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FIG. 1R-1

General Listing and Description of Primary ADS Data Types

- Input device n of the ADS
- sensory "reading" of input device In (may be
proprioceptive)

- a specified range/purview of In
- a rule that is "true" if Xn is included in XRFn
- a set of RF’s identifying a “"doing®
- RF about the self ADS

- an RFs identifying a doing of the ADS

- an RFs identifying a "metabolic" status of the ADS

- an RFs identifying an *emotion" of "feeling"™ of the ADS
- a set of RFs’s identifying the doings or metabolism or
feellngs cf the self ADS
- a unlque marker referring to an RF
- & unigue marker referring to a BF
- an arbitrary unique marker to be used to refer to a PF
- a "concrete® set of "sensed® RFM's referring to a sensed
"concrete" object
- an "abstract® set - of RFM’s
- a "concrete® set of allocated PFM’'s plus "concrete" RFM-
set |
- a set of PFM‘s and RFM‘s referring to an "abstract
cbject’, often a single PFM
-~ the *self"” ob)ect
- a specified spacio-temporal relationship, 1nc1ud1ng the
null relation
- a single-relation abstract situation, i.e., an r between
among abstract objects, including a self cbject; thus
SE = r(Ris,Pil1,Pi2,..)
- a Boolean set of SE’s defining an abstract situation
- an "incremental" action decision for a self-object
a location of a (usually-concrete) object, i.e., an Rx/Px
- a vector of a (usually-concrete) object, i.e., an Rx/Px
- an "event", for example described as a data row:
Rx/Px...Lx...Vx...BF
- a concrete situation described as a set of Ex’s
- a "hierachied" rule that if (from the viewpoint of the
tested object) the tested concrete situation (Sx)} is included
in the abstract situation {(Si) of the rule, then DO the
incremental action decision of the rule {dsd}, each set of
hierarchied PF's associated with an object belng adequate for
incremental simulaticn
- the "now" Sx of an ADS, including access to the PF's
referred to by the PFM’s of the Px’s of the Ex's

- (5xT1=8xC) from n=2, the nth incremental computatlon {in
simulation}) of the predlcted situation of an ADS
- an abstract situation (Si} of the self ADS which
identifies a (hierarchied) problem p
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- an abstract situation (Si) of the self ADS which
identifies a (hierarchied) subgoal g attached to the problem
? a hierarchied default real-time action decisicn attached
to an abstract situation of the self ADS
- a hierarchied trial {(to try to get to a later subgoal
without incurring a worse problem) incremental action
decision attached to an abstract situation of the self ADS
- & "coordinated" real-time action decision for the ADS
egual to (based on) a "successful" dTd (trial incremental
decisioni ‘

- a plan {a hierarchied set of subgoals g), each subgoal g
having associated hierarchied dD’s and dTd’s

- the nth subgoal of a plan to solve the problem p

- one of the "look-for" Pi's (abstract objects) of the next
Sigp {of the next subgoal g), i.e., the next Gpn

- one of the "look-for" RF's generated by finding (from a
list of known concrete objects with their associated RF'’s)
concrete objects including a current Pil and heuristically-
selecting RF’s to look for
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FIGs <

DATA FLOW IN AUTONOMOUS DECISION SYSTEM

¢
0 D
. . l;f . l.;' @X DSig [ﬂ/
. . g . A
. . E{ STORE : RELEVANCY j¢——
/XRFn |
ﬂiD /dc/
HSE ARCH
[acTion]
{ SCAN Je— RF1 RF's
RECOG-“——@
MO *—TfPrus]
SxC:= Ris
Ex1=Px (RFM’s, PFM’s) » « Lx+« Vxee BFM's
Ex2 . .
E;n .

PLAN 2
STRING

PLAN 3
STRING

PLAN 1 STRING
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FIG. 6

EXAMPLE COMPUTATION FLOW FOR TESTING WHETHER A GIVEN
CONCRETE SITUATION (Sx) IS INCLUDED IN A GIVEN ABSTRACT
SITUATION (Si), ONE SUB-EVALUATION (SE) AT A TIME:

Definition Reminders:

(Px1=[PFM,, PFM,, .. .PFM,;RFM, RFM,.. .RFM] ...Lx,...Vx,...BFM’s,)
(Px2=[PFM,, PFM,, .. .PFM,;RFM,;,RFM,. . .RFM,] . . .LX,. . .Vx,. . .BFM’s,)
sSx = ( . . . . }
{ . . . . }
(Pxn= [PFM,, PFM,, . . . PFM,;RFM,, RFM,. . .RFM,) .. .Lx....Vx,...BFM’s)

SE= r{Pil,Pi2,...Pin) where any abstract thing {(Pi) may
specify one or more doings (BFM‘s) and
where each Pi is a set of PFM’s and a
set of RFM’s

Computation Flow:

IS Px1 INCLUDED IN Pil? (i.e., IF YES, Pxl1 MAY STAND FOR Pil

IS Pil A SUBSET OF Px1? BFM'’S? IN THE RELATICN r (PROVIDED
THE BFM’'S OF Pil, IF ANY, ARE
A SUBSET OF THE BFM’'S OF Px1)

IS Pi2 A SUBSET OF Px1? BFM'S? IF YES, Px1 MAY STAND FOR Pi2
IS Pin A SUBSET OF Px1? BFM'S? IF YES, Px1 MAY STAND FOR Pin
IS Pil A SUBSET OF Px2? BFM’S? IF YES, Px2 MAY STAND FOR Pil
IS Pin A SUBSET OF Dx2? BFM'S? IF YES, Px2 MAY STAND FOR Pin
IS Pil A SUBSET OF Pxn? BFM’S? IF YES, Pxn MAY STAND FOR Pil
IS Pin A SUBSET OF Pxn? BEM'S? IF YES, Pxn MAY STAND FOR Pin

FOR ALL PERMUTATIONS OF Px’S STANDING FOR Pi's,
RESPECTIVELY, COMPUTE WHETHER THE r IS TRUE {FROM THE VIEWPOINT
OF THE Lx/Vx OF THE APPROPRIATE "SELF" ROW OF THE Sx, I.E., THE
APPROPRIATE Px) CONSIDERING THE Vx’'S AND Lx’S OF OTHER Px’S
STANDING FOR THE Pi’S OF THE RELATION r.

FOR ALL "TRUE" SUCH RELATION COMPUTATIONS, THERE IS SE
INCLUSION. OTHERWISE, NOT. {(FOR Si INCLUSION DETERMINATION, THE
BOOLEAN COMPUTATIONS AMONG THE SE’S OF THE Si MUST BE DONE.]
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FIG. 7A-1

} Unit 5i_mod; | }

— Purpose: Owner: TFL =

This is the main brain code. It determines the inclusionals for all

decision making.

— History:

2/25/91: Rick added support for Story telling data using lecture mode

and added Dans extra parm in the relations call.

04/10/91 - Changed method of testing for body relations. Now any Row
can do a test for HHT's by specifying itself as the 1st
ri, ri2=to rfs that refer to HHT regs, and relop=FEEL.

05/13/91: Added code to continue scanning SE’s, even if current SE

fails when the NextOp is BOR.

07/29/91: Added code to allow to handle *sortof® of invalid SE‘s.

If your SE spec'’s an RI that cant be found, then it was
assumed FALSE. Now, if the preceeding NextOp is BNOT, then
that boolean will be applied, and the SE will become, TRUE.

= Copyright (c) 1989-199%1 Anthrobotics }

Upcoming changes to SIMOD, because of TFL.

¢ onehit will be replaced with Nhits. This allows for dsd averaging.
{this can be up to 20, the size of the datalist buffer.)
® Relative row/relrownum need to be expanded in SxRow to n hits.

. ) Interface { }
Uses NewTypes, Types,Lists,Relation,SiStuff,Datlist, Sxsturt;
Const MaxSiHita : Integer = 1; {Tells how many SIStatuss to allow}
PROCEDURE Situation_Inclusion(Var SiListToTest : DataList; [what Sis to test;
set by Rxs] .
Var SisThatHit : DataList; [Returns list of Sis
that hit]
Var TheSx : ListPtr;
Var SxIndex : SxIndexArray;
DefaultRow : SxRowPtr); }
} Implementation | }

Uses RxStuffl Ristuff,Strategy;
?onst BreakSi : Word = 0; [used for debugging only!)

Situation Methods }
PROCEDURE Situation_Inclusion{Var 8ilistToTest : DatalList; {What Sis to test;
set by Rxs)

Var SisThatHit : DataList; {Returns list of Sis
that hit)
Var TheSx + ListPtr;
Var SxIndex : SxIndexArray;
DefaultRow : SxRowPtr);
{ Purpoge:

This is it. The main cheese, where men are men and sheep are acared.
This is where all the brain inclusicnals occur.
Be in awe, mortal.

Var SxRowPtril,

SxRowPtr2 : SxXRowPtr; -

CurrentRI : Array[0..1} of RiPtr;

ValidRow : Boolean;

ANOLSE,

SIFailed, {Coes TRUE once we know weve failed.}
SEPagsedDefault,

SEPassed, {The boolean status of the SE's so far. )
5IStatus : Boolean;

CurrentSi : SiPty;

SiNumber : Byte;

SENum : Integer;

SxRowlounti,

S8xRowCount?2 : Byte;

PrevHitRxs : Array {0..1,1..MaxSesPer3I} of SxRowPtr;
PrevHitRows : Array{ 0..1,1..MaxSesPerSi} of Integer;
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FIG. 7A-2

PROCEDURE Check And_Set PrevUsed_Ris(var TheRow: SxRowPtr;
- - 7 RiNum,
RiCol,
SxRowNum : Integer};
Var Col,Row : Integer;
Begin
PrevHitRows [RiCol, SENum] : =5xRowNum;
PrevHitRxs [RiCol, SENum] : =TheRow;
For Row:=1 to SENum do
For Col:sa0 te 1 do
If CurrentSI”.SiRec.Ses[Row]}.TheRis[Col}=RiNum then
Begin
TheRow ;= PrevHitRxs[Col,Row] ;
PrevHitRows [RiCol, SENum] : =PrevHitRows [Col, Row] ;
PrevHitRxs [RiCol,SENum]} : sTheRow;
exit;
end;
end; {check and set prevused ris}
FUNCTION SxRow_In_SubEval (RiNum,RiCol: Integer; Var TheSxRow: SxRowPtr; Var
Row: BHyte): Boolean;
.Begin
SxRow_In_SubEval:=True;
TheSxRow:=DefaultRow;
If RiNum<>SelfRI then
Begin
TheSxRow = SxRowPtr(TheSx".Find_Element {SxIndex(Row] .IndexPos));
If RiNum<»AnyRi then
SxRow_In_SubEval:aTheSxRow™.Matches_Ri(CurrentRi[RiCol})
end
else If (Row>l} and {RiNum=SelfRi) then
SxRow_In_SubEval:=False
end; {SxRow in subeval} |
FUNCTION Find_Ri(RiNum,RiCol, SkipRow: Integer; Var SxRow: SxRowPtr; Var Row:
Byte): Boolean; )
Var Hit : Boolean;
Begin
Hit:=False;
If RiNum<>AnyRi then
while (Not Hit) and (Row<TheSx”.Count) do
Begin
Inc{Row), .
If Row<>SkipRow the
Begin
Hit:=SxRow_in_SubBEval (RiNum, RiCcl, SxRow, Row) ;
If Hit then
Check_And_Set_PrevUsed_ Ris{SxRow,RiNum,RiCol, Row)
else SxRow:=Nil '

end
else SxRow:=Nil;
end
else
Begin

Hit:=True;
Row:=TheSx" . Count;
SxRow: =SxRowPtr (TheSx™ Find Element (Row}) ;
end;
Find_ Ri:=Hit;
end; {(find ri)

PROCEDURE Combine_Boolean;
Begin
with CurrentSI*.SIRec do
Begin
If SENum>1 then with Ses{SENum-1] do
Case NextOp of
BNot,
BAnd : SIStatus := SIStatus and SEPassed;
BXor : SIStatus := SIStatus Xor SEPassed;
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FIG. 7A-3

BOTr . SIStatus := SIStatug or SEPassed;
end

else SIStatus:=SEPassed;

If (SEPassed) then DefaultRow”.Set_Rel Row(SxRowPtr2);
GIFailed:=(8IStatus<False) and (Ses{SENum].NextOp=BAnd); {lookahead

boolean shortcut}
end;
end; {Combine boolean)

Begin
For SiNumber:=1 to SiListToTest.Drec.Used do
If. (SiListToTest .Drec.Data{SINumber} <>0) then {loop for each SI until you
have a hit...}
Begin
If SiListToTest.Drec.Data{SiNumber}=BreakSI then {DEBUG)
SENum:=0:
CurrentSI :=
SiPtr{SiList.Find_Element {SiListToTest.DRec.Data[SiNumber])); {Get current SI}
sIstatus := True; {Until proven guilty...}
SIFailed := False;
SENum := 0;
FillChar( PrevHitRxs, SizeOf(PrevHitRxs), 0 };
Fillchar{ PrevHitRows, SizeOf (PrevHitRxs), 0 );
With CurrentSI”.SIRec do

{Clear PrevHitRxs)

Repeat {Uuntil no more subevals, or SI fails.}
Inc {SENum) ;
SxRowCountl:=0;
ANOLSE:=({SENum>1} and {This handles special case

where se is true if}
(SEs [SENum-1) .NextOp=BNot}: {no 2 RIs hit, but nextop =
NOT; {SE true)}
SEPassedDefault:<=ANOtSE;
SEPassed:=False;
CurrentRi{O]:=RiPtr(RiList.Find_Element(Ses{SENum].TheRis{O]));
with Ses[SENum] do
Repeat {find rio loop}
If Find_RI(TheRis(0],0Q,0,SxRowPtrl,SxRowCountl) then
Begin
SxRowCount2:=0; {search from top of sxlist}
Repeat {find ril loop}
CurrentRi{1]) =RiPtr{RiList.Find_Element (TheRis{1}});
If Op=1sFeeling then
Begin
8xRowCount2:=TheSx”.Count;
SxRowPtr2:=SxRowPiLrl;
SEPassed:={SxRowPtri”.Matches_Ri(CurrentRi{1i])};
If ANotSE then
SEPassed:= (Not SEPassed);
SEPassedDefault:=SEPassed;
end
else
If
Find_RI{TheRis(l],1,SxRochunt1,SxR?thrz,SxRowCountz) then
Begin
SEPassed:={Relations [Op] (SxRowPtr1”, SxRowPtrz”,
DefaultRow™,OpParm)) ;
If ANotSE then SEPassed:=Not SEPassed;
SEPassedDefault:=SEPassed;
end
else If SxRowCount2>=TheSx”.Count then
SEPassed:=SEPagsedDefault;
Until (SEPassed) or {SxRowCount2»>=TheSx”*.Count);
end . ’
else SEPassed:=SEPassedDefault;
Until (SxRowCounti»=zTheSx”.Count} or (SEPassed};
Combine_Boolean;
Until (SIFailed) or {means this SI has definately failed.)
(Ses [SENum) .NextOp=NoOp} ; {we hit last SE in the Si}
If {(SiStatus) and
(sisThatHit .AppendItem(l,SiNumber)) then
exit;
end;
end; {Situation inclusional){si mod unit)
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FIGes 92A-]

STEPS IN A COMPUTER PROGRAM IMPLEMENTING
NATURAL LANGUAGE AND STORY PRODUCTION
IN AUTONOMOUS DECISION SYSTEMS

LPROVIDING COMPUTER PROCESSING MEANS FOR PROCESSING DATA

v

PROVIDING STORAGE MEANS FOR STORING DATA ON A STORAGE MEDIUM;
WHEREIN SUCH DATA COMPRISES NON-LINGUISTIC DISCRETE DATA-TYPES
AND, CONFORMING TO EACH OF SUCH DISCRETE NON-LINGUISTIC DATA-
TYPES, A SET OF NON-LINGUISTIC DISCRETE DATA ELEMENTS

v

PROVIDING FOR INPUT INFORMATION ABOUT CURRENT CIRCUMSTANCES OF
THE HUMANOID AUTONOMOUS DECISION SYSTEM

v

PROVIDING FOR OUTPUT SIGNALS FOR IMPLEMENTING DECISIONS OF THE
HUMANCID AUTONOMOUS DECISION SYSTEM

v

PROCESSING DATA REGARDING “SELF” TO PROVIDE AT LEAST ONE
YSELF" REPRESENTATION

PROCESSING DATA REGARDING CURRENT CIRCUMSTANCES TC PROVIDE A
FIRST NON-LINGUISTIC STRUCTURED "SELF"-SITUATION
REPRESENTATION

INITIATING AND STORING DATA REGARDING A SET OF HIERARCHICALLY-
ORGANIZED, RELEVANT, NON-LINGUISTIC RELATIONAL "SELF"-
SITUATIONS ,

PROCESSING DATA TO DETERMINE INCLUSIONS OF A SUCH FIRST NON-
LINGUISTIC STRUCTURED "SELF"-SITUATION WITHIN SUCH NON-
LINGUISTIC RELATIONAL "SELF"-SITUATIONS TO DETERMINE ANY
RELEVANCE OF SUCH FIRST STRUCTURED "SELF"-SITUATION TO A SUCH

"SELF"






















































































































































































































































































































