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An electrical method for generating and maintaining
an electrical directory entity in a data processing ma-
chine. The directory may be used to automaticaily lo-
cate objects in the computer system, e.g. in main store
or on I/0 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
Iocated in one of a pair of cells. Each edge ficld 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.



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

Original Filed April 10, 1975 Sheet 1 of 27

(VALUES OF D'S INCREASE IN
GOING FROM SOURCE D25 T0

FIG. 1A 025  ANY SINK K0----K34)
Q. .

4% d » K28
5 K8 K20 K22 K24

Ko o
FIG.1B
MAIN MEMORY
‘ | SRCH1, SRCH 2,SRCH3;
DIRECTORY FIE&LDS INS4,DEL 1; INS2,DEL 2;
CPU > | (MATRIX Z) INS 3,DEL 3
; REGISTER
(FIGS3C, | | "einany | |(FI6S.28,3B,4A,58,
30,48 OR 6) ' {{A-H,0R 12A-D)
‘ 100/ 0
I/0F——~- /0

40/

INVENTOR
LUTHER J. WOODRUM

o e W Gl

ATTORNEY




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

Original Filed April 10, 1975

FIG. 2A nserTion

(
{1 0aq 1pc loc 1oc
2de  30p 20a  3me 200 3PS

Sheet 2 of 27

.

e 1 T 1 e
2. Qo ! 2 Q 2 ¢
o= ——d
30 b 3 e 3l 8
4, d ! 4l d
57T 5[ b
— e e
slr__cz__;
4 i n_f ]
e
AE
4 4
5 b { BEFORE) (AFTER)
6 e 7 DiT
7 f
8 t c |
——z——
9L _h C
LEGEND (NEW
ENTRIES)
o VERTEX
PRIOR INSERTED EDGE BETWEEN O
O pRI0R VERTICES. K18 K20 K22 K24 K36
o NEW EDGE FROM NEW VERTEX

TO DISPLACED VERTEX.

on.-o NEW EDGE FROM NEW VERTEX
TO NEW SINK.

UNDERLINE INDIGATES NEW VERTEX. -
NO UNDERLINE INDICATES EXISTING VERTEX.

-

""" INEW ENTRY IN DIRECTORY.
] 0LD ENTRY IN DIRECTORY
a.b,c,ETC REPRESENT ORDER OF INSERTION

{,2,3, ETC. ARE INDIGES OF DIREGTORY ROW
REPRESENTING THE VERTIGES.

K18 K20 K22 K24



July 6, 1976

L. J. WOODRUM

T948,010

DIRECTORY INSERTION AND DELETION

Original Filed April 10, 1975

ENTER INS3 WITH

100
A)

QSERTION ARGUMENT (1.

(DIRECTORY HAS

METHOD AND MEANS

Sheet 3 of 27

FIG. 2B

INSERTION WITH ABSOLUTE
EDGE REPRESENTATIONS

MORE THAN
EXECUTE SRCH3 1OSINK)
WITH LA @
& FIND SINK 701
RETRIEVE KEY ALY, (?giSEFQF?EgFVNEERJEX
WITH SINK VERTEX)
114 3
NEW PATH 0
COMPARE |~ 1030 | VECTOR
TA & KEY (NEW SINK
GENERATE 703k 5 R-5R) (:«Sev{sg% L
AND STORE L — 16— /
NEW D-INDEX (DISPLACED ——]  MOVE THE MOVE THE
STORE NEW PATH | 03¢ VERTEX IS CONTENTS OF CONTENTS OF
VECTOR BIT L-SR OF NEW ROW C IN THE| | ROW C IN THE
INNER VERTEX) | DIRECTORY DIRECTORY
704 T0 ROW T0 ROW
ES (INSERT TMP TMP + 1
ars 7 REPRESENTATION /118 I
(NEW VERTEX A OF NEW SINK
IS T0 BE N0 REPRESENTED) AS R-SR OF NEW | PLACE A PLACE A
INSERTED 10 IN DIRECTORY INNER VERTEX )_REPRESENTATION | |REPRESENTATION
REPRESENT " =0 OF THE L.A. OF THE LA,
NO IN ROW TMP+ IN ROW .TMP
SPACE FOR THE OF THE
INSERL-" 706 DIRECTORY 7
721 (INSERT NEW
ASSIGN A PAIR SINK AS L-SR)
OF ROWS (TMP & TMP+1) | 707 [ CONSTRUCT A NEW INNER VERTEX IN
FROM FREE ROW € BY:
SPACE CHAIN (1) INSERTING NEW D-INDEX,
! () TReTRrEe Piag re (O EDEE
1 ocoticit
V?IETEHNTSEARMESRICE?, — 108 T0 REPRESENT SINK AND LOCATION
s STATUS OF L-SR AND R-SR
ACTUATE ONE 108b
— ITERATION " Y
STORE D-INDEX OF ADD ONE TO THE SINK
VERTEX ENTERED BY | - 108 NUMBER FIELD I THE 122
FORWARD‘"TER"“O" » DIRECTORY HEADER
/(RETRACE 109 STORE
ROW INDEX €
OF CURRENT
VERTEX @
STORE
ROW INDEX OF | 712
SUCCESSOR AS
ROW C




FIG. 3A DELETION
. (2)
{ i { ¢ NG
2 o 2 o :
3 9 3 3 2da : 3RS
4 d 4 d N
5 b 5 b e Tof
6 e 6 e |
7 £ 7[—}__:; 494 99%b
8L _¢ | T
9 k]
e (4) (5)
H e N e 1 e e _loa
J o '._ 2! —_—0.__—: 4 AN 4L._._°'___|
3IL_e 20 3ne 30 b 1 20a  39b
47 d AN -
50 b 4o’d  50b
LEGEND
o VERTEX
o——o PRIOR INSERTED EDGE BETWEEN PRIOR VERTICES.
o---o DELETED EDGE TO A SUCCESSOR
O-++-0 EDGE TO NEW SUCCESSOR.
G UNDERLINE INDICATES VERTEX TO BE DELETED.
C NO UNDERLINE INDICATES VERTEX TO REMAIN AFTER DELETION.
T ”"7 "7 DELETED ENTRY FROM DIRECTORY.
[ ] REMAINING ENTRY IN DIRECTORY.
i,h,q,F, ETC. REPRESENT ORDER OF DELETION.

July 6, 1976

Original Filed April 10, 1975

DIRECTORY INSERTION AND DELETION
METHOD AND MEANS

1,2,3,ETC

ARE INDICES OF DIRECTORY ROWS REPRESENTING THE VERTIGES.

L. J. WOODRUM T948,010

Sheet 4 of 27



July 6, 1976 L. J. WOODRUM T948,010
DIRECTORY INSERTION AND DELETION
METHOD AND MEANS
Original Filed April 10, 1975 . Sheet 5 of 27

FIG.3B

ENTER DEL 1/3 WITH
DELETE ARGUMENT D.A.

759 (KEY NOT IN
/ 753 DIRECTORY)

# OF

SINKS. N OBTAIN KEY

REPRESENTED

BY SINK
(2 OR MORE) YES /754
: : (NITIALIZE REGS SETH OF
- B & C FOR SOURCE
N e DO Ok SOURCE |EnTRIES To ZERO
) ! O
PVB =<— PATH VECTOR BIT
FROM D.A.USING D-INDEX IN
ROW C GF DIRECTORY
763
S g=~———INDEX OF (SUCCESSOR 1S AN
SUCCESSOR PAIR + PVB INNER VERTEX)
(IF PVB IS 0 (IF PVB IS 1 766
tpygisto) : t pyg 15 ty) )
t pyg=0 | | Pe—™C
. IN ROW © R
(SUGCESSOR IS SINK IN ROW \\
. S & ITS T.V.IS IN ROW C) -
N[ 0BTAIN KEY REFRESENTED (POt CuRRERT JERIEX TO
BY SINK

CURRENT VERTEX)

(KEY IS IN DIRECTORY)
GO TO FIGS.3B8-1 OR 3B-2

90—y - (GENERATE RELATED SUCCESSOR
1[0;]~——1[$ ¥ 15] /INDEX & MOVE RELATED SUCCE SSOR

(GENERATE OFFSET EDGE IF USED) INTO ROW C)

(PUT INDEX OF FREED SUGCESSOR
THP~——o S PVB — PAIR SPACE INTO REG TMP)

7192~

]

PUT FREED SUCCESSOR PAIR
SPACE AT INDEX TMP INTO
AVAILABLE SPACE CHAIN 793

SELECTED SUGCESSOR T0



July 6, 1976 L. J. WOODRUM T948,010
DIRECTORY INSERTION AND DELETION
METHOD AND MEANS
Original Filed April 10, 1975 Sheet 6 of 27

— 0 FIG.3B-1

(RELATED SUCCESSOR
! / IS AN LV.)

at
(BEFORE REPLACEMENT OF
ROW €. t(4_pyg) 1S

FLAG BIT FOR RELATED

SUCCESSOR)
(RELATED SUCCESSOR /(YgRg_EéR,TO E REFLACED
IS A SINK
K (SET t; OF
(REG. TMP HAS PATH VECTOR (VERTEX T0 BE PREDECESSOR T0
BIT FOR PREDECESSOR IN REPLACED 1S L-SR) | REPRESENT A SINK
ROW P) — R-SR)
(SET t; OF PREDECESSOR 1[psFLef0]]=—0 1[psFLe[2] J=0
TO REPRESENT A SINK 77 ] |
L-SR) 173 -
L
;
190
? -
1 FIG.3B-2
(5 15 INDEX OF SINK g1 (RELNIED SULEESSOR  ALTERNATE 10 Fi6 38-1
T0 BE DELETED) EVEN / FOR_UPDATING

PREDECESSOR FLAG FIELD.

(RELATED SUCCESSOR
IS LEFT
SUCCESSOR)

IN
DISPLACED

IV.1S T0=0

IN
DISPLAGED

v |S to’O

(RELATED SUCCESSOR
IS AN I.V)

(RELATED SUCCESSOR __]
1S A SINK)

( C IS INDEX OF NEW (DISPLACING SINK

SINK SUCCESSOR ) EVEN f 1S L-SR)
(DISPLACING SINK IS R-SR) 187
(n pReDECESSOR ser — N Fo¥ P BT IN ROW Pty =—0
ty FOR INDICATING NEW 7
SINK SUCCESSOR) 186 -

{
(IN PREDECESSOR , SET tg
~ FOR INDICATING NEW
790 SINK SUCCESSOR)



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

Original Filed April 10, 1975 Sheet 7 of 27

FIG.3C
FIELDS /REGISTERS
@ 7 | ADDRESS OF DIRECTORY SOURCE VERTEX
@ ADDRESS OF SEARCH ARGUMENT
D NEW D- INDEX
BT OR PVB PATH VECTOR BIT
ADR SEARCH PATH SINK
LFR CLEFT OR RIGHT SR FLAG BIT
P TEMPORARY REGISTER
p PREDECESSOR INDEX
¢ CURRENT VERTEX INDEX
S SUCCESSOR INDEX
ce CONDITION CODE

FIG. 3E
INSERTION EXAMPLE

0 15 F34
I I
i |
[ |
| I
| |
| I
| !
|

19 D35 F20

20 D2 F22

24 @ k36




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

Original Filed April 10, 1975 Sheet 8 of 27
o FIG. 3D
INDEX (F) AVAILABLE SPACE CHAINING

{  OUTPUT MATRIX I

0 # KEYS F20
1 SOURCE D25 F26
2 @ K0

3 @ K2

4 AN F36
s V00 2
8 D4 F2
1 D7 F8
8 @ K6

9 k8
10 D5 Fé
T Dif F12
2 @ K10

3 D13 | F14
14 @ K12

5 D15 | F18
16 @ Ki4

7 @ ki6

18 DY F10
19 D2 F2?
20 ANV F34
NI AASIIII I,
2 @ K18

23 D23 F24
2 @ K22

25 @ K25

26 Di7 F18
27 DT F28
28 @ K26

29 D29 | F30
30 @ K28

3 D31 | F32
32 k30

33 K32
31 RSNSOI F 4
3507 7
36 | FO
37




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

Original Filed April 10, 1975 . Sheet 9 of 27
FIG. 4A FIG.4B
| 20 MEMORY 40 [
NTER DIRECTORY SOURCE ADDRESS 40
SRCHA @ SA
SEARCH RESULT —40b
(NTIALIZE) /28 00 SEARCH ARGUNENT (SA) |
< 4 SINKS [<NEXTSPINDEX {40c
@CELL =—DIRECTORY SOURGE ADDRESS D INDEX 10FFSET [to iCoit4iCu \40b
T ] 1 l ]

1 . | . Lt 40‘1

(INITIALIZE) | Sl

g [P s EETRERE

@ S.A.=— ADDRESS ]m . e
) FIG. 4C
Y [ REGISTERS 44
CELL ~—MEM[@CELL] | | C2 @ S.A
@ CELL
(0BTAIN NEXT/ D INDEXIOFFSET! to! ColtaiCa
VERTEX) (CELL)

LEGEND‘@- ADDRESS OF

40
) |
S.A BIT=<—SA[D INDEX] ]cs
(LEFT SUCCESSOR
REQUIRED) \
(RIGHT
B /succrssso)R
so) 55 REQUIRED
‘ ) ¢4
GC *—‘to,Co 00— t4,Cs
601 ]
@ CELL=-@CELL + CELL LGTH.
65) ‘ — |
@ CELL~—@CELL + OFFSET f= }05
" /75 80 -

= o>t SR=— | RETURN
J MEM[@CELL) OR END

L6 I c7 N




July 6, 1976

Original Filed April 10,

L. J. WOODRUM
DIRECTORY INSERTION AND DELETION
METHOD AND MEANS

1975

FIG.5A  ((ENTER SRCH2/3 )2

T948,010

Sheet 10 of 27

¥
(INITIALIZE ——f P=—0 L _
REGS P & C) (=—I1 25
N oF
SINKS IN
=1
| (PUT CURRENT 16
DIRECTORY ROW
35~JoeLL<—2[C;] b o ceLL) 100 0
39\ 31—y 2
S<—P 4 EDGE
| T4 ‘
(6ET PNATH VEchR
BIT IN S.A. A END
D-INDEX) ﬁS.A.gT-‘——S.A.[D]
3 '
45 FIG.5B
(IS _PATH VECTOR (R-SR CONDITION (SRCH3)
BIT 10RO 2) 0 CODE SETTING) o 194
| / 3
(0 -=—1o, Co \50 55/00“— H, ¢y S-<—EDGE
L 604 T (GENERATE R-SR R
(L-SR CONDITION Y " INDEX N REGS)
CODE SETTING) - ] ; 10
— INDEX | INAL VALUE
( MOVE CURRENT o (n+n | FINAL VA
VERTEX T0 —f pee—g |~
PREDE CESSOR) J, 64 | % Jci; é% 04_. E%E
(MOVE e : AR :
SUCCE SSOR VERTEX | C=—3 [Ngs p L
TO CURRENT VERTEX)
70 c
v 185 %6 - 4 S
(NEW CURRENT VERTEX \NO N1
IS AN INNER VERTEX) FIG. 6 < REGISTERS
NEW SURRENT p [Z INDEX OF PREDECESSOR
I s C {7 INDEX OF CURRENT VERTEX
s [Z INDEX OF SUCCESSOR
anse | ADDRESS OF MATRIX 7 N
(RESULTS ARE: MEMORY 40
SINK IN REG © 0 o GELL| D  14oiCo't4 C4! EDGE
% ITS PREDECESSOR
IS IN REG. P) RETURN @sp| PODRESS OF SEARCH
~




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

Original Filed April 10, 1975 Sheet 11 of 27

INVERTIBLE EDGE REPRESENTATION OF BINARY TREE
a Mij b
b Uil ja¥ec b+ <o la¥d
o v bW oH coor [b¥e d| ADDR 4 d+| ADDRS

-

e | ADDR 2 et

ADDR 3

f | ADDRO f+1| ADDR 1

INVERTIBLE

FlG. SD . D- INDEX FLG EDGE




T948,010

Sheet 12 of 27

L. J. WOODRUM
DIRECTORY INSERTION AND DELETION
METHOD AND MEANS

Original Filed April 10, 1975

July 6, 1976

{H) 9 I -

(0) 90 =—yi (694)  |e—37
(1)9 0=, 3TN
(V) 91=—  ST041K0) "
(1)90=—] NV a7 (H)90—={ W91V Y300Y
—— ===
(o] | (s
(S) 9L~ | &oﬁ Y
mog=—{ 1 "7 |
($130=— "1 01 am)
mo1-— 1 T | e — | T SO
(4)9I=— |  8LH “
(M90=— | ST 30— 901
(0)90=— | — . |
L3901 |
(N9 v
IRIRL
I
vou
NV X3GN! LI —L
oA - Fg 11 118 V'S
(991 — _ —
INVISNOD
HI9N3T 1139 (4)90 —— [ §aav
> ™ 10538 |
()91 3718vSS3yaay - (W)9I cot
_ AMVNNGE-118 5 T
VS®!
Hivd V1va 204
. ¥aav
94 (0) 90 —— | 1@}




T948,010

L. J. WOODRUM
DIRECTORY INSERTION AND DELETION

July 6, 1976

METHOD AND MEANS

Sheet 13 of 27

Original Filed April 10, 1975

(VL11) %9019 08
HO¥S ¥3LIN3
62+ 1353y
0191401 > 4 82t
(3LVLS ISV 1 ¥ILNA0D L 38 0
, VIS 91
2817
19 99 ) b9 ¢ 29 19
14Y1S LYVIS LYY1S L1V1S 14V1S 1YV 14Y1S
) \ J 15— 8¢
161 9¢1 GSl el A ey 26t ] ) 13S34 /N0
¥IM0d
1
11 0g
L9 99 g9 ) £9 29 V) | 09 ALQ:QW
7 7 7 J 7
:_Q we\h 62l “ b2} « g2l @ NN_\@ 12 __ 021 @
\ /
\"4

(6 914) STOYLNOY INILVY 0L



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

Original Filed April 10, 1975 | Sheet 14 of 27
FIG. 9
GATING CONTROLS
\
02 = 16(C)
c0 - 06(D)
0G(R)
¢7 : ’ [ > IG(R)
_ - 16(1)
¢3 - 06(5)
- 06(I)
of > 16(S)
" L = 06 ()
0 - 06 (L)
o . | L 152 453
c5 - Lo 4 - L T0
A FIG T
[—-D
= 06(F)
: 156
A 155
/
157~ 1 0 - 10 (A)
0 0 159
¢0
- 06(1)
157 A 0
_ A - 06(0)
Z |
161
01 — ] e 162
c2 - 0 - 16 (M)
c3 -
e7 - e
L]
- 164 o0 L 1om
- 4 )




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

Original Filed April 10, 1975 , Sheet 15 of 27
CLOCK STARTING CONTROLS
130
START PULSE / START €0 _
i
¢0 \ START G
BN
' (FROM COUNTER 129}
172
o1 -
A /179
START (2
0
. -
A
173
1
G2 A " START (3 _
175
/
03 ! START 04
176
/
c4 \ START (5
117
/
05 START C6
, A -
/178
c6
START ¢7
Y A _




July 6, 1976 L. J. WOODRUM T948,010
DIRECTORY INSERTION AND DELETION
METHOD AND MEANS
Original Filed April 10, 1975 Sheet 16 of 27

START INS2

DIRECTORY SIZE E1G. 11 A

DETERMINATION

(TEST VALUE IN # SINKS
FIELD IN ROW O OF Z)

(INSERT ADDRESS ot _
OF T.A. AT Z 0 = v
INDEX 1 AS SINK) 01
(., / T0 FIG.HC
Z[1;]=<—ADR
804

- (SET GG TO SIGNIFY

(SET CONDITION !
CODE T0 0,1 TO QE’Y'_NASLE&*&OD@M
SIGNIFY SUGCESS- 802 SRLSENT)

FUL INSERTION) / A7 Lot N , /

N cc=—o DIRECTORY) | (C=—100 [
D=<—THE BIT INDEX 805
IN I.A. OF ITS HIGHEST
ORDER UNEQUAL BIT

(SET 4 OF SINKS FROM I.A.: KEY
FIELD IN ROW 0
ML (THE NEW D-DEX 1S | INDEX OF SINGLE

%03 GENERATED & STORED | SINK AS SEARCH
N / IN REG. D) RESULT’)/
Z[0; # SINKS]~—1 (oo
Bo8) \806
@ / BIT=—2IA[;D] @ |
(SET REG. BT TO THE VALUE 809, (SET_TMP TO"NEXT SPACE
OF THE BIT SELECTED IN . INDEX" FIELD TO OBTAIN
THE INSERTION ARGUMENT TP ~—— 2[0; N.5P1.]}—"INDEX OF AVAILABLE
BY D-INDEX; i.e.BT IS SUGCESSFUL PAIR SPACE
ZERO OR ONE) FOR INSERTION)
810} |

2[0; N.SP.1]=——TMP + Z[ TMP; EDGE ]

(SET"NEXT SP. INDEX"FIELD
@ : IN ROW 0 OF Z TO EDGE FIELD
IN ASSIGNED SPACE)

TO FI16.14B



July 6, 1976

Original Filed April 10, 1975

FIG. 11B

L. J. WOODRUM T948,010

DIRECTORY INSERTION AND DELETION

813
\

METHOD AND MEANS
. Sheet 17 of 27

INSERTION INTO DIRECTORY
CONTAINING ONE KEY

(ESTABLISH THE SINK ALREADY IN Z AS A

L[TMP+ 815 | = 1[t; ]

LEFT OR RIGHT SUCCESSOR OF THE NEW

814
\

SOURCE 5 L-SR IF BT=1,R-SRIF BT=0)

Z[TMP+BT;

J=<— ADR

(INSERT THE NEW SINK AS L-SR OF THE
SOURCE IF BT=0 OR AS R-SR SUCCESSOR

815
\

IF BT=1)

(STORE IN SOURCE ENTRY THE EDGE TO

Z[1;EDGE]

v

TS SUCCESSOR PAIR)

816

\ Y

[ 13 N0X] =D

(STORE REG D IN THE D-INDEX FIELD,
/, {.e. NDX OF THE SOURCE )

811,

\ |

2[1;FL6]

-—0,1,0,1

(SET THE FLAG FIELD TO SIGNIFY BOTH
- SUCCESSORS ARE SINKS & ARE IN

818

\ )

MAIN MEMORY)

SET

"4 SINKS”

FIELD TO 2

,/—kSET "NUMBER OF SINKS® FIELD TO
TWO IN ROW 0 OF Z)

819
\

| .—— (SET THE CONDITION CODE TO 0,1
TO SIGNIFY A SUCCESSFUL INSERTION)




July 6, 1976 L. . WOODRUM T948,010
DIRECTORY INSERTION AND DELETION
METHOD AND MEANS
Original Filed April 10, 1975 Sheet 18 of 27

FIG.11C
m\ /82

( SEARCH Z FOR KEY, THUS LOCATING A SINK IN ROW
EXECUTE SRCH 2 C & ITS PREDECESSOR IN ROW P,
WITH L.A. WHICH ROW INDICES ARE SET INTO REGS C AND P,

RESPECTIVELY )
102~ 821

, (SET REG TMP TO THE ADDRESS OF THE KEY
THp=—1[c;]. “— FOUND BY SRCH2)

Ba~  y 82

(COMPARE INSERTION ARGUMENT AND KEY RETRIEVED
COMPARE TA. & KEY  t=——"1c /v ADDRESS IN REG TEMP )

103b~ 822

D <—INDEX OF HIGHEST ORDER
UNEQUAL BIT IN PAIR ~——— (GENERATE AND STORE NEW D—INDEX IN REG D)

03¢~ 823

(SET REG BT TO VALUE OF BIT SELECTED IN LA.

BT =—TIA.[D] =~ AT NEW D—INDEX)

s (SET CONDITION CODE TO SIGNIFY NO
1 CC==—0,0 |~— INSERTION, SINCE THE INDEX OF THE SINK
REPRESENTING THE KEY IS IN REGISTER C )

TMP <— 2[0;E06E] |~ (SET THP T0 "NEXT SPACE INDEX* FIELD T0
OBTAIN INDEX OF AVAILABLE SUCCESSOR PAIR SPACE )

/828

00 =— i 4 ( SET THE CONDITION GODE TO 4,4
1" ™~ TO SIGNIFY NO INSERTION BECAUSE
THERE IS NO SPACE AVAILABLE IN Z

(NO SPAGE

(SPACE 15 J#O  AVAILABLE) FOR THE NEW SINK )
AVAILABLE)
107~ Vs
2[0; EDGE] ~=— (SET "NEXT SP. INDEX * FIELD IN ROW 0 OF Z TO
THP +Z[ THP; EDGE ] EDGE FIELD IN ASSIGNED SPACE)

T0 FIG. 1D



July 6, 1976

L. J. WOODRUM T948,010

DIRECTORY INSERTION AND DELETION

METHOD AND MEANS

Original Filed April 10, 1975 . Sheet 19 of 27

FIG. 11D

PATH TRACE , SINK- TO- SOURCE

NDEX = D-INDEX
FZ7?)

(P IS CURRENT INNER
VERTEX IN RETRACE
PATH)

(NEW SINK IS
R-SR OF C)

831

(VERTEX IN ROW C 1S
NOT SOURCE AND
EXAMINE NEXT VERTEX P)

|+

DISPLACED 1S
IS L-SR OF C)
(60 TO NEXT VERTEX INROW C )
IN BACKWARD RETRAGE TOFIG 1 F
PATH) . |
EVEN " TNDEX © 0DD (1S ROW G A LEFT OR RIGHT SUCCESSOR
OR EVEN SINGE EVEN ROWS L-SR'S AND 0DD
ROWS ARE R-SR'S)
(ROWC IS A —m -
LEFT SUCCESSOR) 00D
= (ROW G IS A RIGHT SUCGESSOR )
B . <1 |« (SETREG C TO INDEX OF THE LEFT
SUCCESSOR PREDECESSOR P)
(BACKWARD PATH ’ _(GENERATE IN REG § THE INDEX
TRACING LOOP) S=— C¥Z[P;EDGE] OF THE PREDECESSOR OF P
p ‘ FROM THE INVERTIBLE EDGE
835 © OF P.THUS MOVING TO NEXT
VERTEX AWAY FROM SINK
v A8 TO WARD SOURCE)
(SET REG € TO [—
INDEX OF ITS —
PREDECESSOR ) 837
’ | (SET REG P TO INDEX ITS
P<—S5 [ PREDECESSOR)

(IF INDEX P IS 0, INDEX C
IS THE SOURCE OF THE

SEARCH TREE)

(VERTEX IN ROW C IS THE SOURCE)

T0 FI6 1E



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

Original Filed April 10, 1975 ~ Sheet 20 of 27
FIG. {4E
INSERTION OF NEW SOURGE
(NEW SINK IS R-SR) 840 (IS TA BIT SELECTED BY
/ 4 NEW D- INDEX 0 OR 4 ?)
BT =0
(NEW SINK IS L-SR) (GENERATE NEW SINK BY INSERTING

ADDRESS OF I.A RECORD IN
" ASSIGNED LEFT SUCGESSOR ROW)

- Z[TMP;]~=—nDR
844/ LT

(MOVE DISPLAGED SOURGE TO
/ASSIGNED RIGHT SUGGESSOR ROW)

A (TP +4;]=—1[¢; ]
842

(STORE INDEX OF ASSIGNED
/SUCCESSOR PAIR IN EDGE FIELD
OF NEW I.V,ie NEW SOURCE)

g43—7  L[C;EDGE]=<—TMNP

\ (SET TMP TO THE INDEX OF THE
M THP<—TMP +1 |~ RIGHT SUCCESSOR OF THE
844

NEW SOURCE)
(SET FLAG FIELD OF NEW SOURCE TO

F 7[6,FLG] ~——0,144 . SIGNIFY LEFT SUCCESSOR IS A SINK,
845" | [ ] & RIGHT SUCCESSOR IS AN INNER
| VERTEX)
Y " (GENERATE NEW SINK BY INSERTING

[ THP +1;]<— ADR |_—ADDRESS OF I.A. REGORD INTO

Bag—" | ASSIGNED RIGHT SUCGESSOR ROW)
[TMp; ] [¢;] /(xgsleGNDEISPLL/E%%D ssl?éjgfcsEsoTRo ROW)
r Z[THp; ]=—1[C;
g1 — |

(STORE INDEX OF ASSIGNED
|~ SUCCESSOR PAIR IN EDGE FIELD OF
NEW LV,ie NEW SOURCE)

(SET FLAG FIELD OF NEW SOURCE
T0 SIGNIFY ITS LEFT SUGCESSOR
Z[G;FLO1=——hL00 (= |5 IRNER VERTEX, & IT5 RIGHT

SUCCESSOR 1S A SINK)
(GENERATE NEW INVERTIBLE EDGE

/’Z[TMP;EDGE]<—Z[TMP;EDGE]¥G .— FOR DISPLACED SOURCE, i e.
850 NOW A SUCCESSOR)

sag— | L[C;EDGE ] =——TMP

- 7[6: NDX ]=—— D (STORE NEW D-INDEX IN D-INDEX
851/ R

FIELD IN THE SOURCE ROW OF

THE DIRECTORY)
T0 FIG.44H
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NEW SINK 1S L-SR AND DISPLACED VERTEX IS R—S

Sheet 21 of 27
R 0F NEW [NNER VERTEX C

FIG. 11F @

717'\‘

8597

[ THP +1;] =—1[G;]

(MOVE DISPLACE VERTEX IN ROW €
~T0 THE RIGHT SUCCESSOR ROW

9~

TMP +1)

1[TMP;] =—AD

85671

(GENERATE NEW SINK BY INSERTING

R I~—ADDRESS OF L.A. RECORD IN

(ROW C IS A LEFT SUCCESSOR
OF ROW P )

ASSIGNED LEFT SUCCESSOR ROW )
(EVEN ROWS ARE L-SR'S &

00D ODD ROWS ARE R-SR'S)

(ROW C 1S A RIGHT SUCCESSOR
<0F ROW P)
(GENERATE FLAG (GENERATE FLAG
FIELD N C FOR | LLC;FLO[2,3]]=— Z[C;FLEL2,3]]=—| FIELD IN C FOR
DISPLACED | ZLP;FLEL0,1]] 2[P;FL6[2,31] DISPLACED
VERTEX BY <! VERTEX BY
v T
P 2L P; FLE[04]] =11 Z[P;FLG[2,3]]<——1,‘I\
(SET THE FLAG IN P INDICATING | T(SET THE FLAG IN P INDICATING
VERTEX C IS 1V.) 7N i VERTEX C 15 V)
(STORE REG D IN D— INDEX OF _ _
THE NEW INNER VERTEX IN 07 LLO:NDX]=——D
863 ~ |
_ (SET THE FLAG FIELD IN ¢ TO (0,4)
2L GFLB[0.]] =—— 0.0 | Pop 115 LEFT SUCCESSOR, WHICH
B4 IS THE NEW SINK )

(GENERATE NEW INVERTIBLE
EDGE FIELD IN THE NEW —

2] C;EDGE]=——TMP ¥ P

INNER VERTEX AT C) 865~

TMP ~—— THP+1

, ( SET REG TMP TO THE INDEX
0F R-SR OF € )

(DISPLACED R-SR VERTEX 866
IS AN 1V i (1S DISPLACED R-SR A SINK ?)
NO HER
HFY e \ A ZERO IN YES
{LGFLe 23l (ADD 1 TO
T0 FIG # SINKS)
go7—  LL0;#SINKS]=—
Z[0:#SINKS]+ 1
( SET THE CONDITION !
CODE T0 SIGNIFY A = 00 =~— 0,1 | 868

SUCCESSFUL INSERTION)
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NEW SINK {S R-SR,AND DISPLACED VERTEX IS L-SR OF NEW INNER VERTEX C

T948,010

FIG. “ G m /“6 (MOVE DISPLACED VERTEX IN ROW C
875 £~ TOLEFT SUCCESSOR ROW THP)
z[twe;] =— 12[c; ]
876 /718
N\, _— (GENERATE NEW SINK BY INSERTING
Z[TMP+1;]=— ADR ADDRESS OF I.A.RECORD IN ASSIGNED

RIGHT SUCCESSOR ROW)

(EVEN ROWS ARE L-SR'S & 00D
ROWS ARE R-SR'S)

(ROWC IS ALEFT

SUCCESSOR OFf 817

ROW P) EVEN INDEX € 00D
(ROW C 1S A RIGHT SUCCESSOR
0DD OR EVEN L OF ROW B 1
878\ 880
L (GENERATE FLAG FIELD \ L, (GENERATE FLAG FIELD
o =] NG FOR DISPLAGED ™ re R mg T ] ING FOR THE DISPLAGED
zfc;Fuefo,1]] VERTEX BY USinNg | ZLCiFLG Lo, VERTEX BY USING ITS
2[p; FLef0,1]] TS PRIOR FLAG z[p;FLe[2,3]] PRIOR FLAG FIELD IN P)
NS ) 88'\ '
— (SET THE FLAG IN P
Z[P$FLG[O,1]] -—1.1 INDICATING VERTEX Z[P': FLG[2,3]]“111 (SET THE FLAG INC

¢) INDICATING VERTEX C
N IS INNER VERTEX )

(THE NEW INNER —>—=— (THE FORMER-VERTEX C IS
VERTEX IS NOW ROWC) NOW AT INDEX TMP)

)
BB~ I[C;NDX] =—D

. (STORE NEW D-INDEX IN THE D-INDEX
FIELD OF THE NEW INNER VERTEX IN C)

883,
Z[CciFL6 [2,3

SET FLAG FIELD IN G TO INDICATE
THE NEW SINK IS A RIGHT SUCCESSOR)

r——(

J]=—0,1

884
¥ )

2[C:EDGE]=— P¥TMP

~— (GENERATE THE NEW INVERTIBLE EDGE
FIELD IN THE NEW INNER VERTEX
BY EXCLUSIVE-QORING TS
PREDECESSOR & LEFT SUCCESSOR

(1S DISPLAYED L-SR 88 INDICIES)
VERTEX A SINK 7) 886
IS THERE \ /‘?SED &)EEBTSR
A LERO 1IN 2[5 # SINKS]=—| oF SiNKS IN 7)

1[C; FL6[0,1]]

1+ 1[0 ;# SINKS]

( DISPLACED L-SR
VERTEX IS AN L.V.)~

]
CC=e—10,1

887

\(SET THE CONDITION
CODE TO 0,1 FOR

T0 FIG 11H SUCCESSFUL INSERTION)
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GENERATE INVERTIBLE EDGE FIELDS IN DISPLACED INNER VERTEX AND IN ITS INNER
VERTEX SUCCESSORS ‘

FIG.11H
90
| (MODIFY THE INVERTIBLE EDGE FIELD

I[TMP ; EDGE] =—— OF THE DISPLACED I.V. TO REPRESENT
NE 891
] [ —(SET § T0 THE INDEX OF THE
S=— Z[TMP; EDGE] ¥ C LEFT SUCCESSOR OF THE

DISPLACED T.V.)

IS THERE
A ZERO IN

Z[TMP ;5 FLETD,1]]

(1S § A SINK?)

(SISANLV.)

/
(MODIFY THE EDGE FIELD OF §
Z[S;5 EDGE] =——1[ S;EDGE] b S0 THAT DISPLACED SUCCESSOR
¥ (0¥ THP) 1.V 1S ITS PREDECESSOR
INSTEAD OF C)

(1S S+1 A SINK ?)

IS THERE

A ZERO 1IN
Z[TMP; FLG[2,3]

895
| ( MODIFY THE EDGE FIELD OF S+1
1[5+1; EDGE] SO THAT THE DISPLACED SUCCESSOR

LV. IS ITS PREDECESSOR INSTEAD
Z[S+1; EDGE] ¥ (C¥ TMP) 0F €)

o

, (ADD ONE TO THE NUMBER
896 — 2[05# SINKS]=—— 7 4 oinks IN 1)

1+2[0; # SINKS]

897 —] ce 0 1 (SET THE CONDITION CODE TO SIGNIFY
- ' A SUCCESSFUL INSERTION )

(@)
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FIG. 12A

DIREGTORY SIZE DETERMINATION

(DIRECTORY 1S
IN MATRIX Z)

0F

(NO ENTRIES TO DELETE,
SET GONDITION CODE

Sheet 24 of 27

(SET REG TMP TO THE ADDRESS

THE SINK IN DIRECTORY)

/ /902

0 0,0) TMP

0BTAI

~—7[1;]

N KEY WITH SINK

@)

EXECUTE
SRCH2 WITH
D.A = KEY

(SET REG TMP T0 THE ADDRESS
OF THE KEY FOUND BY /
SRCH?) 907

908

(SET REG S TO THE SINK

(SET CONDITION

CODE T0 00 T0
INDICATE THE KEY

FOUND BY SRCH2)

S NOT IN THE

(SET REG_C TO THE PREDECESSOR
OF THE SINK FOUND BY ——

DIRECTORY)

\ (SET COMPLETION GODE
T0 SUGCESSFUL

SRGH2) DELETION)
SET REG TMP TOR-SR)
(515 L-SR) } (PATH VECTOR.
BIT AT VERTEX
A M =—5 TMP=<—5-1 [ 1S 0; SET
92 T (SET REG TMP TO THE I IN REG BT)
- n (%FEFCT)SUCCESSOR - 4 P
943/ | | \945
(PATH VECTOR -
BIT AT VERTEX  (ARE THERE EXACTLY (2 SINKS ONLY) /948
CISO:SETIN 2 SINKS INZ ?) ~— ' 1
REC BT) o7 ARE ZEROS INBOTI™S. o 2[0; # SINKS J—
Z[4; FL6 0 ] ]AnD /919
T0 Fl6.428 i wilirelz Il o [rpg=z[s+1-871]
(515 Lsk) A (ALLEAST QIE (MOVE THE ONLY 7
(S 1S R-SR) RELATED SUCCESSOR %"'Ff‘(;"‘,’l”“foﬁ'”z") Coe NP
|s AN TV.) 7 2o
T0 FIG (SET ROW S TO THE LEFT
120 SUCCESSOR OF C) TO FIG.1ZD.
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FIG. 128B
(1S R-SR A SISALEFT
92 SINK ?) SUGCESSOR

IS A
LERO _IN

1[cFL6 [2]]

@ T0 F16.120

(RELATED (RELATED
SUCCESSOR SUGCESSOR 1S
1S T.V.) 922\ NO A SINK)
— (SETTREG TMEP T0 THE ITNDEEXROF THE
rHp 2[5 +1;EDGE]¥ ¢ /%EECESSélgg)SSOR OF THE RELATED
923 ,
\ (MOVE RELATED SUGCESSOR FROM
1[C;]=— I[S+1;] |} ROW S +1 TOROW C)
924 \
A (GENERATE INVERTIBLE EDGE FIELD FOR
1[C;EDGE] <—TMP  |— RELATED SUCCESSOR IN ROW C)
(IS THE LEFT SUCCESSOR OF THE
926 < RELATED SUCCESSOR A SINK ?)
YES ZERO IN

2[cy FLefo]]

(ADJUST THE INVERTIBLE EDGE FIELD
OF THE LEFT SUCGESSOR OF THE
/ RELATED SUGCESSOR NOW IN ROW C)

CZ[ TMP; EDGE] =——
Z[TMP 5 EDGE] ¥ C ¥ (S+1)

(IS THE RIGHT SUCCESSOR OF THE
928 1S A RELATED SUGCESSOR A SINK 2)
YES LERO IN ~

7[cFLe [2]]
(SINK)

999 (I.V) 0

[’ ] (O THE RIGHT SUCGESSOR DF THE
Z[TMP +1; EDGE] =—— |0 —

2[TMP +1; EDGE J¥ C¥(S+1) RELATED SUCGESSOR NOW IN ROW C)

1282) TO FIG. 12D
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@ FIG.12C
931 S IS A RIGHT SUGCESSOR
)
(SET S TO THE LEFT
SUCCESSOR OF C)

(1SS A SINK ?) ’

YES 7 =(12C1)T0 FIG.120

(RELATED SUCCESSOR
IS A SINK)

(RELATED SUCGESSOR
IS AN TV)

. (SET REG TMP TO THE INDEX OF THE
TMP=—17[S; EDGE] ¥ C . |EFT SUGCESSOR OF THE RELATED
SUCCESSOR)

(MOVE RELATED SUCCESSOR FROM
1[c;]=—1[5;] _— ROW S TO ROW C)

933 — L

934

\ (GENERATE INVERTIBLE EDGE FIELD

: : - — FOR THE RELATE SUCCESSOR
935/ Z[C; EDGE ] TMP ¥ P |— RO )

(IS THE LEFT SUCCESSOR OF THE
RELATED SUCCESSOR A SINK ?)

1S A

T ES ZERO IN
z[c; FLefo
(SINK) (6; FLofo]]
938 (ADJUST THE INVERTIBLE EDGE
/ FIELD OF THE LEFT SUCCESSOR
Z[THP; EDGE] = |oNF RTOHVIJE gE)LATED SUCCESSOR
Z[ TMP;EDGE] ¥ S¥ ¢
) (IS THE RIGHT SUCGCESSOR OF THE
939%1\ RELATED SUCCESSOR A SINK 2)
YES ZERO IN
/ z{c; FLe[2]]
(SINK)

(ADJUST THE INVERTIBLECECDEGE
FIELD OF THE RIGHT SUCCESSOR OF
Z[TMP +4; EDGE J=— RELATED SUGCESSOR NOW IN ROW C)

Z[TMP +1; EDGE]¥ S ¥ ¢

)
12G2

T0 FI16.42D
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(MOVE RELATED
SUGCESSOR FROM
ROW STOROWC)

l

75

941

Va

0] =—— 1[55]

METHOD AND MEANS

Sheet 27 of 27

(MOVE SINK RELATED
SUCCESSOR FROM
ROW S+4 TOROWC)

942

!

1[¢;] =——1[s+1;]

!

943

{
WEY

(C IS L-SR

945
] i

IT15=0

YES ITS#

944 1S ¢

EVEN OR

EVEN

I[P FLE[ 0 J=—0

DOES C HAVE A PREDECESSOR ?)

0
(C 1S R-SR)

000 946

Z[P;FLG[

(SET THE FLAG FIELD OF THE
PREDECESSOR OF TO SIGNIFY

THAT IS NOW N ROW C)

Coa

12A3

202

®®

o
(==}

947

|

(GENERATE OFFSET EDGE IN
RELEASED SUCCESSOR PAIR
SPACE TO NEXT SPACE IN CHAIN)

/A

1

S; EDGE] =—— Z[0;EDGE] -

948 —_

(ASSIGN RELEASED SPACE

Z[0;EDGE]=—15

AT BEGINNING OF SPACE
GHAIN)

949

]

/

(C=——2>0,1

L—(SET CONDITION CODE T0
SIGNAL SUCCESSFUL

FIG. 12D

“MOVING RELATED SUCCESSOR
SETTING FLAG IN PREDECESSOR

& PUTTING FREED SPACE ON CHAIN

INSERTION)



