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(VALUES OF D'S INCREASE IN 
CONG FROM SOURCE D25 TO 

D25 ANY SNK KO----K34) 

An electrical method for generating and maintaining 
an electrical directory entity in a data processing ma 
chine. The directory may be used to automatically lo 
cate objects in the computer system, e.g. in main store 
or on I/O devices. The objects are represented by elec 
trical identifier signals received as input to the method. 
Electrical signals are generated comprising connected 
inner vertices and sinks. The signals comprising each 
inner vertex from a bit-index field, a flag field, and a 
connecting edge field. The inner vertices are connected 
in ascending order along a path in the tree structure by 
the electrical signals forming the edge fields of the inner 
vertices in the connected paths. The physical configura 
tions of the electrical identifier signals are used as search 
arguments for insertions or deletion in a connected path 
when it is traced. The physical layout of the vertices per 
mits total flexibility by allowing each next vertex in a 
connected path to be physically located anywhere in the 
directory entity. Each vertex other than the source is 
located in one of a pair of cells. Each edge field con 
nects its vertex to two other vertices in a pair of cells. 
The edge fields may be in absolute, offset, or invertible 
form, each form having different advantages when using 
the invention, e.g. the invertible edge permits backward 
tracing along a connected path. 
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FIG. B 
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DIRECTORY FIELDS INS, DEL, INS2, DEL2; 
(MATRIX Z) & INS 3, DEL3 REGISTER Festic, ESE Fies. 28.3, A5A, 
3D,4B OR 6) 4A-H, OR 2 A-D) 
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ASSIGN A PAR 
OF ROWS (TMP TMP+ i) 707 
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(2) TRANSFERRING TMP INTO EDGE, 
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ORE D-INDEX OF 
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FG. 3A DELETION 

O VERTEX 

O-O PRIOR INSERTED EDGE BETWEEN PRIOR VERT CES. 
O- - - -O DELETED EDGE TO A SUCCESSOR 

O. . . . . . O EDGE TO NEW SUCCESSOR: 

C UNDERLINE INDICATES WERTEX TO BE DELETED. 

C NO UNDERLINE INDICATES WERTEX TO REMAIN AFTER DELETION. 

TT T. DELETED ENTRY FROM DIRECTORY. 

REMAINING ENTRY IN DIRECTORY 
i, h,9f, ETC. REPRESENT ORDER OF DELETION. 
4, 23, ETC. ARE INDICES OF DIRECTORY ROWS REPRESENTING THE VERTICES. 
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750 F. G. 3B 
ENTER DEL / 3 WITH 
DELETE ARCUMENT D.A. (KEY NOT IN 
754 752 DIRECTORY) 

O st OF OBTAIN KEY SNKS EN REPRESENTED 
DIRECTORY BY SNK 
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792 PAR SPACE INTO REC TMP) 

PUT FREED SUCCESSOR PAR 
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AVAILABLE SPACE CHAN 793 

  

  

  

      

  

  

      

    

  

  

  

  

  



July 6, 1976 L. J. WOODRUM T948,010 
DIRECTORY INSERTION AND DELETION 

METHOD AND MEANS 
Original Filed April 10, 1975 Sheet 6 of 27 

N-770 FG. 3 B 
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FG. 4A FIG. 4B 
20 MEMORY 40 
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F.G. 5 C 
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REGARYSE. F.G. 11 A 
DETERMINATION (TEST WALUE IN + SINKS 

70 FIELD IN ROW O OF 7) 
(INSERT ADDRESS ce 
OF I.A., AT 7 O 22 (2) 
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804 TO FIG. A. C 
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F.G. 1B INSERTION INTO DIRECTORY 
CONTAINING ONE KEY 
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(ESTABLISH THE SNK AL READY N 7 AS A 
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FIG.11C 

(a) 
N 820 

(SEARCH 7 FOR KEY, THUS LOCATING A SINK INROW 
EXECUTE SRCH2 C & ITS PREDECESSOR IN ROW P, 

WITH I.A. WHICH ROW INDICES ARE SET INTO REGSC AND P, 
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707- 829 
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84 
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INSERTON OF NEW SOURCE 

(SIA BIT SELECTED BY 
NEW D-INDEX O OR 2) 

(GENERATE NEW SNK BY INSERTING 
ADDRESS OF I. A. RECORD IN 
ASSIGNED LEFT SUCCESSOR ROW) 
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(STORE INDEX OF ASSIGNED 
SUCCESSOR PAR IN EDGE FIELD 
OF NEW I. V., i.e. NEW SOURCE) 

(SET TMP TO THE INDEX OF. THE 
RIGHT SUCCESSOR OF THE 
NEW SOURCE) 

(SET FLAG FELD OF NEW SOURCE TO 
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& RIGHT SUCCESS OR IS AN INNER 
VERTEX) 
(GENERATE NEW SNK BY INSERTING 
ADDRESS OF I. A RECORD INTO 
ASSIGNED RIGHT SUCCESSOR ROW) 

(MOVE DISPLACED SOURCE TO 
ASSIGNED LEFT SUCCESSOR ROW) 

(STORE INDEX OF ASSIGNED 
SUCCESSOR PAR IN EDGE FIELD OF 
NEW I. V., i.e. NEW SOURCE) 
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(GENERATE NEW INVERTIBLE EDGE 
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(STORE NEW D - INDEX IN D-INDEX 
FELD IN THE SOURCE ROW OF 
THE DIRECTORY) 
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NEW SNK S L-SR AND DISPLACED VERTEX SR-SR OF NEW NNER WERTEX C 
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(GENERATE NEW SINK BY INSERTING 
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(GENERATE FLAG EEN FOR 7C; FLG 2,3- 
DISPLACED ZP; FLGO, 
VERTEX BY 
USING IS PROR 859 86 
ACFELD INP) FLAC FEL FLAC F ZP; FLGO, --, ZP; FLG(2,3-1, DNP) 

(SET THE FLAG N P INDICATING (SET THE FLAC N P INDICATING 
VERTEX C S I.W.) 862 VERTEX CIS I.W.) 

(STORE REGD IN D- INDEX OF 
THE NEW INNER WERTEX INC) ZC; NDX-D 

863 
in an (SET THE FLAG FIELD IN CTO (0,1) ZC;FLGO, 00 NFOR ITSLEF SUCCESSo, which 

864. IS THE NEW SINK ) 
(CENERATE NEW NVERTIBLE 
EDGE FIELD IN THE NEW ZC; EDGE--TMP y P 
NNER WERTEX ATC) 865 

(SET REC TMP TO THE INDEX 
TMP -e- TMP- OF R-SR OF C ) 

(DISPLACEDR-SR VERTEX 866 ( IS DISPLACEDR-SR A SINK ?) 
IS AN IV) IS THERE 

NO 

Ed" (ADD TO 
TO FC it SNKS) 

( SET THE CONDITION 
CODE TO S GN FY A CC -- 0, 868 
SUCCESSFUL INSERTON) 

867 70;+ SINKS-- 
ZO;+SINKS-- 
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NEW SNK S R-SR AND DISPLACED VERTEX IS L-SR OF NEW NNER WERTEX C 

F.G. 11 G 76 (MOVE DISPLACED VERTEX N ROW C 
875 TO LEFT SUCCESS OR ROW IMP) 

ZIMP) - ZC; 
876 78 

(CENERATE NEW SNK BY INSERTNG 
ZTMP+ ;- ADR ADDRESS OF I. A. RECORD IN ASSIGNED 

RGHT SUCCESS OR ROW) 
(ROW C S A LEFT (EVEN ROWS ARE L-SR'S & ODD 
SUCCESSOR OF - 877 ROWS ARER-SR'S) 
ROW P) EVEN ODD INDEX C 

ODD OR EVEN (ROW C S A R CHT SUCCESS OR 
OF ROW P ) 

880 
(GENERATE FLAC FELD (GENERATE FLAC FELD st 
N C FOR DISPLACED r i r N C FOR THE DISPLACED lc; FLGO, ill- VERTEX"YSR" l.c.; FLGO, - ESR; 

ZP, FLGO, TS PROR FLAC ZP;FLG 2,3] PROR FLAC FELD INP) 
879 FIELD INP) 88 

(SET THE FLAC NP 
ZP; FLGO, -- , INDICATING VERTEX ZP; FLG 2,3-1, (SET THE FLAG NC 

C) NDCATNC W ERTEX C 
S INNER WERTEX ) 

(THE NEW NNER ( THE FORMER WERTEX C S 
WERTEX IS NOW ROWC) NOW AT NDEX TMP) 

882 (STORE NEW D-INDEX IN THE D-INDEX 
7C; NDX-D FIELD OF THE NEW NNER WERTEX IN C) 

883 
am (SET FLAC FELD IN C TO IND CATE 

ZC; FLG 2,3-0, THE NEW SNK S A RGHT SUCCESSOR) 
884 

(CENERATE THE NEW NVERTIBLE EDGE 
ZC; EDGE-- PY-TMP FIELD IN THE NEW NNER WERTEX 

BY EXCLUSIVE - ORING TS 
PREDECESSOR & LEFT SUCCESS OR 

( IS DISPLAYED L-SR 885 ND CES) 

VERTEX A SINK ?) 886 (ADD ONE TO 
THE NUMBER YES ZO; # SINKS)-- SNRSN) 

1 + ZO; it SINKS 

887 

(SET THE CONDITION 
CODE TO O, FOR (c) To FIG (th (ED) seiss. Ration 

IS THERE 
A ZERO IN 

ZC; FLGO, 
(DISPLACED -SR 
VERTEX IS AN IV.) NO 
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GENERATE INVERTIBLE EDGE FIELDS IN DISPLACED INNER VERTEX AND IN ITS INNER 
VERTEX SUCCESSORS 

(E) (c) FIG. H 
890 

(MODIFY THE INVERTIBLE EDGE FIELD 
ZTMP; EDGE-- OF THE DISPLACED I.W. TO REPRESENT 
ZTMP; EDGE V (PAC) ITS NEW LOCATION N Z ) 

(SET S TO THE INDEX OF THE 
894 

S-ZT MP, EDGE YC LEFT SUCCESSOR OF THE 
DISPLACED I.W.) 

892 
S THERE 

ZTMP, FLGO, 

(SIS AN I. Y.)-N NO 893 
(MODIFY THE EDGE FIELD OF S 

ZS; EDGE-ZS; EDGE SO THAT DISPLACED SUCCESS OR 
W. (C-W- TMP) l.V. S ITS PREDECESS OR 

NSTEAD OF C ) 

894 

IS THERE ( S S + 1 A SNK ?) 
A ZERO N 
ZTMP, FLG 2,3] 

YES 

895 
(MODIFY THE ED CE FIELD OF S 
SO THAT THE DISPLACED SUCCESS OR 

ZS+1; EDGE -- I.V. S ITS PREDECESS OR INSTEAD 
ZS+ 1; EDGE -- (CVTMP) OF C) 

(ADD ONE TO THE NUMBER 
896 ZO; it SNKS- OF SNKS IN 7) 

+ZO; it SINKS 

897 (SET THE CONDITION CODE TO S GNIFY 
an A SUCCESSFUL INSERTON) 
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F.G. 12 A START 
DRECTORY SIZE DETERMINATION DEL 2 (SET REGTMP TO THE ADDRESS 

(DIRECTORY IS OF THE SINK iN DIRECTORY) 

(No ENTRIES TO DELETE, INMATRIX 7) 900 902 
SET CONDITION CODE 
TO OO) O TMP-7; 

OBTAN KEY WITH SNK 

90 CC-00 75/ 
EXECUTE 

SRCH2 WTH 
(ED) 906 D.A. at KEY 

f /904 
(SET REG TMP TO THE ADDRESS TMP-- ZC; 

OF THE KEY FOUND BY CC-00 
SRCH2) 907 

ZOjit SINK-0 (ED) 
(SET CONDITION 

908 909 905 CODE TO OO TO 
INDICATE THE KEY (SET REG S TO THE SINK 

FOUND BY SRCH2) S-le-C SES HE 

(SET REG C TO THE PREDECESSOR (SET COMPLETON CODE 
OF THE SINK FOUND BY -- Cis-P TO SUCCESSFUL 
SRCH2) DELETON) 

94 940 
(SET REC TMP TO R-SR) EVEN ODD 

(S S L-SR) EVEN OR (S IS R-SR) (PATH WECTOR 
94 BITAT VERTEX 

TMP le- S TMP-le-S- CISO; SET 
92 (SET REGTMP TO THE IN REC BT.) 

LEFT SUCCESS OR BT -- 93 -E-O OF C) , N95 
(PATH WECTOR 
BIT AT VERTEX (ARE THERE EXACTLY (2 SNKS ONLY) /98 
CIS 0, SET IN 2 SINKS IN 72) 
REGBT) 97 ARE ZEROSIN BOTH ZO; it SNKS-1 

Z; FLGO AND 99 
TO FIG.42B NZ; FLG2 ill-l Sti-BT; ) AT LEAST ONE 

(S IS R-SR) RELATED SUCCESSOR 
(3) IS AN IV.) TO ROW OF 7) 920 

TO FC. (SET ROW S TO THE LEFT 
2C SUCCESSOR OF C) 
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F.G. 2B 
( IS R-SR A S IS A LEFT 

924 SINK 2) SUCCESSOR 
IS A 

ZERO N 
(2B) TO FC. 2D 

(SET REC TMP TO THE INDEX OF THE 
LEFT SUCCESSOR OF THE RELATED 
SUCCESSOR) 

ZC, FLG 2) 
(RELATED (RELATED 
SUCCESS OR SUCCESSOR S 
S IV) 922 NO A SNK) 

TMP-ZS+ ; EDGEly C 

(MOVE RELATED SUCCESSOR FROM 
ROW S + TO ROW C) 7C - ZS+ 

924 (GENERATE INVERTIBLE EDGE FIELD FOR 
ZC; EDGE-T MP RELATED SUCCESS OR IN ROW C) 

(S THE LEFT SUCCESSOR OF THE 
926 RELATED SUCCESSOR A SINK ? ) S A 

ZERO N 
ZC FLGO)) 

(SINK ) 
I.W.) 927. ( NO 

ZTMP; EDGE-- 
ZTMP; EDGE VC Y (S+) 

( IS THE RIGHT SUCCESSOR OF THE 
RELATED SUCCESSOR A SINK 2) 

(ADJUST THE INVERTIBLE EDGE FIELD 
OF THE LEFT SUCCESSOR OF THE 
RELATED SUCCESSOR NOW IN ROW C) 

928 S A 
ZERO IN 

ZC FLG 2) 

(ADJUST THE INVERTIBLE EDGE FIELD 
OF THE RIGHT SUCCESSOR OF THE ZTMP + i ; EDGE -- RELATED SUCCESS OR NOW IN ROW C ) 

ZTMP + 1 ; EDGE IV, CV (S+) 
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(2) F.G. 42 C 
93 S IS A RIGHT SUCCESSOR 

(SET S TO THE LEFT 
SUCCESSOR OF C) 

(S S A SNK ?) 

ZERO IN YES 
ZC; FLGO) (2) to F. G. 2D 

(RELATED SUCCESSOR (REATED SUCCESSOR 
IS AN I.W.) IS A SNK NO ) 

(SET REG TMP TO THE INDEX OF THE 
TMP-E-ZS; EDGE V C LEFT SUCCESSOR OF THE RELATED 

933 SUCCESSOR) 

(MOVE RELATED SUCCESSOR FROM 
ZC; -- ZS; ROW S TO ROW C) 

932 

934 
(GENERATE INVERTIBLE EDGE FIELD 

8. s-ore - FOR THE RELATE SUCCESS OR ZC; EDGE TMP W P N ROW C ) 
935 

937 (S THE LEFT SUCCESSOR OF THE 
RELATED SUCCESSOR A SINK ?) 

IS A 
ZERO IN 
C; FLGO) 

YES 

(ADJUST THE INVERTIBLE EDGE 
FIELD OF THE LEFT SUCCESS OR 

Y assesse-a- OF THE RELATED SUCCESSOR 
is: EDGE |N ROW C) ZTMP; EDGE V S V C 

( IS THE RIGHT SUCCESSOR OF THE 
939 RELATED SUCCESSOR A SINK ?) 

YES 
SA 

ZERO IN 
ZC; FLG 2) 

(ADJUST THE IYE15E FIELD OF THE RIGHT SUCCESSOR OF 
ZTMP + ; EDGE-- RELATED SUCCESSOR NOW IN ROW C) 
ZTMP + ; EDGE V S V C 

(c) 
TO FC. 2D 
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(MOVE RELATED (MOVE SINK RELATED 
SUCCESS OR FROM SUCCESS OR FROM 
ROW S TO ROW C) ROW St TO ROW C) 

2C-2S3) ZC; --ZS+1) 

943 
NO (DOES C HAVE A PREDECESSOR 2) 

IT ISO 

YES ITS - O 

(CISL-SR 944 ISC (C S R-SR) 
EVEN OR 

ODD 946 
/ 

ZP; FLG 2 - 0, 
(SET THE FLAC FELD OF THE 
PREDECESSOR OF TO SCNFY 
THAT IS NOW INROW C ) 

(CENERATE OFFSET EDGE N 
RELEASED SUCCESSOR PAR 
SPACE TO NEXT SPACE IN CHAIN) 

(23. 
(c) 

947 (2) 
ZS; EDGE -- ZO; EDGE - S 

948 -'ASSESSESSES ZO; EDGE S CHAN) 
949 

C C -e- 0 (SET CONDITION CODE TO 
FG 12D SIGNAL SUCCESSFUL 

O INSERTON) 

MOVING RELATED SUCCESSOR 
SETTING FLAG IN PREDECESS OR (ED) 

PUTTING FREED SPACE ON CHAIN 

    

  

  

  

  

    

  

  

  

  


