);
for all N in L: N.distance «— D(DATA, N.value);
return L;
end define

define function GatherNodes(DATA, boundary:B, list:REST)
B is the nearest boundary, and REST is the list of rest boundaries.
local variable integer:FROM, TO, I, bounda:yfx, list:L;
FROM = 0; TO = Mesh — 1;
for all X in REST:
if (B.axis # X.axis)
{if (X.delta < 0) FROM « X.index;
else TO « X.index; }
L « NIL; ' '
if (B.axis = 1)
for I = FROM to TO:
L « append(GetNodes(DATA, INDEX, 1), L)
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